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1.  Medical Device User Fee Cover Sheet 
 

 

Attached is a signed copy of form 3601.  It designates a payment of $2,585., because 

CAS Medical Systems, Inc. has qualified as a small business. 

 

Payment Identification Number:  

 

 

Small Business Decision Number:  
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(b)(4)
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2.  CDRH Premarket Review Cover Sheet 
 

 

The following forms (# 3514) make up the submission cover sheet. 
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4. Screening Checklist for Traditional/Abbreviated Premarket 

Notification [510(k)] Submissions 
 

Screening Checklist for Traditional/Abbreviated Premarket Notification [510(k)] 

Submissions based on Guidance for Industry and FDA Staff 

 

Title Section Present N/A 

MDUFMA Cover Sheet 1 √ 
 

CDRH Premarket Review 

Submission Cover Sheet 

2 
√ 

 

510(k) Cover Letter 3 √ 
 

Screening Checklist for 

Traditional 510(k) 

4 
√  

Indications for Use 

Statement 

5 
√ 

 

510(k) Summary or 510(k) 

Statement 

6 
√ 

 

Truthful and Accuracy 

Statement 

7 
√ 

 

Class III Summary and 

Certification 

8 
√ 

 

Financial Certification or 

Disclosure Statement 

 

Form 3454 

 

Form 3455 

9  

 

 

√ 

 

 

 

 

 

 

√ 

Declarations of Conformity 

and Summary Reports 

(Abbreviated 510(k)s) 

  

 

√ 

 

Executive Summary 11 √ 

  

Device Description 12 √ 

  

Substantial Equivalence 

Discussion 

13 √ 

  

Proposed Labeling 14 √ 

  

Sterilization/Shelf Life 15   

 

√ 

 

Biocompatibility 16 √ 

  

Software 17 √ 

  

Electromagnetic 18 √ 
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Title Section Present N/A 

Compatibility/Electrical 

Safety 

 

Performance Testing – 

Bench 

19  

 

√ 

 

Performance Testing – 

Animal 

20 

 

√ 

 

Performance Testing – 

Clinical 

21 √ 

  

FORM FDA 3654, 

Standards Data Report for 

510(k)s 

10 
√ 

  

Kit Certification  
 

√ 
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5. Indications for Use Statement 
 

 

 

 

The noninvasive FORE-SIGHT ELITE Absolute Tissue Oximeter is intended for use as 

an adjunct monitor of absolute regional hemoglobin oxygen saturation of blood under 

the sensor in individuals at risk for reduced flow or no-flow ischemic states and is 

indicated for use as follows: 

 

When used with large sensors, the FORE-SIGHT ELITE Oximeter is indicated for use 

on adults and transitional adolescents ≥40 kg. 

 

 

See Attachment E for this statement in the ODE format. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



   

 

 

6.  510(k) Summary 
 

 

 

 

 

510(k) SUMMARY OF SAFETY AND 

EFFECTIVENESS 
 

 

 

Submitter:   CAS Medical Systems, Inc. 

 

Address: 44 East Industrial Rd.  Branford CT. 06405 USA 

 

Contact:  Ron Jeffrey – Director, Regulatory Affairs 

  Phone - (203) 488-6056 

  Fax – (203) 488-9438   

 Email –  rjeffrey@casmed.com  

 

Prepared:  December 16, 2013 

 

Trade Name:      FORE-SIGHT Elite™ Absolute Tissue Oximeter  

 

Common Name:           FORE-SIGHT Oximeter 

   

 Classification Name: Oximeter, Tissue Saturation (870.2700) (MUD) 
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EQUIVALENCE (Predicate Device) 

 

 

The FORE-SIGHT Elite™ Absolute Tissue Oximeter is equivalent to the following 

devices: 

 

 Nonin Model 7600 Regional Oximeter Equanox (K102715) 

 

 FORE-SIGHT Absolute Tissue Oximeter Monitor (K112820) 

 

 

DESCRIPTION 

 

The FORE-SIGHT Elite Absolute Tissue Oximeter measures hemoglobin under the Sensor, 

allowing the clinician to continuously and accurately determine absolute levels of blood 

oxygenation saturation in the tissue (StO2).   

 

The Oximeter consists of a monitor unit, preamplifier assembly, and sensor.  The sensor uses 

multiple wavelengths in the range of 660 to 900 nm to precisely measure light absorption in 

tissue.  Sensors are sized to provide targeted penetration depths appropriate for the tissue and 

patient populations of interest.  The monitor unit controls the measurement sequence, generating 

the sensor LED currents and processing the detected light signals after amplification by the 

dual-channel preamplifier assembly.  The FORE-SIGHT algorithm determines the StO2 values 

for the tissue under the sensor from the light absorption values and measured patient 

characteristics.  The monitor unit provides simultaneous measurements on up to four sensors 

with both numeric and real-time graphical display formats. 

 

The monitor unit is a mains-powered device with a field-replaceable battery backup module.  A 

touchscreen user interface allows configuration of the Oximeter including audible, on-screen, 

and dedicated visual alarm indicators.  The monitor display can be replicated for simultaneous 

remote viewing through an auxiliary VGA video output.  Measurement data can be exported 

through various interfaces such as USB, RS-232 serial or wireless communications. 

 
FORE-SIGHT Oximeter Monitor Intended Use 

 
The noninvasive FORE-SIGHT Elite Absolute Tissue Oximeter is intended for use as an adjunct 

monitor of absolute regional hemoglobin oxygen saturation of blood under the sensors in 

individuals at risk for reduced flow or no-flow ischemic states and is indicated as follows: 

 

When used with large sensors, the FORE-SIGHT ELITE Oximeter is indicated for use on adults 

and transitional adolescents ≥40 kg. 

 

FORE-SIGHT Monitor Technology Compared to Predicate Devices 

 

The FORE-SIGHT Elite Absolute Tissue Oximeter compares substantially to the cited predicate 

devices in that they use fundamentally the same optical operating principle, called multi-

distance diffuse reflectance spectroscopy.  All cited monitors use light to examine a cross-

section tissue microvasculature (a mixed bed of arterioles, capillaries and venules).  The FORE-

SIGHT Elite Monitor and predicate devices analyze the light that is returned after having passed 

through tissues.  The spectroscopic analysis determines concentrations of hemoglobin in its 

oxygenated and deoxygenated states.  All cited monitors calculate oxygen saturation which 

reflects the percentage of oxygenated hemoglobin in the sampled tissue. 
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The FORE-SIGHT Elite Absolute Tissue Oximeter compares substantially to the predicates.  

All have 4-channel capability, an LED light source, similar user interface features and the 

benefits of portability.   

 

Non-Clinical Performance Testing to Demonstrate Substantial Equivalence 
 

The FORE-SIGHT Elite Absolute tissue Oximeter has successfully undergone extensive 

performance, safety, electromagnetic, clinical, software and environmental testing to ensure it 

has been found to be substantially equivalent to the predicate devices.  In addition to the above 

laboratory tests, CAS has conducted a full program of individual hardware, software, systems 

verification and validation studies of the FORE-SIGHT monitor and sensors. 

 

Clinical Testing to Show Substantial Equivalence 

 
The FORE-SIGHT Elite Absolute Tissue Oximeter has successfully undergone extensive 

clinical validation for the indicated use.  The premarket notification cites a validation report: 

Validation of the CAS Medical System’s FORE-SIGHT Elite™ Absolute Tissue Oximeter 

for Somatic Tissue Oxygen Saturation (StO2%) in Adult and Transitional Adolescent 

Subjects. 

 

Conclusions Drawn from Clinical and Non-Clinical Testing 
 

Clinical evaluation, safety testing and software validation demonstrate the FORE-SIGHT Elite 

Absolute Tissue Oximeter is substantially equivalent to the predicate devices.  
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8.  Class III Summary and Certification  
 

 

Not applicable.  The FORE-SIGHT Elite Absolute Tissue Oximeter is a class II 

monitor. 
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9.  Financial Certification and Disclosure Statement(s) 
 

 

The following pages contain form # 3454.  Form # 3455 was not necessary. 

 

 

Also enclosed here is form # 3674 a Certificate of Compliance to section 402(j) of the 

Public Health Service Act 
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10.  Declarations of Conformity and Summary Reports 
 

The following (5) pages contain form # 3654, one for each of the (5) national or 

international standards to which CASMED claims compliance.  A nationally recognized 

test laboratory (NRTL) was used for all testing listed. 
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11.  Executive Summary 
 

 

This submission represents the ninth Pre-Market Notification for the FORE-SIGHT 

Device.  CAS Medical began marketing tissue oximeters (MUD) for cerebral indications 

after our first adult cerebral market clearance K051257 was granted in December 2005.  

  

Clearance for K061960 was granted in September 2006.  This version introduced the 

trade name FORE-SIGHT and expanded indications to the cerebral monitoring of adults 

and children greater than 40 Kg as well as infants, using the large and small sensor 

sizes. 

 

Our third submission cleared in February 2008 under K073036 was also for cerebral 

monitoring, this time adding a neonatal population of 2.5Kg and above for small sensor 

use.  The indication remained for adults and children over 40Kg using the large sensor. 

 

Clearance for K083892 was granted in March 2009.  This version introduced the 

medium sensor, completing the full line of sensors, large, medium, and small.  The 

indications for use permitted “cerebral” use on any individual but with a 

contraindication for use on low birth weight individuals <2.5Kg. 

 

Our fifth submission cleared in August 2009 under K091452 was also for cerebral use 

with all three sensor sizes.  The contraindication was removed and the small sensor 

became indicated for infants and neonates ≤ 8Kg. 

 

Clearance for K094030 was granted in December 2009 expanding it use for skeletal 

muscle for the 5 to 50 Kg patient group using the medium sensors.  The cerebral 

indications remained as they were from K091452. 

 

Our seventh clearance (K112820), granted in January 2012, expanded the indications 

for abdominal use in neonates less than 4 Kg with the small sensor. With more 

validation data available, the indications for the medium sensor went from 5 to 50 Kg to 

4 – 50 Kg.  

 

The eighth clearance (K123700) introduced the FORE-SIGHT Elite Absolute tissue 

Oximeter to the FORE-SIGHT line. This monitor was cleared for a cerebral indication 

using its large sensor. 

 

For each indication for use CAS Medical has provided clinical data to demonstrate that 

the FORE-SIGHT Tissue Oximeter provided accurate and reproducible monitoring 

measurements when compared to an appropriate reference measurement over a wide 

variety of patient groups. 

 

The purpose of this Premarket Notification 510(k) submission is to obtain clearance for 

additional claims for the FORE-SIGHT Elite Absolute Tissue Oximeter.  The current 

intended use and indications statement is for cerebral use whereas CASMED is seeking 

a broader use for non-cerebral tissue in the same patient population.   

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



   

 

12.  Device Description  
 

 

 

FORE-SIGHT Elite™ Absolute Tissue Oximeter - Purpose:  

 

The FORE-SIGHT Elite Oximeter measures a single parameter of oxygenated 

hemoglobin under the Sensor, allowing the clinician to continuously and accurately 

determine absolute levels of blood oxygenation in the tissue.   

 

  
 

 

             

The FORE-SIGHT Elite System: 
 

The FORE-SIGHT Elite System (Figure 1) consists of three distinct components.  None 

can be used independently of the others in this system. 
 

The Monitor (01-06-3000/01-05-3005) contains the systems software, power supply, 

display, user interface, communication ports, and other electronics.  The Monitor is 

responsible for all configuration, display, surveillance, and alarm management 

functions.  The Monitor electronics also coordinate all measurement activities including 

light generation, processing of detected signals, and computation of the tissue 

oxygenation.  

 

The Dual Preamp Monitor Cable (01-06-3100) is a reusable assembly consisting of 

electrical cabling, connectors, and a preamplifier circuit to pre-process the signals 

< Large Sensors 

< Pre-Amp 

< Monitor 

Figure 1 
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received from the sensors.  Each preamp assembly connects to the monitor with a single 

connector, but provides the capability to monitor tissue oxygen saturation levels for two 

sensors.  The monitor has connection ports for two preamps enabling simultaneous 

monitoring on up to 4 sensors.  

 

The Sensors (01-07-2103) are the single use patient applied part.  They connect to the 

Preamp Monitor Cable delivering modulated light of predetermined wavelengths into 

the tissue and converting the detected light into electrical signals for subsequent 

processing.   

 

Figure 2 depicts a representative illustration of a Large Sensors components and full 

assembly. 

 
        

Figure 2 

 

Performance Specifications: 
 

The method of %StO2 measurement is derived from a modified Beer-Lambert equation 

using the Near Infrared Spectroscopy (NIRS) wavelengths of 690, 735, 810 & 870 nm.  

The information outputted is as absolute tissue oxygen saturation (%StO2) in a 

measurement range of 0 to 99%.  The display resolution is 1% and the data acquisition 

rate is approximately10Hz.  The measurement refresh rate is every 2 seconds.  System 

diagnostics are performed during a power-on self-test. 
 

Bias ± Precision has been determined for the range 45% to 95% as follows: 
 

Large Sensors (Somatic):  0.24 ± 5.17% to 1 SD (this submission) 

Large Sensors (Cerebral): -0.14 ± 3.05% to 1 SD (cleared under K123700) 
 

The FORE-SIGHT Monitor generates alarms for (user-selectable) high or low limit 

violations. Equipment and system status messages are displayed independently for each 

sensor and augmented with audible enunciation when appropriate.  

 

Power is provided by input voltages of 100-240 VAC, 50-60 Hz with a field-replaceable 

battery module. 

 

The operating environment is rated for 10°C to 40°c at 30% - 75% RH non-condensing. 

Storage conditions are rated for -20 C to 60°C with 90% RH @ 50°C to 15% RH @ 0°C 
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General Design Features:            
 

 The monitor is transportable for use in various hospital locations; 

 The monitor uses a LED light source; 

 The monitor uses one size sensor to monitor adults and transitional adolescent’s; 

 The monitor’s measurement accuracy is not affected by melanin, temperature, or 

perfusion; 

 The monitor displays an StO2  numeric value in the range of 01-99%; 

 The monitor displays an indicator of optimal sensor placement called a Tissue 

Perfusion Index (TPI); 

 The monitor contains an easy to read 10.4” color LCD VGA touch-screen display; 

 The monitor provides a 24 hour review of historical data during or after a case; 

 The monitor has modes for demonstration, servicing, programming and operating; 

 The monitor provides patient data storage via USB memory sticks; 

 The monitor provides a serial data output for compatibility with several third-party 

data review, charting, and acquisition systems; 

 The monitor documentation and software, is available in multiple languages. 

 

FORE-SIGHT Elite Models: 
 

There are two models of the FORE-SIGHT Elite Absolute Tissue Oximeter.  They are 

designated as part number(s) 01-06-3000 and 01-06-3005.  They are identical.  See 

figure 1. 

 

FORE-SIGHT Accessories: 
 

 

Part Number Name Function 

01-06-3100 

01-06-3005 

FORE-SIGHT Elite Absolute Tissue 

Oximeter Dual Pre-Amp 

Necessary part of the operating system.  

Included with monitor. 

01-06-3014 FORE-SIGHT Elite Oximeter Battery 

Pack 

For short term operation while not on mains 

power. 

01-06-3036 User Manual on CD (English) Included with each monitor 

01-02-0395 Replacement Power Cord Included with each monitor 

01-07-2103 FORE-SIGHT Elite Large Sensor. 

Carton of 20. 

Necessary part of the operating system.  

Patient contact part.  Purchased separately. 

01-06-0238 FS Roll Stand A hospital grade roll stand, making the FS 

portable. 
 

 
Full descriptive information may be found in the Project Gemini Product Specification 

21-07-0302 Rev. 02.  See Attachment A 

 

Note: “Gemini” is the project name used during development.  That name will appear 

on some documents that actually refer to FORE-SIGHT Elite Absolute Tissue Oximeter. 
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13.  Substantial Equivalence Discussion 
 

For this submission there are two predicate devices.  The Nonin 7600 Regional 

Oximeter System primarily, cleared under (K102715).  Secondarily is our own device, 

the CASMED FORE-SIGHT Absolute Tissue Oximeter, cleared under (K123700). 

 

PREDICATE DEVICE COMPARISON TABLE   
Device               

► 

CASMED FORE-

SIGHT Elite 

Absolute Tissue 

Oximeter 

(Proposed) 

Nonin 7600 

Regional Oximeter 

System 

(K102715) 

CASMED FORE-

SIGHT Elite 

Absolute Tissue 

Oximeter 

(K123700) 

Differences and 

Similarities 

Characteristic 

Comparison      

▼ 

Classifications Class 2, 870.2700, 

MUD 

Class 2, 870.2700, 

MUD 

Class 2, 870.2700, 

MUD 

Same 

Parameters 

Monitored 

Single parameter - 

Regional hemoglobin 

oxygen saturation of 

blood under the 

sensor. 

Single parameter -

Regional 

hemoglobin oxygen 

saturation of blood 

underneath the 

sensor. 

Single parameter - 

Regional 

hemoglobin 

oxygen saturation 

of blood under the 

sensor. 

All are single 

parameter 

monitoring 

devices. 

 

Patient 

Population 

Adults and 

transitional 

adolescents ≥ 40kg 

Adult and pediatric 

>40 kg. 

Adults and 

transitional 

adolescents ≥ 40kg 

The patient 

populations are 

roughly 

equivalent. 

Anatomical 

sites – all non-

invasively 

Blood under the 

sensor 

Blood beneath the 

sensor 

Brain via forehead. The proposed 

device is seeking 

clearance for that 

already cleared 

in the predicate 

device(s).  

Sensor type Disposable large 

sensor with 

biocompatible patient 

contact surface. 

Disposable, single 

size. 

Disposable large 

sensor with 

biocompatible 

patient contact 

surface. 

The FORE-

SIGHT Sensors 

are identical. 

Depth of 

penetration 

Up to 25 mm Up to 20 mm Up to 25 mm The FORE-

SIGHT devices 

are identical. 

Light source Five wavelength 

near-infrared LED 

assembly comprising 

690, 735, 770, 810, 

and 870 nm 

wavelengths.  Maxim

um total output 

energy of 50 mJ at 10 

Hz repetition rate. 

Four Wavelengths 

LED source 

730,760,810, and 

880 nm. 

Five wavelength 

near-infrared LED 

assembly 

comprising 690, 

735, 770, 810, and 

870 nm 

wavelengths.  

Maximum total 

output energy of 50 

mJ at 10 Hz 

repetition rate. 

The Nonin 

device is similar 

and the FORE-

SIGHT devices 

are identical. 

Validation 

model 

Accuracy has been 

demonstrated by 

direct validation to 

co-oximetry 

measurement of 

blood draws from 

invasive reference 

It is not clear how 

accuracy has been 

demonstrated for 

somatic use. 

Accuracy has been 

demonstrated by 

direct validation to 

co-oximetry 

measurement of 

blood draws from 

invasive reference 

The validation 

methodology 

between the 

proposed device 

and the predicate 

CASMED 

device is 
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PREDICATE DEVICE COMPARISON TABLE   
Device               

► 

CASMED FORE-

SIGHT Elite 

Absolute Tissue 

Oximeter 

(Proposed) 

Nonin 7600 

Regional Oximeter 

System 

(K102715) 

CASMED FORE-

SIGHT Elite 

Absolute Tissue 

Oximeter 

(K123700) 

Differences and 

Similarities 

Characteristic 

Comparison      

▼ 

blood vessels in 

human subjects.  

Reference blood 

vessels are specific to 

the region monitored 

blood vessels in 

human subjects.  

Reference blood 

vessels are specific 

to the region 

monitored 

equivalent for 

the tissue 

examined.  

Performance 

Accuracy 

Cerebral – 45% - 

95% ± 3.05% 1 

standard deviation 

with large sensors 

Somatic – 45% - 95% 

± 5.17% 1 standard 

deviation with large 

sensors 

Cerebral—4.1 % (1 

standard deviation) 

Arms with adult 

8004CA sensors 

(unknown range) 

 

Accuracy unknown 

for Somatic use 

Cerebral – 45% - 

95% ± 3.05% 1 

standard deviation 

with large sensors 

 

 

Comparable 

clinical accuracy 
between the 

proposed device 

and the predicate 

device 

 

 
Substantial Equivalence Discussion   

CASMED has reviewed the criteria described in FDA’s various Premarket Notification 

Guidance documents and below is a summary of the justification for substantial 

equivalence organized to be consistent with the decision process steps defined in FDA 

guidance, Description of 510(k) "Substantial Equivalence" Decision-Making Process.  

The predicate device(s) used to make this determination are the Nonin 7600 Regional 

Oximeter System (K102715) and the CASMED FORE-SIGHT Elite Absolute Tissue 

Oximeter, most recently cleared under K123700.    

Intended Use 

The FORE-SIGHT Elite Absolute Tissue Oximeter that is the subject of this 510(k) 

submission has the same intended use as the predicate devices, meaning it is intended 

for use as a tissue oximeter in any individual at risk for reduced flow or low flow 

ischemic states.  The purpose of this submission is to seek clearance for a use in adjunct 

monitoring of regional hemoglobin oxygen saturation of blood underneath the sensor.    

CASMED is seeking clearance to indicate the monitor for use with large sensors on 

adults and transitional adolescents ≥ 40 Kg.  

 

This indication that is proposed for the FORE-SIGHT Elite Absolute Tissue Oximeter 

does not affect the therapeutic/diagnostic effect and does not have an adverse impact on 

safety and effectiveness.  To support the validity of this claim the necessary clinical 
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evaluations have been conducted.  These evaluations are based on accepted scientific 

methods designed to have a clinical and scientific rationale consistent with that used to 

support the predicate device indications.  Namely, the use of reference measurements 

from one or more arterial and/or venous locations compared to measurements obtained 

by the system in the anatomical area of interest in individuals representing the same 

patient population (weight and maturity) for which the new indication is intended to be 

used. The results of the clinical evaluations conducted demonstrate that the accuracy 

and reproducibility of the system in measuring tissue oxygen levels for the new and 

modified indications are acceptable and consistent with the accuracy and reproducibility 

criteria used to support the current indications.  

 

Technological Characteristics and Performance Testing 

As it is evident in the table above, there are no changes to the design and technological 

characteristics of the FORE-SIGHT Elite Absolute Tissue Oximeter for this submission.  

Software comprises the only update to permit the updated indications. The software 

validation for these changes has been completed.   

In conclusion, based upon the above considerations of intended use, indications for use, 

technological characteristics, and performance testing, the FORE-SIGHT Elite Absolute 

Tissue Oximeter meets the criteria for substantial equivalence. 
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Indications for Use 
 

 
510(k) Number:   

 

Device Name:  FORE-SIGHT Elite™ Absolute Tissue Oximeter. 

 

 
Indications for Use:    

 

The noninvasive FORE-SIGHT Elite Absolute Tissue Oximeter is intended for use as an adjunct monitor 

of absolute regional hemoglobin oxygen saturation of blood under the sensors in individuals at risk for 

reduced flow or no-flow ischemic states and is indicated for use as follows:  

When used with large sensors, the FORE-SIGHT Oximeter is indicated for use on adults and transitional 

adolescents ≥ 40 kg.   

 

 
 
Prescription Use    AND/OR         Over-the-Counter Use______ 
(Part 21 CFR 801 Subpart D)      (21 CFR 807 Subpart C) 

 

 

 

 

 

 
(PLEASE DO NOT WRITE BELOW THIS LINE – CONTINUE ON ANOTHER PAGE IF NEEDED) 

 

 

Concurrence of CDRH, Office of Device Evaluation (ODE) 

 
 

       Page 1 of _____ 
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FORE-S GHT ELITE™ 
Absolute Tissue Oximetry 

 

 
 
 

 
 

   

 

User Manual 

 

 
 

This User Manual describes the features and operations of FORE-SIGHT ELITE Oximeter. 
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Overview 

Trademarks  

 Trademarked names appear throughout this document. Instead of 
inserting a trademark symbol with each mention of the trademarked 
name, the publisher states that it is using the names only for editorial 
purposes and to the benefit of the trademark owner with no intention of 
improperly using that trademark. 

 

is a registered trademark of CAS Medical Systems, Inc. 

FORE-SIGHT ELITE™ is a trademark of CAS Medical Systems, Inc. 

Contact Addresses 

  

CAS Medical Systems, Inc. 
44 East Industrial Road 

Branford, CT 06405 
U.S.A. 

 

Phone: 
in the US: (800) 227-4414 

+1 (203) 488-6056 
 

Fax: 
+1 (203) 488-9438 

 

E-Mail: 
custsrv@casmed.com 
sales@casmed.com 

techsrv@casmed.com 
 

Web: 
www.casmed.com 

 

 
 

 EC REP  

MediMark® Europe 

11 rue E. Zola 38100 

Grenoble. France 

 
Please contact the distributor in the country of purchase if product information or 
service should be required. 
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Manufacturer’s Declaration of Conformity 
 

Manufacturers Declaration of Conformity 
Electronic Emissions and Immunity 

 

The FORE-SIGHT ELITE Oximeter is intended for use in the electromagnetic environment specified below. The customer or 
the user of the Oximeter should assure it is used in such an environment. 

Emissions Test Compliance Electromagnetic Environment 

RF emissions – CISPR 11 Group 1 The Oximeter uses RF energy only for its internal function. Therefore, its RF 
emissions are very low and are not likely to cause any interference in 
nearby electronic equipment. 

RF emissions – CISPR 11 Class A 

The Oximeter is suitable for use in all establishments other than domestic 
establishments and those directly connected to the public low-voltage 
power supply network that supplies buildings used for domestic purposes. 

Harmonic emissions 

IEC 61000-3-2 
Class A 

Voltage fluctuations / flicker 
emissions 

Complies 

 

Immunity Test IEC 60601 Test Level Compliance Level Electromagnetic Environment Guidance 

Electrostatic 
discharge (ESD) 

IEC 61000-4-2 

Level 3 

 

Level 3 

 

The Oximeter is designed for use in 
controlled environments only. Per OSHA 
guidelines for operating rooms, the area 
must employ adequate static electricity 
controls. The relative humidity should be 
maintained at about 50%. 

Electrical fast 
transient/burst 

IEC 61000-4-4 

±2 kV for power supply 
lines 

±1 kV for input/output 
lines 

±2 kV for power supply 
lines 

±1 kV for input/output 
lines 

The Oximeter is designed for use in 
controlled environments only. Per OSHA 
guidelines for operating rooms, the Mains 
power quality should be that of a typical 
commercial or hospital environment. 

Surge  

IEC 61000-4-5 

±1 kV line(s) to line(s) 
mode 

±2 kV line(s) to earth 
mode 

±0.5 kV line(s) to line(s) 
mode 

±2 kV line(s) to earth 
mode 

Mains power quality should be that of a 
typical commercial or hospital environment. 

Voltage dips, short 
interruptions and 
voltage variations 
on power supply 
input lines 

IEC 61000-4-11 

< 5% UT (> 95% dip in 
UT) for 0.5 cycle. 

40% UT (60% dip in UT) 
for 5 cycles. 

70% UT (30% dip in UT) 

for 25 cycles. 

< 5% UT (> 95% dip in 
UT) for 5 s 

< 5% UT (> 95% dip in 
UT) for 0.5 cycle. 

40% UT (60% dip in UT) 
for 5 cycles. 

70% UT (30% dip in UT) 

for 25 cycles. 

< 5% UT (> 95% dip in 
UT) for 5 s 

Mains power quality should be that of a 
typical commercial or hospital environment. 
If user of the Oximeter requires continued 
operation during power mains interruptions, 
it is recommended that the Oximeter be 
powered from an uninterruptible power 
supply or a battery. 

Power frequency 
(50/60 Hz) 
magnetic field 

IEC 61000-4-8 

3 A/m 3 A/m Power frequency magnetic fields should be at 
levels characteristic of a typical location in a 
typical commercial or hospital environment. 

Note: UT is the A.C. mains voltage prior to application of the test level. 
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Guidance and Manufacturer’s Declaration – Electromagnetic Immunity  
The FORE-SIGHT ELITE Oximeter is intended for use in the electromagnetic environment specified below. The customer or the user of the 

Oximeter should insure that it is used in such an environment. 

Immunity Test IEC 60601 Test Level Compliance 
Level 

Electromagnetic Environment – Guidance 

 
 
 
 
 
 
 
Conducted RF 
IEC 61000-4-6 
 
Radiated RF 
IEC 61000-4-3 

 
 
 
 
 
 
 
3 Vrms 
150 kHz to 80 MHz 
 
3 V/m 
80 MHz to 2.5 GHz 
 

 
 
 
 
 
 
 
3 Vrms 
 
 
3 V/m 

Portable and mobile RF communications equipment should be 
used no closer to any part of the Oximeter, including cables, 
than the recommended separation distance calculated from 
the equation applicable to the frequency of the transmitter. 

Recommended separation distance: 
 

d = 1.2P 
 

d = 1.2P 80 MHz to 800 MHz 

d = 2.3P 800 MHz to 2.5 GHz 
 
Where P is the maximum output power rating of the transmitter 
in watts according to the transmitter manufacturer and d is the 
recommended separation distance in meters. 

 
Field strengths from fixed RF transmitters, as determined by 
an electromagnetic site survey 

a 
, should be less than the 

compliance level in each frequency range. 
b
  

 
Interference may occur in the vicinity of equipment marked 
with the following symbol: 

 

Note 1 At 80 MHz and 800MHz, the higher frequency range applies. 
Note 2 These guidelines may not apply in all situations. Electromagnetic propagation is effected by absorption and reflection from structures, 

objects and people. 
a
 Field strengths from fixed transmitters, such as base stations for radio (cellular / cordless) telephones and land mobile radios, amateur 
radio, AM and FM radio broadcast and TV broadcast cannot be predicted theoretically with accuracy. To assess the electromagnetic 
environment due to fixed RF transmitters, an electromagnetic site survey should be considered. If the measured field strength in the 
location in which the Oximeter is used exceeds the applicable RF compliance level above, the Oximeter should be observed to verify 
normal operation. If abnormal performance is observed, additional measures may be necessary, such as re-orienting or relocating the 
Oximeter. 

b
 Over the frequency range 150 kHz to 80 MHz, field strengths should be less than 3 V/m. 

 
Recommended Separation Distances Between Portable and Mobile RF Communications Equipment and the Oximeter 

The Oximeter is intended for use in an electromagnetic environment in which radiated RF disturbances are controlled. The customer or the 
user of the Oximeter can help prevent electromagnetic interference by maintaining a minimum distance between portable and mobile RF 
communications equipment (transmitters) and the Oximeter as recommended below, according to the maximum output power of the 
communications equipment. 

Rated maximum output power 
of transmitter 

(Watts) 
 

Separation distance according to frequency of transmitter (Meters) 

 
150 kHz to 80 MHz 

 

d = 1.2P 

 
80 MHz to 800 MHz 

 

d = 1.2P 

 
800 MHz to 2.5 GHz 
 

d = 2.3P 

0.01 0.12 0.12 0.23 

0.1 0.38 0.38 0.73 

1 1.2 1.2 2.3 

10 3.8 3.8 7.3 

100 12 12 23 

For transmitters operating at a maximum output power not listed above, the recommended separation distance d in meters can be estimated 
using the equation applicable to the frequency of the transmitter, where P is the maximum output power rating of the transmitter in watts 
according to the transmitter manufacturer. 

Note 1 At 80 MHz and 800 MHz, the separation distance for the higher frequency range applies. 
Note 2 These guidelines may not apply in all situations. Electromagnetic propagation is affected by absorption and reflection from structures, 

objects, and people. 
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CE Marking Information 

 

Compliance The FORE-SIGHT ELITE Oximeter bears the CE mark CE-0086 
indicating conformity with the provisions of the Council Directive 
93/42/EEC concerning medical devices and fulfills the essential 
requirements of Annex I of this directive. 

Exceptions None 

 

Conventions Used in this Manual 

 
Warning: Directions that warn of conditions that put the patient or the 
caregiver at risk. 

 
Caution: Directions that help to avoid damaging the Oximeter or losing 
data. 

 

 

Note: Directions that make it easier to use the Oximeter, something not 
readily apparent. 
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General Information 

 

 

 

This manual is an integral part of the product and describes its intended 
use. Compliance with the manual is a prerequisite for proper product 
performance and correct operation and ensures patient and operator 
safety. Refer to Symbols starting on page 43 for additional information. 

 
The warranty does not cover damages resulting from the use of 
accessories and consumables from other manufacturers. 

CAS Medical Systems, Inc., (CASMED) is responsible for the effects on 
safety, reliability, and performance of the product only if: 

 Assembly, operations, extensions, readjustments, modifications, or 
repairs are carried out by persons authorized by CASMED.  

 The electrical installation of the relevant room complies with the 
requirements of the appropriate regulations. 

 The device is used in accordance with the instructions for use. 

 All publications conform to the product specifications and applicable 
IEC publications on safety and essential performance of electro-
medical equipment as well as with applicable UL requirements and 
AHA recommendations valid at the time of printing. 

For complete warranty information, refer to the Warranty Policy located 
on page 48.  

The CASMED quality management system complies with the 
international standards ISO 13485 and the Council Directive on Medical 
Devices 93/42/EEC. 

 The parts of the Oximeter include the Oximeter, Preamp cable(s), 
Battery Pack, AC power Cord and Sensor(s). Refer to Oximeter on page 
52. 

 The accessories for the Oximeter include, but are not limited to: USB 
Flash Drive, St02 Simulator and mounting hardware. Refer to 
Accessories on page 52 

 
Note: Due to continuing product innovation, specifications in this manual 
are subject to change without notice. 

  

 
Warning: Before using the Sensors and Oximeter for the first time, 
please read the information given in Safety section, starting on page 12 
and the directions for use provided with the Sensors. 

  
 

In the U.S. the following Caution applies:   

 
Caution: Federal law restricts this device to sale by or on the order of a 
physician or licensed practitioner.  
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About This Manual 

 
This User Manual describes the features and operation of the 
FORE-SIGHT ELITE Oximeter. 

Manual Purpose 

 This manual contains the instructions necessary to operate the Oximeter 
safely and in accordance with its functions and intended use. 

 

 

Note: All illustrations in this manual are provided as examples only. They 
may not necessarily reflect your monitoring setup or data displayed on 
your Oximeter. 

Intended Audience  

 
This manual is written for clinical professionals. Clinical professionals are 
expected to have working knowledge of medical procedures, practices, 
and terminology as required for monitoring of critically ill patients. 

 
Warning: For continued safe use of this equipment, it is necessary that 
the listed instructions be followed. Nothing in this user guide is intended 
to override procedures and regulations imposed at the institutional level 
or above. Hospital’s quality system, privacy rules, or other legal or policy 
requirements may govern whether and how to implement any specific 
procedure in this manual. 

Training  

 
Training on this Oximeter for the safe and effective use of the primary 
operating functions can be provided through CAS Medical Systems. 
Refer to Contact Addresses on page 2 for e-mail and phone number 
information. 

 
CAS Medical Systems recommends in-service training on the Oximeter 
after the initial installation or whenever a new User intends to operate the 
device. No periodic retraining should be required. Training can also be 
provided when updates to the system are provided or whenever a User 
may be unfamiliar with the device. 
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Revision History 

 This manual has a revision number located at the bottom of each page. It 
changes whenever the manual is updated.  

 Rev-00-Xi Oct/2013 

 Rev 01-Xa Nov/2013 

   

 

 

Read this manual carefully before patient use of the Oximeter 

 
CASMED reserves the right to make changes to this manual and 
improvements to the product it describes at any time without notice or 
obligation. 

Copyright © 2013 CASMED. All rights reserved. 
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Safety 
 The operator must comply with the following Warnings, Cautions, and 

Notes to guarantee safe operation of the Oximeter.  

 Additional Warnings, Cautions, and Notes, which apply to specific 
parameters, are listed in the sections that pertain to each parameter. 

Indications for Use 

 The noninvasive FORE-SIGHT ELITE Absolute Tissue Oximeter is 
intended for use as an adjunct monitor of absolute regional hemoglobin 
oxygen saturation of blood under the sensors in individuals at risk for 
reduced-flow or no-flow ischemic states and is indicated for use as 
follows:  

 When used with Large Sensors, the FORE-SIGHT ELITE Oximeter is 
indicated for use on adults and transitional adolescent’s ≥40 Kg. 

Contraindications 

  The FORE-SIGHT ELITE sensor is contraindicated for use on 
patients with physical site area too limited for proper sensor 
placement.  

  The FORE-SIGHT ELITE sensor is contraindicated for use on 
patients with allergic reactions to sensor adhesive.  

  The sensor site must be checked at least every eight hours; and if the 
circulatory condition or skin integrity has deteriorated, the sensor 
should be applied to a different site. 

  Do not adhere sensors to underdeveloped, immature, compromised, 
or healing skin. 

  No other contraindications are known at this time. 
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Installation and Setup 

 
Warning: The Oximeter is to be operated by qualified personnel only. 
Failure to read this manual, accessory direction for use, all precautionary 
information, and specifications could result in injury. 

 
Warning: The Oximeter needs special precautions if it is placed close to 
a strong EMC transmitter such as X-ray, ESU or MRI devices. There is a 
risk that these signals could interfere with the Oximeter resulting in 
disruption of performance of this device. For continued protection against 
this risk, replace the AC power cord only with one provide by CASMED. 
Authorized CASMED or biomedical engineering personnel should 
replace the AC power cord. 

 
Warning: To reduce the risk of injury, do not move or place the Oximeter 
in any position that might cause it to fall on patient, bystander or 
operator. 

 
Warning: As with all medical equipment, carefully route and secure all 
cables to reduce the risk of patient entanglement or strangulation. 

 
Warning: Do not lift or pull the Oximeter by any cable, or place the 
Oximeter or accessories in any position that might present a risk that the 
Oximeter may fall on the patient, bystander or operator. 

 
Warning: The proper assembly of the various mounting solutions cannot 
be assured for structural integrity. There is risk that a damaged or 
improperly assembled Oximeter mounting solution may fall on patient, 
bystander or operator. 

 
Warning: Do not come into contact with patients during defibrillation 
otherwise serious injury or death could result. 

 
Warning: To avoid risk of electric shock, this equipment must only be 
connected to a supply main with protective earth. 

 
Warning: The Oximeter is defibrillator-proof. It may remain attached to 
the patient during defibrillation, but the readings may be inaccurate 
during use and up to twenty (20) seconds thereafter. For proper 
protection against the effects of a cardiac defibrillator only CASMED 
supplied Preamp cables and Sensors shall be used.  

 
Warning: Do not come into contact with patients during defibrillation. 
Otherwise serious injury or death could result. 

 
Warning: Do not rely exclusively on the audible alarm system for patient 
monitoring. Adjustment of alarm volume to a low level during patient 
monitoring may result in a hazard to the patient. Remember that the most 
reliable method of patient monitoring combines close personal 
surveillance with correct operation of monitoring equipment. 

 
Warning: Avoid placing anything in front of the Oximeter that will cause 
the speaker output to be muffled. 

 
Warning: Avoid placing the Oximeter where the controls can be 
changed by the patient. 

 
Warning: Do not use the Oximeter for any purpose other than specified 
in this manual. Doing so will invalidate the Oximeter’s warranty. 
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Warning: Do not connect more than one patient to an Oximeter. 

 
Warning: Leakage Current Test - When interfacing with other 
equipment, qualified biomedical engineering personnel must perform a 
test for leakage current before using it with patients. Serious injury or 
death could result if the leakage current exceeds applicable standards. 

 
Warning: Patient Safety – If a Sensor is damaged in any way, 
discontinue use immediately. 

 
Warning: The Oximeter is not “Category AP or APG Equipment.” 

 
Warning: Isolation of product from mains can only be achieved by 
removal of external AC power cord. If the integrity of the protective earth 
conductor is in doubt, the Oximeter may be operated from the internal 
batteries by disconnecting the AC power cord completely from the 
Oximeter. Do not position the Oximeter in a position that makes it difficult 
to remove the external AC power cord. 

 
Warning: Do not place Sensor over poorly perfused tissues. Avoid 
uneven skin surfaces for best adhesion. Do not place sensor over sites 
with ascites, cellulitis or edema. 

 
Warning: Do not position Sensor under the weight of the patient. 
Prolonged periods of pressure (such as taping over the Sensor or the 
patient lying on a Sensor) transfers weight from the Sensor to the skin, 
which can injure skin and reduce Sensor performance. 

 
Warning: Measurements may be affected in the presence of strong 
electromagnetic sources such as electro-surgery equipment and 
measurements may be inaccurate during use of such equipment. 

 
Caution: The USB connector accommodates a CASMED USB Flash 
Drive; do not connect any other USB type device or cable. 

 
Caution: Qualified biomedical engineering personnel only must interface 
monitoring equipment with other types of medical equipment. Be certain 
to consult manufacturers’ specifications to maintain safe operation. 

 
Caution: Avoid placing either side of the Oximeter against objects that 
would restrict air flow through the air intakes and exhausts (other side). 

 
Note: In the event that the location of the selected tissues cannot be 
palpated or visualized, confirmation by ultrasound or x-ray is 
recommended. 

 
Note: The Oximeter is designed for continuous operation. 

 
Note: The Oximeter is intended only as an adjunct in patient 
assessment. It must be used in conjunction with clinical signs and 
symptoms. 

 The Oximeter can remain connected to the patient during cardiac 
defibrillation. All applied parts are “Type BF Defibrillation Proof.” 

 The Oximeter has been designed to promote patient safety. All 
equipment parts are protected against the effects of the discharge of a 
defibrillator. No separate actions are required when using this equipment 
with a defibrillator. 
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Device Handling 

 
Warning: Do not, under any circumstances, perform any liquid cleaning 
while the Oximeter or AC power cord while the Oximeter is being used to 
monitor a patient.  The Oximeter must be turned off, Sensors removed 
from the patient and the AC power cord disconnected before servicing or 
cleaning the Oximeter. There is a risk of serious injury or death if this 
procedure is not followed. 

 
Warning: If the Preamp Cable should become grossly contaminated with 
blood or other bodily fluids, it should be discarded to reduce the risk of 
contamination and cross infection. 

 
Caution: Pressing the front display touchscreen with a sharp or pointed 
instrument may permanently damage the membrane. Press the 
touchscreen using only your finger. 

 
Caution: Do not attempt to sterilize, gas sterilize or autoclave the 
Oximeter or accessories. 

 
Note: There are no known risks with common disposal of equipment or 
accessories; however, the disposing of accessories should follow in 
accordance with local hospital policies. The user should ensure these 
policies do not conflict with any local, state, or federal guidelines. 

Safety Checks 

 
Warning: There is a risk of an explosion hazard if a damaged Oximeter 
or accessory is used in the presence of a flammable anesthetic mixture 
with air, oxygen or nitrous oxide. 

 
Warning: Inspect the cables and Sensors for damage prior to operation. 
If any damage is noted, the cables or Sensor should not be used until it 
has been serviced or replaced. There is a risk that these damaged parts 
could reduce the performance of the Oximeter or present a safety 
hazard. 

 
Warning: Liquids must not be allowed to enter the device. There is a risk 
of electric shock or device malfunction if liquids enter a device. If the 
Oximeter or Preamp is accidentally wetted, take it out of operation. It 
should be thoroughly dried (minimum 1 hour) and have it checked by a 
service technician before it is used again. 

 
Warning: The operator should not perform any servicing except as 
specifically stated in this manual. 

 
Warning: If the accuracy of any value displayed on the Oximeter is 
questionable, determine the patient's vital signs by alternative means. 
The functions of the Alarm system for monitoring of the patient must be 
verified at regular intervals and whenever the integrity of the product is in 
doubt, periodically test all functions. 

 
Warning: Only use CASMED-supplied accessories with this Oximeter. 
CASMED-supplied accessories ensure patient safety and preserve the 
integrity, accuracy, and electromagnetic compatibility of the Oximeter. 
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Caution: If the Oximeter fails to respond, do not use it until the situation 
has been corrected by authorized CASMED personnel. 

 
Caution: Inspect the Oximeter and accessories for damage prior to 
operation. If any damage is noted, the Oximeter or accessory should not 
be used until it has been serviced. Only personnel authorized to do so by 
CASMED should repair the Oximeter. Refer to Contact Addresses on 
page 2 for e-mail and phone number information. 

Monitoring 

 
Warning: If the accuracy of any value displayed on the Oximeter is 
questionable, determine the patient's vital signs by alternative means. 
Verify that all equipment is working correctly. Failure to comply may lead 
to injury.  

 
Warning: The Sensor site must be inspected at least every eight hours; 
to reduce the risk of inadequate adhesion, circulation, and skin integrity. 
If the circulatory condition or skin integrity has deteriorated, the Sensor 
should be applied to a different site. 

 
Warning: The Sensor is designed for single patient use, and is not to be 
reprocessed. There is risk of contamination and cross infection from used 
sensors.  The disposing of accessories should follow in accordance with 
local hospital and institution policies. 

 
Warning: Conductive Connections - Extreme care must be exercised 
when applying Sensors. Sensor circuits are conductive and it is very 
important that the Sensor does not come into contact with other 
grounded, conductive parts. Such contact would bridge the patient's 
isolation and cancel the protection provided by the Sensor.   

 
Warning: Interfering substances: Elevated levels of Carboxyhemoglobin 
(COHb) or methemoglobin (MetHb) may lead to inaccurate 
measurements. Intravascular dyes or any substance containing dyes that 
change usual blood pigmentation may cause erroneous readings. Other 
factors that may affect the accuracy of measurement include: myoglobin, 
hemoglobinopathies, anemia, pooled blood under the skin, interference 
from foreign objects in Sensor path, Bilirubinemia, externally applied 
coloring (tattoos) or birthmarks. 

 
Warning: Sensors are not sterile and therefore should not be applied to 
sites with compromised skin integrity. Exercise caution when applying 
Sensors to a site with compromised skin integrity. Applying tape or 
pressure to such a site may reduce circulation and/or cause further skin 
deterioration. 

 
Warning: Failure to apply Sensors properly may cause incorrect 
measurements. Misapplied Sensors or Sensors that become partially 
dislodged may cause either over- or under-reading of oxygen saturation. 

 
Warning: Do not modify or alter the Oximeter or Sensor in any way. 
Alterations or modification may affect performance and/or accuracy. 

 
Warning: Electrocautery – To prevent unwanted skin burns; apply 
electrocautery electrodes as far as possible from all other Sensors, a 
distance of at least 15 cm (6 in.) is recommended. 
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Note: For patients experiencing complete bilateral ECA occlusion, 
measurements may be lower than expected. 

 
Note: Body location does not change any settings for output of the 
Oximeter, but is used to improve measurement accuracy. 

Initial Inspection 
 Before unpacking the Oximeter, inspect the packaging for damage. If 

there are any signs of damage to the package, a claim should be filed 
immediately with the shipping agent. It is the receiver’s responsibility to 
notify the carrier’s local office to arrange for the pickup of the damaged 
items. Save the damaged shipping carton as evidence. 

Contact your distributor, CASMED sales representative, or CASMED to 
report external damage and to arrange for repair or replacement of 
damaged equipment.  

The shipping carton should contain the items listed below. Unpack the 
Oximeter and account for each item. Inspect each item for signs of 
external damage, dents, cracks, scratches, etc. If an item is missing or 
damaged, contact your distributor, CASMED sales representative, or 
CASMED. 

Refer to Contact Addresses on page 2 for e-mail and phone number 
information. 

Record the serial number and date of purchase at the back of this 
manual. 

Oximeter Checklist 
  1 FORE-SIGHT ELITE Oximeter 

 1 FORE-SIGHT ELITE Preamp Cable 

 1 FORE-SIGHT ELITE User Manual 

 1 Hospital Grade AC power cord 

 
Warning: Grounding reliability can only be achieved when the 
equipment is connected to an equivalent receptacle marked “Hospital 
Grade”. 

 
Note: The Oximeter is shipped with the appropriate line cord for the 
country and voltage being used. 
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Patient Environment 

 The Oximeter has been tested with specific parts of the system used 
within the patient environment (see Figure 1 below). 

 These parts are: 

  The Oximeter 

  Appropriate accessories as listed under Parts, on page 52, at the 
back of this manual. 

  AC power cord 

 
 
 
 

 
 
 
 
 

 

Figure 1: Patient Environment 

Oximeter Classifications of Electrical Insulation 

 The Oximeter (with integrated AC power supply) is a Class I device. 
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Basic Operations 

Introduction 
 The Oximeter is pre-configured to measure absolute tissue oxygen 

saturation. 

 The Oximeter detects oxygenation changes in biological tissue mainly at 
the microcirculation level (capillary, arteriole, and venula) based on 
different absorption characteristics of the chromophores oxyhemoglobin 
(HbO2) and deoxyhemoglobin (Hb) in the near-infrared spectrum. A 
biological spectroscopic window exists at the wavelength range 660–940 
nm in which Hb and HbO2 can be differentiated and measured. Tissue 
oxygen saturation (StO2) is determined from the ratio 

((HbO2) ∕ (HbO2 + Hb)) × 100% 

The Oximeter uses LED Technology to project light into tissue to 
measure oxygen saturation. 

 The Oximeter is equipped with a rechargeable backup battery pack that 
allows the Oximeter to be used independently from an external power 
source.  

 Refer to the Battery Maintenance section on page 42. 

Getting Started 
 Before operating the Oximeter, the user should be thoroughly familiar 

with the following: 

  Warnings and Cautions in the Safety section starting on page 12. 

  Physical configuration of the Oximeter, page 20. 

  Content and use of the Oximeter display, page 24. 

  Procedures described in this guide, pages 26 and following, 

  Use the Oximeter, starting on page 23. 

 1. Set up the Oximeter for the patient (optional). See page 26. 

 2. Connect the Preamp Cable(s) to the Oximeter. See page 26. 

 3. Connect the Sensors(s) to the Preamp Cable(s). See page 26. 

 4. Affix the Sensor(s) to the patient. See page 27. 

 5. Begin monitoring. See page 26. 
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Oximeter Controls 

On / Off Button 

 
 

Press the On / Off button to switch from Off to On.  

Press the On / Off button to switch from On to Off. 

The Oximeter will remain Off when connected to AC power and the On / 
Off button is not pressed 

Touchscreen 

 The touchscreen gives the user access to on-screen Oximeter functions.  

 The user can: 

  Silence Audio Alarms 

  Navigate through all menu selections 

  Choose optional settings 

  Enter data 
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Starting the Oximeter 

Turning the Oximeter On 

 
Note: The Oximeter may be turned on before or after connecting cables 
and Sensors. 

 To turn the Oximeter on: 

 1. Plug the AC power cord into a power outlet. 

 
Note: The Oximeter is equipped with a removal battery pack that allows 
the user to turn the Oximeter on without plugging it into an outlet. The 
battery status indicator shows the state of charge in the form of a colored 
battery icon on the display. Refer to the Battery Maintenance section on 
page 42. 

 2. Push the On / Off switch on the front of the Oximeter. The Oximeter 
will power on within a few seconds. 

 While the software initializes, a splash screen and a set of diagnostic 
tests are displayed. When the diagnostic tests are done the Oximeter will 
switch to the main screen, and is ready to begin normal operation. 

Touchscreen Navigation 

 The user can control the operations of the Oximeter through the 
touchscreen system (see Figure 6 below). The procedures in this manual 
make frequent reference to the touchscreen system. This section 
explains how to navigate through it. 

  
Patient/ 
Case 

Alarm 
Limits 

     

 

Figure 6: 1st Level buttons 

 The following paragraphs briefly describe what can be done from the 
various menus.  

 This section serves as an orientation to the touchscreen system.  

 Specific procedures making use of the touchscreen system are found in 
later sections of this manual. 

Patient/Case Menu 
 The Patient/Case menu lets the user select the body locations of the 

sensors on the Patient. 

Alarm Limit Menu 
 Touching the Alarm Limit icon allows user change each Channel’s High 

& Low Alarm Limit. 

 
Note: Powering the Oximeter off and on (for any period of time) will 
retain the last saved High & Low Limits. 
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Preparing Patient 
 To prepare the patient’s skin for placement of the Sensor: 

 1. Make sure the skin area where the Sensor is to be placed is clean, 
dry, intact and free of powder, oil or lotion. 

 2. If necessary, shave hair from skin at chosen site. 

 3. Use an appropriate cleanser to gently clean the intended Sensor site. 
Allow the skin to dry completely before applying the Sensors. 

Applying Sensor 

 
Caution: Sensors should not to be placed on high density hair areas.  

 
Caution: The Sensor must be flush with clean, dry skin. Any debris, 
lotion, oil, powder, perspiration, or hair that prevents good contact 
between the Sensor and the skin will affect the validity of the data 
collected and may result in an alarm message. 

 
Note: Skin pigmentation does not affect the validity of collected data. 
The Oximeter compensates automatically for skin pigmentation. 

 
Note: For cerebral applications, If possible, locate the Sensor away from 
the midline of the forehead or over a sinus cavity. 

 
Note: Refer to Figure 10: Sensor Selection Guide below to help select 
the proper Sensor for the patient. 

 Apply Sensor using the instructions provided in the Sensor kit package. 

 1. Be sure that all cables are fully connected and Sensors are placed 
correctly on the patient’s skin. 

 2. Use the clip/hook near the Preamp to secure the cable to prevent the 
cable from being pulled away from the patient. 
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Sensor Selection Guide 

Cerebral & Skeletal Muscle Applications 
 

 kg 40-60 >60 

10-18 yrs  L 
> 18 yrs L L 

lbs 88-132 >132 

Figure 10: Sensor Selection Guide 
 

 L – Large Sensor 
 

TPI Indicator 
 A 4-bar indicator of the Tissue Perfusion Index (TPI) represents the 

amount of hemoglobin in the tissue under a Sensor and is displayed near 
the St02 value (see Symbols on Display of Oximeter on page 44).  

 The TPI level is useful for the initial placement of a Sensor or for 
assessing an existing Sensor site: 

 Initial Placement:  

  Without removing the white protective paper, hold the Sensor on the 
selected monitoring site. 

  Slide the Sensor over the target sensing area until the highest TPI 
level is achieved.  

  Visually note the Sensor position and remove & discard the protective 
paper prior to affixing the Sensor. 

 Routine Assessment:  

  In normal operation, the TPI level should be 3 to 4 bars.  

  If the TPI level changes to 2 bars, the user should verify proper Sensor 
contact and assess the site for reliability (e.g., edema is more present). 

  For subjects that become hemodiluted during monitoring, a decrease 
in the TPI level is likely (e.g., during initiation of cardiopulmonary 
bypass). 

  If 1 bar is present, the Sensor must be moved to a location with a 
higher TPI level.  After 10 seconds this condition may trigger a warning 
message and St02 values will become dashes. 
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Stop Patient Monitoring  

Removing Sensor 
 Carefully peel the Sensor from the patient to avoid damaging the skin.   

 Discard the adhesive Sensors. 

Disconnecting Sensor from Preamp Cable 

 To remove a Sensor from the Preamp Cable: 

 
1. Grasp the Sensor connector of desired Preamp Cable to be 

disconnected. 

 
2. Gently pull the Sensor connector straight out until the Sensor 

connector disengages from the Preamp Sensor connector. 

 
When the Sensor is disconnected from the Preamp, the associated 
Channel ID LED on the Preamp housing will change back to white (refer 
to Figure 8). 

 3. Discard the Sensor. 

Disconnecting Preamp Cable (Optional) 

 To remove a Preamp Cable from the Oximeter (see Figure 7 on page 
18): 

 1. Grasp the housing of the connector (near The Oximeter Preamp 
Receptacle) of desired Preamp Cable to be disconnected. 

 2. Gently pull straight down on the Preamp Cable connector housing 
until the Preamp Cable connector disengages from the Oximeter 
Preamp Receptacle. 

 When the Preamp cable is disconnected from the Oximeter, all Channel 
ID LEDs on the Preamp housing will turn off. 
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Monitoring the Patient 

 This section assumes that you are familiar with the front panel controls 
(see Figure 2: Front View on page 20) and the parts of the display 
screen (see Figure 5: Major Areas of Display on page 24). 

Controlling Alarm Volume & Limits 
 The user can disable audible alarms by pressing the Alarm Silence / 

Reset button on the Oximeter front panel. Pressing the button disables 
the audio associated with all alarms for two (2) minutes. This does not 
affect the visual alarms. See Responding to  on page  33 for a list of 
alarm conditions. 

 One the two minute audio disable time reaches zero, the audio will be re-
enabled, assuming an alarm condition is still present. 

 The user can re-enable the audible alarms by pressing the Alarm Silence 
/ Reset button on the Oximeter front panel when the audio is currently 
being disabled. 

 The user can set the High and Low Alarm limits of acceptable 
percentages on each channel independently.  

 The Oximeter shall annunciate an alarm when the Numeric value is 
below the Low limit or above the High limit. The Oximeter shall generate 
an alarm sound at the selected volume, indicate an alarm limit violation 
(text) in the Numeric field as well as flashed the Alarm LEDs at the top of 
the front display. 

Adjusting Alarm Volume & Limits 

 To view or change the Alarm Volume or Alarm Limits: 

 1. Touch the Alarm Limit icon on the Main menu (see Figure 6 on page 
25). 

 2. Touch the High/Low Limit icon and the High/Low Limit screen should 
appear 

Alarm Volume 

 To adjust the Alarm Volume perform the following: 

 1. Touch the target area entitled “Volume”. 

 2. A selection of available Alarm Volumes will appear. 

 3. Touch the desired Alarm Volume, the selection shall be outlined for 
as long as the selection is touched. 

 4. Release the selection. The selected Volume shall be updated in the 
Volume target area. 

High & Low Limits 

 To adjust the Alarm Limits perform the following: 

 1. Touch the target area entitled “High Limit” to adjust the High limit or 
“Low Limit” to adjust the Low limit 

 
Note: Each High & Low limit selections shall be adjacent (to the left) of 
the corresponding channel Numeric 

 2. Numeric buttons (0-9, accept & backspace) will appear. 

 3. Enter a 2-digit limit 
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 The Backspace button may be used to delete the last entered digit 

 4. After the 2nd digit is entered, the Accept icon should be available, 
touch to accept. 

 If the value entered is valid, the value shall be updated as the 
appropriate High or Low Alarm Limit (depending on which selection 
was made) and the numeric buttons shall disappear. 

OR 

If the value entered is invalid, the value shall be displayed as red and 
the numeric buttons shall remain. The value must be deleted and re-
entered as a valid value before proceeding. 

 
Caution: Setting the High Alarm limit to an extreme high value can 
render the High Limit detection ineffective. 

 
Caution: Setting the Low Alarm limit to an extreme low value can render 
the Low Limit detection ineffective. 

 
Note: The alarm delay for High and Low limits remains constant during 
any alarm condition. The alarm delay High and Low limits are factory set 
to 0 and cannot be altered. 

 
Note: The High Limit cannot be set less than the Low Limit (for the same 
channel). The Low Limit cannot be set greater than the High Limit (for 
the same channel). There is always 5% difference between the Low and 
High limits (same channel). 

Saving Alarm Volume and Limits 

 Once the Alarm Volume and High/Low limits have been entered, perform 
the following to save them: 

 Touch Accept icon to accept this Alarm Limit changes. 

OR 

Touch Cancel icon to discard this channel’s Alarm Limit changes. 

 
Note: For proper identification of the Alarm signals generated by the 
Oximeter, the operator should be positioned directly in the front of the 
Oximeter, facing the front panel.   

 
Note: To test the Alarm operation, connect a St02 simulator (available 
through CASMED) to the patient connection of the Oximeter. Set the 
High Alarm limits to at least 1% less than the current displayed value and 
verify the activation of the High limit detection. Reset the High Alarm 
limits to the desired level. Set the Low Alarm limits to at least 1% more 
than the current displayed value and verify the activation of the Low limit 
detection. Reset the Low Alarm limits to the desired level. Testing of the 
Alarm operation should be done at least once every 6 months. 
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Responding to Alarms 

Alarm LEDs 

 High Priority Alarms will flash the Red Alarm LEDs, refer to Figure 2. 

 High Priority Alarms will be generated over any Medium Priority alarms. 

 Medium Priority Alarms will flash the Yellow Alarm LEDs. 

 Medium Priority Alarms will be generated over any Low Priority alarms. 

 Low Priority Alarms will also turn on the Yellow Alarm LEDs. 

 Low Priority Alarms will be generated over any Informational alarms. 

 All Alarm Messages are displayed in the following order: 
  High Priority messages will be displayed before any Medium Priority 

message. 

  Medium Priority messages will be displayed before any Low Priority 
message. 

  Low Priority messages will be displayed before any Informational 
message. 

 

System Messages 

 Table 1 lists the System Messages in order of priority, the conditions 
they signify, and the recommended action you should take. 

 System condition message appear in the System Alarm area, refer to 
Figure 5 for additional information. 

 

Message Condition Recommended Actions 

Medium Priority Alarms (Black on Yellow) - listed highest to lowest 

System Error E## Internal component failure 

E##, ## indicates type of Error 

If condition persists, contact CASMED customer 
service 

Depleted Battery Battery needs to be recharged Plug Oximeter into AC outlet  

Internal Temp Unit is above upper operating 
temperature 

If condition persists, contact CASMED customer 
service 

Low Priority Alarms (Yellow on Black) - listed highest to lowest 

Low Battery Battery needs to be recharged Plug Oximeter into AC outlet  

Port X Comm Lost Communications problem with bi-
directional wired device  

X indicates Port A or B 

Inspect the Serial cable connections 

Make sure the Serial cable connectors are properly 
engaged 

Verify the Serial settings are correct 

Verify target device is turned on and actively 
displaying information 

Informational Alarms (White on Black) - listed highest to lowest 

Connect to AC AC power loss, Oximeter 
operating on Battery power 

Plug Oximeter into AC outlet 

Make sure outlet is powered 

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



FORE-SIGHT Elite Oximeter Basic Operations 
 

 

21-22-3000 Rev 01-Xa DRAFT COPY Page 35  

Channel Messages 

 The message area at the bottom of each Numeric field and are 
associated with that Channel. Table 2 lists the Channel Messages in 
order of priority, the conditions they signify, and the recommended 
action you should take. 

 Channel condition message appear in the Channel Alarm area(s), refer 
to Figure 5 for additional information. 

 

Message Condition Recommended Actions 

High Priority Alarms (White on Red
 
) 

High StO
2
 Reading exceeds user-selected High 

alarm limit 
Assess the patient and physiologic Oximeter to 

verify the condition and then respond 
accordingly 

Low StO
2
 Reading is below user-selected Low 

alarm limit 
Assess the patient and physiologic Oximeter to 

verify the condition and then respond 
accordingly 

Medium Priority Alarm (Black on Yellow) - listed highest to lowest 

Faulty Preamp Preamp Cable is defective If condition persists, contact CASMED customer 
service to replace Preamp Cable 

Preamp 
Disconnected 

Preamp cable has become 
disconnected 

Connect Preamp cable to Oximeter 

Faulty Sensor Sensor is defective Replace disposable Sensor if necessary 

Sensor 
Disconnected 

Sensor has become disconnected Connect Sensor to Preamp 

Sensor Over 
Temp 

Temperature under Sensor is > 41°C Cooling of patient or environment may be 
required 

Signal out of 
Range 

Sensor on inappropriate object Remove Sensor from inappropriate object and 
place on patient 

Check under 
Sensor 

Tissue under Sensor may have fluid 
accumulation/edema 

Check patient for edema under Sensor 

When tissue condition returns to normal range 
(e.g. patient is no longer edematous) 

High Ambient 
Light 

Sensor is not in correct contact with 
patient 

Check that Sensor is in direct contact with skin 

Low Priority Alarm (Yellow on Black) - listed highest to lowest 

Incorrect Sensor 
Size 

Sensor is not compatible with the 
specified Body Location 

Use the Sensor recommended for the specified 
Body Location 

External 
Interference 

Interference from outside source Move Sensor away from interfering source 

Sensor Under 
Temp 

Temperature under Sensor < 8 °C Warming of patient or environment may be 
required 

Informational Alarms (White on Black) - listed highest to lowest 

Ambient Light Ambient light approaching maximum 
value 

Check that the Sensor is in direct contact with 
skin 

Set Body Location Sensor connected with no body 
location assigned 

Set Body location for channel 
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Message Condition Recommended Actions 

Connect Preamp Connect Preamp to start monitoring 
channels 

Connect Preamp to Oximeter 

Connect Sensor Connect Sensor to start monitoring 
channel 

Connect Sensor to Preamp 

Acquiring Data Channel is acquiring data Normal operation 

Wait for message to clear 

Table 2: Channel Messages 
 

 

 
Note: Priorities of these Alarm Conditions are Factory configured and 
cannot be altered by the user. 

 A High Priority auditory signal is characterized by 10 audio pulses 
repeated every 10 seconds at a frequency of 970 Hz. 

 A Medium Priority auditory signal is characterized by 3 audio pulses, 
repeated every 20 seconds at a frequency of 575 Hz. 

 The Low Priority auditory signal is characterized by 1 pulse at a 
frequency of 575 Hz. 

 There is no auditory signal associated with Informational messages only 
visual. 
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Philips IntelliVue Messages 

 Table 3 below lists the conversion of High, Medium and Low Priority 
System and Channel Alarm Messages displayed on the Oximeter to the 
Alarm Message displayed on the Philips IntelliVue: 

 

Oximeter Message Philips IntelliVue Message 

High StO2 High rSO2-#
 1 

Low StO2 Low rSO2-# 1 

System Error Exx 

Internal Temp 

Depleted Battery 

Low Battery 

FS Sys Warning 

Diff Ch x & Ch y 2 Diff StO2 

Faulty Preamp 3 

Faulty Sensor 

FS-# 1 Error 

Preamp Disconnected 3 

Sensor Disconnected 

Sensor Over Temp 

Signal out of Range 

Check under Sensor 

High Ambient Light 

FS-# 1 Warning 

Incorrect Sensor Size 

External Interference  

Sensor Under Temp 

FS-# 1 Chk Sensor 

Table 3: Oximeter Messages displayed on Philips IntelliVue 

 
Note: Only High, Medium and Low Priority System and Channel Alarm 
Messages are displayed on the Philips IntelliVue. 

 
Note: Alarm messages displayed the Oximeter may appear different on 
the Philips IntelliVue due to text length limitations. 

 
 

                                                
1
 # Represents the corresponding Patient Data Channel 1, 2, 3 or 4 

2
 Differential Alarm message Ch x & Ch y, where x & y represent Patient Data Channel 1, 2, 3 or 4, e.g., Diff Ch1 & Ch 2 

3
 Preamp messages will present 2 VueLink messages, 1 for each Preamp channel: 1 & 2 or 3 & 4 
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Cleaning 

 
Warning: The Oximeter is designed to be cleaned with soft cloths 
dampened with cleaning solutions. If the Oximeter or Preamp is 
accidentally wetted, take it out of operation. It should be thoroughly dried 
(minimum 1 hour) and have it checked by a service technician before it is 
used again. 

 
Caution: Do not open the Oximeter to clean it. 

 
Caution: Do not use abrasive cleaners, isopropyl alcohol or organic 
solvent for cleaning.  Use of these cleaners can cause damage, stiffness 
and brittleness to the Oximeter’s surface and to cables and wires. 

Cleaning the Oximeter 

 Examine the Oximeter’s case for damage and check the AC power cord 
for bent or broken prongs, cracks or fraying.  Neither the Oximeter nor 
the AC power cord should be used if damaged.  If any damage is noted, 
contact the appropriate service personnel. Refer to Contact Addresses 
on page 2 for e-mail and phone number information. 

  Housing: The Oximeter surfaces may be disinfected using a soft 
cloth dampened with a 10% (1:10) solution of chlorine bleach in tap 
water.  When all of the surfaces have been disinfected, wipe the 
entire surface of the Oximeter using a soft cloth dampened with fresh 
water to remove any trace amounts of residue and/or fumes. 

  Display: Clean the display window using a soft, lint-free cloth sprayed 
with an alcohol free glass cleaner.  The use of paper towels is not 
recommended as it may scratch the surface. 

 Thoroughly wipe off any excess cleaning solutions 

Cleaning Preamp Cables 

 Clean the Preamp Cable using a soft cloth dampened with a 10% (1:10) 
solution of chlorine bleach in tap water.  Do not use alcohol. 

Cleaning Sensors 

 Sensors are not design to be cleaned and/or re-used. 
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Maintenance 

 
Warning: No modification of this equipment is allowed. 

 
Caution: Service performed by unauthorized personnel could be 
damaging to the Oximeter and may void the warranty.  For service, 
contact your CASMED Representative. Refer to Contact Addresses on 
page 2 for e-mail and phone number information. 

 The only Oximeter parts requiring preventive inspection and 
maintenance are the AC Fuse Replacement on page 40 and the Battery 
Maintenance on page 42. 

 CASMED will make available on request circuit diagrams, component 
parts lists, to assist CAS Authorized Service personnel. 

Maintenance Intervals 

 Preventive maintenance of the Oximeter is an important function that 
should be performed routinely to ensure safe and efficient Oximeter 
operation.  The following maintenance intervals are recommended: 

  Oximeter: No user calibration is required 

  Battery Pack: Should be replaced every 2 years 

 
Caution: To maintain proper battery charge, plug the Oximeter into 
mains power when not in use. Failure to do so may diminish the service 
life and function of the battery. 

Waste Electrical and Electronics Equipment (WEEE) 
 To facilitate the sound treatment of WEEE, information will be made 

available for current CASMED products upon request.  EU distributors 
and treatment facility personnel may contact techsrv@casmed.com to 
obtain relevant information. 
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Fuse Replacement 

 
Warning: Before changing any fuse, turn power off, remove battery pack 
and unplug the AC power cord. 

 
Warning: For continued protection against fire hazard, replace only with 
identically rated fuses. 

 
Warning: The Oximeter has multiple fuses located inside the Oximeter 
and Battery Pack.  These fuses are not user replaceable. These fuses 
should only be replaced by CAS Authorized Service personnel. 

 

AC Fuse Replacement 

 The Oximeter has a dual fuse AC power input receptacle.  Both AC lines 
are fused.  

 A fuse may need to be replaced if the Oximeter is plugged into an 
electrical outlet but the AC Power indicator is not illuminated. 

 To replace the AC power fuses, proceed as follows: 

  Turn the Oximeter off and disconnect the AC power cord. 

  Using a small screw driver, open the fuse cover on the AC Fuse 
Compartment (see Figure 3 on page 21). 

  Using a small screw driver, pull out the red fuse holder from the AC 
Fuse compartment. 

  Remove the suspect fuse. 

  Place the new fuse into the fuse holder as indicated by the orientation 
(see Figure 11 below). 

  Repeat this process for the fuse on the other side of holder. 

  Insert the fuse holder back into the power input receptacle (the fuse 
holder can be inserted in either orientation). 

  Close the fuse cover on the AC Fuse Compartment. 

  There should be an audible click when it is secured. 

  Reconnect the AC power cord back to the Oximeter. 

 

  
 Correct Placement Incorrect Placement 

Figure 11: AC Fuse Placement 
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Battery Maintenance 
 The Battery Pack provides power to operate the Oximeter for up to a half 

hour (on a new, fully charged battery). 

 To properly maintain the battery charge level and prolong battery life, the 
Oximeter should be connected to AC power at all times. 

 As with all batteries, the capacity will diminish over time. It is 
recommended that properly maintained batteries be replaced by 
CASMED service every 2 years. 

 If Oximeter will not operate for more than 10 minutes on battery power 
prior to the 2 year replacement interval, then the Oximeter should be 
returned to CASMED for service and battery replacement. 

Installing/Removing the Battery Pack 

 
Warning: Use only the battery pack that is listed in the Accessories, 
Detachable Parts and Materials section on page 52. 

 The Battery Pack in the Oximeter is designed to be easily replaced. Turn 
the Oximeter Off and remove the AC power cord whenever removing or 
installing a battery pack. 

 To remove a Battery Pack: 

 1. Locate the Battery Pack – bottom area of rear of Oximeter (see 
Figure 3). 

 2. Loosen the retaining screws on either side of the Battery Pack. 

 3. Grasp the retaining screws of the battery pack and pull the Battery 
Pack slightly out of the Oximeter - this will disconnect the Battery 
pack electrically from the Oximeter. 

 4. Gently slide the Battery pack out of the remainder of the Battery 
compartment of the Oximeter. 

 To reinstall a Battery Pack: 

 1. Position the Battery Pack with the arrow on outside cover facing up 
and the two side tabs towards the top of the pack. 

 2. Gently slide the Battery pack in to the Battery compartment of the 
Oximeter until a slight resistance if encountered. 

 3. With equal force on both sides of the Battery Pack, push the Battery 
Pack into the Battery compartment until the outside of the Battery 
Pack is flush with the rear of the Oximeter. 

 
Caution: If significant resistance in encountered, do not force the Battery 
Pack into the Battery compartment. Ensure the arrow on outside cover 
facing up and the two side tabs towards the top of the pack. 

 4. Tighten the retaining screws on either side of the Battery Pack. Do 
not over tighten the screws. 

 5. With the AC power cord disconnected, press the front panel power 
button and verify the Oximeter will power on with the Battery Pack 
installed 

 6. Reconnect the AC power cord back to the Oximeter. 

 

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



FORE-SIGHT Elite Oximeter Appendix 
 

 

21-22-3000 Rev 01-Xa DRAFT COPY Page 43  

Appendix 

Symbols 

 The following is a summary of all symbols used on the Oximeter and accessories. 
Symbols may occur on the product or on its packaging. Symbols shall be black unless 
otherwise indicated. 

Symbols on Front of Oximeter 

 
AC power indicator / Charge mode enabled (Green circle)  

 
On / Off 

 
Caution 

Symbols on Left Side of Oximeter 

(Near the Oximeter Patient Connections) 

 
Patient connections are Type BF  

 
Warning (Yellow background) 

Symbols on Rear of Oximeter 

 
Caution 

 
Potential Equalization Post (Grounding Terminal) 

 

This symbol appears here instead of on the Oximeter. The first two digits of the 
Oximeter’s serial number indicate the year of manufacture in the 21st century. 

 
The CE Mark and Notified Body Registration Number signify the device has met all 

essential requirements of European Medical Device Directive 93/42/EEC. 

 

Indicates this Oximeter is subject to the Waste Electrical and Electronic Equipment 
Directive in the European Union. 

 Alternating current 

 
Communication port, RS-232 Connector 

 Video port, VGA Connector 

 
Follow instructions for use 
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Symbols on Battery Pack 

 
Caution 

 
Recycling suggested 

 

Indicates this Battery pack contains lead (Pb) and is subject to the Waste Electrical and 
Electronic Equipment Directive in the European Union. 

Symbols on Oximeter Packaging 

 

Symbol used to indicate the minimum and maximum storage and transport 
Temperatures. 

Refer to Storage/Transport Environment on page 50. 

 

Symbol used to indicate the minimum and maximum relative humidity for storage and 
transport. 

Refer to Storage/Transport Environment on page 50. 

 

Symbol used to indicate the minimum and maximum atmospheric pressure for storage 
and transport. 

Refer to Storage/Transport Environment on page 50. 

 
The CE Mark and Notified Body Registration Number signify the device has met all 

essential requirements of European Medical Device Directive 93/42/EEC. 

 
Fragile, handle with care 

 
This end up 

Symbols on Preamp 

 
Follow instructions for use 

 
The CE Mark and Notified Body Registration Number signify the device has met all 

essential requirements of European Medical Device Directive 93/42/EEC. 

 

Indicates this Preamp is subject to the Waste Electrical and Electronic Equipment 
Directive in the European Union. 

 

Do not Discard 

Intended for 
Multiple use 

Found on the Preamp cable 

(Black text & symbol on Green background) 

Symbols on Preamp Packaging  

 
The CE Mark and Notified Body Registration Number signify the device has met all 

essential requirements of European Medical Device Directive 93/42/EEC. 

 

Indicates this Preamp is subject to the Waste Electrical and Electronic Equipment 
Directive in the European Union. 
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Symbols on Sensor Packaging 

 In the U.S. the following Caution applies 

 
Non-Sterile 

 
Storage and transport temperatures 

 
Use only once 

 
PVC Free 

 
Follow instructions for use 

 
Latex free 

 
Do not cut or trim Sensor 

 
Do not apply prolonged pressure to the Sensor 

 
Manufacturer 

 
Lot number 

 
The CE Mark and Notified Body Registration Number signify the device has met all 

essential requirements of European Medical Device Directive 93/42/EEC. 

 

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



FORE-SIGHT Elite Oximeter Appendix 
 

 

21-22-3000 Rev 01-Xa DRAFT COPY Page 48  

Warranty Policy 

 All products are sold by CASMED, under the warranties set forth in the following paragraphs. 
Such warranties are extended only with respect to the purchase of this product directly from 
CASMED or CASMED’s Authorized Distributors as new merchandise and are extended to the 
first buyer thereof, other than for resale. 

 The CASMED FORE-SIGHT ELITE Oximeter is warranted for a period of twelve (12) months. 
All products, if applicable, are warranted to be free from functional defects in materials and 
workmanship and to conform to the description of the product contained in the User Guide, 
published specifications, and accompanying labels and/or inserts, provided that the same is 
properly operated under conditions of normal use in accordance with applicable safety and 
regulatory requirements, and that replacements and repairs are made in accordance with the 
instructions provided by CASMED. 

 The same warranty conditions are made for a period of twelve (12) months with respect to the 
battery. A ninety (90) days warranty is provided for non-disposable accessories such as 
reusable Preamp Cables and other accessories provided by CASMED as part of the original 
purchase. CASMED warrants disposable or single-patient-use products, including Sensors for 
out-of-box failure only. Where the accessory is not a CASMED manufactured product, the 
manufacturer’s own warranty applies. Warranty of accessories purchased separately from 
listed suppliers will be the responsibility of such listed suppliers. Damage to any part through 
misuse, neglect, or accident, or by affixing any accessories or attachments other than 
CASMED manufactured accessories or attachments, is not covered by this warranty. 

 The foregoing warranties shall not apply if the product has been configured, modified, 
adjusted or repaired other than by CASMED or by persons expressly authorized by CASMED, 
or not in accordance with written instructions provided by CASMED, or if the product has 
been subjected to misuse, negligence, or accident. 

 CASMED reserves the right to perform warranty service operations in its own factory, at an 
authorized repair facility, or at the customers’ site. The sole and exclusive obligation of 
CASMED and Buyer’s sole and exclusive remedy under the above warranties, is limited to 
repairing or replacing, free of charge, a product which is reported in writing or via telephone to 
CASMED has a Return Material Authorization (RMA) number assigned and which is returned 
during normal business hours, transporting charges prepaid to: 

  CAS Medical Systems, Inc. 
44 East Industrial Road  
Branford, CT  06405 USA 
 
Telephone: +1 203 488 6056 
Fax: +1 203 488 9438  
E-mail: custsrv@casmed.com 

 CASMED SHALL NOT BE OTHERWISE LIABLE FOR ANY DAMAGES INCLUDING, BUT 
NOT LIMITED TO, INCIDENTAL DAMAGES, CONSEQUENTIAL DAMAGES OR SPECIAL 
DAMAGES. 

 THERE ARE NO EXPRESS OR IMPLIED WARRANTIES WHICH EXTEND BEYOND THE 
WARRANTIES HEREINABOVE SET FORTH. CASMED MAKES NO WARRANTY OF 
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE WITH RESPECT TO 
THE PRODUCT OR PARTS THEREOF. 
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Oximeter Configuration Record  

Serial Number:  

Date of Purchase:  
 

Specifications 

Physical Dimensions and Weight 

H × W × D: (without feet) 10 in (25.4 cm) × 12 in (30.5 cm) × 9 in (22.9 cm) 

Weight: 13.2 lbs (5.9 kg) 

Operating Environment 

Operating temperature: 10°C (50°F) to 40°C (104°F)  

Humidity: 30 to 90% RH, non-condensing 

Altitude: -1,000 ft (106 kPa) to 10,000 ft (68 kPa) 

Oximeters may not meet performance specifications if stored or used outside 
temperature and humidity ranges. When moving an Oximeter from a storage location, 
wait at least one hour prior to use to allow it to adjust to room temperature. 

 
Measurement 

Method: Modified Beer-Lambert Law Near Infrared Spectroscopy 
(NIRS) 

Information output: Absolute saturation of tissue oxygenation (StO2)  

Measurement range: 0 to 100% 

Display resolution: 1% 

Data rates: Acquisition ≤ 100 Hz, numeric display = .5 Hz 

Accuracy:  Cerebral Accuracy not determined < 45%. Oximeter may not be 
accurate at saturations below 45%. 

Large Sensors 45% to 95%: ±3.05% to 1 standard deviation 

 Skeletal 
Muscle 

Accuracy not determined < 45%. Oximeter may not be 
accurate at saturations below 45%. 

Large Sensors 45% to 95%: ±5.17% to 1 standard deviation 
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Patient Alarms 

Adjustable alarms: High, Low limits for Ch1, Ch2, Ch3 & Ch4 

Alarm indicators:  Visual 

 Audible 

 Text in Channel alarm message window 

Audible sound pressure 
 

@ 100% Volume 

High Priority Alarms: 
>56db (Fast A) @ 1m in front of Oximeter 

Medium Priority Alarms: 
<56db (Fast A) @ 1m in front of Oximeter 

Patient Parameter Low (Default 40%) High (Default 90%) 

Range: Ch1, Ch2, Ch3, Ch 4 5 to 90% 10 to 95% 

Low limits cannot be set above the associated high limit. 

High limits cannot be set lower than the associated low limit. 

There is a min of 5% difference between the Low and High limit values at any time. 
 

Display 

Display: LCD display of measurement results, instructions, 
troubleshooting messages, waveforms, and signal 
strength bar.  

Numerics: 1 corresponding to each channel 

  

  

Storage/Transport Environment 

Storage Temperature: -20°C (-4°F) to 60°C (149°F) 

Transport Temperature: -20°C (-4°F) to 60°C (149°F) 

Humidity: 15 to 90% RH, non-condensing 

Altitude: -1,000 ft (106 kPa) to 10,000 ft (68 kPa) 

Power 

External AC power: 100 to 240 VAC, 50/60 Hz, 1.5A Max (1.5A to 0.75A) 
Fuse rating: T3.15AH250V (two provided) 

Chassis leakage current: 100 µA (maximum) 

Heat dissipation: 60 watts (205 BTU/hr) 

Battery: Sealed lead-acid battery 

Charge Time: 6 hours 

Operating Time: 0.5 hour (minimum with new and properly maintained 
battery) 

 
Note: The life of batteries is influenced by actual use, temperature, charging & 
discharging cycles, and mechanical abuse. 
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Serial Interface 

Interface type: Bi-directional serial communication 

Speed: User-programmable 

Signal level: RS-232C 

Data length: 8 bits 

Start bit: 1 bit 

Stop bit: 1 bit 

Parity: None 

Flow control: None 

 

Standards 

Oximeter comply with the following requirements: 

CE marking according to Directive 93/42/EEC 

IEC 60601-1:2005 

IEC 60601-1-2:2007 

IEC 60601-1-6:2010 

IEC 60601-1-8:2006 

ANSI/AAMI ES 60601:2005 

ANSI/AAMI IEC 62366:2007 

CAN/CSA C22.2 #60601-1 

U.S. Patent protected: see www.casmed.com/site-info/patents.cfm 

 

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



FORE-SIGHT Elite Oximeter Appendix 
 

 

21-22-3000 Rev 01-Xa DRAFT COPY Page 52  

Parts  
 Contact our Customer Service department or see our website for the 

latest product information. Refer to Contact Addresses on page 2 for e-
mail and phone number information. 

Oximeter 
Catalog No. Description 

01-06-3000 (1) FORE-SIGHT ELITE Oximeter 

 

        

 

        

Provided (1) FORE-SIGHT ELITE Dual Preamp 

With: (1) FORE-SIGHT ELITE Battery Pack 

 (1) FORE-SIGHT ELITE User Manual (on CD) 

 (1) Hospital Grade AC power cord (country specific) 

 (1) Service Card & Sleeve 

Accessories, Detachable Parts and Materials 
Catalog No. Description 

01-02-0395 Replacement power cord, North America 

01-02-0384 Replacement power cord, U.K. 

01-02-0385 Replacement power cord, Australian 

01-02-0386 Replacement power cord, European 

01-06-3100 FORE-SIGHT ELITE Dual Preamp 

01-06-3011 FORE-SIGHT ELITE USB Flash Drive 

01-06-3014 FORE-SIGHT ELITE Battery Pack 

01-06-3036 FORE-SIGHT ELITE User Manual on CD 

01-07-1110 FORE-SIGHT ELITE St02 Simulator 

01-07-2103 FORE-SIGHT ELITE Large Sensor Carton (20 sensors) 

01-06-0231 Giraffe
® 4 

Dovetail Attachment 

01-06-0232 FORE-SIGHT 3 inch Utility Basket for 01-06-0234, 01-06-0235 or 01-06-0236 Arms 

01-06-0233 FORE-SIGHT 6 inch Utility Basket for 01-06-0234, 01-06-0235 or 01-06-0236 Arms 

01-06-0234 FORE-SIGHT 16 inch Arm Wall Mount 

01-06-0236 FORE-SIGHT 16 inch Arm Pole Mount 

01-06-0238 FORE-SIGHT Roll Stand, with basket & Handle 

01-06-0239 FORE-SIGHT ELITE GCX Mounting Plate Kit 

The following part require the 01-06-0231 Giraffe Dovetail Attachment: 

01-06-0235 8 inch Arm Giraffe Bed Mount 
 

                                                
4
 Giraffe

®
 is a registered trademark of GE Healthcare 
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Philips IntelliVue/VueLink Accessories and Options 

Description - Purchased directly from Philips: 

Philips VueLink Module AUXPLUS PN: M1032A #A05 

Philips Interface Cable PN: M1032A #K6C, M1032-61699 

Philips contact information: 

www.medicalphilips.com Web 

medical@philips.com E-Mail 

 
Catalog No. Description 

01-06-2133 FORE-SIGHT VueLink Extension Cable 

 
Warning: Connection of the Oximeter to a Philips Patient Monitor could result in 
previously unidentified risks to Patients, or Operators and the User should identify, 
analyze, and control such risks. 

 
Warning: Changes in the Oximeter to a Philips Patient Monitor connection including 
changes to configuration, additional or deletion of items and updating or upgrading of 
equipment could introduce new risks that may require new analysis. 
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15.  Sterilization and Shelf Life 
 

 

No part of the FORE-SIGHT Elite™ Absolute Tissue Oximeter system or its 

accessories is sterilized.   
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Technical Information Sheet 

Effective: February 2007 
Supersedes all previous specifications 
 
Features and Benefits:  
- Hypoallergenic Pressure Sensitive Adhesive  -   ETO & Gamma Compatible 
- Soft & Cushioning -   Good Adhesion to Skin  
- Highly Conformable     -   Opaque Ivory Color 
  
Composition: 
Tape Caliper 22.5 mils (0.6 mm) Polyvinyl Chloride Foam Tape 
Backing 20 mils (0.5 mm) Ivory PVC Closed-cell Foam 
Adhesive Acrylate, designed for medical/surgical applications 
Release Liner 65 lb. Super-calendered Kraft paper, silicone on one side       

(4.0 mil/0.1 mm) 
 
Typical Properties+: 
Adhesion to Steel, 180° Peel 8 ounces/inch width (2.2 N/25 mm width) (227 gm/25 mm width) 
Liner Release 17 gm/inch width (17 gm/25 mm width)  

Visual Defects May include pock marks and pinholes (maximum 0.063 inch /1.6 
mm diameter) - allowed up to 10 per square yard 

+3M test methods are available upon request. 
 

Roll Description: Tape supplied on 3 inch (76 mm) diameter cores. 
Length, Maximum 210 yards (192 m) ± 2% 
Width, Maximum 48 inch (122 cm) ± 1/16 in (1.5 mm) 

 
Splices:  Splices on the tape are intended for continuous processing. 
Roll Width Maximum Number of Splices per Roll 
< 8 inch (20 cm) 3 per 72 yd (66 m) 
 4 per 150 yd (137 m) 
 5 per 210 yd (192 m) 

          Information on the splice frequency in roll widths greater than 8 inch (20 cm) is available upon             
          request. 
 

Packaging and Recommended Storage: 
Product as supplied in original packaging will maintain stated properties for a period of two years 
from date stamped on shipping container when stored at temperatures between 50-80°F (10-27°C) 
and a relative humidity between 40-60 percent.  
 

Please see reverse side for important product, safety and warranty information. 
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3M Medical Specialties 
3M Center, Building 275-5W-05 
St. Paul, MN 55144-1000 USA 
Tel.: 800 228-3957 

 
 
 

 

Product and Safety Information: User is solely responsible for determining the suitability of 3M samples and products for the intended use including any 
necessary safety or toxicity assessment. 3M will provide Material Safety Data Sheets and results of toxicity testing upon request. In every case before using any 
product in full scale production users should conduct their own tests to determine to their own satisfaction whether the product is of acceptable quality and is 
suitable for their particular purposes under their own operating conditions. 
Notice: Nothing contained herein shall be construed to imply the nonexistence of any relevant patents or to constitute a permission, inducement or 
recommendations to practice any invention covered by any patent, without authority from the owners of this patent. 
 
Warranty Information 
All statements, technical information and recommendations herein are based on tests 3M believes to be reliable, but the accuracy or completeness thereof is not 
guaranteed. 3M warrants only that products will meet 3M’s specifications at the time of shipment to the customer. 3M does not offer any other warranty and does 
not warrant the performance, safety or such other characteristics of Products in combination with other materials. 3M specifically DOES NOT warrant Products 
for any intended or unintended uses (whether or not foreseeable); for compatibility or suitability with other components or compatibility with any methods of 
manufacture or conversion. The foregoing warranty is made in lieu of all other warranties, expressed or implied, including the implied warranties of 
merchantability, fitness for a particular purpose and freedom from non-infringement. 
 
Limitation of Remedies: If products are proven not to meet 3M’s specifications, the sole and exclusive remedy available and 3M’s only obligation shall be, at 
3M’s option, to replace such quantity of Products which are proven out of specification or to refund the purchase price paid for Products. 
 
Limitations of Liabilities: The remedies provided herein are exclusive remedies against 3M for any alleged or actual nonconformance to specifications or defect 
or other failure in products or for 3M’s performance of its supply obligations. Under no circumstances is 3M liable for any direct, indirect, incidental, special or 
consequential damages (including lost profits) in any way related to the product under any theory of law including, but not limited to, negligence and strict 
liability. 

Ordering Information 
Call us at Customer Service to place an order: 800-742-1994 (U.S.). Visit our website: www.3M.com/medicalspecialties for product and 
services information, news about conferences we will be attending, new product highlights or to make a direct inquiry. 
To have a sales representative contact you, to request samples or clinical and safety summaries, please contact us at 3M HELPLINE 800-228-
3957 (U.S.) or for international inquiries, please contact your local country representative.  Our 3M Medical Specialties subsidiary contacts are 
listed below. 
 International Locations 
Argentina 
3M Argentina S.A.C.I.F.I.A. 
Tel.: 54-11-4339-2400 
Fax: 54-11-4339-2640 
Australia 
3M Health Care 
Tel: 1 300 363 878 
Fax: 1 800 060 888 

Belgium 
3M Belgium N.V./S.A. 
Tel: 32-2-722-5111 
Fax: 32-2-720-0225 

Brazil 
3M DO Brasil Ltda. 
Tel: 55-19-864-7171 
Fax: 55-19-864-7848 

Canada 
3M Canada 
Tel: 800 364-3577 
Fax: 800 341-4630 

Chile 
3M Chile S.A. 
Tel: (56-2) 4103000 
Fax: (56-2) 4103400 
China 
3M China Ltd. 
Tel: 86-21-6275-3535 
Fax: 86-21-5208-2205 

Colombia 
3M Colombia S.A. 
Tel: 57-1 4108585 
Fax: 57-1 4161677  

Czech Republic 
3M Cesko s.r.o. 
Tel: +420-261 380 111 
Fax: +420-261 380 110 

Denmark 
3M a/s 
Tel:  45-43-48-0100 
Fax: 45-43-96-8596 

Dominican Republic 
3M Dominicana 
Tel: (809) 530-6560 X499 
Fax: (809) 530-2960 

Finland 
Suomen 3M Oy 
Tel.: 358-9-52-521 
Fax: 358-9-512-29-44 

France 
Laboratoires 3M Santé 
Tel:  33-1-3031-8376 
Fax: 33-1-3031-8378 

Germany 
3M Medica 
Tel: 49 2131 14 40 00 
Fax: 49 2131 14 49 99 
Hong Kong 
3M Hong Kong Ltd. 
Tel: (852) 2806 6111 
Fax: (852) 2234 6044 

Hungary 
3M Hungária Kft. 
Tel: (36-1) 270-7777 
Fax: (36-1) 320-0951 

India 
3M India Ltd. 
Tel: 0091-80-2223 1414 
Fax: 0091-80-22231450  

Indonesia 
PT 3M Indonesia 
Tel: (62-21) 520 3401 
Fax: (62-21) 520 3106 

Italy 
3M Italia SPA 
Tel: +39 2 7035-2406 
Fax: +39 2 7035-2484 

Japan 
3M Health Care Ltd. 
Tel: 81-3-3709-8289 
Fax: 81-3-3709-8754 

Kazakhstan  
3M Representation Office  
Tel: +7 3272 509 944 
Fax: +7 3272 509 573 

Korea 
3M Korea Ltd. 
Tel: 82-2-3771-4286  
Fax: 82-2-786-2825 

Malaysia 
3M Malaysia Sdn. Bhd. 
Tel:  6-03-7806 2888  
 Fax: 6-03-7806 2902 

Mexico 
3M México, S.A. de C.V. 
Tel:  +52-55-5270-0400 
Fax: +52-55-5270-0433 

Middle East 
3M Gulf Ltd. 
Tel: 971-4-3670-777 
Fax: 971-4-3670-699 

The Netherlands 
3M Nederland B.V. 
Tel: 31-715-450-450 
Fax: 31-715-450-212 

New Zealand 
3M New Zealand 
Tel: 64-9-444 4760 
Fax: 64-9-443 7885 

Peru  
3M Peru S.A.  
Tel: 511-224-2728 
Fax: 511-224-3171 

Philippines 
3M Philippines 
Tel: (632) 8133781 to 95  
Fax: (632) 8145873 to 74 
 
 
 

Poland 
3M Poland Sp.z o.o. 
Tel: (48 22) 739 60 00 
Fax: (48 22) 739 60 01 

Portugal 
3M Portugal 
Tel: 351-21-3134500 
Fax: 351-21-3134680 

Russia 
3M Russia 
Tel: 7 (495) 784-74-74 
Fax: 7 (495) 784-74-75 

Singapore 
3M Technologies (S) Pte. Ltd. 
Tel:  65-6450-8866 
Fax: 65-6455-2130 
Sri Lanka 
3M Lanka (Pvt.) Ltd. 
Tel: (94) 11 2785701 
Fax: (94) 11 4410083-4 

Spain 
3M España, S.A. 
Tel: 34-91-321-6000 
Fax: 34-91-321-6002 

Sweden 
3M Svenska AB 
Tel: +46-8-92 21 00 
Fax: +46-8-92 24 22 

Switzerland & Eastern Europe 
3M (Schweiz) AG 
Tel: +41 44 724 92 44 
Fax: +41 44 724 94 80 
 

Thailand 
3M Thailand Ltd. 
Tel: (66)2 260 8577 Ext 175 
Fax: (66)2 261 7535 

Taiwan 
3M Taiwan Ltd. 
Tel: 886-2-2704-9011 
Fax: 886-2-2706-0355 

Turkey 
3M Turkey 
Tel: 9 (0212) 3507777 
Fax: 9 (0212) 2821742 

Ukraine   
3M Ukraine 
Tel: +380 44 490 57 77 
Fax: +380 44 490 57 75  

United Kingdom & Ireland 
3M Health Care Ltd. 
Tel: 44-1509-611-611 
Fax: 44-1509-237-288 

Venezuela 
3M Manufacturera Venezuela 
Tel: 58-241-8391911 
Fax: 58-241-8391928 
Viet Nam   
3M Viet Nam Ltd. 
Tel:  84 8 640986 
Fax: 84 8 641024 
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PRODUCT CLINICAL DATA SUMMARY 

Effective:  September 2010 
Page 1 of 2 

 
The adhesive used on  as part of another tape construction, has been subjected to the following 
safety evaluations: 

In Vitro Cytotoxicity 
The test was to determine the potential for cytotoxicity based on the requirements of International 
Organization for Standardization (ISO 10993-5): Biological Evaluation of Medical Devices- Part 5:  Tests 
for In Vitro Cytotoxicity.  Triplicate wells were dosed with a 1cm x 1cm portion of the test article.  
Triplicate wells were dosed with a 1 cm length of high density polyethylene as a negative control.  
Triplicate wells were dosed with a similar portion of latex as a positive control.  Each was placed on an 
Agarose surface directly overlaying a sub-confluent monolayer of L-929 mouse fibroblast cells.  After 
incubating at 37 degrees C in the presence of 5% CO2 for 24 hours, the cultures were examined 
macroscopically and microscopically for any abnormal cell morphology and cell lysis.  
The test article showed no evidence of causing any cell lysis or toxicity.  The test article met the 
requirements of the test since the grade was less than a grade 2 (mild reactivity).     
 
   MEM Elution  
An additional in vitro study was conducted to evaluate for potential cytotoxic effects following the 
guidelines of International Organization for Standardization 10993-5: Biological Evaluation of Medical 
Devices, Part 5: Tests for In Vitro Cytotoxicity.  A single preparation of the test article was extracted in 
single strength Minimum Essential Medium at 37 degrees C for 24 hours.  The negative control, reagent 
control and positive control were similarly prepared.  Triplicate monolayers of L-929 mouse fibroblast 
cells were dosed with each extract and incubated at 37 degrees C in the presence of 5% CO2 for 48 hours.  
Following incubation, the monolayers were examined microscopically for abnormal cell morphology and 
cellular degeneration.  The test article extract showed no evidence of causing cell lysis or toxicity.  The 
test article met the requirements of the test since the grade was less than a grade 2 (mild reactivity).  
 
   Primary Skin Irritation 
The test article was evaluated for primary skin irritation in accordance with the guidelines of ISO 10993 
Biological Evaluation of Medical Devices – Part 10:  Tests for Irritation and Delayed-Type 
Hypersensitivity.  Two approximate 25mm x 25mm sections of the test article and control article were 
topically applies to the skin of each of three rabbits and left in place for 24 hours.  The sites were graded 
for erythema and edema at 1, 24, 48, and 72 hours after removal of the single sample application  
There was no erythema and no edema observed on the skin of the animals. The Primary Irritation Index 
for the test article was calculated to be 0.0.  The response of the test article was categorized as negligible.   
 
   Guinea Pig Sensitization 
The test article was evaluated for the potential to elicit delayed dermal contact sensitization in the guinea 
pig based on the requirements of ISO 10993-10, Biological Evaluation of Medical Devices, Part 10: Tests 
for Irritation and Delayed-Type Hypersensitivity.  The test article was occlusively patched to the intact 
skin of ten animals for 6-8 hours, three times a week over a 3 week period. The control article was 
similarly patched to 5 animals.  Following a 2-week recovery period, the ten test and five control animals 
were occlusively patched with the test and control article.  All sites were observed for evidence of dermal 
reactions at 24 and 48 hours after patch removal.   The test article showed no evidence of causing delayed 
dermal contact sensitization in the guinea pig.   3M Study 011344 (all) 
 

 
 

© 3M 2010 All Rights Reserved. 
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In addition, earlier studies using the same adhesive have shown the following results: 

 
Repeated Insult Patch Test (Draize) in Humans 
Protocol reference: Draize: Appraisal of the Safety of Chemicals in Food, Drugs and Cosmetics 
(1965).  Published by the Editorial Committee of the Association of Food and Drug Officials of 
the United States. 
Results:  No allergic contact dermatitis observed. 
 
21-day Cumulative Irritation in Humans 
Protocol reference: Draize: Appraisal of the Safety of Chemicals in Food, Drugs and Cosmetics 
(1965).  Published by the Editorial Committee of the Association of Food and Drug Officials of 
the United States. 
Results:  Consistent with responses characteristic of adhesive materials. 
 

The adhesive used in this product has been shown to be hypoallergenic.  The use of the term 
"hypoallergenic" has come to indicate a product that is non-sensitizing to the general public.  The 
hypoallergenic claim for this product is supported by clinical evaluation using the repeated insult patch 
test in humans, commonly known as the Draize test.  This protocol involves repeated application of 
samples on 200 healthy volunteers for a 2- to 3-week induction period, followed by a 2-week rest period 
and a challenge application.  To be termed hypoallergenic, 3M Medical Specialties products are required 
to show no evidence of sensitization potential under these test conditions. 
 
It is the responsibility of our customers to determine final suitability of our products for their application.   
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18.  Electromagnetic Compatibility and Electrical Safety 
 

PERFORMANCE COMPLIANCE INFORMATION 

 

 

 
Standard, Guidance, 

Validation, or 

Requirement 

Document Title or Test 

Requirement 
Report / Results 

 
NOTE – A listing here indicates full testing 

and compliance with the standard 

AAMI ES60601-1: 

2005 

Medical Electrical Equipment, 

Part 1: General Requirements 

for Basic Safety and Essential 

Performance 

100742469BOX 

Complies with the 

requirements of the standards. 

 

Pass 
CSA C22.2 No. 

60601-1:2008 
Ed: 3.0 Medical Electrical 

Equipment – Part 1: General 
Requirements for Basic Safety and 

Essential Performance 

100742469BOX 

Complies with the 

requirements of the standards. 

 

Pass 
IEC60601-1:2005 ED 3.0 Medical Electrical 

Equipment Part 1: General 

Requirements for Basic Safety and 

Essential Performance. 

100742469BOX 

Complies with the 

requirements of the standards. 

 

Pass 
IEC60601-1-2:2007 Ed 3.0 Medical Electrical 

Equipment – Part 1-2: General 
Requirements for Basic Safety and 

Essential Performance – 

Electromagnetic Compatibility  

100742469BOX-008 

Complies with the requirements 
of the standards. 

 

Pass 

IEC60601-1-6: 2010 Ed 3 Medical Electrical Equipment 
– Part 1-6: General Requirements 

for Safety – Collateral Standard : 

Usability 

100742469BOX 

Complies with the 

requirements of the standards. 

 

Pass 
IEC 62366: 2007 Medical devices – application of 

Usability Engineering to Medical 

Devices 

100742469BOX 

Complies with the 

requirements of the standards. 

 

Pass 
IEC60601-1-8: 2006 Ed 2.0 Part 1-8: General 

Requirements for Basic Safety and 

Essential Performance – General 

Requirements, Test and Guidance 

for Alarm Systems in Medical 
Electrical Equipment and Systems.  

100742469BOX 

Complies with the 

requirements of the standards. 

 

Pass 

 

See Attachment F for Safety and EMC reports. 
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This report is for the exclusive use of Intertek's Client and is provided pursuant to the agreement between Intertek 
and its Client. Intertek's responsibility and liability are limited to the terms and conditions of the agreement. Intertek 
assumes no liability to any party, other than to the Client in accordance with the agreement, for any loss, expense or 
damage occasioned by the use of this report. Only the Client is authorized to permit copying or distribution of this 
report and then only in its entirety. Any use of the Intertek name or one of its marks for the sale or advertisement of 
the tested material, product or service must first be approved in writing by Intertek. The observations and test results 
in this report are relevant only to the sample tested. This report by itself does not imply that the material, product, or 
service is or has ever been under an Intertek certification program. 
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EMC TEST REPORT 
 

Report Number: 100742469BOX-008a 
Project Number: G100742469 

 
Report Issue Date: 11/13/2013 

 
Product Designation: FORE-SIGHT Elite Absolute Tissue Oximeter Part # 01-06-3000 

 
Standards: IEC 60601-1-2 ed3.0 (2007-03) 

 
 
 

 
 
 
 
 

Tested by: Client: 
Intertek Testing Services NA, Inc. 

70 Codman Hill Road 
Boxborough, MA 01719 USA 

CAS Medical Systems, Inc. 
44 East Industrial Road 

Branford, CT 06405 USA 
 
 
 
 
 
 
 

Report prepared by  Report reviewed by 
 

 
Rick Duval / Associate Engineer 

 
Kouma Sinn / Senior Project Engineer 
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6 Radiated Emissions 
 
6.1 Method 
 
Tests are performed in accordance with CISPR 11. 
 
TEST SITE: 10m ALSE 
 
The 10m ALSE is 13m (Length) x 21m (Depth) x 10m (Height) with the effective size in terms of space from the 
tips of the absorber is 12m (Length) x 20m (Depth) x 8.5m (Height). This chamber achieves broadband 
performance using a unique arrangement of hybrid and ferrite tile absorber. This chamber has a built in 3m 
diameter turntable (Embedded type). The metal structure of the table makes electrical connection around the 
entire circumference of the turntable to the ground plane with a metal brush type connection. The turntable is 
located on one end of the chamber and the antennas are mounted 3 and 10 meters away at the other end of 
the chamber on the adjustable an Antenna Mast. The antenna mast is a non-conductive bore sighted type with 
remote control of antenna height and polarization. The Antenna Mast and the turntable can be remotely 
controlled through the controller located in the adjacent Control room. A wooden table 80 cm high is used for 
table-top equipment. 
 
Measurement Uncertainty 
For radiated emissions, labU (3.5 dB at 3m and 3.5 dB at 10m below 1 GHz, and 4.2 dB at 3m above 1 

GHz) < CISPRU (5.2 dB), which is the reference value in CISPR 16-4-2 Table 1, hence the compliance of 
the product is only based on the measured value, and no measurement uncertainty correction is required, 
based on CISPR 22 and CISPR 11 (for 2006 and later revisions) Clause 11. 
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Sample Calculation 
 
The field strength is calculated by adding the Antenna Factor and Cable Factor, and subtracting the 
Amplifier Gain (if any) from the measured reading.  The basic equation with a sample calculation is as 
follows: 
 
FS = RA + AF + CF - AG 
Where   FS = Field Strength in dBV/m 

RA = Receiver Amplitude (including preamplifier) in dBV 
CF = Cable Attenuation Factor in dB 
AF = Antenna Factor in dB 
AG = Amplifier Gain in dB 

 
In the following table(s), the reading shown on the data table reflects the preamplifier gain.  An example 
for the calculations in the following table is as follows. 
 
Assume a receiver reading of 52.0 dBV is obtained.  The antenna factor of  7.4 dB and cable factor of 1.6 
dB is added.  The amplifier gain of 29 dB is subtracted, giving a field strength of 32 dBV/m.  This value in 
dBV/m was converted to its corresponding level in V/m. 
  
RA = 52.0 dBV 
AF =  7.4 dB/m  
CF =  1.6 dB   
AG = 29.0 dB    
FS = 32 dBV/m 
 
To convert from dBV to V or mV the following was used: 
 
UF = 10(NF / 20)  where UF = Net Reading in V 
 NF = Net Reading in dBV 
 
Example: 
 
FS = RA + AF + CF – AG = 52.0 + 7.4 + 1.6 – 29.0 = 32.0 
UF = 10(32 dBV / 20) = 39.8 V/m 
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6.4 Setup Photographs: 
 

 

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Intertek 
Report Number:  100742469BOX-008a Issued: 11/13/2013
 
 

 
IEC60601-1-2 ed3.0 Non-Lifesupport EMC Report Shell Rev. July 2013 
Client: CAS Medical, Model: FORE-SIGHT Elite 

Page 10 of 81

 

11-13-2013 100V 60Hz 
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Azimuth Plots 
 
Turntable Plot ( 40.081763649 MHz )
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Turntable Plot ( 73.199398792 MHz )
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Turntable Plots 
 

Height Plot ( 40 081763649 MHz )
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Height Plot ( 73.199398792 MHz )
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Turntable Plot ( 126.495190547 MHz )
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Turntable Plot ( 141.239478808 MHz )

0 / 360

45

90

135

180

225

270

315

Azimuth (Degrees)

0 20 40 60 80

Level (dBuV/m)

All Polarities  
 

Height Plot ( 126.495190547 MHz )
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Height Plot ( 141.239478808 MHz )
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Turntable Plot ( 143.936473132 MHz )
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Turntable Plot ( 153.255711675 MHz )
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Azimuth Plots 
 
Turntable Plot ( 40.094589301 MHz )
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Turntable Plot ( 73.365330655 MHz )

0 / 360

45

90

135

180

225

270

315

Azimuth (Degrees)

0 20 40 60 80

Level (dBuV/m)

All Polarities  
 

Turntable Plots 
 

Height Plot ( 40 094589301 MHz )

0 20 40 60 80
Level (dBuV/m)

1

1 5

2

2 5

3

3 5

4

H
ei

gh
t (

m
)

All Polarities

 
 

Height Plot ( 73 365330655 MHz )

0 20 40 60 80
Level (dBuV/m)

1

1 5

2

2 5

3

3 5

4

H
ei

gh
t (

m
)

All Polarities

 
 

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Intertek 
Report Number:  100742469BOX-008a Issued: 11/13/2013
 
 

 
IEC60601-1-2 ed3.0 Non-Lifesupport EMC Report Shell Rev. July 2013 
Client: CAS Medical, Model: FORE-SIGHT Elite 

Page 17 of 81

 

Turntable Plot ( 141.192985822 MHz )
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Turntable Plot ( 149.544488838 MHz )
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Turntable Plot ( 153.407214681 MHz )
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Azimuth Plots 
 
Turntable Plot ( 65.13026084 MHz )
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Turntable Plot ( 106.674950287 MHz )

0 / 360

45

90

135

180

225

270

315

Azimuth (Degrees)

0 20 40 60 80

Level (dBuV/m)

All Polarities  
 

Turntable Plots 
 

Height Plot ( 65.13026084 MHz )

0 20 40 60 80
Level (dBuV/m)

1

1 5

2

2 5

3

3 5

4

H
ei

gh
t (

m
)

All Polarities

 
 

Height Plot ( 106.674950287 MHz )

0 20 40 60 80
Level (dBuV/m)

1

1.5

2

2.5

3

3.5

4

H
ei

gh
t (

m
)

All Polarities

 
 

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Intertek 
Report Number:  100742469BOX-008a Issued: 11/13/2013
 
 

 
IEC60601-1-2 ed3.0 Non-Lifesupport EMC Report Shell Rev. July 2013 
Client: CAS Medical, Model: FORE-SIGHT Elite 

Page 21 of 81

 

Turntable Plot ( 141.450901307 MHz )
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Turntable Plot ( 172.976353158 MHz )
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Azimuth Plots 
 
Turntable Plot ( 188.448898289 MHz )
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Turntable Plot ( 192.602805232 MHz )
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Turntable Plot ( 198.34949893 MHz )
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Turntable Plot ( 360.119438595 MHz )
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Azimuth Plots 
 
Turntable Plot ( 480.07795617 MHz )
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Turntable Plot ( 720.136072122 MHz )
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Test Personnel: John R. Cauvel  

  
 

Test Date: 

 
 
8/1/2012 

 John R. Cauvel  
   

11-13-2013 
Supervising/Reviewing 

Engineer: 
(Where Applicable) Vathana Ven  

   

Product Standard: IEC 60601-1-2  Test Levels: CISPR 11 Group 1 Class A 

Input Voltage: 
120V/60Hz, 230V/50Hz, 
100V/60Hz (Worst Case) 

   

Pretest Verification w/ 
Ambient Signals or  

BB Source: Yes, Ambient Signals 

 Ambient Temperature: 21,20 ºC 
 

Relative Humidity: 
 
64,17  % 

 
   

Atmospheric Pressure: 
 
1000,1012 mbars 

 
Deviations, Additions, or Exclusions: None 
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7 AC Mains Conducted Emissions 
 
7.1 Method 
 
Tests are performed in accordance with CISPR 11. 
 
TEST SITE: BUMP OUT (AMAP) and EMC Lab 
 
The AMAP Building and Lab includes general lab space that can be used for testing where a 
shielded/enclosed environment is not required. 
 
Measurement Uncertainty 
For conducted emissions, labU (3.2 dB in worst case) < CISPRU (3.6 dB), which is the reference value in 
CISPR 16-4-2 Table 1, hence the compliance of the product is only based on the measured value, and no 
measurement uncertainty correction is required, based on CISPR 22 and CISPR 11 (for 2006 and later 
revisions) Clause 11. 
 
Sample Calculations 
 
The following is how net line-conducted readings were determined: 
 
NF = RF + LF + CF + AF 
Where NF = Net Reading in dBV 
 RF = Reading from receiver in dBV 
 LF = LISN Correction Factor in dB 
 CF = Cable Correction Factor in dB 
 AF = Attenuator Loss Factor in dB 
  
To convert from dBV to V or mV the following was used: 
 
UF = 10(NF / 20)  where UF = Net Reading in V 
 NF = Net Reading in dBV 
 
Example: 
 
NF  = RF + LF + CF + AF = 28.5 + 0.2 + 0.4 + 20.0 = 49.1 dBV 
UF = 10(49.1 dBV / 20) = 285.1 V/m 
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7.4 Setup Photographs: 
 

 
 

120V 50 & 60Hz 
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Test Personnel: 

 

John R. Cauvel  

  
 

Test Date: 

 
 
8-1-2012 

 Michael Houston   
   

11/12/2013 
Supervising/Reviewing 

Engineer: 
(Where Applicable) Vathana Ven  

   

Product Standard: IEC 60601-1-2  Test Levels: CISPR 11 Group 1 Class A 

Input Voltage: 
120V 60Hz, 230V 50Hz 
100V 50 & 60Hz 

   

Pretest Verification w/ 
Ambient Signals or  

BB Source: Yes, Ambient Signals 

 Ambient Temperature: 21, 23 ºC 
 

Relative Humidity: 
 
64, 40 % 

 
   

Atmospheric Pressure: 
 
1000, 1008 mbars 

 
Deviations, Additions, or Exclusions: None 
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8.4 Setup Photographs: 
 

 
 

11/12/2013 

 
 

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Intertek 
Report Number:  100742469BOX-008a Issued: 11/13/2013
 
 

 
IEC60601-1-2 ed3.0 Non-Lifesupport EMC Report Shell Rev. July 2013 
Client: CAS Medical, Model: FORE-SIGHT Elite 

Page 38 of 81

 

 
8.5 Plots/Data: 
 

230V 50Hz 
Harmonics – Class-A per Ed. 3.0 (2006) (Run time) 

 
EUT: Model 3000 Oximetry Tested by: Gary Ball 
Test category: Class-A per Ed. 3.0 (2006) (European limits) Test Margin: 100 
Test date: 8/1/2012 Start time: 9:32:36 AM End time: 9:42:57 AM 
Test duration (min): 10 Data file name: H-000644.cts_data 
Comment: Comment 
Customer: CAS Medical 
 
Test Result: Pass          Source qualification: Normal 
 
Current & voltage waveforms   
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Test result:  Pass     Worst harmonic was #15 with 23.12% of the limit.  
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Current Test Result Summary (Run time) 
 

EUT: Model 3000 Oximetry Tested by: Gary Ball 
Test category: Class-A per Ed. 3.0 (2006) (European limits) Test Margin: 100 
Test date: 8/1/2012 Start time: 9:32:36 AM End time: 9:42:57 AM 
Test duration (min): 10 Data file name: H-000644.cts_data 
Comment:  Comment 
Customer:  CAS Medical 
 
Test Result: Pass          Source qualification:  Normal 
THC(A): 0.21       I-THD(%): 77.28         POHC(A):  0.015        POHC Limit(A):  0.277          
Highest parameter values during test: 

V_RMS (Volts):  230.26 Frequency(Hz):   50.00 
I_Peak (Amps): 1.038 I_RMS (Amps): 0.355 
I_Fund (Amps): 0.274 Crest Factor: 2.949 
Power (Watts):  27.2 Power Factor: 0.341 

 
Harm# Harms(avg) 100%Limit %of Limit Harms(max) 150%Limit %of Limit Status 
 
 2 0.002 1.080 0.0 0.003 1.620 0.16 Pass 
 3 0.109 2.300 4.7 0.113 3.450 3.27 Pass 
 4 0.002 0.430 0.0 0.002 0.645 0.38 Pass 
 5 0.101 1.140 8.8 0.104 1.710 6.10 Pass 
 6 0.002 0.300 0.0 0.002 0.450 0.52 Pass 
 7 0.090 0.770 11.7 0.093 1.155 8.07 Pass 
 8 0.002 0.230 0.0 0.002 0.345 0.49 Pass 
 9 0.077 0.400 19.3 0.080 0.600 13.25 Pass 
 10 0.001 0.184 0.0 0.001 0.276 0.48 Pass 
 11 0.063 0.330 19.0 0.064 0.495 13.01 Pass 
 12 0.001 0.153 0.0 0.001 0.230 0.49 Pass 
 13 0.049 0.210 23.1 0.050 0.315 15.76 Pass 
 14 0.000 0.131 0.0 0.001 0.197 0.32 Pass 
 15 0.035 0.150 23.1 0.035 0.225 15.67 Pass 
 16 0.000 0.115 0.0 0.001 0.173 0.32 Pass 
 17 0.023 0.132 17.4 0.023 0.199 11.72 Pass 
 18 0.001 0.102 0.0 0.001 0.153 0.67 Pass 
 19 0.013 0.118 11.4 0.014 0.178 7.81 Pass 
 20 0.001 0.092 0.0 0.001 0.138 0.68 Pass 
 21 0.008 0.107 7.1 0.008 0.161 4.85 Pass 
 22 0.000 0.084 0.0 0.001 0.125 0.47 Pass 
 23 0.007 0.098 6.9 0.007 0.147 4.82 Pass 
 24 0.000 0.077 0.0 0.001 0.115 0.54 Pass 
 25 0.007 0.090 7.6 0.007 0.135 5.36 Pass 
 26 0.000 0.071 0.0 0.000 0.106 0.44 Pass 
 27 0.007 0.083 8.6 0.007 0.125 5.84 Pass 
 28 0.000 0.066 0.0 0.000 0.099 0.23 Pass 
 29 0.006 0.078 7.6 0.006 0.116 5.16 Pass 
 30 0.000 0.061 0.0 0.000 0.092 0.30 Pass 
 31 0.004 0.073 0.0 0.004 0.109 3.89 Pass 
 32 0.000 0.058 0.0 0.000 0.086 0.37 Pass 
 33 0.003 0.068 0.0 0.003 0.102 3.17 Pass 
 34 0.000 0.054 0.0 0.000 0.081 0.45 Pass 
 35 0.002 0.064 0.0 0.003 0.096 2.69 Pass 
 36 0.000 0.051 0.0 0.000 0.077 0.65 Pass 
 37 0.003 0.061 0.0 0.003 0.091 3.70 Pass 
 38 0.000 0.048 0.0 0.000 0.073 0.67 Pass 
 39 0.004 0.058 0.0 0.004 0.087 4.52 Pass 
 40 0.000 0.046 0.0 0.000 0.069 0.65 Pass 
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Voltage Source Verification Data (Run time) 
 

EUT: Model 3000 Oximetry Tested by: Gary Ball 
Test category: Class-A per Ed. 3.0 (2006) (European limits) Test Margin: 100 
Test date: 8/1/2012 Start time: 9:32:36 AM End time: 9:42:57 AM 
Test duration (min): 10 Data file name: H-000644.cts_data 
Comment:  Comment 
Customer:  CAS Medical 
 
Test Result: Pass          Source qualification: Normal  
 
Highest parameter values during test: 

Voltage (Vrms):  230.26 Frequency(Hz):   50.00 
I_Peak (Amps): 1.038 I_RMS (Amps): 0.355 
I_Fund (Amps): 0.274 Crest Factor: 2.949 
Power (Watts):  27.2 Power Factor: 0.341 

 
Harm# Harmonics V-rms Limit V-rms % of Limit Status 
 
 2 0.046 0.460 9.94 OK 
 3 0.043 2.072 2.08 OK 
 4 0.012 0.460 2.53 OK 
 5 0.023 0.921 2.47 OK 
 6 0.016 0.460 3.49 OK 
 7 0.056 0.691 8.09 OK 
 8 0.006 0.460 1.27 OK 
 9 0.059 0.460 12.77 OK 
 10 0.006 0.460 1.35 OK 
 11 0.045 0.230 19.39 OK 
 12 0.012 0.230 5.02 OK 
 13 0.053 0.230 23.04 OK 
 14 0.005 0.230 2.08 OK 
 15 0.044 0.230 19.18 OK 
 16 0.003 0.230 1.24 OK 
 17 0.032 0.230 13.87 OK 
 18 0.008 0.230 3.63 OK 
 19 0.027 0.230 11.82 OK 
 20 0.010 0.230 4.15 OK 
 21 0.015 0.230 6.55 OK 
 22 0.003 0.230 1.28 OK 
 23 0.020 0.230 8.89 OK 
 24 0.005 0.230 2.01 OK 
 25 0.011 0.230 4.73 OK 
 26 0.004 0.230 1.80 OK 
 27 0.017 0.230 7.47 OK 
 28 0.003 0.230 1.38 OK 
 29 0.015 0.230 6.66 OK 
 30 0.005 0.230 2.19 OK 
 31 0.003 0.230 1.16 OK 
 32 0.003 0.230 1.21 OK 
 33 0.014 0.230 6.25 OK 
 34 0.004 0.230 1.80 OK 
 35 0.007 0.230 2.98 OK 
 36 0.005 0.230 2.09 OK 
 37 0.008 0.230 3.66 OK 
 38 0.004 0.230 1.67 OK 
 39 0.012 0.230 5.08 OK 
 40 0.008 0.230 3.39 OK 
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100V 50Hz 

Harmonics – Class-A per Ed. 3.2 (2009) (Run time) 
 

EUT: Fore-Sight Elite Tested by: Michael Houston 
Test category: Class-A per Ed. 3.2 (2009) (Japanese limits) Test Margin: 100 
Test date: 11/12/2013 Start time: 11:39:40 AM End time: 11:50:02 AM 
Test duration (min): 10 Data file name: H-000300.cts_data 
Comment: G100742469 PCOR 500488596 - 100V 50Hz 
Customer: CAS Medical Systems 
 
Test Result: Pass          Source qualification: Normal 
 
Current & voltage waveforms   
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Test result:  Pass     Worst harmonic was #9 with 11.21% of the limit.  
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Current Test Result Summary (Run time) 
 

EUT: Fore-Sight Elite Tested by: Michael Houston 
Test category: Class-A per Ed. 3.2 (2009) (Japanese limits) Test Margin: 100 
Test date: 11/12/2013 Start time: 11:39:40 AM End time: 11:50:02 AM 
Test duration (min): 10 Data file name: H-000300.cts_data 
Comment:  G100742469 PCOR 500488596 - 100V 50Hz 
Customer:  CAS Medical Systems 
 
Test Result: Pass          Source qualification:  Normal 
THC(A): 0.36       I-THD(%): 129.00         POHC(A):  0.006        POHC Limit(A):  0.578          
Highest parameter values during test: 

V_RMS (Volts):  100.81 Frequency(Hz):   50.00 
I_Peak (Amps): 1.527 I_RMS (Amps): 0.459 
I_Fund (Amps): 0.280 Crest Factor: 3.335 
Power (Watts):  25.3 Power Factor: 0.548 

 
Harm# Harms(avg) 100%Limit %of Limit Harms(max) 150%Limit %of Limit Status 
 
 2 0.000 2.484 0.0 0.001 3.726 0.01 Pass 
 3 0.231 5.290 4.4 0.231 7.935 2.91 Pass 
 4 0.001 0.989 0.1 0.001 1.484 0.05 Pass 
 5 0.196 2.622 7.5 0.196 3.933 4.98 Pass 
 6 0.001 0.690 0.1 0.001 1.035 0.13 Pass 
 7 0.151 1.771 8.5 0.151 2.657 5.67 Pass 
 8 0.001 0.529 0.1 0.001 0.794 0.11 Pass 
 9 0.103 0.920 11.2 0.103 1.380 7.48 Pass 
 10 0.001 0.423 0.2 0.001 0.635 0.13 Pass 
 11 0.060 0.759 7.9 0.060 1.139 5.31 Pass 
 12 0.001 0.352 0.2 0.001 0.529 0.17 Pass 
 13 0.027 0.483 5.6 0.027 0.725 3.75 Pass 
 14 0.000 0.301 0.1 0.000 0.453 0.09 Pass 
 15 0.006 0.345 1.9 0.007 0.518 1.26 Pass 
 16 0.000 0.265 0.1 0.000 0.398 0.07 Pass 
 17 0.006 0.304 2.0 0.006 0.458 1.36 Pass 
 18 0.000 0.235 0.1 0.000 0.352 0.08 Pass 
 19 0.007 0.272 2.7 0.007 0.409 1.81 Pass 
 20 0.000 0.212 0.0 0.000 0.317 0.04 Pass 
 21 0.005 0.246 1.9 0.005 0.370 1.25 Pass 
 22 0.000 0.192 0.1 0.000 0.288 0.06 Pass 
 23 0.003 0.225 1.3 0.003 0.338 0.90 Pass 
 24 0.000 0.176 0.1 0.000 0.265 0.07 Pass 
 25 0.005 0.207 2.4 0.005 0.311 1.58 Pass 
 26 0.000 0.163 0.1 0.000 0.244 0.10 Pass 
 27 0.006 0.192 2.9 0.006 0.288 1.95 Pass 
 28 0.000 0.152 0.1 0.000 0.228 0.05 Pass 
 29 0.004 0.178 2.3 0.004 0.267 1.57 Pass 
 30 0.000 0.141 0.1 0.000 0.212 0.13 Pass 
 31 0.003 0.167 1.5 0.003 0.251 1.04 Pass 
 32 0.000 0.132 0.1 0.000 0.198 0.07 Pass 
 33 0.003 0.157 1.7 0.003 0.235 1.15 Pass 
 34 0.000 0.124 0.1 0.000 0.186 0.08 Pass 
 35 0.003 0.148 2.2 0.003 0.221 1.46 Pass 
 36 0.000 0.118 0.1 0.000 0.177 0.09 Pass 
 37 0.003 0.140 2.0 0.003 0.209 1.35 Pass 
 38 0.000 0.111 0.1 0.000 0.168 0.07 Pass 
 39 0.002 0.133 1.3 0.002 0.200 0.88 Pass 
 40 0.000 0.106 0.1 0.000 0.159 0.13 Pass 
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Voltage Source Verification Data (Run time) 
 

EUT: Fore-Sight Elite Tested by: Michael Houston 
Test category: Class-A per Ed. 3.2 (2009) (Japanese limits) Test Margin: 100 
Test date: 11/12/2013 Start time: 11:39:40 AM End time: 11:50:02 AM 
Test duration (min): 10 Data file name: H-000300.cts_data 
Comment:  G100742469 PCOR 500488596 - 100V 50Hz 
Customer:  CAS Medical Systems 
 
Test Result: Pass          Source qualification: Normal  
 
Highest parameter values during test: 

Voltage (Vrms):  100.81 Frequency(Hz):   50.00 
I_Peak (Amps): 1.527 I_RMS (Amps): 0.459 
I_Fund (Amps): 0.280 Crest Factor: 3.335 
Power (Watts):  25.3 Power Factor: 0.548 

 
Harm# Harmonics V-rms Limit V-rms % of Limit Status 
 
 2 0.017 0.202 8.64 OK 
 3 0.063 0.907 6.99 OK 
 4 0.009 0.202 4.26 OK 
 5 0.047 0.403 11.78 OK 
 6 0.044 0.202 22.02 OK 
 7 0.040 0.302 13.25 OK 
 8 0.020 0.202 9.71 OK 
 9 0.034 0.202 16.94 OK 
 10 0.009 0.202 4.60 OK 
 11 0.025 0.101 25.20 OK 
 12 0.019 0.101 18.84 OK 
 13 0.013 0.101 12.48 OK 
 14 0.004 0.101 4.04 OK 
 15 0.004 0.101 4.37 OK 
 16 0.005 0.101 4.60 OK 
 17 0.007 0.101 7.07 OK 
 18 0.010 0.101 10.22 OK 
 19 0.006 0.101 5.56 OK 
 20 0.005 0.101 4.92 OK 
 21 0.006 0.101 5.70 OK 
 22 0.004 0.101 3.74 OK 
 23 0.004 0.101 3.64 OK 
 24 0.006 0.101 6.15 OK 
 25 0.003 0.101 2.65 OK 
 26 0.004 0.101 4.28 OK 
 27 0.008 0.101 7.67 OK 
 28 0.003 0.101 3.32 OK 
 29 0.003 0.101 3.43 OK 
 30 0.007 0.101 6.94 OK 
 31 0.004 0.101 4.09 OK 
 32 0.003 0.101 3.22 OK 
 33 0.006 0.101 6.05 OK 
 34 0.002 0.101 1.73 OK 
 35 0.005 0.101 5.14 OK 
 36 0.004 0.101 4.08 OK 
 37 0.005 0.101 4.64 OK 
 38 0.002 0.101 1.52 OK 
 39 0.002 0.101 2.29 OK 
 40 0.005 0.101 4.50 OK 
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100V 60Hz 

Harmonics – Class-A per Ed. 3.2 (2009)(Run time) 
 

EUT: Fore-Sight Elite Tested by: Michael Houston 
Test category: Class-A per Ed. 3.2 (2009) (Japanese limits) Test Margin: 100 
Test date: 11/12/2013 Start time: 11:27:12 AM End time: 11:37:34 AM 
Test duration (min): 10 Data file name: H-000298.cts_data 
Comment: G100742469 PCOR 500488596 – 100V 60Hz 
Customer: CAS Medical Systems 
 
Test Result: Pass          Source qualification: Normal 
 
Current & voltage waveforms   
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Test result:  Pass     Worst harmonic was #9 with 10.23% of the limit.  
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Current Test Result Summary (Run time) 
 

EUT: Fore-Sight Elite Tested by: Michael Houston 
Test category: Class-A per Ed. 3.2 (2009) (Japanese limits) Test Margin: 100 
Test date: 11/12/2013 Start time: 11:27:12 AM End time: 11:37:34 AM 
Test duration (min): 10 Data file name: H-000298.cts_data 
Comment:  G100742469 PCOR 500488596 
Customer:  CAS Medical Systems 
 
Test Result: Pass          Source qualification:  Normal 
THC(A): 0.35       I-THD(%): 123.03         POHC(A):  0.008        POHC Limit(A):  0.578          
Highest parameter values during test: 

V_RMS (Volts):  100.82 Frequency(Hz):   60.00 
I_Peak (Amps): 1.451 I_RMS (Amps): 0.454 
I_Fund (Amps): 0.285 Crest Factor: 3.219 
Power (Watts):  25.3 Power Factor: 0.555 

 
Harm# Harms(avg) 100%Limit %of Limit Harms(max) 150%Limit %of Limit Status 
 
 2 0.002 2.484 0.1 0.003 3.726 0.07 Pass 
 3 0.229 5.290 4.3 0.230 7.935 2.90 Pass 
 4 0.001 0.989 0.1 0.002 1.484 0.13 Pass 
 5 0.191 2.622 7.3 0.191 3.933 4.87 Pass 
 6 0.001 0.690 0.1 0.001 1.035 0.09 Pass 
 7 0.143 1.771 8.1 0.144 2.657 5.41 Pass 
 8 0.001 0.529 0.2 0.001 0.794 0.17 Pass 
 9 0.094 0.920 10.2 0.094 1.380 6.84 Pass 
 10 0.001 0.423 0.2 0.001 0.635 0.18 Pass 
 11 0.052 0.759 6.8 0.052 1.139 4.55 Pass 
 12 0.001 0.352 0.2 0.001 0.529 0.15 Pass 
 13 0.021 0.483 4.4 0.022 0.725 2.98 Pass 
 14 0.000 0.301 0.1 0.000 0.453 0.11 Pass 
 15 0.009 0.345 2.6 0.009 0.518 1.80 Pass 
 16 0.000 0.265 0.1 0.000 0.398 0.11 Pass 
 17 0.010 0.304 3.4 0.011 0.458 2.31 Pass 
 18 0.000 0.235 0.1 0.000 0.352 0.06 Pass 
 19 0.008 0.272 3.0 0.008 0.409 2.05 Pass 
 20 0.000 0.212 0.1 0.000 0.317 0.08 Pass 
 21 0.004 0.246 1.7 0.004 0.370 1.16 Pass 
 22 0.000 0.192 0.1 0.000 0.288 0.08 Pass 
 23 0.004 0.225 2.0 0.005 0.338 1.34 Pass 
 24 0.000 0.176 0.1 0.000 0.265 0.08 Pass 
 25 0.006 0.207 2.9 0.006 0.311 1.97 Pass 
 26 0.000 0.163 0.1 0.000 0.244 0.13 Pass 
 27 0.005 0.192 2.9 0.006 0.288 1.94 Pass 
 28 0.000 0.152 0.1 0.000 0.228 0.10 Pass 
 29 0.004 0.178 2.0 0.004 0.267 1.37 Pass 
 30 0.000 0.141 0.1 0.000 0.212 0.08 Pass 
 31 0.003 0.167 1.9 0.003 0.251 1.29 Pass 
 32 0.000 0.132 0.1 0.000 0.198 0.13 Pass 
 33 0.004 0.157 2.6 0.004 0.235 1.76 Pass 
 34 0.000 0.124 0.1 0.000 0.186 0.08 Pass 
 35 0.004 0.148 2.6 0.004 0.221 1.75 Pass 
 36 0.000 0.118 0.1 0.000 0.177 0.16 Pass 
 37 0.003 0.140 2.1 0.003 0.209 1.41 Pass 
 38 0.000 0.111 0.1 0.000 0.168 0.12 Pass 
 39 0.002 0.133 1.7 0.002 0.200 1.16 Pass 
 40 0.000 0.106 0.2 0.000 0.159 0.19 Pass 
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Voltage Source Verification Data (Run time) 
 

EUT: Fore-Sight Elite Tested by: Michael Houston 
Test category: Class-A per Ed. 3.2 (2009) (Japanese limits) Test Margin: 100 
Test date: 11/12/2013 Start time: 11:27:12 AM End time: 11:37:34 AM 
Test duration (min): 10 Data file name: H-000298.cts_data 
Comment:  G100742469 PCOR 500488596 
Customer:  CAS Medical Systems 
 
Test Result: Pass          Source qualification: Normal  
 
Highest parameter values during test: 

Voltage (Vrms):  100.82 Frequency(Hz):   60.00 
I_Peak (Amps): 1.451 I_RMS (Amps): 0.454 
I_Fund (Amps): 0.285 Crest Factor: 3.219 
Power (Watts):  25.3 Power Factor: 0.555 

 
Harm# Harmonics V-rms Limit V-rms % of Limit Status 
 
 2 0.119 0.202 58.97 OK 
 3 0.146 0.907 16.15 OK 
 4 0.064 0.202 31.93 OK 
 5 0.082 0.403 20.37 OK 
 6 0.036 0.202 17.94 OK 
 7 0.066 0.302 21.94 OK 
 8 0.040 0.202 19.85 OK 
 9 0.047 0.202 23.46 OK 
 10 0.024 0.202 12.07 OK 
 11 0.035 0.101 34.87 OK 
 12 0.008 0.101 8.25 OK 
 13 0.025 0.101 25.11 OK 
 14 0.013 0.101 12.95 OK 
 15 0.013 0.101 13.11 OK 
 16 0.009 0.101 9.01 OK 
 17 0.016 0.101 16.30 OK 
 18 0.006 0.101 6.23 OK 
 19 0.013 0.101 12.77 OK 
 20 0.007 0.101 7.10 OK 
 21 0.008 0.101 8.28 OK 
 22 0.005 0.101 5.37 OK 
 23 0.010 0.101 10.02 OK 
 24 0.004 0.101 4.10 OK 
 25 0.012 0.101 11.41 OK 
 26 0.006 0.101 5.76 OK 
 27 0.010 0.101 9.77 OK 
 28 0.004 0.101 3.95 OK 
 29 0.006 0.101 6.39 OK 
 30 0.004 0.101 3.92 OK 
 31 0.006 0.101 6.40 OK 
 32 0.004 0.101 3.69 OK 
 33 0.010 0.101 9.84 OK 
 34 0.003 0.101 2.49 OK 
 35 0.007 0.101 7.36 OK 
 36 0.004 0.101 3.77 OK 
 37 0.009 0.101 8.82 OK 
 38 0.002 0.101 2.17 OK 
 39 0.007 0.101 7.31 OK 
 40 0.003 0.101 2.75 OK 
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Test Personnel: 
 
Gary Ball GB 

  
 

Test Date: 

 
 
08/01/2012 

 Michael Houston   
   

11/12/2013 
Supervising/Reviewing 

Engineer: 
(Where Applicable) N/A 

   

Product Standard: IEC 60601-1-2  Test Levels: See Data 
Input Voltage: 230VAC/50 Hz, 100VAC/60 Hz    

Pretest Verification w/ 
Artifact: Yes 

 Ambient Temperature: 22, 23 ºC 
Relative Humidity: 59, 40 % 

   Atmospheric Pressure: 1001,1008 mbars 

 
Deviations, Additions, or Exclusions: None 
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9.5 Plots/Data: 

 
Flicker Test Summary per EN/IEC61000-3-3 (Run time) 

 
EUT: Model 3000 Oximetry Tested by: Gary Ball 
Test category: All parameters (European limits) Test Margin: 100 
Test date: 8/1/2012 Start time: 9:51:29 AM End time: 11:51:50 AM 
Test duration (min): 120 Data file name: F-000645.cts_data 
Comment: 230VAC 50Hz 
Customer: CAS Medical 
 
Test Result: Pass Status: Test Completed 
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Parameter values recorded during the test: 
Vrms at the end of test (Volt): 230.25 
Highest dt (%): 0.00 Test limit (%): 3.30 Pass 
Time(mS) > dt:   0.0 Test limit (mS): 500.0 Pass 
Highest dc (%): 0.00 Test limit (%): 3.30 Pass 
Highest dmax (%): 0.00 Test limit (%): 4.00 Pass 
Highest Pst (10 min. period):                0.064 Test limit:                1.000 Pass   
Highest Plt (2 hr. period):               0.064 Test limit:                0.650 Pass 
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Test Personnel: Gary Ball GB 

  
Test Date: 

 
08/01/2012 

Supervising/Reviewing 
Engineer: 

(Where Applicable) N/A 

   

Product Standard: IEC 60601-1-2  Test Levels: See Data 
Input Voltage: 230 VAC/50 Hz    

Pretest Verification w/ 
Artifact: Yes 

 Ambient Temperature: 22 ºC 
Relative Humidity: 59 % 

   Atmospheric Pressure: 1001 mbars 

 
Deviations, Additions, or Exclusions: None 
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ESD Locations - Photo #1 

 
ESD Locations - Photo #2 
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ESD Locations - Photo #3 

 
 

ESD Locations - Photo #4 100VAC 60Hz 
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ESD Locations - Photo #5 100VAC 60Hz  
 

 
 

ESD Locations - Photo #6 100VAC 60Hz  
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ESD Locations - Photo #7 100VAC 60Hz  
 

 
 

ESD Locations - Photo #8 100VAC 60Hz 
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11.4 Setup Photographs: 
 

 
 

100V 60Hz 
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14.4 Setup Photographs: 
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15.4 Setup Photographs: 
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17 Section 5 User Information and Guidance Tables 
 
5.2.1 Instructions for Use 
 
The following statements need to be included in the user’s manual for all equipment and systems: 
 

1) “Medical Electrical Equipment needs special precautions regarding EMC and needs to be 
installed and put into service according to the EMC information provided in the 
Accompanying Documents.” 

2) “Portable and Mobile RF Communications Equipment can affect Medical Electrical 
Equipment.” 

 
5.2.2.1 Technical Description 
 
The following information must be included in the Accompanying Documents provided to the end 
user for all equipment and systems: 
 

a) A list of all cables and maximum lengths of cables (if applicable), transducers and other 
accessories with which the manufacturer claims compliance with the requirements of 
IEC60601-1-2 ed3.0 (2007-03) Sections 6.1 and 6.2. 

b) A warning: “The use of accessories, transducers and/or cables other than those specified, 
with the exception of those sold by the manufacturer as replacement parts for internal 
components, may result in increased emissions or decreased immunity of the equipment 
or system.” 

c) Guidance Table 1 must be provided to the end user. 
d) A warning: “The equipment or system should not be used adjacent to or stacked with 

other equipment and that if adjacent or stacked use is necessary, the equipment or 
system should be observed to verify normal operation in the configuration in which it will 
be used.” 

e) A justification must be provided for each reduced compliance level that is lower than the 
published levels for immunity tests in IEC 60601. The justifications must be based on 
physical, technological or physiological limitations that prevent compliance with the 
published test levels. 

f) Guidance Table 2 must be provided to the end user. 
 
5.2.2.2 Technical Description 
 
The following information must be included in the Accompanying Documents provided to the end 
user for all equipment and systems: 
 

Guidance Tables 4 and 6 must be provided to the end user for equipment and systems 
that are not Life-Supporting.  

 
5.2.2.4 Guidelines to Include 
 
For Equipment and Systems that intentionally apply RF energy for diagnosis or treatment, the 
accompanying documents shall include guidelines for avoiding or identifying and resolving 
adverse electromagnetic effects on other equipment that may result from operation of the 
Equipment or System.  
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5.2.2.5 Accompanying Documents to Include 
 
For Equipment that intentionally receive RF electromagnetic energy for the purpose of their operation, the 
accompanying documents shall include each frequency or frequency band of reception; the preferred 
frequency or frequency band, if applicable, and the bandwidth of the receiving section in those bands. A 
warning that ME Equipment/Systems may be interfered with by other equipment, even if that other 
equipment complies with CISPR Emissions requirements, must also be included. 
 
5.2.2.6 Accompanying Documents to Include 
 
For Equipment that include RF Transmitters, the accompanying documents shall include each frequency 
or frequency band of transmission, the type and frequency characteristics of the modulation and the 
Effective Radiated Power (ERP).      
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Table 1 – Guidance and Manufacturer’s Declaration – Emissions 

All ME Equipment and ME Systems 
 
Guidance and Manufacturer’s Declaration - Emissions 
The is intended for use in the electromagnetic environment specified below. The customer or user 
of the FORE-SIGHT Elite Absolute Tissue Oximeter should ensure that it is used in such an 
environment. 
 
Emissions Test Compliance Electromagnetic Environment – Guidance 
RF Emissions 
CISPR 11 

Group 1 The FORE-SIGHT Elite Absolute Tissue Oximeter 
uses RF energy only for its internal function. 
Therefore, its RF emissions are very low and are not 
likely to cause any interference in nearby electronic 
equipment. 

RF Emissions 
CISPR 11 

Class A  The FORE-SIGHT Elite Absolute Tissue Oximeter is 
suitable for use in all establishments, other than 
domestic, and those directly connected to the public 
low-voltage power supply network that supplies 
buildings used for domestic purposes. 

Harmonics 
IEC 61000-3-2 

Class A 

Flicker 
IEC 61000-3-3 

Complies  
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Table 2 – Guidance and Manufacturer’s Declaration – Immunity 
All ME Equipment and ME Systems 

 
Guidance and Manufacturer’s Declaration – Immunity 
The FORE-SIGHT Elite Absolute Tissue Oximeter is intended for use in the electromagnetic 
environment specified below. The customer or user of the FORE-SIGHT Elite Absolute Tissue 
Oximeter should ensure that it is used in such an environment. 
 
Immunity Test IEC 60601 

Test Level 
Compliance  
Level 

Electromagnetic 
Environment – 
Guidance 

ESD 
IEC 61000-4-2 

Level 3 +/-6kV 
Contact +/- 8kV Air 

Level 3 +/-6kV 
Contact +/- 8kV Air 

Floors should be 
wood, concrete or 
ceramic tile. If floors 
are synthetic, the r/h 
should be at least 
30% 

EFT 
IEC 61000-4-4 

±2kV Mains 
±1kV I/Os 

±2kV Mains 
±1kV I/Os 

Mains power quality 
should be that of a 
typical commercial or 
hospital environment. 

Surge 
IEC 61000-4-5 

±1kV Differential 
±2kV Common 

±1kV Differential 
±2kV Common 

Mains power quality 
should be that of a 
typical commercial or 
hospital environment. 

Voltage Dips/Dropout 
IEC 61000-4-11 

>95% Dip for  
0.5 Cycle 
 
60% Dip for  
5 Cycles 
 
30% Dip for  
25 Cycles 
 
>95% Dip for 
5 Seconds 

>95% Dip for  
0.5 Cycle 
 
60% Dip for  
5 Cycles 
 
30% Dip for  
25 Cycles 
 
>95% Dip for 
5 Seconds 

Mains power quality 
should be that of a 
typical commercial or 
hospital environment. 
If the user of the 
FORE-SIGHT Elite 
Absolute Tissue 
Oximeter requires 
continued operation 
during power mains 
interruptions, it is 
recommended that the 
FORE-SIGHT Elite 
Absolute Tissue 
Oximeter be powered 
from an uninterruptible 
power supply or 
battery. 

Power Frequency 
50/60Hz 
Magnetic Field 
IEC 61000-4-8 

3A/m 3A/m Power frequency 
magnetic fields should 
be that of a typical 
commercial or hospital 
environment. 
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Table 4 – Guidance and Manufacturer’s Declaration – Immunity 
ME Equipment and ME Systems that are NOT Life-supporting 

 
Guidance and Manufacturer’s Declaration – Immunity 
The FORE-SIGHT Elite Absolute Tissue Oximeter is intended for use in the electromagnetic 
environment specified below. The customer or user of the FORE-SIGHT Elite Absolute Tissue 
Oximeter should ensure that it is used in such an environment. 
 
Immunity Test IEC 60601 Test Level Compliance  

Level 
Electromagnetic 
Environment – 
Guidance 

 
 
 
 
 
 
 
 
 
Conducted RF 
IEC 61000-4-6 
 
Radiated RF 
IEC 61000-4-3 

 
 
 
 
 
 
 
 
 
3 Vrms 
150 kHz to 80 MHz 
 
3 V/m 
80 MHz to 2.5 GHz 

 
 
 
 
 
 
 
 
 
(V1)=3Vrms 
 
 
(E1)=3V/m 

Portable and mobile 
communications 
equipment should be 
separated from the 
FORE-SIGHT Elite 
Absolute Tissue 
Oximeter by  no less 
than the distances 
calculated/listed 
below: 
 
D=(3.5/V1)(Sqrt P) 
150kHz to 80MHz 
 
D=(3.5/E1)(Sqrt P)  
80 to 800 MHz 
 
D=(7/E1)(Sqrt P) 
800 MHz to 2.5 GHz 
 
where P is the max 
power in watts and D 
is the recommended 
separation distance in 
meters. 
 
Field strengths from 
fixed transmitters, as 
determined by an 
electromagnetic site 
survey, should be less 
than the compliance 
levels (V1 and E1). 
 
Interference may 
occur in the vicinity of 
equipment containing 
a transmitter. 
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Table 6 – Recommended Separation Distances between portable and mobile RF Communications 
equipment and the FORE-SIGHT Elite Absolute Tissue Oximeter 

ME Equipment and ME Systems that are NOT Life-supporting 
 
Recommended Separations Distances for the FORE-SIGHT Elite Absolute Tissue Oximeter 
The FORE-SIGHT Elite Absolute Tissue Oximeter is intended for use in the electromagnetic 
environment in which radiated disturbances are controlled. The customer or user of the FORE-
SIGHT Elite Absolute Tissue Oximeter can help prevent electromagnetic interference by 
maintaining a minimum distance between portable and mobile RF Communications Equipment 
and the FORE-SIGHT Elite Absolute Tissue Oximeter as recommended below, according to the 
maximum output power of the communications equipment. 
 
Max Output Power 
(Watts) 

Separation (m) 
150kHz to 80MHz 
 
D=(3.5/V1)(Sqrt P) 

Separation (m) 
80 to 800MHz 
 
D=(3.5/E1)(Sqrt P) 

Separation (m) 
800MHz to 2.5GHz 
 
D=(7/E1)(Sqrt P) 

0.01 0.11667 0.11667 0.23333 
0.1 0.36894 0.36894 0.73785 
1 1.1667 1.1667 2.3333 
10 3.6894 3.6894 7.3785 
100 11.667 11.667 23.333 
 
 
 
 
 
 

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



 Test Report issued under the responsibility of: 

IEC 60601-1 
Medical electrical equipment 

Part 1: General requirements for basic safety and essential performance  

Report Reference No. ....................... : 100742469BOX-001 

Date of issue ..................................... : 2012, November 15,  

M2: 2013-11-05 

 

Total number of pages ...................... : 22  .....................................................  

  

CB Testing Laboratory ...................... : Intertek Testing Services NA Inc. 

Address ............................................. : 70 Codman Hill Road 

Boxborough, MA 01719 USA 

Applicant’s name .............................. : CAS Medical Systems Inc.  

Address ............................................. : 44 East Industrial Road 
Branford, CT 06405, USA 

Test specification:  

Standard ........................................... : IEC 60601-1: 2005 + CORR. 1 (2006) + CORR. 2 (2007) 

Test procedure .................................. : CB Scheme 

Non-standard test method…………..:  

Test Report Form No. ....................... : IEC60601_1G 

Test Report Form Originator ............. : Underwriters Laboratories Inc. 

Master TRF ....................................... : Dated 2010-11 

Copyright © 2010 IEC System for Conformity Testing and Certification of Electrical Equipment (IECEE), 
Geneva, Switzerland. All rights reserved. 

This publication may be reproduced in whole or in part for non-commercial purposes as long as the IECEE is 
acknowledged as copyright owner and source of the material.  IECEE takes no responsibility for and will not 
assume liability for damages resulting from the reader's interpretation of the reproduced material due to its 
placement and context. 

If this Test Report Form is used by non-IECEE members, the IECEE/IEC logo shall be removed 

This report is not valid as a CB Test Report unless signed by an approved CB Testing Laboratory and 
appended to a CB Test Certificate issued by an NCB in accordance with IECEE 02. 

Test item description......................... : Absolute Tissue Oximeter 

Trade Mark ....................................... : 

 

Manufacturer ..................................... : Same as Applicant 

Model/Type reference ....................... : FORE-SIGHT Elite 

01-06-3000 (US) and 01-06-3005 (OUS) 

Ratings .............................................. : 100-240 V~, 50/60 Hz, 1.5 A Max 
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M2: G100742469 2013-11-05 
 
Modification 2 was created to add Japanese deviations along with  the additional tests results for 10% above 
the nominal 100Vac at both 50Hz and 60Hz 
 
Note: 110Vac inputs were not needed due to the fact that they were completed in the original evaluation 

- New leakages added  (before and after humidity) 
- New dielectrics added (before and after humidity) 
- New temps added 
- Japanese country deviations added 
- Ratings changed from 110Vac to 100Vac (label updated to match) 

 
M1: G100742469 2013-10-28 
 
03-05-0511 03+ Oximeter sensor construction had following changes 
 

• Use alternate 5 mil (0.127 mm) thick FEP film into sensor bottom foam laminate construction for 
insulation;  

• flexible circuit assembly increased sealed edge perimeter to 1 mm and  insulating cover lay 
thickness to 25 µm; also the stiffener behind the photodiodes on flexible circuit changed to non-
conductive FR4 

 
Also the report updates are listed in the following pages 

• Added test list on page 3 
• Added M1 information in product general information on page 7 
• Added alternate Teflon FEP in critical component list on page 9 
• Added oximeter sensor in critical components list on page 10 
• Add test data due to the modification on page 10 to 14 
• Pictures for modified new Oximeter sensor on page 15 
• Added test equipment list page 16 
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B, S1-1, S5-0, S7-1, S12-1 110 60 0.1  

B, S1-1, S5-0, S7-1, S12-0 110 60 0.1  

B, S1-1, S5-0, S7-0, S12-1 110 60 0.1  

B, S1-1, S5-0, S7-0, S12-0 110 60 0.1  

B, S1-0, S5-1, S7-1, S12-1 110 60 0.1  

B, S1-0, S5-1, S7-1, S12-0 110 60 0.1  

B, S1-0, S5-0, S7-1, S12-1 110 60 0.1  

B, S1-0, S5-0, S7-1, S12-0 110 60 0.1  

A, S1-1, S5-1, S7-1, S12-1 110 60 0.9  

A, S1-1, S5-1, S7-1, S12-0 110 60 0.5  

A, S1-1, S5-1, S7-0, S12-1 110 60 0.4  

A, S1-1, S5-1, S7-0, S12-0 110 60 1.0  

A, S1-1, S5-0, S7-1, S12-1 110 60 0.8  

A, S1-1, S5-0, S7-1, S12-0 110 60 0.4  

A, S1-1, S5-0, S7-0, S12-1 110 60 0.3  

A, S1-1, S5-0, S7-0, S12-0 110 60 0.2  

A, S1-0, S5-1, S7-1, S12-1 110 60 0.2  

A, S1-0, S5-1, S7-1, S12-0 110 60 0.2  

A, S1-0, S5-0, S7-1, S12-1 110 60 0.2  

A, S1-0, S5-0, S7-1, S12-0 110 60 0.2  
 

B, S1-1, S5-1, S7-1, S12-1 110 50 0.1  

B, S1-1, S5-1, S7-1, S12-0 110 50 0.1  

B, S1-1, S5-1, S7-0, S12-1 110 50 0.1  

B, S1-1, S5-1, S7-0, S12-0 110 50 0.1  

B, S1-1, S5-0, S7-1, S12-1 110 50 0.1  

B, S1-1, S5-0, S7-1, S12-0 110 50 0.1  

B, S1-1, S5-0, S7-0, S12-1 110 50 0.1  

B, S1-1, S5-0, S7-0, S12-0 110 50 0.1  

B, S1-0, S5-1, S7-1, S12-1 110 50 0.1  

B, S1-0, S5-1, S7-1, S12-0 110 50 0.1  

B, S1-0, S5-0, S7-1, S12-1 110 50 0.1  

B, S1-0, S5-0, S7-1, S12-0 110 50 0.1  

A, S1-1, S5-1, S7-1, S12-1 110 50 0.7  

A, S1-1, S5-1, S7-1, S12-0 110 50 0.6  

A, S1-1, S5-1, S7-0, S12-1 110 50 0.7  

A, S1-1, S5-1, S7-0, S12-0 110 50 0.7  
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ATTACHMENT TO TEST REPORT IEC 60601-1 

JP- JAPAN NATIONAL DIFFERENCES 
Medical electrical equipment, Part 1: General Requirements 

Differences according to  ............... : National standard JIS T0601-1:2012 

Attachment Form No . .................... : JP_ND_IEC60601_1A 

Attachment Originator  ................... : TÜV Rheinland Japan Ltd. 

Master  Attachment  ......................... : 2009-08 

Copyright © 2009 IEC System for Conformity Testing and Certification of Electrical Equipment 
(IECEE), Geneva, Switzerland. All rights reserved.  

― Throughout the report, HAZARD shall be referred 
to as HAZARDOUS SITUATION 

Informative P 

7 ME Equipment Identification, Marking, and Documents ― 

7.4.3 Numeric indications of parameters on ME 
EQUIPMENT expressed in SI units according to JIS 
Z8202 (ISO 31 (IDT))  except the base quantities 
listed in Table 1 expressed in the indicated units 

 P 

7.7.4 Addition: If polyvinyl chloride (JIS C3306) or rubber 
(JIS C3301) insulated  flexible cord is used, the 
conductor may be colored “white” 

Informative P 

7.7.5 Addition: If polyvinyl chloride (JIS C3306) or rubber 
(JIS C3301) insulated  flexible cord is used, 
conductors may be  the color specified in cited 
standards 

Informative P 

8 Protection Against Electrical Hazards from ME Equipment ― 

8.4.2 Energy did not exceed 240 VA for longer than 60 s 
or stored energy available did not exceed 20 J at a 
potential up to 2 V or more (VA or J) ................... : 

 P 

8.8.2 For a), add the following NOTE: 
NOTE – Generally, “distance through insulation” 
means the thickness of insulation. However, for 
example, if a transformer installed into a metal case 
is insulated by filler, the thickness is always not 
uniformly. Therefore, such expression was used. 

Note added P 

8.8.3 During the test of this clause, the state of the power 
switch shall be kept with closed circuit 

 P 

8.9 Creepage Distances and Air Clearances P 

8.9.1.2 Creepage distances and air clearances of this 
clause shall be applied to MOOP 

 P 

8.9.1.3 Creepage distances and air clearances of this 
clause shall be applied to MOOP 

 P 

8.9.1.4 Creepage distances and air clearances of this 
clause shall be applied to MOOP 

 P 

8.9.1.5 Creepage distances and air clearances of this 
clause shall be applied to MOOP and MOPP 

 P 

8.9.1.6 Creepage distances and air clearances of this 
clause shall be applied to MOOP and MOPP 

 P 

8.9.1.7 Creepage distances and air clearances of this  P 
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clause shall be applied to MOOP 

8.9.1.8 Creepage distances and air clearances of this 
clause shall be applied to MOOP 

 P 

8.9.1.9 Creepage distances and air clearances of this 
clause shall be applied to MOOP 

 P 

8.9.1.10 Creepage distances and air clearances of this 
clause shall be applied to MOOP 

 P 

8.9.1.11 Creepage distances and air clearances of this 
clause shall be applied to MOOP 

 P 

8.9.1.12 Creepage distances and air clearances of this 
clause shall be applied to MOOP 

 P 

8.9.1.13 Creepage distances and air clearances of this 
clause shall be applied to MOOP 

 P 

8.9.1.14 Creepage distances and air clearances of this 
clause shall be applied to MOOP 

 P 

8.11.3.2 POWER SUPPLY CORDS are no less robust than 
rubber (JIS C3301), polyvinyl chloride (JIS C3306), 
or cords of which the robustness is equal to or 
more than those are usable. 

Supply cords to be provided 
by end user 

N/A 

 Cords of JIS C 3306 shall not use:  N/A 

 - for polyvinyl chloride insulated flexible cords, if the 
temperature of the above-mentioned external metal 
part exceeds 60 °C 

 N/A 

 - for grade heat-resistant polyvinyl chloride 
insulated flexible cords, if the temperature of the 
above-mentioned external metal part exceeds 75 
°C 

 N/A 

9.2.2.2 In the bottom column of Table 20, replace the 
existing text with the following: 
a  The values in this table are taken from JIS B9711 
(ISO 13854 (IDT)). 

Replaced P 

9.7.5 In the last paragraph, delete “unmarked”. Deleted P 

9.8.4.1 Replace the existing NOTE with the following: 
NOTE  The upper carriage of the human body test 
mass apparatus is formed of wood or a similar 
material. The bottom portion is foam. The resiliency 
or spring factor of the foam (ILD or IFD ratings) has 
not been specified. The foam is cylindrical, rather 
than spherical. 

Replaced P 

10 Protection Against Unwanted and Excessive Radiation Hazards ― 

10.1.1 X-radiation dose-rate was ≤ 36 pA/kg (5 µSv/h) (0.5 
mR/h ≈ 5 µGy/h) 5 cm from surface of ME 
EQUIPMENT including background radiation for ME 
EQUIPMENT not producing therapeutic/diagnostic X-
radiation but producing ionizing radiation  : 

No radiation hazards N/A 

11.1.1 To the existing text of a in the Table 22, add the 
following: 
(For example, the maximum temperature limit of a 
transformer with three insulating materials of Class 
A, Class B and Class E shall be 105 °C of Class A 

 N/A 
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of the lowest limit.) 

13.2.10 In Table 26, replace the existing NOTE with the 
following: 
NOTE  The temperature limits in this table were 
derived from Table B.1 of IEC 60950-1:2001 (in the 
corresponding international standard, IEC 61010-
1:2001 [22]). 

Replaced P 

16 ME Systems ― 

16.1 Non-ME equipment used in the ME system shall be 
in compliance with applicable JIS standards or 
Technical Requirements of the Electrical Appliance 
and Material Safety Act 

Not an ME system N/A 

 Equipment relying only on basic insulation for 
protection against electric shock not used in ME 
system. 

 N/A 

 For measures for ensuring safety, e.g. the case 
combined with a separating transformer with double 
insulation or reinforced insulation, equipment only 
with basic insulation may be used 

 N/A 

16.9.2.1 c) Multiple socket-outlet complied with IEC 60884-1 
or JIS C82821 

 N/A 
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 Test Report issued under the responsibility of: 

IEC 60601-1 
Medical electrical equipment 

Part 1: General requirements for basic safety and essential performance  

Report Reference No. ....................... : 100742469BOX-001 

Date of issue ..................................... : 2012, November 15,  

M1: 2013-10-28 

 

Total number of pages ...................... : 16  .....................................................  

  

CB Testing Laboratory ...................... : Intertek Testing Services NA Inc. 

Address ............................................. : 70 Codman Hill Road 

Boxborough, MA 01719 USA 

Applicant’s name .............................. : CAS Medical Systems Inc.  

Address ............................................. : 44 East Industrial Road 
Branford, CT 06405, USA 

Test specification:  

Standard ........................................... : IEC 60601-1: 2005 + CORR. 1 (2006) + CORR. 2 (2007) 

Test procedure .................................. : CB Scheme 

Non-standard test method…………..:  

Test Report Form No. ....................... : IEC60601_1G 

Test Report Form Originator ............. : Underwriters Laboratories Inc. 

Master TRF ....................................... : Dated 2010-11 

Copyright © 2010 IEC System for Conformity Testing and Certification of Electrical Equipment (IECEE), 
Geneva, Switzerland. All rights reserved. 

This publication may be reproduced in whole or in part for non-commercial purposes as long as the IECEE is 
acknowledged as copyright owner and source of the material.  IECEE takes no responsibility for and will not 
assume liability for damages resulting from the reader's interpretation of the reproduced material due to its 
placement and context. 

If this Test Report Form is used by non-IECEE members, the IECEE/IEC logo shall be removed 

This report is not valid as a CB Test Report unless signed by an approved CB Testing Laboratory and 
appended to a CB Test Certificate issued by an NCB in accordance with IECEE 02. 

Test item description......................... : Absolute Tissue Oximeter 

Trade Mark ....................................... : 

 

Manufacturer ..................................... : Same as Applicant 

Model/Type reference ....................... : FORE-SIGHT Elite 

01-06-3000 (US) and 01-06-3005 (OUS) 

Ratings .............................................. : 110-240 V~, 50/60 Hz, 1.5 A Max 
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C280 on PCB 
Assy # 03-59-
0402 

TDK CD85-
E2GA102MYNS 

Cap, Cer, 
1000pF, 20%, 
250VAC, 
X1/Y1, Radial 
0.394" LS 

IEC/EN 60384-
14 
IEC/EN 60065 
UL 1414 
CSA C22.2 No.0 
& No.1 

UL, VDE, CSA, 
BSI, SEMKO, 
SEV, FIMKO, 
DEMKO, NEMKO, 
IMQ 

C1 on PCB 
assy # 03-59-
0403 

TDK CD85-
E2GA102MYNS 

Cap, Cer, 
1000pF, 20%, 
250VAC, 
X1/Y1, Radial 
0.394" LS 

IEC/EN 60384-
14 
IEC/EN 60065 
UL 1414 
CSA C22.2 No.0 
& No.1 

UL, VDE, CSA, 
BSI, SEMKO, 
SEV, FIMKO, 
DEMKO, NEMKO, 
IMQ 

Coin cell 
battery on 
PCB assy 03-
59-0402 

Panasonic BR1225 Battery, Coin 
Cell, Lithium, 48 
mAh, 12.5 mm 

UL 1642 UL 

U64,U65,U66,
U67 

Silicon 
Laboratories  

Si8640ED-B-IS 
Si8640BD-B-IS 

IC, Digital 
Isolator, Quad 
channel, Wide 
Body SOIC-16, 
RoHS 

IEC 60950-1, 
61010-1, 60601-
1 (reinforced 
insulation) 

UL, CSA, VDE 

Teflon FEP 
Fluorocarbon 
Film Tape 

CS Hyde 
DuPont High 
Performance 
Films 

23-FEP 
 

FEP (Teflon®) 
film 
w/ Silicone 
Adhesive, 
0.0035” Thick 

Tested by 
Intertek met 
5000VAC 
dielectric 
withstand 

- 

Alternate 
Teflon FEP 
Fluorocarbon 
Film Tape 

DuPont High 
Performance 
Films 

C-20 
 

FEP (Teflon®) 
film 
w/ Silicone 
Adhesive, 
0.005” Thick, 
6500 V/mil 

Tested by 
Intertek met 
5000VAC 
dielectric 
withstand 

- 

Poron Foam Rogers Corp.  4701-30-25035-34 Urethane foam 
0.0035” thick 

Tested by 
Intertek met 
2500VAC 
dielectric 
withstand  

- 

Plastic 
enclosure 

Plastic Design 
International 

Acrylonitrile 
Butadiene Styrene 

Acrylonitrile 
Butadiene 
Styrene 

UL 94 UR 

Metal 
enclosure 

Metalmen Aluminum 5052-
H32 

Aluminum 
5052-H32 

Tested in end 
system  

- 

Sensors CASMEDICAL 03-05-0511 03+ Disposable 
oximeter sensor  

Tested in end 
system 

- 

Mylar Tape  3M™ Polyimide Film 
Tape 5413 

Kapton® 
Polyimide Film 
Silicone 
Dielectric 
Strength: 7000 
volts 

UL 94 
Tested by 
Intertek met 4000 
VAC dielectric 
withstand 

UL 

Supplementary information: 
 1) An asterisk indicates a mark which assures the agreed level of surveillance. See Licenses and Certificates of 
Conformity for verification. 
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Oximeter sensor 03-05-0511 03+ 
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 Test Report issued under the responsibility of: 

IEC 60601-1 
Medical electrical equipment 

Part 1: General requirements for basic safety and essential performance  

Report Reference No. ...................... : 100742469BOX-001 

Date of issue .................................... : 2012, November 15  ....................................................  

Total number of pages ..................... : 200  ....................................................  

CB Testing Laboratory ..................... : Intertek Testing Services NA Inc. 

Address ............................................ : 70 Codman Hill Road 

Boxborough, MA 01719 USA 

Applicant’s name .............................. : CAS Medical Systems Inc.  

Address ............................................ : 44 East Industrial Road 
Branford, CT 06405 

Test specification:  

Standard ........................................... : IEC 60601-1: 2005 + CORR. 1 (2006) + CORR. 2 (2007) 

Test procedure ................................. : CB Scheme 

Non-standard test method…………..:  

Test Report Form No. ...................... : IEC60601_1G 

Test Report Form Originator ............ : Underwriters Laboratories Inc. 

Master TRF ...................................... : Dated 2010-11 

Copyright © 2010 IEC System for Conformity Testing and Certification of Electrical Equipment (IECEE), 
Geneva, Switzerland. All rights reserved. 

This publication may be reproduced in whole or in part for non-commercial purposes as long as the IECEE is 
acknowledged as copyright owner and source of the material.  IECEE takes no responsibility for and will not 
assume liability for damages resulting from the reader's interpretation of the reproduced material due to its 
placement and context. 

If this Test Report Form is used by non-IECEE members, the IECEE/IEC logo shall be removed 

This report is not valid as a CB Test Report unless signed by an approved CB Testing Laboratory and 
appended to a CB Test Certificate issued by an NCB in accordance with IECEE 02. 

Test item description ........................ : Absolute Tissue Oximeter 

Trade Mark ....................................... : 
 

Manufacturer .................................... : CAS Medical Systems 

Model/Type reference ...................... : FORE-SIGHT Elite 

01-06-3000 (US) and 01-06-3005 (OUS) 

Ratings ............................................. : 110-240 V~, 50/60 Hz, 1.5 A Max 
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INSULATION DIAGRAM 
(b)(4)
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U 1 MOPP IIIb 250 354 4 2.5 4 4 Sensor 
voltage to the 
enclosure 

 
INSULATION DIAGRAM CONVENTIONS and GUIDANCE: 
 
A measured value must be provided in the value columns for the device under evaluation.  The symbol > 
(greater than sign) must not be used.  Switch-mode power supplies must be re-evaluated in the device under 
evaluation therefore N/A must not be used with a generic statement that the component is certified. 
 
Insulation diagram is a graphical representation of equipment insulation barriers, protective impedance and 
protective earthing. If feasible, use the following conventions to generate the diagram: 

- All isolation barriers are identified by letters between separate parts of diagram, for example separate 
transformer windings, optocouplers, wire insulation, creepage and clearance distances. 
- Parts connected to earth with large dots are protectively earthed.  Other connections to earth are functional 
- Applied parts are extended beyond the equipment enclosure and terminated with an arrow. 
- Parts accessible to the operator only are extended outside of the enclosure, but are not terminated with an 
arrow. 
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4 GENERAL REQUIREMENTS — 

4.1 Requirements of this standard applied in NORMAL 

USE and reasonably foreseeable misuse 
 Pass 

4.2 A RISK MANAGEMENT PROCESS complying with ISO 
14971 was performed  ........................................... : 

Compliance with ISO 14971, 
as required by subclause 4.2, 
has been established by 
performing an inspection 
(desk-top audit) of the Risk 
Management File.  
 

See Appended RM Results 
Table 4.2 

Pass 

4.3 ESSENTIAL PERFORMANCE functions identified 
according to MANUFACTURER’S policy for RISK 

acceptability in RISK MANAGEMENT FILE .................. : 

See Appended Table 4.3 and 
RM Results Table 4.3 

Pass 

 ESSENTIAL PERFORMANCE functions maintained 
following particular tests as applicable 

 Pass 

4.4 EXPECTED SERVICE LIFE stated in RISK 

MANAGEMENT FILE ................................................. : 
21-07-0304 Section 3.2 
Expected Service Life 11 yrs 

Pass 

4.5 Alternative means of addressing particular RISKS 

considered acceptable based on MANUFACTURER’S 

justification that RESIDUAL RISKS resulting from 
application of alternative means equal to or less 
than RESIDUAL RISKS resulting from requirements of 
this standard .......................................................... : 

See Appended RM Results 
Table 4.5 

N/A 

4.6 RISK MANAGEMENT PROCESS identifies parts that can 
come into contact with PATIENT but not defined as 
APPLIED PARTS, subjected to the requirements for 
APPLIED PARTS, except for Clause 7.2.10 .............. : 

See Appended Insulation 
Diagram Table and  
RM Results Table 4.6 

Pass 

4.7 ME EQUIPMENT remained SINGLE FAULT SAFE, or the 
RISK remained acceptable as determined by 
Clause 4.2 .............................................................. : 

See Appended RM Results 
Table 4.7 

Pass  

 Failure of any one component at a time that could 
result in a HAZARDOUS SITUATION, including those in 
13.1, simulated physically or theoretically  ........... : 

See Appended Table 13.2 for 
simulated physical test,  

Pass 

 RISK associated with failure of component during 
EXPECTED SERVICE LIFE of ME EQUIPMENT taken into 
account to evaluate if a component should be 
subjected to failure simulation 

 Pass 

4.8 All components and wiring whose failure could 
result in a HAZARDOUS SITUATION used according to 
their applicable ratings, except as specified, or by 
RISK MANAGEMENT PROCESS ................................... : 

See Appended RM Results 
Table 4.8 

N/A 
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 Reliability of components used as MEANS OF 

PROTECTION assessed for conditions of use in ME 

EQUIPMENT, and they complied with one of the 
following: 

 N/A 

 a) Applicable safety requirements of a relevant IEC 

or ISO standard  
 N/A 

 b) Requirements of this standard applied in the 
absence of a relevant IEC or ISO standard 

 N/A 

4.9 A COMPONENT WITH HIGH-INTEGRITY 

CHARACTERISTICS provided because a fault in a 
particular component can generate an 
unacceptable RISK ................................................. : 

See appended Table 8.10 & 
RM Results Table 4.9 

N/A 

 COMPONENTS WITH HIGH-INTEGRITY 

CHARACTERISTICS selected and evaluated 
consistent with their conditions of use and 
reasonable foreseeable misuse during EXPECTED 

SERVICE LIFE of ME EQUIPMENT by reviewing RISK 

MANAGEMENT FILE  ................................................ : 

See Appended RM Results 
Table 4.9 

N/A 

4.10 Power supply Pass 

4.10.1 ME EQUIPMENT is suitable for connection to a 
SUPPLY MAINS, specified to be connected to a 
separate power supply, can be powered by an 
INTERNAL ELECTRICAL POWER SOURCE, or a 
combination of the three  ....................................... : 

Supply mains or internally 
powered 

Pass 

4.10.2 Maximum rated voltage for ME EQUIPMENT intended 
to be connected to SUPPLY MAINS is 250 V for HAND-
HELD ME EQUIPMENT (V) ........................................... : 

Not hand-held N/A 

 – 250 V d.c. or single-phase a.c., or 500 V 
polyphase a.c. for ME EQUIPMENT and ME SYSTEMS 

with a RATED input ≤ 4 kVA (V) ............................... : 

110-240 VAC Pass 

 – 500 V for all other ME EQUIPMENT and ME SYSTEMS  N/A 

4.11 Power input Pass 

 Steady-state measured input of ME EQUIPMENT or 
ME SYSTEM at RATED voltage and at operating 
settings indicated in instructions for use did not 
exceed marked rating by more than 10% .............. : 

See appended Table 4.11 Pass 

 – Measurements on ME EQUIPMENT or a ME SYSTEM 

marked with one or more RATED voltage ranges 
made at both upper and lower limits of the range : 

See appended Table 4.11 Pass 

 Measurements made at a voltage equal to the 
mean value of the range when each marking of 
RATED input was related to the mean value of 
relevant voltage range  

 N/A 
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 Power input, expressed in volt-amperes, measured 
with a volt-ampere meter or calculated as the 
product of steady state current (measured as 
described above) and supply voltage ................... : 

See appended Table 4.11 Pass 

 

5 GENERAL REQUIREMENTS FOR TESTING ME EQUIPMENT — 

5.1 TYPE TESTS determined in consideration of Clause 
4, in particular 4.2 

 Pass 

 Test not performed when analysis indicated 
condition being tested was adequately evaluated 
by other tests or methods ...................................... : 

See Appended RM Results 
Table 5.1 

N/A 

 Results of RISK ANALYSIS used to determine 
combination(s) of simultaneous faults to be tested 

 Pass 

5.2 TYPE TESTS conducted on one representative 
sample under investigation; multiple samples used 
simultaneously when validity of results was not 
significantly affected .............................................. : 

 Pass 

5.3 a) Tests conducted within the environmental 
conditions specified in technical description  

 Pass 

 Temperature (ºC), Relative Humidity (%)  ............ : 10 °C to 40 °C, 30 to 75% RH, 
non-condensing 

Pass 

 Atmospheric Pressure (kPa) ................................. : 680 hPa to 1060 hPa Pass 

 b) ME EQUIPMENT shielded from other influences 
that might affect the validity of tests 

 Pass 

 c) Test conditions modified and results adjusted 
accordingly when ambient temperature could not 
be maintained  ....................................................... : 

 N/A 

5.4 a) ME EQUIPMENT tested under least favourable 
working conditions specified in instructions for use 
and identified during RISK ANALYSIS, except as 
noted ...................................................................... : 

See Appended RM Results 
Table 5.4a 

Pass 

 b) ME EQUIPMENT with adjustable or controlled 
operating values by anyone other than SERVICE 

PERSONNEL adjusted to values least favourable for 
the relevant test per instructions for use 

 Pass 

 c) When test results influenced by inlet pressure 
and flow or chemical composition of a cooling 
liquid, tests performed within the limits in technical 
description .............................................................. : 

 N/A 

 d) Potable water used for cooling   N/A 

5.5 Supply voltage during tests was the least favorable 
of the voltages specified in 4.10 or voltages 
marked on ME EQUIPMENT (V)  ............................... : 

110-240 V~ 
 

Pass 
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 ME EQUIPMENT marked with a RATED frequency 
range tested at the least favourable frequency 
within the range (Hz) .............................................. : 

50/60 Hz 
 

Pass 

 ME EQUIPMENT with more than one RATED voltage, 
or both a.c./ d.c. tested in conditions (see 5.4) 
related to the least favourable voltage, nature of 
supply, and type of current ..................................... : 

110-240 V~ Pass 

 ME EQUIPMENT tested with alternative ACCESSORIES 

and components specified in ACCOMPANYING 

DOCUMENTS to result in the least favourable 
conditions ................................................................ : 

Accessories found in the IFU Pass 

 ME EQUIPMENT connected to a separate power 
supply as specified in instructions for use 

 Pass 

5.6 When failure occurred or probability of future 
failure detected during sequence of tests, per 
agreement with manufacturer, all tests affecting 
results conducted on a new sample 

 Pass 

 Alternatively, upon repair and modification of the 
sample, only the relevant tests conducted 

 N/A 

5.7 ME EQUIPMENT or parts thereof affected by climatic 
conditions were set up completely, or partially, with 
covers detached and subjected to a humidity 
preconditioning prior to tests of Clauses 8.7.4 and 
8.8.3 .......................................................................... : 

 No covers  N/A 

 Manually detachable parts removed and treated 
concurrently with major parts and manually 
removable ACCESS COVERS were opened and 
detached 

No such parts N/A 

 ME EQUIPMENT heated to a temperature between T 
and T + 4 °C for at least 4 h and placed in a 
humidity chamber with a relative humidity of 93 % 
± 3 % and an ambient within 2 °C of T in the range 
of + 20 °C to + 32 °C for 48 h 

 Pass 

 When RISK MANAGEMENT PROCESS indicated ME 

EQUIPMENT can be exposed to high humidity for 
extended periods (i.e., out-door use), test time 
extended proportionally (h) .................................... : 

See Appended RM Results 
Table 5.7 

N/A 

5.8 Unless stated otherwise, tests in this standard 
sequenced as in Annex B to prevent results of one 
test on a subsequent test 

 Pass 

5.9 Determination of APPLIED PARTS and ACCESSIBLE PARTS Pass 

5.9.1 APPLIED PARTS identified by inspection and 
reference to ACCOMPANYING DOCUMENTS ............... : 

See clause 4.6 Remark Pass 

5.9.2 ACCESSIBLE PARTS Pass 
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5.9.2.1 Accessibility, when necessary, determined using 
standard test finger of Fig 6 applied in a bent or 
straight position  

See Appended Table 5.9.2 Pass 

 Openings preventing entry of test finger of Fig. 6 
mechanically tested with a straight un-jointed test 
finger of the same dimensions with a force of 30 N 

 Pass 

 When the straight un-jointed test finger entered, 
test with the standard test finger (Fig 6) was 
repeated, if necessary, by pushing the finger 
through the opening 

 N/A 

5.9.2.2 Test hook of Fig. 7 inserted in all openings of ME 

EQUIPMENT and pulled with a force of 20 N for 10 s 
 Pass 

 All additional parts that became accessible 
checked using standard test finger and by 
inspection 

 N/A 

5.9.2.3 Conductive parts of actuating mechanisms of 
electrical controls accessible after removal of 
handles, knobs, levers and the like regarded as 
ACCESSIBLE PARTS ................................................. : 

 N/A 

 Conductive parts of actuating mechanisms not 
considered ACCESSIBLE PARTS when removal of 
handles, knobs, etc. required use of a TOOL, and 
inspection of RISK MANAGEMENT FILE indicated the 
relevant part is unlikely to detach unintentionally 
during EXPECTED SERVICE LIFE of ME EQUIPMENT . : 

See Appended RM Results 
Table 5.9.2.3 

N/A 

 

6 CLASSIFICATION OF ME EQUIPMENT AND ME SYSTEMS — 

6.2 CLASS I ME EQUIPMENT, externally powered  Pass 

 CLASS II ME EQUIPMENT, externally powered  N/A 

 INTERNALLY POWERED ME EQUIPMENT  Pass 

 EQUIPMENT with means of connection to a SUPPLY 

MAINS complied with CLASS I or CLASS II ME 

EQUIPMENT requirements when so connected, and 
when not connected to SUPPLY MAINS with 
INTERNALLY POWERED ME EQUIPMENT requirements 

 Pass 

 TYPE B APPLIED PART  N/A 

 TYPE BF APPLIED PART  Pass 

 TYPE CF APPLIED PART  N/A 

 DEFIBRILLATION-PROOF APPLIED PARTS  Pass 

6.3 ENCLOSURES classified according to degree of 
protection against ingress of water and particulate 
matter (IPN1N2) as per IEC 60529 ........................... : 

IPX0 
See RM Results Table 11.6.5.  

N/A 
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6.4 ME EQUIPMENT or its parts intended to be sterilized 
classified according to method(s) of sterilization in 
instructions for use ................................................. :  

No parts intended to be 
sterilized 

N/A 

6.5 ME EQUIPMENT and ME SYSTEMS intended for use in 
an OXYGEN RICH ENVIRONMENT classified for such 
use and complied with 11.2.2 

 N/A 

6.6 CONTINUOUS or Non-CONTINUOUS OPERATION ........ : Continuous Pass 

 

7 ME EQUIPMENT IDENTIFICATION, MARKING, AND DOCUMENTS — 

7.1.1 RISK of poor USABILITY associated with the design 
of ME EQUIPMENT'S identification and marking 
addressed in a USABILITY ENGINEERING PROCESS ... : 

 Pass 

7.1.2 Legibility of Markings Test for Markings specified in 
Clause 7.2-7.6 ...........................................................: 

See Appended Table 7.1.2 Pass 

7.1.3 Required markings can be removed only with a 
TOOL or by appreciable force, are durable and 
remain CLEARLY LEGIBLE during EXPECTED SERVICE 
LIFE of ME EQUIPMENT in NORMAL USE  

 Pass 

 a) After tests, adhesive labels didn’t loosen up or 
curl up at edges and markings complied with 
requirements in Clause 7.1.2 ................................. : 

See appended Tables 7.1.3 
and 8.10 

Pass 

 b) Markings required by 7.2-7.6 remained CLEARLY 
LEGIBLE after marking durability test ....................... : 

See appended Tables 7.1.3 
and 8.10 

Pass 

7.2 Marking on the outside of ME EQUIPMENT or ME EQUIPMENT parts Pass 

7.2.1 At least markings in 7.2.2, 7.2.5, 7.2.6 (not for 
PERMANENTLY INSTALLED ME EQUIPMENT), 7.2.10, 
and 7.2.13 were applied when size of EQUIPMENT, 
its part, an ACCESSORY, or ENCLOSURE did not 
permit application of all required markings  ........... : 

See attached copy of Marking 
Plate  

Pass 

 Remaining markings fully recorded in 
ACCOMPANYING DOCUMENTS .................................... : 

 Pass 

 Markings applied to individual packaging when 
impractical to apply to ME EQUIPMENT 

 Pass 

 A material, component, ACCESSORY, or ME 
EQUIPMENT intended for a single use, or its 
packaging marked “Do Not Reuse” or with symbol 
28 of Table D.1 (ISO 7000-1051, DB:2004-01) ........ : 

 Pass 

7.2.2 MANUFACTURER’s name or trademark marked on 
ME EQUIPMENT and detachable components .......... : 

Components inspected: entire 
unit   

Pass 

 Misidentification does not present an unacceptable 
risk 

See Appended RM Results 
Table 7.2.2 

N/A 

 MODEL OR TYPE REFERENCE also marked, except 
when misidentification would not present an 
unacceptable RISK ................................................. : 

See attached copy of Marking 
Plate 

Pass 
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 Software forming part of a PEMS identified with a 
unique identifier, such as revision level or date of 
release/issue, and identification are available to 
designated persons............................................... : 

Software version displayed on 
startup 

Pass 

7.2.3 Symbol 11 on Table D.1 (ISO 7000-1641, DB: 
2004-01) used, optionally, advice to OPERATOR to 
consult ACCOMPANYING DOCUMENTS 

 N/A 

 Safety sign 10 on Table D.2 (safety sign IEC 
60878 Safety 01) used, advising OPERATOR that 
ACCOMPANYING DOCUMENTS must be consulted 

 

Pass 

7.2.4 ACCESSORIES marked with name or trademark of 
MANUFACTURER or supplier, and with a MODEL or 
TYPE REFERENCE ....................................................................................... :  

Accessories inspected: 
preamps  

Pass 

 Markings applied to individual packaging when not 
practical to apply to ACCESSORIES  

 Pass 

7.2.5 MODEL or TYPE REFERENCE of equipment to be 
connected to ME EQUIPMENT to provide power, is 
marked adjacent to the relevant connection point 
when this connection could result in an 
unacceptable RISK ................................................... : 

See Appended RM Results 
Table 7.2.5 

N/A 

7.2.6 Connection to the Supply Mains Pass 

 Except for PERMANENTLY INSTALLED ME EQUIPMENT, 
marking appearing on the outside of part 
containing SUPPLY MAINS connection and, 
adjacent to connection point  

 Pass 

 For PERMANENTLY INSTALLED ME EQUIPMENT, 
NOMINAL supply voltage or range marked inside or 
outside of ME EQUIPMENT, preferably, adjacent to 
supply connection terminals 

Not permanently installed N/A 

 – RATED supply voltage(s) or RATED voltage range(s) 
with a hyphen (-) between minimum and maximum 
voltages (V, V-V) ..................................................... : 

110-240  Pass 

 Multiple RATED supply voltages or multiple RATED 
supply voltage ranges are separated by (V/V) ....... : 

 N/A 

 – Nature of supply (e.g., No. of phases, except 
single-phase) and type of current ........................... :  

Symbol 1 used Pass 

 Symbols 1-5, Table D.1 (symbols of IEC 60417-
5032, 5032-1, 5032-2, 5031, and 5033, all DB: 
2002-10) used, optionally, for same parameters ... : 

  
Pass 

 – RATED supply frequency or RATED frequency range 
in hertz ..................................................................... : 

50/60 Hz Pass 

 – Symbol 9 of Table D.1 (symbol IEC 60417-5172, 
DB: 2003-02) used for CLASS II ME EQUIPMENT ........ : 

Class I N/A 

7.2.7 RATED input in amps or volt-amps, or in watts when 
power factor exceeds 0.9 (A, VA, W) ................................. : 

1.5 A Pass 
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 RATED input for one or more RATED voltage ranges 
provided for upper and lower limits of the range or 
ranges when the range(s) is/are greater than ± 10 
% of the mean value of specified range (A, VA,W) : 

 N/A 

 Input at mean value of range marked when range 
limits do not differ by more than 10 % from mean 
value (A, VA, W) ...................................................... : 

 N/A 

 Marking includes long-time and most relevant 
momentary volt-ampere ratings when provided, 
each plainly identified and indicated in 
ACCOMPANYING DOCUMENTS (VA) ............................. : 

 N/A 

 Marked input of ME EQUIPMENT provided with means 
for connection of supply conductors of other 
electrical equipment includes RATED and marked 
output of such means (A, VA, W) ........................... : 

 N/A 

7.2.8 Output connectors N/A 

7.2.8.1 See 16.9.2.1 b) for MULTIPLE SOCKET-OUTLETS 
integral with ME EQUIPMENT 

 N/A 

7.2.8.2 Output connectors are marked, except for MULTIPLE 
SOCKET-OUTLETS or connectors intended for 
specified ACCESSORIES or equipment  

 N/A 

 Rated Voltage (V), Rated Current (A) ................... :  N/A 

 Rated Power (W), Output Frequency (Hz) ........... :  N/A 

7.2.9 ME EQUIPMENT or its parts marked with the IP 
environmental Code per IEC 60529 according to 
classification in 6.3 (Table D.3, Code 2) ................. : 

IPX0 N/A 

7.2.10 Degrees of protection against electric shock as 
classified in 6.2 for all APPLIED PARTS marked with 
relevant symbols as follows (not applied to parts 
identified according to 4.6): 

 Pass 

 TYPE B APPLIED PARTS with symbol 19 of Table D.1 
(IEC 60417-5840, DB: 2002-10), not applied in such 
a way as to give the impression of being inscribed 
within a square in order to distinguish it from symbol 
IEC 60417-5333 ...................................................... : 

 N/A 

 TYPE BF APPLIED PARTS with symbol 20 of Table D.1 
(IEC 60417-5333, DB: 2002-10) ............................. :  

 

Pass 

 TYPE CF APPLIED PARTS with symbol 21 of Table D.1 
(IEC 60417-5335, DB: 2002-10) ............................. : 

 N/A 

 DEFIBRILLATION-PROOF APPLIED PARTS marked with 
symbols 25-27 of Table D.1 (IEC 60417-5841, IEC 
60417-5334, or IEC 60417-5336, all DB: 2002-10) : 

  

Pass 
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 Proper symbol marked adjacent to or on connector 
for APPLIED PART, except marked on APPLIED PART 
when there is no connector, or connector used for 
more than one APPLIED PART and different APPLIED 
PARTS with different classifications .......................... : 

 Pass 

 Safety sign 2 of Table D.2 (ISO 7010-W001) placed 
near relevant outlet when protection against effect 
of discharge of a cardiac defibrillator is partly in the 
PATIENT cable ........................................................... : 

 

Pass 

 An explanation indicating protection of ME 
EQUIPMENT against effects of discharge of a cardiac 
defibrillator depends on use of proper cables 
included in instructions for use ................................ : 

 

IFU: 21-22-3000 Rev 00Xe.pdf 

Pg 13 

Pass 

7.2.11 ME EQUIPMENT not marked to the contrary assumed 
to be suitable for CONTINUOUS OPERATION 

 Pass  

 DUTY CYCLE for ME EQUIPMENT intended for non-
CONTINUOUS OPERATION appropriately marked to 
provide maximum “on” and “off” time ...................... : 

No duty cycle  N/A 

7.2.12 Type and full rating of a fuse marked adjacent to 
ACCESSIBLE fuse-holder 

Verified on equipment  Pass 

 Fuse type ................................................................. : T3.15AH250V  Pass 

 Voltage (V) and Current (A) rating ........................ : 250V 3.15A Pass 

 Operating speed (s) and Breaking capacity ......... : T, H Pass 

7.2.13 A safety sign CLEARLY LEGIBLE and visible after 
INSTALLATION in NORMAL USE applied to a prominent 
location of EQUIPMENT that produce physiological 
effects capable of causing HARM to PATIENT or 
OPERATOR not obvious to OPERATOR ....................... : 

 N/A 

 Nature of HAZARD and precautions for avoiding or 
minimizing the associated RISK described in 
instructions for use .................................................. : 

See Appended RM Results 
Table 7.2.13 

N/A 

7.2.14 HIGH VOLTAGE TERMINAL DEVICES on the outside of 
ME EQUIPMENT accessible without the use of a TOOL 
marked with symbol 24 of Table D.1 (symbol IEC 
60417-5036, DB: 2002-10)  

 N/A 

7.2.15 Requirements for cooling provisions marked (e.g., 
supply of water or air) .............................................. : 

 N/A 

7.2.16 ME EQUIPMENT with limited mechanical stability   N/A 

7.2.17 Packaging marked with special handling 
instructions for transport and/or storage ................. :  

No special handling  N/A 

 Permissible environmental conditions for transport 
and storage marked on outside of packaging ........ : 

 Pass 

 Packaging marked with a suitable safety sign 
indicating premature unpacking of ME EQUIPMENT 
could result in an unacceptable RISK ...................... : 

See Appended RM Results 
Table 7.2.17 

N/A 
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 Packaging of sterile ME EQUIPMENT or ACCESSORIES 
marked sterile 

No sterile equipment or 
accessories 

N/A 

7.2.18 RATED maximum supply pressure from an external 
source marked on ME EQUIPMENT adjacent to each 
input connector ........................................................ : 

 N/A 

7.2.19 Symbol 7 of Table D.1 (IEC 60417-5017, DB:2002-
10) marked on FUNCTIONAL EARTH TERMINAL ........... :  

no functional earth  

N/A 

7.2.20 Protective means, required to be removed to use a 
particular function of ME EQUIPMENT with alternate 
applications, marked to indicate the necessity for 
replacement when the function is no longer needed: 

 N/A 

 No marking applied when an interlock provided  N/A 

7.3 Marking on the inside of ME EQUIPMENT or ME EQUIPMENT parts   

7.3.1 Maximum power loading of heating elements or 
lamp-holders designed for use with heating lamps 
marked near or in the heater (W) ............................ : 

No heating elements N/A 

 A marking referring to ACCOMPANYING DOCUMENTS 
provided for heating elements or lamp-holders 
designed for heating lamps that can be changed 
only by SERVICE PERSONNEL using a TOOL 

 N/A 

7.3.2 Symbol 24 of Table D.1 (symbol IEC 60417-5036, 
DB: 2002-10), or safety sign 3 of Table D.2 used to 
mark presence of HIGH VOLTAGE parts .................... : 

 N/A 

7.3.3 Type of battery and mode of insertion when 
applicable is marked ............................................. : 

Custom battery  N/A 

 An identifying marking provided referring to 
instructions in ACCOMPANYING DOCUMENTS for 
batteries intended to be changed only by SERVICE 
PERSONNEL using a TOOL ......................................... : 

Not intended to be charged by 
service personnel  

N/A 

 A warning provided indicating replacement of 
lithium batteries or fuel cells when incorrect 
replacement by inadequately trained personnel 
would result in an unacceptable RISK (e.g., 
excessive temperatures, fire or explosion) ............. : 

No lithium batteries  N/A 

 An identifying marking also provided referring to 
instructions in ACCOMPANYING DOCUMENTS ............. : 

See Appended RM Results 
Table 7.3.3 

N/A 

7.3.4 Fuses, replaceable THERMAL CUT-OUTS and OVER-
CURRENT RELEASES, accessible by use of a TOOL, 
marked by type and full rating at the component or 
by reference to ACCOMPANYING DOCUMENTS 

Fuses marked  Pass 

 Type  ........................................................................ : T3.15AH250V Pass 

 Voltage (V) and Current (A) rating ........................ : 250V 3.15A Pass 

 Operating speed (s) and Breaking capacity ......... : high Pass 
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7.3.5 PROTECTIVE EARTH TERMINAL marked with symbol 6 
of Table D.1 (IEC 60417-5019, DB: 2002-10), 
except for the PROTECTIVE EARTH TERMINAL in an 
APPLIANCE INLET according to IEC 60320-1 

 

Pass 

 Markings on or adjacent to PROTECTIVE EARTH 
TERMINALS not applied to parts requiring removal to 
make the connection, and remained visible after 
connection made 

 Pass 

7.3.6 Symbol 7 of Table D.1 (IEC 60417-5017, DB: 2002 
-10) marked on FUNCTIONAL EARTH TERMINALS 

No functional earth terminals  N/A 

7.3.7 Terminals for supply conductors marked adjacent to 
terminals, except when no HAZARD would result 
when interchanging connections 

See Appended RM Results 
Table 7.3.7 

N/A 

 Terminal markings included in ACCOMPANYING 
DOCUMENTS when ME EQUIPMENT too small to 
accommodate markings 

 N/A 

 Terminals exclusively for neutral supply conductor 
in PERMANENTLY INSTALLED ME EQUIPMENT marked 
with Code 1 of Table D.3 (Code in IEC 60445) 

 N/A 

 Marking for connection to a 3-phase supply, if 
necessary, complies with IEC 60445 

 N/A 

 Markings on or adjacent to electrical connection 
points not applied to parts requiring removal to 
make connection, and remained visible after 
connection made 

 N/A 

7.3.8 “For supply connections, use wiring materials 
suitable for at least X °C” (where X > than max 
temperature measured in terminal box or wiring 
compartment under NORMAL USE), or equivalent, 
marked at the point of supply connections 

 N/A 

 Statement not applied to parts requiring removal to 
make the connection, and CLEARLY LEGIBLE after 
connections made 

 N/A 

7.4 Marking of controls and instruments  Pass 

7.4.1 The “on” & “off” positions of switch to control power 
to ME EQUIPMENT or its parts, including mains switch, 
marked with symbols 12 and 13 of Table D.1 (IEC 
60417-5007, DB: 2002-10, and IEC 60417-5008, 
DB: 2002-10), or 

 N/A 

 – indicated by an adjacent indicator light, or  N/A 

 – indicated by other unambiguous means  N/A 

 The “on/off” positions of push button switch with bi-
stable positions marked with symbol 14 of Table 
D.1 (IEC 60417-5010 DB: 2002-10), and  

 Pass 

 – status indicated by adjacent indicator light  N/A 
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 – status indicated by other unambiguous means  Pass 

 The “on/off” positions of push button switch with 
momentary on position marked with symbol 15 of 
Table D.1 (symbol 60417-5011 DB: 2002-10), or 

 N/A 

 – status indicated by adjacent indicator light  N/A 

 – status indicated by other unambiguous means  N/A 

7.4.2 Different positions of control devices/switches 
indicated by figures, letters, or other visual means  

 Pass 

 Controls provided with an associated indicating 
device when change of setting of a control could 
result in an unacceptable RISK to PATIENT in 
NORMAL USE, or 

See Appended RM Results 
Table 7.4.2 

Pass 

 – an indication of direction in which magnitude of 
the function changes 

 N/A 

7.4.3 Numeric indications of parameters on ME 
EQUIPMENT expressed in SI units according to ISO 
31 except the base quantities listed in Table 1 
expressed in the indicated units  

 Pass 

 ISO 1000 applied for application of SI units, their 
multiples, and certain other units 

 Pass 

 All Markings in Sub-clause 7.4 complied with tests 
and criteria of 7.1.2 and 7.1.3 

See Appended Tables 7.1.2 
and 7.1.3. 

Pass 

7.5 Safety signs Pass 

 Markings used to convey a warning, prohibition or 
mandatory action mitigating a RISK not obvious to 
OPERATOR are safety signs from ISO 7010 

See Appended RM Results 
Table 7.5 

Pass 

 Affirmative statement together with safety sign 
placed in instructions for use if insufficient space 
on ME EQUIPMENT 

 N/A 

 Specified colours in ISO 3864-1 used for safety 
signs ...................................................................... : 

Safety sign 10 Pass 

 Safety notices include appropriate precautions or 
instructions on how to reduce RISK(S) 

 Pass 

 Safety signs including any supplementary text or 
symbols described in instructions for use  

 Pass 

7.6 Symbols Pass 

7.6.1 Meanings of symbols used for marking described 
in instructions for use ............................................ : 

See Appended Instruction for 
Use. 

Pass 

7.6.2 Symbols required by this standard conform to IEC 
or ISO publication referenced  

 Pass 

7.6.3 Symbols used for controls and performance 
conform to the IEC or ISO publication where 
symbols are defined, as applicable 

 Pass 
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7.7 Colours of the insulation of conductors Pass 

7.7.1 PROTECTIVE EARTH CONDUCTOR identified by green 
and yellow insulation 

 Pass 

7.7.2 Insulation on conductors inside ME EQUIPMENT 
forming PROTECTIVE EARTH CONNECTIONS identified 
by green and yellow at least at terminations  

 Pass 

7.7.3 Green and yellow insulation identify only following 
conductors: 

 Pass 

 – PROTECTIVE EARTH CONDUCTORS   Pass 

 – conductors specified in 7.7.2  Pass 

 – POTENTIAL EQUALIZATION CONDUCTORS   Pass 

 – FUNCTIONAL EARTH CONDUCTORS   N/A 

7.7.4 Neutral conductors of POWER SUPPLY CORDS are 
“light blue” specified in IEC 60227-1 or IEC 60245-
1 

Enclosed cord  N/A 

7.7.5 Colours of conductors in POWER SUPPLY CORDS in 
accordance with IEC 60227-1 or IEC 60245-1 

 Pass 

7.8 Indicator lights and controls Pass 

7.8.1 Red indicator lights mean: Warning (i.e., 
immediate response by OPERATOR required) 

 Pass 

 Yellow indicator lights mean: Caution (i.e., prompt 
response by OPERATOR required) 

 Pass 

 Green indicator lights mean: Ready for use  Pass 

 Other colours, if used: Meaning other than red, 
yellow, or green (colour, meaning) ....................... : 

 N/A 

7.8.2 Red used only for emergency control   Pass 

7.9 ACCOMPANYING DOCUMENTS Pass 

7.9.1 ME EQUIPMENT accompanied by documents 
containing at least instructions for use, and a 
technical description  

21-22-3000 Rev 000Xb Pass 

 ACCOMPANYING DOCUMENTS identify ME EQUIPMENT 
by the following, as applicable: 

 Pass 

 – Name or trade-name of MANUFACTURER and an 
address the RESPONSIBLE ORGANIZATION can be 
referred to ................................................................ : 

CAS Medical Systems, Inc. 
44 East Industrial Road 
Branford, CT 06405 
U.S.A. 

Pass 

 – MODEL or TYPE REFERENCE ................................... : FORE-SIGHT ELITE Pass 

 When ACCOMPANYING DOCUMENTS provided 
electronically (e.g., on CDROM), RISK MANAGEMENT 
PROCESS includes instructions as to what is 
required in hard copy or as markings on ME 
EQUIPMENT (for emergency operation) 

See Appended RM Results 
Table 7.9.1 

Pass 
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 ACCOMPANYING DOCUMENTS specify special skills, 
training, and knowledge required of OPERATOR or 
RESPONSIBLE ORGANIZATION and environmental 
restrictions on locations of use  

21-22-3000 Rev 000Xb 
Intended Audience  

Pass 

 ACCOMPANYING DOCUMENTS written at a level 
consistent with education, training, and other needs 
of individuals for whom they are intended 

 Pass 

7.9.2 Instructions for use include the required information Pass 

7.9.2.1 – intended use of ME EQUIPMENT, 21-22-3000 Rev 000Xb 
Indications for Use 

Pass 

 – frequently used functions, and  Pass 

 – known contraindication(s) to use of ME 
EQUIPMENT 

21-22-3000 Rev 000Xb 
Contraindications 

Pass 

 Classifications as in Clause 6, all markings per 
Clause 7.2, and explanation of safety signs and 
symbols marked on ME EQUIPMENT 

21-22-3000 Rev 000Xb 
Oximeter Classifications of 
Electrical Insulation, Symbols 

Pass 

 Instructions for use are in a language acceptable 
to the intended operator 

 Pass 

7.9.2.2 Instructions for use include all warning and safety 
notices 

 Pass 

 Warning statement for CLASS I ME EQUIPMENT 
indicating: “WARNING: To avoid risk of electric 
shock, this equipment must only be connected to a 
supply mains with protective earth” 

IFU: 21-22-3000 Rev 00Xe.pdf 

Pg 13 

Pass 

 Warnings regarding significant RISKS of reciprocal 
interference posed by ME EQUIPMENT during 
specific investigations or treatments 

21-22-3000 Rev 000Xb 
Warnings in Installation and 
Setup 

Pass  

 Information on potential electromagnetic or other 
interference and advice on how to avoid or minimize 
such interference 

21-22-3000 Rev 000Xb 
Manufacturer’s Declaration of 
Conformity 

Pass 

 Warning statement for ME EQUIPMENT supplied with 
an integral MULTIPLE SOCKET-OUTLET indicating, 
“connecting electrical equipment to MSO effectively 
leads to creating an ME SYSTEM, and can result in a 
reduced level of safety” 

 N/A 

 The RESPONSIBLE ORGANIZATION is referred to this 
standard for the requirements applicable to ME 
SYSTEMS  

21-22-3000 Rev 000Xb 
Standards 

Pass 

7.9.2.3 Statement on ME EQUIPMENT for connection to a 
separate power supply indicating “power supply is 
specified as a part of ME EQUIPMENT or combination 
is specified as a ME SYSTEM” 

 N/A 
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7.9.2.4 Warning statement for mains- operated ME 
EQUIPMENT with additional power source not 
automatically maintained in a fully usable condition 
indicating the necessity for periodic checking or 
replacement of power source 

 N/A 

 Warning to remove primary batteries when ME 
EQUIPMENT is not likely to be used for some time 
when leakage from battery would result in an 
unacceptable RISK ................................................ : 

See Appended RM Results 
Table 7.9.2.4 

N/A 

 Specifications of replaceable INTERNAL ELECTRICAL 
POWER SOURCE when provided ............................. : 

No such source power  N/A 

 Warning indicating ME EQUIPMENT must be 
connected to an appropriate power source when 
loss of power source would result in an 
unacceptable RISK ................................................ : 

See Appended RM Results 
Table 7.9.2.4 

N/A 

7.9.2.5 Instructions for use include a description of ME 
EQUIPMENT, its functions, significant physical and 
performance characteristics together with the 
expected positions of OPERATOR, PATIENT, or other 
persons near ME EQUIPMENT in NORMAL USE 

21-22-3000 Rev 000Xb Basic 
Operations 

Pass 

 Information provided on materials and ingredients 
PATIENT or OPERATOR is exposed to when such 
exposure can constitute an unacceptable RISK 

 N/A 

 Restrictions specified on other equipment or 
NETWORK/DATA COUPLINGS, other than those 
forming part of an ME SYSTEM, to which a SIGNAL 
INPUT/OUTPUT PART may be connected  

 Pass 

 APPLIED PARTS specified 21-22-3000 Rev 000Xb 
Symbols 

Pass 

7.9.2.6 Information provided indicating where the 
installation instructions may be found or 
information on qualified personnel who can 
perform the installation 

21-22-3000 Rev 00Xb 
Installation and Setup 

Pass 

7.9.2.7 Instructions provided indicating not to position ME 
EQUIPMENT to make it difficult to operate the 
disconnection device when an APPLIANCE COUPLER 
or separable plug is used as isolation means to 
meet 8.11.1 a) 

IFU: 21-22-3000 Rev 00Xe.pdf 

Pg 14 

Pass 

7.9.2.8 Necessary information provided for OPERATOR to 
bring ME EQUIPMENT into operation including initial 
control settings, and connection to or positioning of 
PATIENT prior to use of ME EQUIPMENT, its parts, or 
ACCESSORIES  

21-22-3000 Rev 00Xb Basic 
Operations 

Pass 
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7.9.2.9 Information provided to operate ME EQUIPMENT 
including explanation of controls, displays and 
signals, sequence of operation, connection of 
detachable parts or ACCESSORIES, replacement of 
material consumed during operation 

21-22-3000 Rev 00Xb Basic 
Operations 

Pass 

 Meanings of figures, symbols, warning statements, 
abbreviations and indicator lights described in 
instructions for use 

21-22-3000 Rev 00Xb 
Symbols, Responding to 
System Conditions  

Pass 

7.9.2.10 A list of all system messages, error messages, 
and fault messages provided with an explanation 
of messages including important causes and 
possible action(s) to be taken to resolve the 
problem indicated by the message 

21-22-3000 Rev 00Xb 
Responding to System 
Conditions 

Pass 

7.9.2.11 Information provided for the OPERATOR to safely 
terminate operation of ME EQUIPMENT 

21-22-3000 Rev 00Xb Stop 
Monitoring Patient 

Pass 

7.9.2.12 Information provided on cleaning, disinfection, and 
sterilization methods, and applicable parameters 
that can be tolerated by ME EQUIPMENT parts or 
ACCESSORIES specified  

21-22-3000 Rev 00Xb 
Cleaning 

Pass 

 Components, ACCESSORIES or ME EQUIPMENT 
marked for single use, except when required by 
MANUFACTURER to be cleaned, disinfected, or 
sterilized prior to use 

Sensors single use Pass 

7.9.2.13 Instructions provided on preventive inspection, 
calibration, maintenance and its frequency  

21-22-3000 Rev 00Xb 
Maintenance  

Pass 

 Information provided for safe performance of 
routine maintenance necessary to ensure 
continued safe use of ME EQUIPMENT 

21-22-3000 Rev 00Xb 
Maintenance 

Pass 

 Parts requiring preventive inspection and 
maintenance to be performed by SERVICE 
PERSONNEL identified including periods of 
application 

IFU: 21-22-3000 Rev 00Xe.pdf 

 

Pass 

 Instructions provided to ensure adequate 
maintenance of ME EQUIPMENT containing 
rechargeable batteries to be maintained by anyone 
other than SERVICE PERSONNEL 

21-22-3000 Rev 00Xb 
Maintenance 

Pass 

7.9.2.14 A list of ACCESSORIES, detachable parts, and 
materials for use with ME EQUIPMENT provided  

IFU: 21-22-3000 Rev 00Xe.pdf 

Pg 49 

Pass 

 Other equipment providing power to ME SYSTEM 
sufficiently described (e.g. part number, RATED 
VOLTAGE, max or min power, protection class, 
intermittent or continuous service)  

 N/A 

7.9.2.15 RISKS associated with disposal of waste products, 
residues, etc., and of ME EQUIPMENT and 
ACCESSORIES at the end of their EXPECTED SERVICE 
LIFE are identified, and instructions provided on 
minimizing these RISKS  .......................................... : 

21-22-3000 Rev 00Xb Device 
Handling  

Pass 
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7.9.2.16 Instructions for use include information specified in 
7.9.3 or identify where it can be found (e.g. in a 
service manual)  

 Pass 

7.9.3 Technical description Pass 

7.9.3.1 All essential data provided for safe operation, 
transport, storage, and measures or conditions 
necessary for installing ME EQUIPMENT, and 
preparing it for use including the following: 

 Pass 

 – information as in clause 7.2 21-22-3000 Rev 00Xb 
Appendix - Symbols 

Pass 

 – permissible environmental conditions of use 
including conditions for transport and storage 

21-22-3000 Rev 00Xb 
Specifications - Operating 
Environment, 
Storage/Transport 
Environment 

Pass 

 – all characteristics of ME EQUIPMENT including 
range(s), accuracy, and precision of displayed 
values or where they can be found 

21-22-3000 Rev 00Xb 
Specifications - Measurement  

Pass 

 – special installation requirements such as max. 
permissible apparent impedance of SUPPLY MAINS 

21-22-3000 Rev 00Xb General 
Information  

Pass 

 – permissible range of values of inlet pressure and 
flow, and chemical composition of cooling liquid 
used for cooling 

 N/A 

 – a description of means of isolating ME EQUIPMENT 
from SUPPLY MAINS, when such means not in ME 
EQUIPMENT  

21-22-3000 Rev 00Xb 
Installation and Setup 
Warnings 

Pass 

 – a description of means for checking oil level in 
partially sealed oil filled ME EQUIPMENT or its parts 
when applicable 

 N/A 

 – a warning statement addressing HAZARDS that 
can result from unauthorized modification of ME 
EQUIPMENT according to following examples 

IFU: 21-22-3000 Rev 00Xe.pdf 

Pg 37 

Pass 

 “WARNING: No modification of this equipment is 
allowed” 

 Pass 

 “WARNING: Do not modify this equipment without 
authorization of the manufacturer” 

 N/A 

 “WARNING: If this equipment is modified, 
appropriate inspection and testing must be 
conducted to ensure continued safe use of 
equipment” 

 N/A 

 Technical description separable from instructions for use contains required 
information, as follows 

N/A 

 – information as in clause 7.2  N/A 
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 – all applicable classifications in Clause 6, warning 
and safety notices, and explanation of safety signs 
marked on ME EQUIPMENT 

 N/A 

 – a brief description of ME EQUIPMENT, how it 
functions, and its significant physical and 
performance characteristics 

 N/A 

 MANUFACTURER’S optional requirements for 
minimum qualifications of SERVICE PERSONNEL 
documented in technical description 

 N/A 

7.9.3.2 The technical description contains the following required information Pass 

 –type and full rating of fuses used in SUPPLY MAINS 
external to PERMANENTLY INSTALLED ME EQUIPMENT, 
when type and rating of fuses are not apparent 
from information on RATED current and mode of 
operation of ME EQUIPMENT ................................... : 

See Appended RM Results 
Table 7.9.3.2 

N/A 

 – a statement for ME EQUIPMENT with a non-
DETACHABLE POWER SUPPLY CORD if POWER SUPPLY 
CORD is replaceable by SERVICE PERSONNEL, and if 
so, instructions for correct connection and 
anchoring to ensure compliance with 8.11.3  

 N/A 

 – instructions for correct replacement of 
interchangeable or detachable parts specified by 
MANUFACTURER as replaceable by SERVICE 
PERSONNEL, and 

 Pass 

 – warnings identifying nature of HAZARD when 
replacement of a component could result in an 
unacceptable RISK, and when replaceable by 
SERVICE PERSONNEL all information necessary to 
safely replace the component 

IFU: 21-22-3000 Rev 00Xe.pdf 

Pg 13 

Pass 

7.9.3.3 Technical description indicates, MANUFACTURER will 
provide circuit diagrams, component part lists, 
descriptions, calibration instructions to assist to 
SERVICE PERSONNEL in parts repair 

IFU: 21-22-3000 Rev 00Xe.pdf 

Pg 37 

Pass 

7.9.3.4 Means used to comply with requirements of 8.11.1 
clearly identified in technical description  

21-22-3000 Rev 00Xb 
Installation and Setup 
Warnings 

Pass 

 

8 PROTECTION AGAINST ELECTRICAL HAZARDS FROM ME EQUIPMENT — 

8.1 Limits specified in Clause 8.4 not exceeded for 
ACCESSIBLE PARTS and APPLIED PARTS in NORMAL or 
SINGLE FAULT CONDITIONS 

 Pass 

 NORMAL CONDITION considered as simultaneous 
occurrence of situations identified in 8.1a) 

 Pass 

 SINGLE FAULT CONDITION considered to include the 
occurrences as specified in Clause 8.1b) .............. : 

See Appended RM Results 
Tables 8.1b(1), (2), (3) 

Pass 
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 ACCESSIBLE PARTS determined according to 5.9  Pass 

 LEAKAGE CURRENTS measured according to 8.7  Pass 

8.2 Requirements related to power sources N/A 

8.2.1 When ME EQUIPMENT specified for connection to a 
separate power source other than SUPPLY MAINS, 
separate power source considered as part of ME 
EQUIPMENT or combination considered as an ME 
SYSTEM 

 N/A 

 Tests performed with ME EQUIPMENT connected to 
separate power supply when one specified  

 N/A 

 When a generic separate power supply specified, 
specification in ACCOMPANYING DOCUMENTS 
examined 

 N/A 

8.2.2 No HAZARDOUS SITUATION other than absence of 
ESSENTIAL PERFORMANCE developed when a 
connection with wrong polarity made for ME 
EQUIPMENT from an external d.c. source 

See Appended RM Results 
Table 8.2.2 

N/A 

 ME EQUIPMENT connected with correct polarity did 
not present an unacceptable RISK 

 N/A 

 Protective devices that can be reset by anyone 
without a TOOL restore correct operation on reset 

 N/A 

8.3 Classification of APPLIED PARTS Pass 

 a) APPLIED PART specified in ACCOMPANYING 
DOCUMENTS as suitable for DIRECT CARDIAC 
APPLICATION is TYPE CF  

 N/A 

 b) An APPLIED PART provided with a PATIENT 
CONNECTION intended to deliver electrical energy or 
an electrophysiological signal to or from PATIENT is 
TYPE BF or CF APPLIED PART 

 Pass 

 c) An APPLIED PART not covered by a) or b) is a 
TYPE B, BF, or CF  

 N/A 

 d) Requirements of a TYPE B APPLIED PART applied 
to a part in 4.6 to be subjected to requirements for 
an APPLIED PART (except marking)  

 N/A 

 Requirements for a TYPE BF or CF APPLIED PART 
applied as in RISK MANAGEMENT PROCESS  

See Appended RM Results 
Table 8.3d 

N/A 

8.4 Limitation of voltage, current or energy Pass 

8.4.1 PATIENT CONNECTIONS intended to deliver Current N/A 

 Limits in 8.4.2 not applied to currents intended to 
flow through body of PATIENT to produce a 
physiological effect during NORMAL USE 

 N/A 

8.4.2 ACCESSIBLE PARTS including APPLIED PARTS Pass 
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 a) Currents from, to, or between PATIENT 
CONNECTIONS did not exceed limits for PATIENT 
LEAKAGE CURRENT and PATIENT AUXILIARY CURRENT 
per Tables 3 and 4 when measured according to 
Clause 8.7.4......................................................... : 

See appended Table 8.7   

Pass 

 b) LEAKAGE CURRENTS from, to, or between 
ACCESSIBLE PARTS did not exceed limits for TOUCH 
CURRENT in Cl. 8.7.3 c) when measured per Clause 
8.7.4 (mA) ............................................................ : 

See appended Table 8.7  Pass 

 c) Limits specified in b) not applied to parts when 
probability of a connection to a PATIENT, directly or 
through body of OPERATOR, is negligible in NORMAL 
USE, and the OPERATOR is appropriately instructed  

See Appended RM Results 
Table 8.4.2c 

N/A 

 – accessible contacts of connectors  N/A 

 – contacts of fuseholders accessible during 
replacement of fuse 

 N/A 

 – contacts of lampholders accessible after removal 
of lamp 

No lampholders N/A 

 – parts inside an ACCESS COVER that can be 
opened without a TOOL, or where a TOOL is needed 
but the instructions for use instruct an OPERATOR 
other than SERVICE PERSONNEL to open the relevant 
ACCESS COVER 

No such access covers  N/A 

 Voltage to earth or to other ACCESSIBLE PARTS did 
not exceed 42.4 V peak a.c. or 60 V d.c. for above 
parts in NORMAL or single fault condition (V a.c. or 
d.c.) ...................................................................... : 

See appended Table 8.4.2  N/A 

 Limit of 60 V d.c applied with no more than 10% 
peak-to-peak ripple, and when ripple larger than 
specified value, 42.4 V peak limit applied (V d.c.) : 

See appended Table 8.4.2 N/A 

 Energy did not exceed 240 VA for longer than 60 s 
or stored energy available did not exceed 20 J at a 
potential up to 2 V (VA or J) ................................ : 

See appended Table 8.4.2 N/A 

 LEAKAGE CURRENT limits referred to in 8.4.2 b) 
applied when voltages higher than limits in 8.4.2 c) 
were present (mA) ............................................... : 

See appended Table 8.4.2 N/A 

 d) Voltage and energy limits specified in c) above 
also applied to the following: 

 N/A 

 – internal parts, other than contacts of plugs, 
connectors and socket-outlets, touchable by test 
pin in Fig 8 inserted through an opening in an 
ENCLOSURE; and 

 N/A 
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 – internal parts touchable by a metal test rod with 
a diameter of 4 mm and a length of 100 mm, 
inserted through any opening on top of ENCLOSURE 
or through any opening provided for adjustment of 
pre-set controls using a TOOL 

 N/A 

 Test pin or the test rod inserted through relevant 
openings with minimal force of no more than 1 N 

 N/A 

 Test rod inserted in every possible position 
through openings provided for adjustment of pre-
set controls that can be adjusted in NORMAL USE, 
with a force of 10 N 

 N/A 

 Test repeated with a TOOL specified in instructions 
for use  

 N/A 

 Test rod freely and vertically suspended through 
openings on top of ENCLOSURE 

 N/A 

 e) Devices used to de-energize parts when an 
ACCESS COVER opened without a TOOL gives 
access to parts at voltages above levels permitted 
by this Clause comply with 8.11.1 for mains 
isolating switches and remain effective in SINGLE 
FAULT CONDITION  

 N/A 

 A TOOL is required when it is possible to prevent 
the devices from operating 

 N/A 

8.4.3 Worst case voltage between pins of plug and 
between either supply pin and ENCLOSURE did not 
exceed 60 V one s after disconnecting the plug of 
ME EQUIPMENT or its parts (V) ............................... : 

See appended Table 8.4.3 Pass 

 A triggering circuit used to ensure disconnection 
occurred at peak of supply voltage waveform 

 Pass 

 When voltage exceeded 60 V, calculated or 
measured stored charge didn’t exceed 45 µC....... : 

See appended Table 8.4.3 N/A 

8.4.4 Residual voltage of conductive parts of capacitive 
circuits, having become accessible after ME 
EQUIPMENT was de-energized after removal of 
ACCESS COVERS, didn’t exceed 60V or calculated 
stored charge didn’t exceed 45µC ......................... : 

See appended Table 8.4.4 N/A 

 A device manually discharging capacitors used 
when automatic discharging was not possible and 
ACCESS COVERS could be removed only with aid of 
a TOOL 

 N/A 

 Capacitor(s) and connected circuitry marked with 
symbol 24 of Table D.1 (IEC 60417-5036, DB: 
2002-10), and manual discharging device 
specified in technical description ......................... : 

 N/A 

8.5 Separation of parts Pass 

8.5.1 MEANS OF PROTECTION (MOP) Pass 
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8.5.1.1 Two MEANS of PROTECTION provided for ME 
EQUIPMENT to prevent APPLIED and other 
ACCESSIBLE PARTS from exceeding limits in 8.4 

 Pass 

 Each MEANS OF PROTECTION categorized as a 
MEANS OF PATIENT PROTECTION or a MEANS OF 
OPERATOR PROTECTION, taking into account Clause 
4.6, and flow chart in Fig A.12 

 Pass 

 Varnishing, enameling, oxidation, and similar 
protective finishes and coatings with sealing 
compounds replasticizing at temperatures 
expected during operation and sterilization 
disregarded as MEANS OF PROTECTION 

 Pass 

 Coatings and other insulation intended as a MEANS 
OF PROTECTION complying with IEC 60950-1:2001 
considered acceptable as a MEANS OF OPERATOR 
PROTECTION but not automatically as a MEANS OF 
PATIENT PROTECTION  

None used a MOP N/A 

 RISK MANAGEMENT PROCESS taken into 
consideration for MEANS OF PATIENT PROTECTION  

 Pass 

 Components and wiring forming a MEANS OF 
PROTECTION comply with 8.10 

 Pass 

 Insulation, CREEPAGE, CLEARANCES, components or 
earth connections not complying with 8.5.1.2 and 
8.5.1.3 not considered as MEANS OF PROTECTION, 
and failure of these parts regarded as NORMAL 
CONDITION 

 Pass 

8.5.1.2 MEANS OF PATIENT PROTECTION (MOPP)  Pass 

 Solid insulation forming a MEANS OF PATIENT 
PROTECTION complied with dielectric strength test 
of Clause 8.8 at test voltage of Table 6 

 Pass 

 CREEPAGE and CLEARANCES forming a MEANS OF 
PATIENT PROTECTION complied with Table 12 

 Pass 

 PROTECTIVE EARTH CONNECTIONS forming a MEANS 
OF PATIENT PROTECTION complied with Cl. 8.6 

 Pass 

 A Y1 capacitor complying with IEC 60384-14 and 
having passed dielectric strength test for two 
MEANS OF PATIENT PROTECTION considered 
equivalent to one MEANS OF PATIENT PROTECTION  

See Appended Tables 8.8.3 
and 8.10  

Pass 

 Two capacitors used in series, each RATED for total 
WORKING VOLTAGE across the pair and have the 
same NOMINAL capacitance  

Not used N/A 

 Voltage Total Working (V) and C Nominal (µF) ............... : 1000pF, 20%, 250VAC, X1/Y1, 
Radial 0.394" LS 

 Pass 

8.5.1.3 MEANS OF OPERATOR PROTECTION (MOOP)  Pass 
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 Solid insulation forming a MEANS OF OPERATOR 
PROTECTION complied with: 

 Pass 

 – dielectric strength test of 8.8 at test voltage of 
Table 6; or 

 Pass 

 – requirements of IEC 60950-1 for INSULATION CO-
ORDINATION 

 Pass 

 CREEPAGE and CLEARANCES forming a MEANS OF 
OPERATOR PROTECTION complied with:  

 Pass 

 – limits of Tables 13 to 16 (inclusive); or  Pass 

 – requirements of IEC 60950-1 for INSULATION CO-
ORDINATION 

 Pass 

 PROTECTIVE EARTH CONNECTIONS forming a MEANS 
OF OPERATOR PROTECTION complied with Cl. 8.6, or  

 Pass 

 – requirements and tests of IEC 60950-1 for 
protective earthing ................................................ : 

 Pass 

 A Y2 capacitor complying with IEC 60384-14 and 
passing dielectric strength test for one MEANS OF 
OPERATOR PROTECTION considered equivalent to 
one MEANS OF OPERATOR PROTECTION ................... : 

See Appended Tables 8.8.3 
and 8.10 

None used  

N/A 

 A Y1 capacitor complying with IEC 60384-14 and 
having passed dielectric strength test for two 
MEANS OF OPERATOR PROTECTION considered 
equivalent to two MEANS OF OPERATOR PROTECTION
 .............................................................................. : 

See Appended Tables 8.8.3 
and 8.10 

 

Pass 

 Two capacitors used in series each RATED for total 
WORKING VOLTAGE across the pair and have the 
same NOMINAL capacitance  

Not used N/A 

 Voltage Total Working (V) and C Nominal (µF) ............... : 1000pF, 20%, 250VAC, 
X1/Y1, Radial 0.394" LS 

Pass 

 Points at which impedances of components, 
CREEPAGE, CLEARANCES, PROTECTIVE EARTH 
CONNECTIONS or insulation, prevent ACCESSIBLE 
PARTS from exceeding limits in 8.4 examined 
whether a failure at any of these points is to be 
regarded as a NORMAL or SINGLE FAULT CONDITION 

No such points  N/A 

 A MEANS OF PROTECTION protecting APPLIED PARTS, 
or parts identified by 4.6 as parts subject to the 
same requirements, considered MEANS OF PATIENT 
PROTECTION .......................................................... : 

 Pass 

 A MEANS OF PROTECTION protecting other parts 
considered MEANS OF OPERATOR PROTECTION ...... : 

 Pass 

8.5.2 Separation of PATIENT CONNECTIONS Pass 
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8.5.2.1 PATIENT CONNECTIONS of F-TYPE APPLIED PART 
separated from all other parts by equivalent to one 
MEANS OF PATIENT PROTECTION for a WORKING 
VOLTAGE equal to maximum MAINS VOLTAGE and 
complied with limit for PATIENT LEAKAGE CURRENT at 
110 % of max. MAINS VOLTAGE  ............................ : 

See appended Table 8.7 

 

Pass 

 

 Separation requirement not applied between 
multiple functions of a single F-TYPE APPLIED PART  

 Pass 

 PATIENT CONNECTIONS treated as one APPLIED PART 
in the absence of electrical separation between 
PATIENT CONNECTIONS of same or another function 

 Pass 

 MANUFACTURER has defined if multiple functions 
are to be considered as all within one APPLIED PART 
or as multiple APPLIED PARTS  ................................. : 

 Pass 

 Classification as TYPE BF, CF, or DEFIBRILLATION-
PROOF applied to one entire APPLIED PART 

BF, defibrillation proof  Pass 

 LEAKAGE CURRENT tests conducted per 8.7.4 ....... : See appended Table 8.7 Pass 

 Dielectric strength test conducted per 8.8.3 ......... : See appended Table 8.8.3 Pass 

 CREEPAGE and CLEARANCES measured per 8.9 and 
Tables 11 to 16 as applicable 

 Pass 

 A protective device connected between PATIENT 
CONNECTIONS of an F-TYPE APPLIED PART and 
ENCLOSURE to protect against excessive voltages 
did not operate below 500 V r.m.s 

 Pass 

8.5.2.2 PATIENT CONNECTIONS of a TYPE B APPLIED PART not 
PROTECTIVELY EARTHED are separated by one 
MEANS OF PATIENT PROTECTION from metal 
ACCESSIBLE PARTS not PROTECTIVELY EARTHED ...... : 

See Appended RM Results 
Table 8.5.2.2 

N/A 

 – except when metal ACCESSIBLE PART is physically 
close to APPLIED PART and can be regarded as a 
part of APPLIED PART; and 

 N/A 

 – RISK that metal ACCESSIBLE PART will make 
contact with a source of voltage or LEAKAGE 
CURRENT above permitted limits is acceptably low 

 N/A 

 LEAKAGE CURRENT tests conducted per 8.7.4 ....... : See appended Table 8.7 N/A 

 Dielectric strength test conducted per 8.8.3 ......... : See appended Table 8.8.3 N/A 

 Relevant CREEPAGE and CLEARANCES measured 
per 8.9 and Tables 11 to 16 as applicable 

 N/A 

 The RISK MANAGEMENT FILE reviewed  N/A 

8.5.2.3 A connector on a PATIENT lead located at the end of the lead remote from PATIENT, 
with conductive part not separated from all PATIENT CONNECTIONS by one MEANS 
OF PATIENT PROTECTION for a WORKING VOLTAGE equal to MAXIMUM MAINS VOLTAGE  

N/A 
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 - cannot be connected to earth or hazardous 
voltage while the PATIENT CONNECTIONS are in 
contact with PATIENT ............................................. : 

No patient leads  N/A 

 – conductive part of connector not separated from 
all PATIENT CONNECTIONS did not come into contact 
with a flat conductive plate of not less than 100 
mm diameter 

 N/A 

 – CLEARANCE between connector pins and a flat 
surface is at least 0.5 mm 

 N/A 

 – conductive part pluggable into a mains socket 
protected from making contact with parts at MAINS 
VOLTAGE by insulation with a CREEPAGE DISTANCE of 
at least 1.0 mm, a 1500 V dielectric strength and 
complying with 8.8.4.1 

 N/A 

 – required test finger did not make electrical 
contact with conductive part when applied against 
access openings with a force of 10 N, except when 
RISK MANAGEMENT PROCESS indicated no 
unacceptable RISK existed from contact with 
objects other than a mains socket or a flat surface : 

See Appended RM Results 
Table 8.5.2.3 

N/A 

8.5.3 MAXIMUM MAINS VOLTAGE Pass 

 – MAXIMUM MAINS VOLTAGE determined to be the 
highest RATED supply voltage for single-phase or 
d.c. SUPPLY MAINS powered ME EQUIPMENT, as well 
as INTERNALLY POWERED ME EQUIPMENT with a 
means of connection to a SUPPLY MAINS (V) ........ : 

240 VAC Pass 

 When less than 100 V, MAXIMUM MAINS VOLTAGE 
was 250 V 

 N/A 

 – MAXIMUM MAINS VOLTAGE was the highest RATED 
phase to neutral supply voltage for poly-phase ME 
EQUIPMENT (V) ...................................................... : 

 N/A 

 – for other INTERNALLY POWERED ME EQUIPMENT, 
maximum mains voltage was 250 V 

35VDC Pass 

8.5.4 WORKING VOLTAGE  N/A 

 – Input supply voltage to ME EQUIPMENT was RATED 
voltage or voltage within RATED range resulting in 
highest measured value (V) ................................. : 

Certified power supply N/A 

 – WORKING VOLTAGE for d.c. voltages with 
superimposed ripple was average value when 
peak-to-peak ripple less than 10% of average 
value or peak voltage when peak-to-peak ripple 
exceeding 10% of average value (V) .................. : 

Certified power supply N/A 

 – WORKING VOLTAGE for each MEANS OF 
PROTECTION forming DOUBLE INSULATION was 
voltage DOUBLE INSULATION, as a whole, subjected 
to (V) .................................................................... : 

See Insulation Diagram and 
Insulation Table 

Certified power supply 

N/A 
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 – Intentional or accidental earthing of PATIENT 
regarded as a NORMAL CONDITION for WORKING 
VOLTAGE involving a PATIENT CONNECTION not 
connected to earth 

Certified power supply N/A 

 – WORKING VOLTAGE between PATIENT 
CONNECTIONS of an F-TYPE APPLIED PART and 
ENCLOSURE was highest voltage appearing across 
insulation in NORMAL USE including earthing of any 
part of APPLIED PART (V) ....................................... : 

Certified power supply N/A 

 – WORKING VOLTAGE for DEFIBRILLATION-PROOF 
APPLIED PARTS determined disregarding possible 
presence of defibrillation voltages 

Certified power supply N/A 

 – WORKING VOLTAGE was equal to resonance 
voltage in case of motors provided with capacitors 
between the point where a winding and a capacitor 
are connected together and a terminal for external 
conductors (V) ..................................................... : 

Certified power supply N/A 

8.5.5 DEFIBRILLATION-PROOF APPLIED PARTS  Pass 

8.5.5.1 Classification “DEFIBRILLATION-PROOF APPLIED PART” 
applied to one APPLIED PART in its entirety, but not 
separate functions of same APPLIED PART  

 Pass 

 Possibility of an OPERATOR receiving a shock from 
such parts taken into consideration in RISK 
MANAGEMENT PROCESS 

21-07-0304 and 21-07-0306 
Hazard 4.1.1.8 

Pass 

 Isolation of PATIENT CONNECTIONS of a 
DEFIBRILLATION-PROOF APPLIED PART from other 
parts of ME EQUIPMENT accomplished as follows: 

 Pass 

 a) No hazardous electrical energies appear during 
a discharge of cardiac defibrillator  ....................... : 

See Appended Table 
8.5.5.1a 

Pass 

 b) ME EQUIPMENT complied with relevant 
requirements of this standard, providing BASIC 
SAFETY and ESSENTIAL PERFORMANCE following 
exposure to defibrillation voltage, and recovery 
time stated in ACCOMPANYING DOCUMENTS ............ : 

See Appended Table 
8.5.5.1b 

Pass 

8.5.5.2 Means provided to limit energy delivered to a 100 
Ω load to at least 90% of energy delivered to this 
load with ME EQUIPMENT disconnected  ................. : 

See Appended Table 8.5.5.2 Pass 

8.6 Protective and functional earthing and potential equalization of ME EQUIPMENT Pass 

8.6.1 Requirements of 8.6.2 to 8.6.8 applied  Pass 

 Parts complying with IEC 60950-1 for protective 
earthing and serving as MEANS OF OPERATOR 
PROTECTION but not PATIENT PROTECTION exempted 
from requirements of 8.6.2 to 8.6.8 

 N/A 
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8.6.2 PROTECTIVE EARTH TERMINAL is suitable for 
connection to an external protective earthing 
system by a PROTECTIVE EARTH CONDUCTOR in a 
POWER SUPPLY CORD and a suitable plug or by a 
FIXED PROTECTIVE EARTH CONDUCTOR ................... : 

 Pass 

 Clamping means of PROTECTIVE EARTH TERMINAL of 
ME EQUIPMENT for FIXED supply conductors or 
POWER SUPPLY CORDS comply with 8.11.4.3, and 
cannot be loosened without TOOL 

 N/A 

 Screws for internal PROTECTIVE EARTH 
CONNECTIONS completely covered or protected 
against accidental loosening from outside .......... : 

 Pass 

 Earth pin of APPLIANCE INLET forming supply 
connection to ME EQUIPMENT regarded as 
PROTECTIVE EARTH TERMINAL 

 Pass 

 PROTECTIVE EARTH TERMINAL not used for 
mechanical connection between different parts of 
ME EQUIPMENT or securing components not related 
to protective or functional earthing 

 Pass 

8.6.3 PROTECTIVE EARTH CONNECTION not used for a 
moving part, except when MANUFACTURER 
demonstrated in RISK MANAGEMENT FILE connection 
will remain reliable during EXPECTED SERVICE LIFE  : 

See Appended RM Results 
Table 8.6.3 

Pass 

8.6.4 a) PROTECTIVE EARTH CONNECTIONS carried fault 
currents reliably and without excessive voltage 
drop 

See appended Table 8.6.4 Pass 

 b) Allowable TOUCH CURRENT and PATIENT LEAKAGE 
CURRENT in SINGLE FAULT CONDITION were not 
exceeded, when impedance of PROTECTIVE EARTH 
CONNECTIONS exceeded values in 8.6.4 a) and 
Table 8.6.4, due to limited current capability of 
relevant circuits ..................................................... : 

See appended Table 8.6.4 & 
Clause 8.7 

 

Pass 

8.6.5 Surface coatings N/A 

 Poorly conducting surface coatings on conductive 
elements removed at the point of contact  

 N/A 

 Coating not removed when requirements for 
impedance and current-carrying capacity met 

 N/A 

8.6.6 Plugs and sockets Pass 

 PROTECTIVE EARTH CONNECTION where connection 
between SUPPLY MAINS and ME EQUIPMENT or 
between separate parts of ME EQUIPMENT made via 
a plug and socket was made before and 
interrupted after supply connections  

 Pass 

 - applied also where interchangeable parts are 
PROTECTIVELY EARTHED 

 N/A 

8.6.7 Terminal for connection of a POTENTIAL EQUALIZATION CONDUCTOR  Pass 
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 – Terminal is accessible to OPERATOR with ME 
EQUIPMENT in any position of NORMAL USE 

 Pass 

 – RISK of accidental disconnection minimized in 
NORMAL USE 

 Pass 

 – Terminal allows conductor to be detached 
without a TOOL 

 Pass 

 – Terminal not used for a PROTECTIVE EARTH 
CONNECTION 

 Pass 

 – Terminal marked with symbol 8 of Table D.1 
(i.e., symbol IEC 60417-5021)  

 Pass 

 – Instructions for use contain information on 
function and use of POTENTIAL EQUALIZATION 
CONDUCTOR together with a reference to 
requirements of this standard 

 Pass 

 POWER SUPPLY CORD does not incorporate a 
POTENTIAL EQUALIZATION CONDUCTOR 

 Pass 

8.6.8 FUNCTIONAL EARTH TERMINAL not used to provide a 
PROTECTIVE EARTH CONNECTION 

No functional earth N/A 

8.6.9 Class II ME EQUIPMENT N/A 

 Third conductor of POWER SUPPLY CORD connected 
to protective earth contact of MAINS PLUG provided 
with CLASS II ME EQUIPMENT with isolated internal 
screens used as functional earth connection to the 
screen’s FUNCTIONAL EARTH TERMINAL, coloured 
green and yellow 

Not Class II N/A 

 Two MEANS OF PROTECTION provided by insulation 
of internal screens and all internal wiring 
connected to them with a related explanation in 
technical description ............................................ : 

 N/A 

8.7 LEAKAGE CURRENTS and PATIENT AUXILIARY CURRENTS Pass 

8.7.1 a) Electrical isolation providing protection against 
electric shock limits currents to values in 8.7.3 .... : 

See appended Tables 8.7  Pass 

 b) Specified values of EARTH LEAKAGE, TOUCH, 
PATIENT LEAKAGE, and PATIENT AUXILIARY CURRENTS 
applied in combination of conditions in appended 
Table 8.7 ............................................................... : 

See appended Tables 8.7 Pass 

8.7.2 Allowable values specified in 8.7.3 applied under 
SINGLE FAULT CONDITIONS of 8.1 b), except  

 Pass 

 – where insulation used in conjunction with a 
PROTECTIVE EARTH CONNECTION, insulation short 
circuited only under conditions in 8.6.4 b) 

 Pass 

 – the only SINGLE FAULT CONDITION for EARTH 
LEAKAGE CURRENT was interruption of one supply 
conductor at a time 

 Pass 
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 – LEAKAGE CURRENTS and PATIENT AUXILIARY 
CURRENT not measured in SINGLE FAULT CONDITION 
of short circuiting of one constituent part of DOUBLE 
INSULATION 

 Pass 

 SINGLE FAULT CONDITIONS not applied at same time 
as special test conditions of MAXIMUM MAINS 
VOLTAGE on APPLIED PARTS and non-PROTECTIVELY 
EARTHED parts of ENCLOSURE 

 Pass 

8.7.3 Allowable Values Pass 

 a) Allowable values in 8.7.3 b), c), and d) 
measured based on, and are relative to currents in 
Fig 12 a), or by a device measuring frequency 
contents of currents as in Fig 12 b ....................... : 

See appended Tables 8.7 Pass 

 b) Allowable values of PATIENT LEAKAGE and 
AUXILIARY CURRENTS are according to Tables 3 & 4, 
and values of a.c. are relative to currents having a 
frequency not less than 0.1Hz .............................. : 

See appended Tables 8.7 Pass 

 c) TOUCH CURRENT did not exceed 100 µA in 
NORMAL CONDITION and 500 µA in SINGLE FAULT 
CONDITION (ITNC, ITSFC) ............................................ : 

See appended Tables 8.7 Pass 

 d) EARTH LEAKAGE CURRENT did not exceed 5 mA in 
NORMAL CONDITION and 10 mA in SINGLE FAULT 
CONDITION (IENC, IESFC) ........................................... :  

See appended Tables 8.7 Pass 

 Higher values of EARTH LEAKAGE CURRENT 
permitted for PERMANENTLY INSTALLED ME 
EQUIPMENT connected to a supply circuit supplying 
only this ME EQUIPMENT according to local 
regulations or IEC 60364-7-710 ........................... : 

See appended Tables 8.7 N/A 

 e) LEAKAGE CURRENTS, regardless of waveform and 
frequency, did not exceed 10 mA r.m.s. in NORMAL 
or in SINGLE FAULT CONDITION (measured with a 
non-frequency-weighted device............................ : 

See appended Tables 8.7 Pass 

8.7.4 LEAKAGE and PATIENT AUXILIARY CURRENTS 
measurements ...................................................... : 

See appended Tables 8.7 Pass 

8.8 Insulation Pass 

8.8.1 Insulation relied on as MEANS OF PROTECTION, 
including REINFORCED INSULATION and insulation 
between parts of opposite polarity of MAINS PART 
on SUPPLY MAINS side of mains fuse or OVER-
CURRENT RELEASE 

 Pass 

 Insulation exempted from test (complies with 
clause 4.8) 

None exempt from testing  N/A 

 Insulation forming MEANS OF OPERATOR PROTECTION 
and complying with IEC 60950-1 for INSULATION 
CO-ORDINATION not tested as in 8.8  

 Pass 

8.8.2 Distance through solid insulation or use of thin sheet material N/A 
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 Solid insulation forming SUPPLEMENTARY or 
REINFORCED INSULATION for a PEAK WORKING 
VOLTAGE greater than 71 V provided with: 

Not used  N/A 

 a) 0.4 mm, min, distance through insulation, or  N/A 

 b) does not form part of an ENCLOSURE and not 
subject to handling or abrasion during NORMAL USE, 
and comprised of: 

 N/A 

 – at least two layers of material, each passed the 
appropriate dielectric strength test, or 

See appended Table 8.8.3 N/A 

 – three layers of material, for which all 
combinations of two layers together passed the 
appropriate dielectric strength test 

See appended Table 8.8.3 N/A 

 Dielectric strength test for one or two layers was 
same as for one MEANS OF PROTECTION for 
SUPPLEMENTARY INSULATION  

 N/A 

 Dielectric strength test for one or two layers was 
same as for two MEANS OF PROTECTION for 
REINFORCED INSULATION 

 N/A 

 BASIC, SUPPLEMENTARY, and REINFORCED 
INSULATION required between windings of wound 
components separated by interleaved insulation 
complying with a) or b), or both, except when 

 N/A 

 c) Wire with solid insulation, other than solvent 
based enamel, complying with a) 

 N/A 

 d) Wire with multi-layer extruded or spirally 
wrapped insulation complying with b) and 
complying with Annex L 

 N/A 

 e) Finished wire with spirally wrapped or multi-
layer extruded insulation, complying with Annex L 

 N/A 

 – BASIC INSULATION: minimum two wrapped layers 
or one extruded layer 

 N/A 

 – SUPPLEMENTARY INSULATION: minimum two 
layers, wrapped or extruded 

 N/A 

 – REINFORCED INSULATION: minimum three layers, 
wrapped or extruded 

 N/A 

 In d) and e), for spirally wrapped insulation with 
CREEPAGE DISTANCES between layers less than in 
Table 12 or 16 (Pollution Degree 1) depending on 
type of insulation, path between layers sealed as a 
cemented joint in 8.9.3.3 and test voltages of TYPE 
TESTS in L.3 equal 1.6 times of normal values 

 N/A 
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 Protection against mechanical stress provided 
where two insulated wires or one bare and one 
insulated wire are in contact inside wound 
component, crossing at an angle between 45° and 
90° and subject to winding tension ...................... :  

 N/A 

 Finished component complied with routine 
dielectric strength tests of 8.8.3 ........................... : 

See appended Table 8.8.3 Pass 

 Tests of Annex L not repeated since material data 
sheets confirm compliance .................................. : 

See Table 8.10 and Material 
Information Attachment  

N/A 

8.8.3 Dielectric Strength Pass 

 Solid insulating materials with a safety function 
withstood dielectric strength test voltages  ........... : 

See appended Table 8.8.3 Pass 

8.8.4 Insulation other than wire insulation Pass 

8.8.4.1 Resistance to heat retained by all insulation and 
insulating partition walls during EXPECTED SERVICE 
LIFE of ME EQUIPMENT 

 Pass 

 ME EQUIPMENT and RISK MANAGEMENT FILE 
examined in conjunction with resistance to 
moisture, dielectric strength, and mechanical 
strength tests ........................................................ : 

See Appended RM Results 
Table 8.8.4.1 

Pass 

 Satisfactory evidence of compliance provided by 
manufacturer for resistance to heat ...................... : 

Test performed  N/A 

 Tests conducted in absence of satisfactory 
evidence for resistance to heat............................. :  

Test performed Pass 

 a) ENCLOSURE and other external parts of 
insulating material, except insulation of flexible 
cords and parts of ceramic material, subjected to 
ball-pressure test using apparatus of Fig 21 

See Table 8.8.4.1 Pass 

 b) Parts of insulating material supporting 
uninsulated parts of MAINS PART subjected to ball-
pressure test in a), except at 125 °C ± 2 ° C or 
ambient indicated in technical description ±2°C 
plus temperature rise determined during test of 
11.1 of relevant part, if higher (°C) ....................... : 

See Table 8.8.4.1 N/A 

 Test not performed on parts of ceramic material, 
insulating parts of commutators, brush-caps, and 
similar, and on coil formers not used as 
REINFORCED INSULATION 

 N/A 

8.8.4.2 Resistance to environmental stress N/A 

 Insulating characteristics and mechanical strength 
of all MEANS OF PROTECTION not likely to be 
impaired by environmental stresses including 
deposition of dirt resulting from wear of parts 
within EQUIPMENT, potentially reducing CREEPAGE 
and CLEARANCES below 8.9 

 N/A 
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 Ceramic and similar materials not tightly sintered, 
and beads alone not used as SUPPLEMENTARY or 
REINFORCED INSULATION 

 N/A 

 Insulating material with embedded heating 
conductors considered as one MEANS OF 
PROTECTION but not two MEANS OF PROTECTION 

 N/A 

 Parts of natural latex rubber aged by suspending 
samples freely in an oxygen cylinder containing 
commercial oxygen to a pressure of 2.1 MPa ± 70 
kPa, with an effective capacity of at least 10 times 
volume of samples 

 N/A 

 There were no cracks visible to naked eyes after 
samples kept in cylinder at 70 °C ± 2 °C for 96h, 
and afterwards, left at room temperature for at 
least 16h 

 N/A 

8.9 CREEPAGE DISTANCES and AIR CLEARANCES Pass 

8.9.1.1 CREEPAGE DISTANCES and AIR CLEARANCES are ≥ to 
values in Tables 11 to 16 (inclusive), except as 
specified in Clauses 8.9.1.2 to 8.9.1.15  

 Pass 

8.9.1.2 Tables 11 to 16 (inclusive) not applied to 
CREEPAGE and CLEARANCES forming MEANS OF 
OPERATOR PROTECTION per IEC 60950-1 for 
INSULATION CO-ORDINATION and used under 
conditions compliance was tested 

Not used  N/A 

8.9.1.3 Specified min CLEARANCE applied as min 
CREEPAGE for CREEPAGE DISTANCES across glass, 
mica, ceramic and other inorganic insulating 
materials with similar tracking characteristics 

 Pass 

8.9.1.4 When min CREEPAGE derived from Tables 11 to 16 
(inclusive) was less than min applicable 
CLEARANCE, value of min CLEARANCE applied as 
min CREEPAGE DISTANCE 

 Pass 

8.9.1.5 ME EQUIPMENT RATED to operate at an altitude of 
2000 m 

 Pass 

 ME EQUIPMENT RATED to operate at an altitude 
specified by MANUFACTURER (m) .......................... : 

 N/A 

 Operating altitude corresponding to actual air 
pressure for ME EQUIPMENT intended for 
pressurized environments (e.g., aircraft) used to 
determine multiplication factor from Table 8, and 
AIR CLEARANCE was multiplied by this factor 

Not pressurized  N/A 

 CREEPAGE DISTANCES not subjected to 
multiplication factors, but were at least as large as 
the resulting value for AIR CLEARANCE 

 Pass 
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8.9.1.6 When WORKING VOLTAGE was between those in 
Tables 11 to 16 (inclusive), CREEPAGE and 
CLEARANCES calculated as follows: 

 Pass 

 – CREEPAGE DISTANCES determined by linear 
interpolation between the nearest two values, and 
the calculated spacing rounded off to the next 
higher 0.1 mm increment (mm) ........................... : 

See Insulation 
Diagram/Table. 

Pass 

 – CLEARANCES for PEAK WORKING VOLTAGES above 
2800 V peak or d.c. determined by linear 
interpolation between the nearest two values, and 
the calculated spacing rounded off to the next 
higher 0.1 mm increment (mm) ........................... : 

See Insulation 
Diagram/Table. 

Pass 

 – for AIR CLEARANCES corresponding to PEAK 
WORKING VOLTAGE up to 2800 V peak or d.c., the 
higher of the two values applied 

 Pass 

 

8.9.1.7 Material groups classified in accordance with 
Table 9 (Material Group) ..................................... : 

See Insulation 
Diagram/Table. 

Pass 

 Material group evaluated using 50 drops of 
solution A based on test data for material 
according to IEC 60112 ....................................... : 

Not evaluated N/A 

 Material of unknown group considered IIIb  Pass 

8.9.1.8 – Pollution degree 1: Micro-environment sealed to 
exclude dust and moisture  

 N/A 

 – Pollution degree 2: Micro-environment with non-
conductive pollution, except occasional 
conductivity caused by condensation 

 Pass 

 – Pollution degree 3: Micro-environment subject to 
conductive pollution, or dry non-conductive 
pollution that could become conductive due to 
expected condensation 

 N/A 

 – Pollution degree 4: Micro-environment where 
continuous conductivity occurs due to conductive 
dust, rain, or other wet conditions 

 N/A 

 Pollution degree 4 not used for insulation providing 
a MEANS OF PROTECTION 

 N/A 

 Where insulation between MAINS PART and earth 
might be compromised, measures such as 
maintenance ensure that micro-environment is 
mitigated to a lower pollution degree 

 N/A 

8.9.1.9 Overvoltage category classification; value of MAINS 
TRANSIENT VOLTAGE determined from overvoltage 
category per IEC60664-1 and NOMINAL a.c. MAINS 
VOLTAGE using Table 10  

 Pass 

 V MT Peak (V)  ...................................................... : 2500 Pass 

 V MN r.m.s (V) ....................................................... : 250 Pass 
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8.9.1.10 AIR CLEARANCE for MAINS PARTS (operating on 
RATED MAINS VOLTAGES up to 300 V) were values 
for r.m.s. or d.c. RATED MAINS VOLTAGE in Table 13 
plus additional CLEARANCE in Table 14 for PEAK 
WORKING VOLTAGE 

Max 250 VAC N/A 

8.9.1.11 SUPPLY MAINS overvoltage category II applied 
according to IEC 60664-1 

 Pass 

 For ME EQUIPMENT intended for overvoltage 
category III, Tables 13 to 15 (inclusive) not used 
for clearance, instead values in the next MAINS 
TRANSIENT VOLTAGE column upwards used 

 N/A 

 When PATIENT protection (Table 12) is required for 
use of ME EQUIPMENT on overvoltage category III 
SUPPLY MAINS, guidance provided on values 
required in the rationale for Cl. 8.9 used 

 N/A 

8.9.1.12 A SECONDARY CIRCUIT derived from a SUPPLY 
MAINS, normally, considered to be overvoltage 
category I according to IEC 60664-1 when the 
MAINS PART is overvoltage category II (Table 15) 

 N/A 

 Table 15 applied to earthed SECONDARY CIRCUIT or 
INTERNALLY POWERED ME EQUIPMENT   

 N/A 

 Requirements for primary circuits in Tables 13 and 
14 used for an unearthed SECONDARY CIRCUIT 
derived from a SUPPLY MAINS 

 Pass 

 Table 15 applied when SECONDARY CIRCUIT was 
separated from MAINS PART by a functionally 
earthed or PROTECTIVELY EARTHED metal screen or 
transients in SECONDARY CIRCUIT were below the 
levels expected for overvoltage category I  

 N/A 

 Table 15 column for circuits not subject to 
transient overvoltages applied to: 

 N/A 

 – d.c. SECONDARY CIRCUITS reliably connected to 
earth and have capacitive filtering limiting peak-to-
peak ripple to 10 % of d.c. voltage, and 

 N/A 

 – circuits in INTERNALLY POWERED ME EQUIPMENT  N/A 

8.9.1.13 For PEAK WORKING VOLTAGES above 1400 V peak 
or d.c. Table 15 not applied since all the following 
conditions were met: 

 N/A 

 – CLEARANCE was at least 5 mm  N/A 

 – insulation complied with dielectric strength test of 
8.8.3 using an a.c. test voltage with an r.m.s. value 
equal to 1.06 times PEAK WORKING VOLTAGE, or  

 N/A 

 – a d.c. test voltage equal to peak value of a.c. test 
voltage with an r.m.s. value equal to 1.06 times 
PEAK WORKING VOLTAGE, and  

 N/A 
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 – CLEARANCE path was partly or entirely through air 
or along the surface of an insulating material of 
material group I 

 N/A 

 Dielectric strength test conducted only across 
part(s) of the path that are through air when 
CLEARANCE path was also partly along surface of a 
non- group I material  

 N/A 

8.9.1.14 Minimum CREEPAGE DISTANCES for two MEANS OF 
OPERATOR PROTECTION obtained by doubling 
values in Table 16 for one MEANS OF OPERATOR 
PROTECTION 

 Pass 

8.9.1.15 CREEPAGE DISTANCES and AIR CLEARANCES for 
DEFIBRILLATION-PROOF APPLIED PARTS are 4 mm or 
more to meet 8.5.5.1 

 Pass 

8.9.2 a) Short circuiting of each single one of CREEPAGE 
DISTANCES and CLEARANCES in turn did not result in 
a HAZARDOUS SITUATION for insulation in MAINS PART 
between parts of opposite polarity, therefore, min 
CREEPAGE and CLEARANCES not applied ................ : 

See appended Table 8.9.2 

Measurements applied 

N/A 

 b) Contribution to CREEPAGE DISTANCES of grooves 
or air gaps less than 1 mm wide limited to widths  

 Pass 

 c) Relative positioning of CLEARANCE providing a 
MEANS OF PROTECTION is such that the relevant 
parts are rigid and located by molding, or there is 
no reduction of a distance below specified value 
by deformation or movement of parts 

 Pass 

 Normal or likely limited movements of relevant 
parts taken into consideration when calculating 
minimum AIR CLEARANCE 

 Pass 

8.9.3 Spaces filled by insulating compound N/A 

8.9.3.1 Only solid insulation requirements applied where 
distances between conductive parts filled with 
insulating compound were such that CLEARANCES 
and CREEPAGE DISTANCES don’t exist 

No spaces filled with 
insulating compound 

N/A 

 Thermal cycling, humidity preconditioning, and 
dielectric strength tests in 8.9.3.2 and 8.9.3.4 or 
8.9.3.3 and 8.9.3.4 conducted  

 N/A 

8.9.3.2 For insulating compound forming solid insulation 
between conductive parts, a single sample 
subjected to thermal cycling PROCEDURE of 8.9.3.4 
followed by humidity preconditioning per 5.7 (for 
48 hours), followed by dielectric strength test 
(clause 8.8.3), test voltage multiplied by 1.6 ........ : 

See appended Table 8.9.3.2 N/A 

 Cracks or voids in insulating compound affecting 
homogeneity of material didn’t occur  

 N/A 
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8.9.3.3 Where insulating compound forms a cemented 
joint with other insulating parts, three samples 
tested for reliability of joint  

 N/A 

 A winding of solvent-based enameled wire 
replaced for the test by a metal foil or by a few 
turns of bare wire placed close to cemented joint, 
and three samples tested as follows: 

 N/A 

 – One sample subjected to thermal cycling 
PROCEDURE of 8.9.3.4, and immediately after the 
last period at highest temperature during thermal 
cycling, it was subjected to dielectric strength test 
of 8.8.3 except at 1.6 times the test voltage  ........ : 

See appended Table 8.9.3.4 N/A 

 – The other two samples subjected to humidity 
preconditioning of 5.7, except for 48 hours only 
followed by a dielectric strength test of 8.8.3 at 1.6 
times the test voltage 

 N/A 

8.9.3.4 One sample containing the cemented joint 
subjected to a sequence of temperature cycling 
tests for 10 times .................................................. : 

See appended Table 8.9.3.4 N/A 

8.10 Components and wiring Pass 

8.10.1 Components of ME EQUIPMENT likely to result in an 
unacceptable RISK by their movements mounted 
securely as indicated in RISK MANAGEMENT FILE .... : 

See Appended RM Results 
Table 8.10.1 

Pass 

8.10.2 Conductors and connectors of ME EQUIPMENT 
adequately secured or insulated to prevent 
accidental detachment in a HAZARDOUS SITUATION 
 .............................................................................. : 

See Appended RM Results 
Table 8.10.2 

Pass 

 Conductors and connectors of ME EQUIPMENT when 
breaking free at their joint are not capable of 
touching circuit points resulting in a HAZARDOUS 
SITUATION as indicated in RISK MANAGEMENT FILE 

 Pass 

 Breaking free of one means of mechanical 
restraint considered a SINGLE FAULT CONDITION 

 Pass 

 Stranded conductors are not solder-coated when 
secured by clamping means to prevent HAZARDOUS 
SITUATIONS due to poor contact 

 Pass 

8.10.3 Flexible cords detachable without a TOOL used to 
interconnect different parts of ME EQUIPMENT 
provided with means for connection to comply with 
requirements for metal ACCESSIBLE PARTS of 8.4 
when a connection is loosened or broken as 
shown by measurement or using test finger  

See Appended Table 5.9.2 N/A 

8.10.4 Cord-connected HAND-HELD parts and cord-connected foot-operated control 
devices 

N/A 
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8.10.4.1 Control devices of ME EQUIPMENT and their 
connection cords contain only conductors and 
components operating at 42.4 V peak a.c., max, or 
60 V d.c. in circuits isolated from MAINS PART by 
two MEANS OF PROTECTION  

 N/A 

 d.c. limit of 60 V applied to d.c. with no more than 
10 % peak-to-peak ripple 

 N/A 

 42.4 V peak limit applied when ripple exceeded 10 
% peak-to-peak limit 

 N/A 

8.10.4.2 Connection and anchorage of a flexible cord to a 
HAND-HELD or foot-operated control device of ME 
EQUIPMENT at both ends of cable to control device 
complied with 8.11.3 when breaking free or 
shorting between conductors could result in a 
HAZARDOUS SITUATION  

 N/A 

 This requirement applied to other HAND-HELD parts 
when disturbance or breaking of one or more of 
connections could result in a HAZARDOUS SITUATION 

 N/A 

8.10.5 Mechanical protection of wiring Pass 

 a) Internal cables and wiring adequately protected 
against contact with a moving part or from friction 
at sharp corners and edges where damage to 
insulation could result in a HAZARDOUS SITUATION . : 

See Appended RM Results 
Table 8.10.5 

Pass 

 b) Wiring, cord forms, or components are not likely 
to be damaged during assembly or during opening 
or closing of ACCESS COVERS where such damage 
could result in a HAZARDOUS SITUATION as shown by 
manual tests and RISK MANAGEMENT FILE 

 Pass 

8.10.6 Guiding rollers of insulated conductors prevent 
bending of movable insulated conductors around a 
radius of less than five times the outer diameter of 
the lead concerned in NORMAL USE  

 N/A 

8.10.7 a) Insulating sleeve that can only be removed by 
breaking or cutting, or secured at both ends, is 
used on internal wiring of when needed .............. : 

See appended Table 8.10 N/A 

 b) Sheath of a flexible cord not used as a MEANS 
OF PROTECTION inside ME EQUIPMENT when it is 
subject to mechanical or thermal stresses beyond 
its RATED characteristics 

 Pass 

 c) Insulated conductors subject to temperatures > 
70 °C in NORMAL USE provided with insulation of 
heat-resistant material when compliance is likely to 
be impaired due to deterioration of insulation ...... : 

See appended Table 8.10 N/A 

8.11 MAINS PARTS, components and layout Pass 
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8.11.1 a) ME EQUIPMENT provided with means of 
electrically isolating its circuits from SUPPLY MAINS 
simultaneously on all poles ................................... : 

See appended Table 8.10 Pass 

 PERMANENTLY INSTALLED ME EQUIPMENT connected 
to a poly-phase SUPPLY MAINS equipped with a 
device not interrupting neutral conductor, provided 
local installation conditions prevent voltage on 
neutral conductor from exceeding limits in 8.4.2 c) 

 N/A 

 b) Means of isolation incorporated in ME 
EQUIPMENT, and external means described in 
technical description  ............................................ : 

See appended Table 8.10 Pass 

 c) A SUPPLY MAINS switch used to comply with 
8.11.1 a) complies with CREEPAGE and CLEARANCES 
in IEC 61058-1 for a MAINS TRANSIENT VOLTAGE of 4 
kV .......................................................................... : 

See appended Table 8.10 N/A 

 d) A SUPPLY MAINS switch not incorporated in a 
POWER SUPPLY CORD or external flexible lead 

 Pass 

 e) Direction of movement of actuator of a SUPPLY 
MAINS switch used to comply with 8.11.1 a) 
complies with IEC 60447 

 N/A 

 f) A suitable plug device such as an APPLIANCE 
COUPLER or a flexible cord with a MAINS PLUG used 
in non-PERMANENTLY INSTALLED ME EQUIPMENT to 
isolate it from SUPPLY MAINS considered to comply 
with 8.11.1 a)  ....................................................... : 

See appended Table 8.10 

 

Pass 

 g) A fuse or a semiconductor device not used as 
an isolating means  

 Pass 

 h) ME EQUIPMENT not provided with a device 
causing disconnection of ME EQUIPMENT from 
SUPPLY MAINS by producing a short circuit resulting 
in operation of an overcurrent protection device 

 Pass 

 i) Parts within ENCLOSURE of ME EQUIPMENT with a 
circuit > 42.4 V peak a.c. or 60 V d.c. that cannot 
be disconnected from its supply by an external 
switch or a plug device accessible at all times is 
protected against touch even after opening 
ENCLOSURE by an additional covering  

 N/A 

 A clear warning notice is marked on outside of ME 
EQUIPMENT to indicate it exceeds allowable touch 
voltage (symbol 10 of Table D.1 is insufficient) 

 N/A 

 For a part that could not be disconnected from 
supply by an external switch or a plug device 
accessible at all times, the required cover or 
warning notice complied with this clause 

 N/A 

 Standard test finger of Fig 6 applied  N/A 
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8.11.2 MULTIPLE SOCKET-OUTLETS integral with ME 
EQUIPMENT complied with 16.2 d), second dash; 
and 16.9.2 

No multiple socket-outlets N/A 

8.11.3 POWER SUPPLY CORDS Pass 

8.11.3.1 MAINS PLUG not fitted with more than one POWER 
SUPPLY CORD 

 Pass 

8.11.3.2 POWER SUPPLY CORDS are no less robust than 
ordinary tough rubber sheathed flexible cord (IEC 
60245-1:2003, Annex A, designation 53) or 
ordinary polyvinyl chloride sheathed flexible cord 
(IEC 60227-1:1993, Annex A, design. 53) ............. : 

See appended Table 8.10 

 

Pass 

 Only polyvinyl chloride insulated POWER SUPPLY 
CORD with appropriate temperature rating used for 
ME EQUIPMENT having external metal parts with a 
temperature > 75 °C touchable by the cord in 
NORMAL USE  ........................................................... : 

See appended Table 8.10 

 

N/A 

8.11.3.3 NOMINAL cross-sectional area of conductors of 
POWER SUPPLY CORDS of ME EQUIPMENT is not less 
than in Table 17 (mm2 Cu) .................................. : 

18 G wire  Pass 

8.11.3.4 APPLIANCE COUPLERS complying with IEC 60320-1 
are considered to comply with 8.11.3.5 and 
8.11.3.6 .................................................................. : 

See appended Table 8.10  Pass 

8.11.3.5 Cord anchorage (for APPLIANCE COUPLERS not complying with IEC 60320-1) N/A 

 a) Conductors of POWER SUPPLY CORD provided 
with strain relieve and insulation protected from 
abrasion at point of entry to ME EQUIPMENT or a 
MAINS CONNECTOR by a cord anchorage 

 N/A 

 b) Cord anchorage of POWER SUPPLY CORD is made 
of and arranged as follows when a total insulation 
failure of POWER SUPPLY CORD caused conductive 
non-PROTECTIVELY EARTHED ACCESSIBLE PARTS to 
exceed limits of 8.4: 

 N/A 

 – insulating material, or  N/A 

 – metal, insulated from conductive ACCESSIBLE 
PARTS non-PROTECTIVELY EARTHED by a MEANS OF 
PROTECTION, or 

 N/A 

 – metal provided with an insulating lining affixed to 
cord anchorage, except when it is a flexible 
bushing forming part of the cord guard in 8.11.3.6, 
and complying with the requirements for one 
MEANS OF PROTECTION 

 N/A 

 c) Cord anchorage prevents cord from being 
clamped by a screw bearing directly on cord 
insulation 

 N/A 
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 d) Screws to be operated when replacing POWER 
SUPPLY CORD do not serve to secure any 
components other than parts of cord anchorage 

 N/A 

 e) Conductors of POWER SUPPLY CORD arranged to 
prevent PROTECTIVE EARTH CONDUCTOR against 
strain as long as phase conductors are in contact 
with their terminals when cord anchorage fails 

 N/A 

 f) Cord anchorage prevents POWER SUPPLY CORD 
from being pushed into ME EQUIPMENT or MAINS 
CONNECTOR 

 N/A 

 Conductors of POWER SUPPLY CORD supplied by 
MANUFACTURER disconnected from terminals or 
from MAINS CONNECTOR and cord subjected 25 
times to a pull applied with no jerks, each time for 
1 s, on sheath of the value in Table 18 ................ : 

See appended Table 
8.11.3.5 

N/A 

 Cord subjected to a torque in Table 18 for 1 min 
immediately after pull tests  

 N/A 

 Cord anchorage did not allow cord sheath to be 
longitudinally displaced by more than 2 mm or 
conductor ends to move over a distance of more 
than 1 mm from their connected position  

 N/A 

 CREEPAGE and CLEARANCES not reduced below 
limits in 8.9 

 N/A 

 It was not possible to push the cord into ME 
EQUIPMENT or MAINS CONNECTOR to an extent the 
cord or internal parts would be damaged 

 N/A 

8.11.3.6 POWER SUPPLY CORDS other than for STATIONARY 
ME EQUIPMENT protected against excessive 
bending at inlet opening of equipment or of MAINS 
CONNECTOR by means of an insulating cord guard 
or by means of an appropriately shaped opening 

 N/A 

 Cord guard complied with test of IEC 60335-
1:2001, Clause 25.14, or 

 N/A 

 ME EQUIPMENT placed such that axis of cord guard 
projected at an angle of 45° with cord free from 
stress, and a mass equal 10 x D2 gram attached to 
the free end of cord (g) ....................................... : 

See appended Table 
8.11.3.6 

N/A 

 Cord guard of temperature-sensitive material 
tested at 23 °C ± 2 °C, and flat cords bent in the 
plane of least resistance 

 N/A 

 Curvature of the cord radius, immediately after 
mass attached, was not less than 1.5 x D .......... : 

See appended Table 
8.11.3.6 

N/A 

8.11.4 MAINS TERMINAL DEVICES N/A 
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8.11.4.1 PERMANENTLY INSTALLED and ME EQUIPMENT with 
non-DETACHABLE POWER SUPPLY CORD replaceable 
by SERVICE PERSONNEL provided with MAINS 
TERMINAL DEVICES ensuring reliable connection 

Detachable power cord N/A 

 Terminals alone are not used to keep conductors 
in position, except when barriers are provided 
such that CREEPAGE and CLEARANCES cannot be 
reduced below 8.9 if any conductor breaks away 

 N/A 

 Terminals of components other than terminal 
blocks complying with requirements of this Clause 
and marked according to 7.3.7 used as terminals 
intended for external conductors  

 N/A 

 Screws and nuts clamping external conductors do 
not serve to secure any other component, except 
they also clamp internal conductors when unlikely 
to be displaced when fitting the supply conductors 

 N/A 

8.11.4.2 Arrangement of MAINS TERMINAL DEVICES N/A 

 a) Terminals provided for connection of external 
cords or POWER SUPPLY CORDS together with 
PROTECTIVE EARTH TERMINAL grouped to provide 
convenient means of connection 

Detachable power cord N/A 

 b) PROTECTIVE EARTH CONDUCTOR connections 
complied with 8.6 

 N/A 

 c) Marking of MAINS TERMINAL DEVICES complied 
with 7.3 

 N/A 

 d) MAINS TERMINAL DEVICES not accessible without 
use of a TOOL 

 N/A 

 e) A MEANS OF PROTECTION are not short circuited 
when one end of a flexible conductor with NOMINAL 
cross-sectional area is stripped 8 mm and a single 
free wire is bent in each possible direction  

 N/A 

8.11.4.3 Internal wiring not subjected to stress and 
CREEPAGE and CLEARANCES not reduced below 8.9 
after fastening and loosening a conductor of 
largest cross-sectional area 10 times 

 N/A 

8.11.4.4 Terminals with clamping means for a rewirable 
flexible cord did not require special preparation of 
conductors and conductors were not damaged and 
did not slip out when clamping means tightened as 
verified by test of 8.11.3.4 

 N/A 

8.11.4.5 Adequate space provided inside ME EQUIPMENT 
designed for FIXED wiring or a re-wirable POWER 
SUPPLY CORD to allow for connection of conductors, 
and covers fitted without damage to conductors or 
their insulation  

 N/A 
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 Correct connection and positioning of conductors 
before ACCESS COVER was fitted verified by an 
installation test 

 N/A 

8.11.5 Mains fuses and OVER-CURRENT RELEASES Pass 

 A fuse or OVER-CURRENT RELEASE provided in each 
supply lead for CLASS I and CLASS II ME EQUIPMENT 
with a functional earth connection per clause 8.6.9, 
and in at least one supply lead for other single-
phase CLASS II ME EQUIPMENT ................................ : 

See appended Table 8.10 
and Appended RM Results 
Table 8.11.5 

Pass 

 – neutral conductor not fused for PERMANENTLY 
INSTALLED ME EQUIPMENT 

portable N/A 

 – fuses or OVER-CURRENT RELEASES omitted due to 
provision of two MEANS OF PROTECTION between all 
parts of opposite polarity within MAINS PART, and 
between all parts of MAINS PART and earth, and 
such provisions continued within all components 

Not omitted N/A 

 Effect of short-circuit fault conditions in other 
circuits taken into consideration before eliminating 
fuses or OVER-CURRENT RELEASES 

 N/A 

 Protective devices have adequate breaking 
capacity to interrupt the maximum fault current 
including the available short-circuit  ..................... : 

See appended Table 8.10  Pass 

 A fuse or OVER-CURRENT RELEASE not provided in a 
PROTECTIVE EARTH CONDUCTOR  

 Pass 

 Fuses complying with IEC 60127 have high 
breaking capacity (1 500 A) and prospective short-
circuit current > 35 A or 10 times current rating of 
the fuse, whichever is greater 

 Pass 

 Justification for omission of fuses or OVER-
CURRENT RELEASES is in RISK MANAGEMENT FILE 

Fuses provided in the ME 
equipment; No omission of 
the fuses or over current 
releases 

N/A 

8.11.6 Internal wiring of the MAINS PART N/A 

 a) Cross-sectional area of internal wiring in a 
MAINS PART between MAINS TERMINAL DEVICE and 
protective devices is not less than minimum 
required for POWER SUPPLY CORD as in clause 
8.11.3.3 (mm2 Cu) ............................................... : 

Certified power supply N/A 

 b) Cross-sectional area of other wiring in MAINS 
PART and sizes of tracks on printed wiring circuits 
sufficient to prevent fire in case of fault currents .. : 

Certified power supply N/A 

 When necessary, ME EQUIPMENT connected to a 
SUPPLY MAINS with max available short-circuit fault, 
and subsequent simulation of a fault in a single 
insulation in MAINS PART did not result in any of the 
HAZARDOUS SITUATIONS in 13.1.2 

Certified power supply N/A 
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9 PROTECTION AGAINST MECHANICAL HAZARDS OF ME EQUIPMENT AND ME 
SYSTEMS 

— 

9.1 ME EQUIPMENT complies with Clause 4 for design 
and manufacture, and mechanical strength (15.3) 

 Pass 

9.2 HAZARDS associated with moving parts N/A 

9.2.1 When ME EQUIPMENT with moving parts PROPERLY 
INSTALLED, used per ACCOMPANYING DOCUMENTS or 
under foreseeable misuse, RISKS associated with 
moving parts reduced to an acceptable level ....... : 

See Appended RM Results 
Table 9.2.1 

N/A 

 RISK from contact with moving parts reduced to 
an acceptable level using protective measures, 
(access, function, shape of parts, energy, speed 
of motion, and benefits to PATIENT considered) 

 N/A 

 RESIDUAL RISK associated with moving parts 
considered acceptable when exposure was 
needed for ME EQUIPMENT to perform its function  

 N/A 

 Warnings marked on ME EQUIPMENT or included in 
instructions for use when HAZARDS persisted after 
implementing all reasonable protective measures : 

See provided Marking Labels  N/A 

9.2.2 TRAPPING ZONE N/A 

9.2.2.1 ME EQUIPMENT with a TRAPPING ZONE complied 
with one or more of the following as feasible: 

 N/A 

 – Gaps in Clause 9.2.2.2, or  N/A 

 – Safe distances in Clause 9.2.2.3, or  N/A 

 – GUARDS and protective measures in 9.2.2.4, or  N/A 

 – Continuous activation in Clause 9.2.2.5  N/A 

 Control of relevant motion complied with 9.2.2.6 
when implementation of above protective 
measures were inconsistent with INTENDED USE of 
ME EQUIPMENT or ME SYSTEM 

 N/A 

9.2.2.2 A TRAPPING ZONE considered not to present a 
MECHANICAL HAZARD when gaps of TRAPPING ZONE 
complied with dimensions per Table 20 ................ : 

See appended Table 9.2.2.2 N/A 

9.2.2.3 A TRAPPING ZONE considered not to present a 
MECHANICAL HAZARD when distances separating 
OPERATOR, PATIENT, and others from TRAPPING 
ZONES exceeded values in ISO 13852  ................ : 

See appended Table 9.2.2.2 N/A 

 Distances measured from expected positions of 
OPERATOR, PATIENT, and others near EQUIPMENT in 
NORMAL USE or under foreseeable misuse 

 N/A 

9.2.2.4 GUARDS and protective measures N/A 
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9.2.2.4.1 A TRAPPING ZONE considered not to present a 
MECHANICAL HAZARD when GUARDS and protective 
measures were of robust construction, not easy to 
bypass or render non-operational, and did not 
introduce additional unacceptable RISK based on 
results of applicable tests in 15.3 for ENCLOSURES : 

See Appended Table 15.3 N/A 

9.2.2.4.2 FIXED GUARDS held in place by systems that 
cannot be dismantled without a TOOL 

 N/A 

9.2.2.4.3 Movable GUARDS that can be opened without a 
TOOL remained attached when GUARD was open 

See Appended RM Results 
Table 9.2.2.4.3 

N/A 

 – they are associated with an interlock preventing 
relevant moving parts from starting to move while 
TRAPPING ZONE is accessible, and stops 
movement when the GUARD is opened, 

 N/A 

 – absence or failure of one of their components 
prevents starting, and stops moving parts 

 N/A 

 Movable GUARDS complied with all applicable tests 
as confirmed by review of RISK MANAGEMENT FILE  

 N/A 

9.2.2.4.4 Protective measures provided in control system 
prevented moving parts from starting to move 
while in reach of persons ...................................... : 

See Appended RM Results 
Table 9.2.2.4.4 

N/A 

 – protective measures prevented TRAPPING ZONE 
from reach, or, when it was reached, system 
movement stopped once ME EQUIPMENT started to 
move, and in the latter case, no HAZARD or 
damage resulted 

 N/A 

 – when protective measure was in a SINGLE FAULT 
CONDITION, and an unacceptable RISK could arise, 
one or more emergency stopping device(s) 
provided  

 N/A 

 RISK MANAGEMENT FILE reviewed and all conditions 
confirmed 

 N/A 

9.2.2.5 Continuous activation N/A 

 TRAPPING ZONE not considered to present a 
MECHANICAL HAZARD where impractical to make 
TRAPPING ZONE inaccessible when: 

 N/A 

 a) movement was in OPERATOR'S field of view  N/A 

 b) movement of ME EQUIPMENT or its parts was 
possible only by continuous activation of control 
by OPERATOR as long as OPERATOR response to 
deactivate device relied upon to prevent HARM 

 N/A 

 Manually operated movements complied with this 
clause since mass and velocity allowed adequate 
control of positioning without causing an 
unacceptable RISK 

 N/A 
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 c) when in a SINGLE FAULT CONDITION of 
continuous activation system an unacceptable 
RISK could arise, one or more emergency stopping 
device(s) provided in ME EQUIPMENT  ..................... : 

See Appended RM Results 
Table 9.2.2.5 c) 

N/A 

9.2.2.6 Speed of movement(s) positioning parts of ME 
EQUIPMENT or PATIENT, when contact with ME 
EQUIPMENT could result in a HAZARDOUS SITUATION, 
limited to allow OPERATOR control of positioning 
without resulting in an unacceptable RISK ............. : 

See Appended RM Results 
Table 9.2.2.6 

N/A 

 Over travel (stopping distance) of such movement 
occurring after operation of a control to stop 
movement, did not result in an unacceptable RISK 

 N/A 

9.2.3 Other HAZARDS associated with moving parts N/A 

9.2.3.1 Controls positioned, recessed, or protected by 
other means and could not be accidentally 
actuated to result in unacceptable RISK, except 
when ergonomic considerations for a PATIENT with 
special needs require otherwise  

 N/A 

9.2.3.2 RISK due to over travel (past range limits) of ME 
EQUIPMENT parts reduced to an acceptable level, 
and stops or other means with mechanical 
strength to withstand intended loading in NORMAL 
USE and foreseeable misuse provided limiting 
measure in NORMAL and SINGLE FAULT CONDITION . : 

See appended Table 8.10 and 
Appended RM Results Table 
9.2.3.2 

N/A 

9.2.4 Emergency stopping devices N/A 

 Where necessary to have one or more emergency 
stopping device(s), emergency stopping device 
complied with all the following, except for 
actuating switch capable of interrupting all power : 

See Appended RM Results 
Table 9.2.4 

N/A 

 a) Emergency stopping device reduced RISK to an 
acceptable level 

 N/A 

 b) Proximity and response of OPERATOR to actuate 
emergency stopping device could be relied upon 
to prevent HARM 

 N/A 

 c) Emergency stopping device actuator was 
readily accessible to OPERATOR 

 N/A 

 d) Emergency stopping device(s) are not part of 
normal operation of ME EQUIPMENT 

 N/A 

 e) Emergency switching operation or stopping 
means neither introduced further HAZARD nor 
interfered with operation necessary to remove 
original HAZARD 

 N/A 

 f) Emergency stopping device was able to break 
full load of relevant circuit, including possible 
stalled motor currents and the like 

 N/A 
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 g) Means for stopping of movements operate as a 
result of one single action 

 N/A 

 h) Emergency stopping device provided with an 
actuator in red and easily distinguishable and 
identifiable from other controls 

 N/A 

 i) An actuator interrupting/opening mechanical 
movements marked on or immediately adjacent to 
face of actuator with symbol 18 of Table D.1 
(symbol IEC 60417-5638, DB:2002-10) or “STOP” 

 N/A 

 j) Emergency stopping device, once actuated, 
maintained ME EQUIPMENT in disabled condition 
until a deliberate action, different from that used 
to actuate it, was performed 

 N/A 

 k) Emergency stopping device is suitable for its 
application 

 N/A 

9.2.5 Means provided to permit quick and safe release 
of PATIENT in event of breakdown of ME EQUIPMENT 
or failure of power supply, activation of a 
protective measure, or emergency stopping, and  

See Appended RM Results 
Table 9.2.5 

N/A 

 – Uncontrolled or unintended movement of ME 
EQUIPMENT that could result in an unacceptable 
RISK prevented 

 N/A 

 – Situations where PATIENT is subjected to 
unacceptable RISKS due to proximity of moving 
parts, removal of normal exit routes, or other 
HAZARDS prevented 

 N/A 

 – Measures provided to reduce RISK to an 
acceptable level when after removal of 
counterbalanced parts, other parts of ME 
EQUIPMENT can move in a hazardous way 

 N/A 

9.3 Rough surfaces, sharp corners and edges of ME 
EQUIPMENT that could result in an unacceptable 
RISK avoided or covered  ....................................... : 

See Appended RM Results 
Table 9.3 

Pass 

9.4 Instability HAZARDS Pass 

9.4.1 ME EQUIPMENT, other than FIXED and hand-held, 
for placement on a surface did not overbalance 
(tip over) or move unexpectedly, to the degree 
that it could present an unacceptable RISK to 
PATIENT, or OPERATOR as tested in 9.4.2 to 9.4.4 

 Pass 

9.4.2 Instability – overbalance Pass 

9.4.2.1 ME EQUIPMENT or its parts did not overbalance 
when prepared per ACCOMPANYING DOCUMENTS, or 
when not specified, as in 9.4.2.2, and placed on a 
10° inclined plane from horizontal consisting of a 
hard and flat surface (e.g., concrete floor covered 
with 2 to 4 mm thick vinyl material) ....................... : 

See Appended Table 9.4.2.1 Pass 

9.4.2.2 Instability excluding transport Pass 
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 ME EQUIPMENT or its parts prepared based on  
a) to g), inclusive, did not overbalance when 
placed in different positions of NORMAL USE, 
except transport positions, on a 5° inclined plane 
from horizontal (hard and flat surface)  

See Appended Table 9.4.2.2 Pass 

 A warning provided, stating “Transport only under 
conditions described in instructions for use or 
marked on ME EQUIPMENT with an indication of 
RESIDUAL RISK if ME EQUIPMENT or its parts 
overbalances” when overbalance occurred during 
10° inclined plane test 

Passed at 10° N/A 

9.4.2.3 Instability from horizontal and vertical forces N/A 

 a) ME EQUIPMENT with a mass of 25 kg or more, 
other than FIXED ME EQUIPMENT for use on floor, 
did not overbalance due to pushing or resting 

 N/A 

 Surfaces of ME EQUIPMENT where a RISK of 
overbalancing exists from pushing, leaning, 
resting etc., permanently marked with a CLEARLY 
LEGIBLE warning of the RISK (e.g., safety sign 5 of 
Table D.2, safety sign ISO 7010-P017) 

 N/A 

 ME EQUIPMENT did not overbalance when placed 
on a horizontal plane, and a force of 25% of its 
weight, but not more than 220 N, applied in 
different directions, except a direction with an 
upward component 

 N/A 

 b) ME EQUIPMENT, other than FIXED ME EQUIPMENT, 
for use on the floor or on a table, did not 
overbalance due to sitting or stepping, except 
when a legible warning of this RISK provided on ME 
EQUIPMENT (e.g., safety signs 6 and 7 of Table 
D.2, safety signs ISO 7010-P018, or ISO 7010-
P019 as appropriate) 

 N/A 

 ME EQUIPMENT did not overbalance when placed 
on a horizontal plane, and a constant force of 800 
N applied at the point of maximum moment to 
working surfaces, offering an foothold or sitting 
surface of a min 20 x 20 cm area, and at a height 
≤ 1 m from the floor  .............................................. : 

See Appended Table 9.4.2.3 N/A 

9.4.2.4 Castors and wheels N/A 

9.4.2.4.1 Means used for transportation of MOBILE ME 
EQUIPMENT (e.g., castors or wheels) did not result 
in an unacceptable RISK when MOBILE ME 
EQUIPMENT moved or parked in NORMAL USE 

 N/A 
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9.4.2.4.2 Force required to move MOBILE ME EQUIPMENT 
along a hard and flat horizontal surface did not 
exceed 200 N applied at a height of 1 m above 
floor or highest point on ME EQUIPMENT when < 1 
m high, except when instructions indicated more 
than one person needed (N) ................................. : 

See Appended Table 9.4.2.4.2 N/A 

9.4.2.4.3 MOBILE ME EQUIPMENT exceeding 45 kg configured 
with a SAFE WORKING LOAD, moved 10 times in 
forward direction over a solid vertical plane 
obstruction with wheels impacting the obstruction 
at a speed of 0.4 m/s ± 0.1 m/s for manual or with 
max speed for motor driven MOBILE ME EQUIPMENT
 .............................................................................. : 

See Appended Table 9.4.2.4.3 N/A 

 ME EQUIPMENT went up the obstruction without 
overbalancing or any other unacceptable RISK as 
determined by examination of RISK MANAGEMENT 
FILE, ME EQUIPMENT and its parts ........................... : 

See Appended RM Results 
Table 9.4.2.4.3 

N/A 

 There was no reduction of CREEPAGE and 
CLEARANCES below 8.9, no access to parts 
exceeding limits in 8.4, and no access to moving 
parts capable of causing HARM, and 

 N/A 

 – Assessment criteria in Clause 9 and 11.6 used  N/A 

 – Dielectric strength test of 8.8.3 conducted to 
evaluate integrity of solid SUPPLEMENTARY or 
REINFORCED INSULATION 

 N/A 

 – CREEPAGE DISTANCES and AIR CLEARANCES 
measured compared favourably with min 
distances in clause 8.9  

 N/A 

 Small chips not adversely affecting protection 
against electric shock or moisture, disregarded  

 N/A 

9.4.3 Instability from unwanted lateral movement (including sliding) N/A 

9.4.3.1 a) Brakes of power-driven MOBILE ME EQUIPMENT 
normally activated and could only be released by 
continuous actuation of a control 

 N/A 

 b) MOBILE ME EQUIPMENT provided with locking 
means to prevent unwanted movements of ME 
EQUIPMENT or its parts in transport position 

 N/A 

 c) No unacceptable RISK due to unwanted lateral 
movement resulted when MOBILE ME EQUIPMENT 
placed in its transport position or worst case 
NORMAL USE position with SAFE WORKING LOAD, and 
locking device activated, on a 10° inclined hard 
flat surface with castors in the worst-case position 

 N/A 

 Following initial elastic movement, creepage, and 
pivoting of castors, no further movement of 
MOBILE ME EQUIPMENT > 50 mm (in relation to 
inclined plane) occurred (mm) ............................. :  

See Appended Table 9.4.3.1 N/A 
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 RISK due to any initial movement assessed taking 
into consideration NORMAL USE of ME EQUIPMENT 

 N/A 

9.4.3.2 Instability excluding transport N/A 

 a) Further movement of ME EQUIPMENT (after initial 
elastic movement) was less than 50 mm when 
MOBILE ME EQUIPMENT with a SAFE WORKING LOAD 

positioned on a 5° inclined hard flat surface with 
wheel locked or braking system activated (mm) .. : 

See Appended Table 9.4.3.2 N/A 

 RISK due to initial movements assessed taking 
into consideration NORMAL USE of ME EQUIPMENT 

 N/A 

 b) TRANSPORTABLE or STATIONARY ME EQUIPMENT 
for use on the floor and with a SAFE WORKING LOAD 
prepared as in 9.4.2.2 and placed on a horizontal 
plane with locking device activated and castors, 
when supplied, in their worst –case position 

 N/A 

 Further movement of ME EQUIPMENT (after initial 
elastic movement), was no more than 50 mm 
when a force of 25 % of weight of unit, but less 
than 220 N, applied in different directions, except 
a direction with an upwards component, at 
highest point of ME EQUIPMENT but ≤ 1.5 m from 
floor ...................................................................... : 

See Appended Table 9.4.3.2 N/A 

 RISK due to initial movements assessed taking 
into consideration NORMAL USE of ME EQUIPMENT 

 N/A 

9.4.4 Grips and other handling devices N/A 

 a) ME EQUIPMENT other than PORTABLE EQUIPMENT 
or its part with a mass of over 20 kg requiring 
lifting in NORMAL USE or transport provided with 
suitable handling means, or ACCOMPANYING 
DOCUMENTS specify safe lifting method, except 
when handling is obvious and causing HAZARDS  

 N/A 

 Handles, when supplied, suitably placed to enable 
ME EQUIPMENT or its part to be carried by two or 
more persons and by examination of EQUIPMENT, 
its part, or ACCOMPANYING DOCUMENTS 

 N/A 

 b) PORTABLE ME EQUIPMENT with a mass > 20 kg 
provided with one or more carrying-handles 
suitably placed to enable carrying by two or more 
persons as confirmed by actual carrying 

 N/A 

 c) Carrying handles and grips and their means of 
attachment withstood loading test ....................... : 

See Appended Table 9.4.4 N/A 

9.5 Expelled parts HAZARD Pass 

9.5.1 Suitability of means of protecting against 
unacceptable RISK of expelled parts determined 
by assessment and examination of RISK 
MANAGEMENT FILE .................................................. : 

See Appended RM Results 
Table 9.5.1 

Pass 
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9.5.2 Cathode ray tube(s) complied with IEC 
60065:2001, Clause 18, or IEC 61965 ................ : 

See appended Table 8.10  N/A 

9.6 Acoustic energy (including infra- and ultrasound) and vibration Pass 

9.6.1 Human exposure to acoustic energy and vibration 
from ME EQUIPMENT doesn’t result in unacceptable 
RISK as confirmed in RISK MANAGEMENT FILE 
including audibility of auditory alarm signals, 
PATIENT sensitivity, and tests of 9.6.2 and 9.6.3 ... : 

See Appended RM Results 
Table 9.6.1 

Pass 

9.6.2 Acoustic energy Pass 

9.6.2.1 PATIENT, OPERATOR, and other persons are not 
exposed to acoustic energy from ME EQUIPMENT in 
NORMAL USE, except for auditory alarm signals 

 Pass 

 – 80 dBA for a cumulative exposure of 24 h over 
a 24 h period (dBA) .............................................. : 

 Pass 

 - 83 dBA (when halving the cumulative exposure 
time) (dBA) ........................................................... : 

 Pass 

 – 140 dB un-weighted sound pressure level for 
impulsive or impact acoustic energy (dB) ................... : 

 Pass 

9.6.2.2 RISK MANAGEMENT FILE examined for RISKS 
associated with infrasound or ultrasound, when 
present, addressed in RISK MANAGEMENT PROCESS 

See Appended RM Results 
Table 9.6.2.2 

N/A 

9.6.3 Hand-transmitted vibration N/A 

 Means provided, except for INTENDED USE 
vibrations, to protect PATIENT and OPERATOR when 
hand-transmitted frequency-weighted r.m.s. 
acceleration generated in NORMAL USE exceeds 
specified values measured at points of hand 
contact with PATIENT or OPERATOR 

No vibration N/A 

 – 2.5 m/s2 for a cumulative time of 8 h during a 24 
h period (m/s2) ...................................................... : 

 N/A 

 – Accelerations for different times, inversely 
proportional to square root of time (m/s2) ............ : 

 N/A 

9.7 Pressure vessels and parts subject to pneumatic and hydraulic pressure N/A 

9.7.1 Requirements of this clause applied to vessels 
and parts of ME EQUIPMENT subject to pressure 
resulting in rupture and unacceptable RISK 

 N/A 

 Parts of a pneumatic or hydraulic system used as 
a support system, comply with 9.8 

 N/A 

9.7.2 Pneumatic and hydraulic parts of ME EQUIPMENT or 
ACCESSORIES met following requirements based 
on examination of RISK MANAGEMENT FILE ............ : 

See Appended RM Results 
Table 9.7.2 

N/A 

 – No unacceptable RISK resulted from loss of 
pressure or loss of vacuum 

 N/A 
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 – No unacceptable RISK resulted from a fluid jet 
caused by leakage or a component failure 

 N/A 

 – Elements of ME EQUIPMENT or an ACCESSORY, 
especially pipes and hoses leading to an 
unacceptable RISK protected against harmful 
external effects 

 N/A 

 – Reservoirs and similar vessels leading to an 
unacceptable RISK are automatically 
depressurized when ME EQUIPMENT is isolated 
from its power supply  

 N/A 

 Means provided for isolation, or local 
depressurizing reservoirs and similar vessels, and 
pressure indication when above not possible  

 N/A 

 – All elements remaining under pressure after 
isolation of ME EQUIPMENT or an ACCESSORY from 
its power supply resulting in an unacceptable RISK 
provided with clearly identified exhaust devices, 
and a warning to depressurize these elements 
before setting or maintenance activity  

 N/A 

9.7.3 Maximum pressure a part of ME EQUIPMENT can be 
subjected to in NORMAL and SINGLE FAULT 
CONDITIONS considered to be highest of following: 

 N/A 

 a) RATED maximum supply pressure from an 
external source 

 N/A 

 b) Pressure setting of a pressure-relief device 
provided as part of assembly 

 N/A 

 c) Max pressure that can develop by a source of 
pressure that is part of assembly, unless pressure 
limited by a pressure-relief device 

 N/A 

9.7.4 Max pressure in NORMAL and SINGLE FAULT 
CONDITIONS did not exceed MAXIMUM PERMISSIBLE 
WORKING PRESSURE for EQUIPMENT part, except as 
allowed in 9.7.7, confirmed by examination of ME 
EQUIPMENT and RISK MANAGEMENT FILE, and by 
functional tests ..................................................... : 

See Appended RM Results 
Table 9.7.4 

N/A 

9.7.5 A pressure vessel withstood a HYDRAULIC TEST 
PRESSURE when pressure was > 50 kPa, and 
product of pressure and volume was more than 
200 kPaI ............................................................... : 

See Appended Table 9.7.5 N/A 

9.7.6 Pressure-control device regulating pressure in ME 
EQUIPMENT with pressure-relief device completed 
100,000 cycles of operation under RATED load and 
prevented pressure from exceeding 90 % of 
setting of pressure-relief device in different 
conditions of NORMAL USE  .................................... : 

See Appended RM Results 
Table 9.7.6 

N/A 
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9.7.7 Pressure-relief device(s) used where MAXIMUM 
PERMISSIBLE WORKING PRESSURE could otherwise 
be exceeded met the following, as confirmed by 
MANUFACTURER’S data, ME EQUIPMENT, RISK 
MANAGEMENT FILE, and functional tests ................ : 

See Appended RM Results 
Table 9.7.7 

N/A 

 a) Connected as close as possible to pressure 
vessel or parts of system it is to protect 

 N/A 

 b) Installed to be readily accessible for inspection, 
maintenance, and repair 

 N/A 

 c) Could be adjusted or rendered inoperative 
without a TOOL 

 N/A 

 d) With discharge opening located and directed 
as to not to release material towards any person 

 N/A 

 e) With discharge opening located and directed 
as to not to deposit material on parts that could 
result in an unacceptable RISK 

 N/A 

 f) Adequate discharge capacity provided to 
ensure that pressure will not exceed MAXIMUM 
PERMISSIBLE WORKING PRESSURE of system it is 
connected to by more than 10 % when failure 
occurs in control of supply pressure 

 N/A 

 g) No shut-off valve provided between a pressure-
relief device and parts it is to protect 

 N/A 

 h) Min number of cycles of operation 100 000, 
except for one-time use devices (bursting disks) 

 N/A 

9.8 HAZARDS associated with support systems N/A 

9.8.1 ME EQUIPMENT parts designed to support loads or 
provide actuating forces when a mechanical fault 
could constitute an unacceptable RISK  ................ : 

See appended Table 8.10 and 
Appended RM Results Table 
9.8.1  

N/A 

 – Construction of support, suspension, or 
actuation system complied with Table 21 and 
TOTAL LOAD 

 N/A 

 – Means of attachment of ACCESSORIES prevent 
possibility of incorrect attachment that could result 
in an unacceptable RISK  

 N/A 

 – RISK ANALYSIS of support systems included 
HAZARDS from static, dynamic, vibration, impact 
and pressure loading, foundation and other 
movements, temperature, environmental, 
manufacture and service conditions 

 N/A 

 – RISK ANALYSIS included effects of failures such 
as excessive deflection, plastic deformation, 
ductile/brittle fracture, fatigue fracture, instability 
(buckling), stress-assisted corrosion cracking, 
wear, material creep and deterioration, and 
residual stresses from manufacturing PROCESSES  

 N/A 
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 – Instructions on attachment of structures to a 
floor, wall, ceiling, included in ACCOMPANYING 
DOCUMENTS making adequate allowances for 
quality of materials used to make the connection 
and list the required materials 

 N/A 

 Additional instructions provided on checking 
adequacy of surface of structure parts will be 
attached to 

 N/A 

9.8.2 Support systems maintain structural integrity 
during EXPECTED SERVICE LIFE, and TENSILE SAFETY 
FACTORS are not less than in Table 21, except 
when an alternative method used to demonstrate 
structural integrity throughout EXPECTED SERVICE 
LIFE, or for a foot rest 

 N/A 

 Compliance with 9.8.1 and 9.8.2 confirmed by 
examination of ME EQUIPMENT, RISK MANAGEMENT 
FILE, specifications and material processing ........ : 

See Appended RM Results 
Table 9.8.2 

N/A 

 When test results were part of information, testing 
consisted of application of a test load to support 
assembly equal to TOTAL LOAD times required 
TENSILE SAFETY FACTOR while support assembly 
under test was in equilibrium after 1 min, or not 
resulted in an unacceptable RISK ......................... : 

See appended Table 8.10  N/A 

9.8.3 Strength of PATIENT or OPERATOR support or suspension systems N/A 

9.8.3.1 ME EQUIPMENT parts supporting or immobilizing 
PATIENTS minimize RISK of physical injuries and 
accidental loosening of secured joints 

See Appended RM Results 
Table 9.8.3.1 

N/A 

 SAFE WORKING LOAD of ME EQUIPMENT or its parts 
supporting or suspending PATIENTS or OPERATORS 
is sum of mass of PATIENTS or mass of OPERATORS 
plus mass of ACCESSORIES supported by ME 
EQUIPMENT or its parts 

 N/A 

 Supporting and suspending parts for adult human 
PATIENTS or OPERATORS designed for a PATIENT or 
OPERATOR with a min mass of 135 kg and 
ACCESSORIES with a min mass of 15 kg, unless 
stated by MANUFACTURER 

 N/A 

 Maximum mass of PATIENT included in SAFE 
WORKING LOAD of ME EQUIPMENT or its parts 
supporting or suspending PATIENTS adapted when 
MANUFACTURER specified applications 

 N/A 

 Max allowable PATIENT mass < 135 kg marked on 
ME EQUIPMENT and stated in ACCOMPANYING 
DOCUMENTS 

 N/A 

 Max allowable PATIENT mass > 135 kg stated in 
ACCOMPANYING DOCUMENTS 

 N/A 
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 Examination of markings, ACCOMPANYING 
DOCUMENTS, and RISK MANAGEMENT FILE confirmed 
compliance  .......................................................... : 

See copy of Marking Label N/A 

9.8.3.2 Part of SAFE WORKING LOAD representing mass of 
PATIENTS or OPERATORS is distributed on 
support/suspension surface representing human 
body as in Fig A.19 

 N/A 

 Part of SAFE WORKING LOAD representing mass of 
ACCESSORIES deployed as in NORMAL USE and, 
when not defined, at worst case position permitted 
by configuration or ACCESSORIES attachment on 
support/suspension parts 

 N/A 

 a) Entire mass of PATIENT or OPERATOR distributed 
over an area of 0.1 m2 on a foot rest temporarily 
supporting a standing PATIENT or OPERATOR ........ : 

See Appended RM Results 
Table 9.8.3.2 a) 

N/A 

 Compliance confirmed by examination of ME 
EQUIPMENT, RISK MANAGEMENT FILE, specifications 
of materials and their processing, and tests ........ :  

See appended Table 8.10  N/A 

 PATIENT support/suspension system positioned 
horizontally in most disadvantageous position in 
NORMAL USE, and a mass 2 x 135 kg or twice 
intended person’s load (the greater used), applied 
to foot rest over an area of 0.1 m2 for 1 min (Kg) : 

See appended Table 9.8.3.2  N/A 

 Damage or deflection resulting in an 
unacceptable RISK did not occur on foot rest and 
its secured joints 

 N/A 

 b) Deflection of a support surface from PATIENT or 
OPERATOR loading on an area of support/ 
suspension where a PATIENT or OPERATOR can sit 
did not result in an unacceptable RISK ................. : 

See Appended RM Results 
Table 9.8.3.2 b) 

N/A 

 Compliance confirmed by examination of ME 
EQUIPMENT, RISK MANAGEMENT FILE, specifications 
of materials and their processing, and by a test .. : 

See appended Table 8.10  N/A 

 PATIENT support/suspension system set in most 
unfavourable NORMAL USE position, and a mass of 
60 % of part of SAFE WORKING LOAD simulating 
PATIENT or OPERATOR, or a min 80 kg, placed on 
support or suspension system with centre of load 
60 mm from outer edge of support or suspension 
system for at least one minute (Kg) ..................... : 

See appended Table 9.8.3.2 N/A 

 Deflection of support/suspension system resulting 
in an unacceptable RISK not occur 

 N/A 

9.8.3.3 Dynamic forces that can be exerted on equipment 
parts supporting or suspending a PATIENT or 
OPERATOR in NORMAL USE did not result in an 
unacceptable RISK as confirmed by following test: 

 N/A 
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 PATIENT support/suspension system set in most 
unfavourable NORMAL USE position, and a mass 
equal to SAFE WORKING LOAD simulating PATIENT or 
OPERATOR dropped from 150 mm above seat area 
on an area of support/ suspension a PATIENT or 
OPERATOR can sit .................................................. : 

See appended Table 9.8.3.3 N/A 

9.8.4 Systems with MECHANICAL PROTECTIVE DEVICES N/A 

9.8.4.1 a) A MECHANICAL PROTECTIVE DEVICE provided 
when a support system or its parts impaired by 
wear have a TENSILE SAFETY FACTOR ≥ to values in 
Table 21, rows 5 and 6, but less than 3 and 4  .... : 

See Appended RM Results 
Table 9.8.4.1 

N/A 

 b) MECHANICAL PROTECTIVE complies with the 
requirements as follows: 

 N/A 

 –  Designed based on TOTAL LOAD, and includes 
effects of SAFE WORKING LOAD when applicable  

 N/A 

 –  Has TENSILE SAFETY FACTORS for all parts not 
less than Table 21, row 7  

 N/A 

 – Activated before travel (movement) produced an 
unacceptable RISK 

 N/A 

 – Takes into account Clauses 9.2.5 and 9.8.4.3  N/A 

 Compliance confirmed by examination of ME 
EQUIPMENT, RISK MANAGEMENT FILE, specifications 
of materials and their processing  ........................ : 

See appended Table 8.10  N/A 

9.8.4.2 Activation of MECHANICAL PROTECTIVE DEVICE is 
made obvious to OPERATOR when ME EQUIPMENT 
can still be used after failure of suspension or 
actuation means and activation of a MECHANICAL 
PROTECTIVE DEVICE (e.g., a secondary cable) 

 N/A 

 MECHANICAL PROTECTIVE DEVICE requires use of a 
TOOL to be reset or replaced 

 N/A 

9.8.4.3 MECHANICAL PROTECTIVE DEVICE intended to function once N/A 

 – Further use of ME EQUIPMENT not possible until 
replacement of MECHANICAL PROTECTIVE DEVICE .. : 

See Appended RM Results 
Table 9.8.4.3 

N/A 

 – ACCOMPANYING DOCUMENTS instruct once 
MECHANICAL PROTECTIVE DEVICE is activated, 
SERVICE PERSONNEL shall be called, and 
MECHANICAL PROTECTIVE DEVICE must be replaced 
before ME EQUIPMENT can be used  

 N/A 

 – ME EQUIPMENT permanently marked with safety 
sign 2 of Table D.2 (i.e., safety sign 7010-W001)  

 N/A 

 – Marking is adjacent to MECHANICAL PROTECTIVE 
DEVICE or its location relative to MECHANICAL 
PROTECTIVE DEVICE is obvious to service personnel  

 N/A 
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 – Compliance confirmed by examination of ME 
EQUIPMENT, ACCOMPANYING DOCUMENTS, RISK 
MANAGEMENT FILE, specifications and processing 
of materials, and following test............................. : 

See appended Table 8.10  N/A 

 A chain, cable, band, spring, belt, jack screw nut, 
pneumatic or hydraulic hose, structural part or the 
like, employed to support a load, defeated by a 
convenient means causing maximum normal load 
to fall from most adverse position permitted by 
construction of ME EQUIPMENT 

 N/A 

 Load included SAFE WORKING LOAD in 9.8.3.1 when 
system was capable of supporting a PATIENT or 
OPERATOR 

 N/A 

 No evidence of damage to MECHANICAL 
PROTECTIVE DEVICE affecting its ability to perform 
its intended function  

 N/A 

9.8.5 Systems without MECHANICAL PROTECTIVE DEVICES N/A 

 Support system parts have TENSILE SAFETY 

FACTORS ≥ to values in Table 21, rows 1 and 2, 
and are not impaired by wear .............................. : 

See Appended RM Results 
Table 9.8.5 

N/A 

 Support system parts impaired by wear, however, 
they have TENSILE SAFETY FACTORS ≥ to values in 
Table 21, rows 3 and 4  

 N/A 

 Examination of ME EQUIPMENT and RISK 
MANAGEMENT FILE confirmed compliance  

 N/A 

 

10 PROTECTION AGAINST UNWANTED AND EXCESSIVE RADIATION HAZARDS — 

10.1 X-Radiation N/A 

10.1.1 X-radiation dose-rate was ≤ 36 pA/kg (5 µSv/h) 
(0.5 mR/h) 5 cm from surface of ME EQUIPMENT 
including background radiation for ME EQUIPMENT 
not producing therapeutic/diagnostic X-radiation 
but producing ionizing radiation  ......................... : 

See Table 10.1.1 N/A 

 Amount of radiation measured by means of an 
ionizing chamber radiation monitor with an 
effective area of 10 cm2 or by other instruments 
producing equal results 

 N/A 

 ME EQUIPMENT operated as in NORMAL USE at most 
unfavourable RATED MAINS VOLTAGE and controls 
adjusted to emit maximum radiation  

 N/A 

 Internal pre-set controls not intended for 
adjustment during EXPECTED SERVICE LIFE of ME 
EQUIPMENT not taken into consideration 

 N/A 
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10.1.2 RISK from unintended X-radiation from ME 
EQUIPMENT producing X-radiation for diagnostic 
and therapeutic purposes addressed in RISK 
MANAGEMENT PROCESS as indicated in RISK 
MANAGEMENT FILE (see IEC 60601-1-3 & 1.3)  ..... : 

See Appended RM Results 
Table 10.1.2 

N/A 

10.2 RISK associated with alpha, beta, gamma, neutron, 
and other particle radiation, when applicable, 
addressed in RISK MANAGEMENT PROCESS as shown 
in RISK MANAGEMENT FILE...................................... : 

See Appended RM Results 
Table 10.2 

N/A 

10.3 RISK associated with microwave radiation, when 
applicable, addressed in RISK MANAGEMENT 
PROCESS as indicated in RISK MANAGEMENT FILE .. : 

See Appended RM Results 
Table 10.3 

N/A 

10.4 Relevant requirements of IEC 60825-1:1993 
applied to lasers, light emitting diodes (LEDs), and 
laser light barriers or similar products 

 N/A 

10.5 RISK associated with visible electromagnetic 
radiation other than emitted by lasers and LEDS, 
when applicable, addressed in RISK MANAGEMENT 
PROCESS as indicated in RISK MANAGEMENT FILE .. : 

See Appended RM Results 
Table 10.5 

N/A 

10.6 RISK associated with infrared radiation other than 
emitted by lasers and LEDS, as applicable, 
addressed in RISK MANAGEMENT PROCESS as 
indicated in RISK MANAGEMENT FILE ...................... : 

See Appended RM Results 
Table 10.6 

N/A 

10.7 RISK associated with ultraviolet radiation other than 
emitted by lasers and LEDS, as applicable, 
addressed in RISK MANAGEMENT PROCESS as 
indicated in RISK MANAGEMENT FILE ...................... : 

See Appended RM Results 
Table 10.7 

N/A 

 

11 PROTECTION AGAINST EXCESSIVE TEMPERATURES AND OTHER HAZARDS — 

11.1 Excessive temperatures in ME EQUIPMENT Pass 

11.1.1 Temperatures on ME EQUIPMENT parts did not 
exceed values in Tables 22 and 23 operating in 
worst-case NORMAL USE at maximum rated ambient 
operating temperature T ...................................... : 

See appended Table 11.1.1 
and appended RM Results 
Table 11.1.1 

Pass 

 Surfaces of test corner did not exceed 90 °C   N/A 

 THERMAL CUT-OUTS did not operate in NORMAL 
CONDITION 

 N/A 

11.1.2 Temperature of APPLIED PARTS Pass 

11.1.2.1 Temperatures, hot or cold surfaces, and when 
appropriate, clinical effects of APPLIED PARTS 
supplying heat to a PATIENT determined and 
documented in RISK MANAGEMENT FILE and 
instructions for use ............................................... : 

See appended Table 11.1.1 
and appended RM Results 
Table 11.1.2.1 

Pass 
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11.1.2.2 APPLIED PARTS not supplying heat to a PATIENT met 
Table 24 with max surface temperatures > 41 °C 
disclosed in instructions for use, and clinical 
effects regarding maturity of PATIENTS, body 
surface, surface pressure, medications taken, as 
shown in RISK MANAGEMENT FILE........................... : 

See appended Table 11.1.1 
and appended RM Results 
Table 11.1.2.2 

Pass 

 Surfaces of APPLIED PARTS cooled below ambient 
temperatures that can also result in HAZARD 
evaluated as part of RISK MANAGEMENT PROCESS 

 N/A 

11.1.3 Measurements not made when engineering 
judgment and rationale by MANUFACTURER 
indicated temperature limits could not exceed, as 
documented in RISK MANAGEMENT FILE ................. : 

See appended Table 11.1.3 
and RM Results Table 11.1.3 

N/A 

 Test corner not used where engineering judgment 
and rationale by MANUFACTURER indicated test 
corner will not impact measurements, as 
documented in RISK MANAGEMENT FILE 

 N/A 

 Probability of occurrence and duration of contact 
for parts likely to be touched and for APPLIED PARTS 
documented in RISK MANAGEMENT FILE 

 Pass 

11.1.4 GUARDS preventing contact with hot or cold 
accessible surfaces removable only with a TOOL 

 N/A 

11.2 Fire prevention Pass 

11.2.1 ENCLOSURE has strength and rigidity necessary to 
prevent a fire caused by reasonably foreseeable 
misuse and met mechanical strength tests for 
ENCLOSURES in 15.3  

 Pass 

11.2.2 Me equipment and me systems used in conjunction with OXYGEN RICH 
ENVIRONMENTS 

N/A 

11.2.2.1 RISK of fire in an OXYGEN RICH ENVIRONMENT 
reduced by means limiting spread of fire under 
NORMAL or SINGLE FAULT CONDITIONS when source 
of ignition in contact with ignitable material  ......... : 

See appended Table 8.10 N/A 

 Requirements of 13.1.1 applied to oxygen 
concentrations up to 25 % at one atmosphere or 
partial pressures up to 27.5 kPa for higher 
atmospheric pressures 

 N/A 

 a) No sources of ignition discovered in an OXYGEN 
RICH ENVIRONMENT in NORMAL and SINGLE FAULT 
CONDITIONS under any of the following conditions . : 

 N/A 

 1) when temperature of material raised to its 
ignition temperature 

 N/A 

 2) when temperatures affected solder or solder 
joints causing loosening, short circuiting, or other 
failures causing sparking or increasing material 
temperature to its ignition temperature 

 N/A 
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 3) when parts affecting safety cracked or changed 
outer shape exposing temperatures higher than 
300°C or sparks due to overheating  

 N/A 

 4) when temperatures of parts or components 
exceeded 300°C, atmosphere was 100 % oxygen, 
contact material solder, and fuel cotton 

 N/A 

 5) when sparks provided adequate energy for 
ignition by exceeding limits of Figs 35 to 37 
(inclusive), atmosphere was 100 % oxygen, 
contact material solder, and fuel cotton 

 N/A 

 Deviations from worst case limits in 4) and 5) 
above based on lower oxygen concentrations or 
less flammable fuels justified and documented in 
RISK MANAGEMENT FILE 

See Appended RM Results 
Table 11.2.2.1 

N/A 

 Alternative test in this clause did not identify 
existence of ignition sources at highest voltage or 
current, respectively .............................................. : 

See appended Table 11.2.2.1 N/A 

 A safe upper limit determined by dividing upper 
limit of voltage or current, respectively, with safety 
margin factor of three ........................................... : 

 N/A 

 b) RESIDUAL RISK of fire in an OXYGEN RICH 
ENVIRONMENT as determined by application of RISK 
MANAGEMENT PROCESS is based on following 
configurations, or in combination  ......................... : 

See Appended RM Results 
Table 11.2.2.1 

N/A 

 1) Electrical components in an OXYGEN RICH 
ENVIRONMENT provided with power supplies having 
limited energy levels lower than those considered 
sufficient for ignition in 11.2.2.1 a) as determined 
by examination, measurement or calculation of 
power, energy, and temperatures in NORMAL and 
SINGLE FAULT CONDITIONS identified in 11.2.3 ........ : 

See appended Tables 4.11, 
11.1.1 to 11.1.2.2, inclusive; 
and Table 13.2 

N/A 

 2) Max oxygen concentration measured until it did 
not exceed 25 % in ventilated compartments with 
parts that can be a source of ignition only in SINGLE 
FAULT CONDITION and can be penetrated by oxygen 
due to an undetected leak (%) ............................. : 

 N/A 

 3) A compartment with parts or components that 
can be a source of ignition only under SINGLE 
FAULT CONDITION separated from another 
compartment containing an OXYGEN RICH 
ENVIRONMENT by sealing all joints and holes for 
cables, shafts, or other purposes 

 N/A 

 Effect of possible leaks and failures under SINGLE 
FAULT CONDITION that could cause ignition 
evaluated using a RISK ASSESSMENT to determine 
maintenance intervals by examination of 
documentation and RISK MANAGEMENT FILE ........... : 

 N/A 
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 4) Fire initiated in ENCLOSURE of electrical 
components in a compartment with OXYGEN RICH 
ENVIRONMENT that can become a source of ignition 
only under SINGLE FAULT CONDITIONS self-
extinguished rapidly and no hazardous amount of 
toxic gases reached PATIENT as determined by 
analysis of gases  ................................................. : 

 N/A 

11.2.2.2 RISK of ignition under least favourable conditions 
did not occur and oxygen concentration did not 
exceed 25% in immediate surroundings due to 
location of external exhaust outlets of an OXYGEN 
RICH ENVIRONMENT when electrical components 
mounted outside of ME EQUIPMENT or ME SYSTEM  

 N/A 

11.2.2.3 Electrical connections within a compartment 
containing an OXYGEN RICH ENVIRONMENT under 
NORMAL USE did not produce sparks due to 
loosening or breaking, except when limited in 
power and energy to values in 11.2.2.1 a) 5) 

 N/A 

 – Screw-attachments protected against loosening 
during use by varnishing, use of spring washers, 
or adequate torques 

 N/A 

 – Soldered, crimped, and pin-and-socket 
connections of cables exiting ENCLOSURE include 
additional mechanical securing means 

 N/A 

11.2.3 SINGLE FAULT CONDITIONS related to OXYGEN RICH ENVIRONMENTS ME EQUIPMENT and 
ME SYSTEMS considered  

N/A 

 – Failure of a ventilation system constructed in 
accordance with 11.2.2.1 b) 2) ............................. : 

 N/A 

 – Failure of a barrier constructed in accordance 
with 11.2.2.1 b) 3) ................................................. : 

 N/A 

 – Failure of a component creating a source of 
ignition (as defined in 11.2.2.1 a) .......................... : 

 N/A 

 – Failure of solid insulation or creepage and 
clearances providing equivalent of at least one 
MEANS OF PATIENT PROTECTION but less than two 
MEANS OF PATIENT PROTECTION that could create a 
source of ignition defined in 11.2.2.1 a) ................ : 

 N/A 

 – Failure of a pneumatic component resulting in 
leakage of oxygen-enriched gas ........................... : 

 N/A 

11.3 Constructional requirements for fire ENCLOSURES of ME EQUIPMENT N/A 

 ME EQUIPMENT met this clause for alternate means 
of compliance with selected HAZARDOUS SITUATIONS 
and fault conditions in 13.1.2 ................................ : 

See Appended RM Results 
Table 11.3 

No fire enclosure claimed metal 
enclosure 

N/A 

 Constructional requirements were met, or  N/A 
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 - constructional requirements specifically analysed 
in RISK MANAGEMENT FILE  ...................................... : 

See Appended RM Results 
Table 11.3 

N/A 

 Justification, when requirement not met ............... :  N/A 

 a) Flammability classification of insulated wire 
within fire ENCLOSURE is FV-1, or better, based on 
IEC 60695 series as determined by examination of 
data on materials 

See appended Table 8.10  N/A 

 Flammability classification of connectors, printed 
circuit boards, and insulating material on which 
components are mounted is FV-2, or better, based 
on IEC 60695-11-10 as decided by examination of 
materials data ....................................................... : 

See appended Table 8.10  N/A 

 If no FV Certification, FV tests based on IEC 
60695-11-10 conducted on 3 samples of complete 
parts (or sections of it), including area with min. 
thickness, ventilation openings  

 N/A 

 b) Fire ENCLOSURE met following:  N/A 

 1) No openings at bottom or, as specified in  
Fig 39, constructed with baffles as in Fig 38, or 
made of perforated metal as in Table 25, or a 
metal screen with a mesh ≤ 2 × 2 mm centre to 
centre and wire diameter of at least 0.45 mm 

 N/A 

 2) No openings on the sides within the area 
included within the inclined line C in Fig 39 

 N/A 

 3) ENCLOSURE, baffles, and flame barriers have 
adequate rigidity and made of appropriate metal or 
of non-metallic materials, except constructions 
based on Table 25 and a mesh; FV-2 or better for 
TRANSPORTABLE ME EQUIPMENT, FV-1 or better for 
fixed EQUIPMENT, or STATIONARY EQUIPMENT per 
IEC 60695-11-10, determined by ENCLOSURE 
examination or flammability classification based on 
11.3a) .................................................................... : 

See appended Table 8.10 N/A 

11.4 ME EQUIPMENT and ME SYSTEMS intended for use with flammable anaesthetics N/A 

 ME EQUIPMENT, ME SYSTEMS and parts described in 
ACCOMPANYING DOCUMENTS for use with flammable 
anaesthetics (CATEGORY AP) or anaesthetics with 
oxidants (CATEGORY APG) comply with Annex G 

 N/A 

11.5 ME EQUIPMENT and ME SYSTEMS intended for use in conjunction with flammable 
agents 

N/A 

 MANUFACTURER’S RISK MANAGEMENT PROCESS 
addresses possibility of fire and associated 
mitigations as confirmed by examination of RISK 
MANAGEMENT FILE .................................................. : 

See Appended RM Results 
Table 11.5 

N/A 
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11.6 Overflow, spillage, leakage, ingress of water or particulate matter, cleaning, 
disinfection, sterilization and compatibility with substances used with the ME 
EQUIPMENT 

Pass 

11.6.1 Sufficient degree of protection provided against 
overflow, spillage, leakage, ingress of water or 
particulate matter, cleaning, disinfection and 
sterilization, and compatibility with substances 
used with ME EQUIPMENT ...................................... : 

See Appended Table 11.6.1 Pass 

11.6.2 Overflow in ME EQUIPMENT   N/A 

 Liquid reservoir liable to overflow in NORMAL USE 
completely filled and 15 % of its capacity poured in 
for over 1 min, and except when restricted, 
TRANSPORTABLE ME EQUIPMENT tilted through an 
angle of 15° in least favourable direction(s), and 
when necessary refilled starting from position of 
NORMAL USE ........................................................... : 

See Appended RM Results 
Table 11.6.2 and Table 11.6.1 

N/A 

 ME EQUIPMENT met dielectric strength and LEAKAGE 
CURRENT tests and uninsulated electrical parts or 
electrical insulation of parts that could result in a 
HAZARDOUS SITUATION were not wet....................... : 

See appended Table 8.7and 
8.8.3 

N/A 

11.6.3 Spillage on ME EQUIPMENT and ME SYSTEM  Pass 

 ME EQUIPMENT and ME SYSTEMS handling liquids in 
NORMAL USE positioned as in 5.4 a) and liquid with 
composition, volume, duration of spill, point of 
contact, and test conditions based on RISK 
MANAGEMENT PROCESS poured steadily on a point 
on top of ME EQUIPMENT ......................................... : 

See Appended RM Results 
Table 11.6.3 and Table 11.6.1 

Pass 

 ME EQUIPMENT met dielectric strength and LEAKAGE 
CURRENT tests and uninsulated electrical parts or 
electrical insulation of parts that could result in a 
HAZARDOUS SITUATION were not wet ...................... : 

See appended Table 8.7and 
8.8.3 

Pass 

11.6.4 Leakage See 13.2.6 N/A 

11.6.5 Ingress of water or particulate matter into ME EQUIPMENT and ME SYSTEMS N/A 

 ME EQUIPMENT with IP Code placed in least 
favourable position of NORMAL USE and subjected 
to tests of IEC 60529 (IP Code) ........................... : 

See Appended RM Results 
Table 11.6.5 and Table 11.6.1 

N/A 

 ME EQUIPMENT met dielectric strength and LEAKAGE 
CURRENT tests and there were no bridging of 
insulation or electrical components that could 
result in a HAZARDOUS SITUATION in NORMAL 
CONDITION or in a SINGLE FAULT CONDITION  

See appended Table 8.7and 
8.8.3 

N/A 

11.6.6 Cleaning and disinfection of ME EQUIPMENT and ME SYSTEMS Pass 

 ME EQUIPMENT/ME SYSTEM and their parts and 
ACCESSORIES cleaned or disinfected once using 
methods specified in instructions for use including 
any cooling or drying period  ................................. : 

See Appended RM Results 
Table 11.6.6 and Table 11.6.1 

Pass 
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 ME EQUIPMENT met dielectric strength and LEAKAGE 
CURRENT tests, with no deterioration resulting in an 
unacceptable RISK present .................................... : 

See appended Table 8.7and 
8.8.3 

Pass 

 Effects of multiple cleanings/disinfections during 
EXPECTED SERVICE LIFE of EQUIPMENT evaluated by 
MANUFACTURER and assurance that no 
unacceptable RISK will occur verified by RISK 
MANAGEMENT FILE review ....................................... : 

See RM Results Table 11.6.6 Pass 

11.6.7 Sterilization of ME EQUIPMENT and ME SYSTEMS N/A 

 ME EQUIPMENT, ME SYSTEMS and their parts or 
ACCESSORIES intended to be sterilized assessed 
and documented according to ISO 11134, ISO 
11135, or ISO 11137 as appropriate .................... : 

See Appended RM Results 
Table 11.6.7 

N/A 

 After the test, ME EQUIPMENT complied with the 
appropriate dielectric strength and LEAKAGE 
CURRENT tests and there was no deterioration 
resulting in an unacceptable RISK ......................... : 

See appended Table 8.7and 
8.8.3, and 11.6.1 

N/A 

11.6.8 RISKS associated with compatibility of substances 
used with ME EQUIPMENT addressed in RISK 
MANAGEMENT PROCESS as confirmed by 
examination of RISK MANAGEMENT FILE .................. : 

See Appended RM Results 
Table 11.6.8 

N/A 

11.7 ME EQUIPMENT, ME SYSTEM, and ACCESSORIES 
coming into direct or indirect contact with biological 
tissues, cells, or body fluids assessed and 
documented per ISO 10993  

 Pass 

11.8 Interruption and restoration of power supply did 
not result in a HAZARDOUS SITUATION, except 
interruption of its intended function 

 Pass 

 

12 ACCURACY OF CONTROLS AND INSTRUMENTS AND PROTECTION AGAINST 
HAZARDOUS OUTPUTS 

— 

12.1 RISKS associated with accuracy of controls and 
instruments stated in RISK MANAGEMENT PROCESS 
confirmed by RISK MANAGEMENT FILE review ......... : 

See Appended RM Results 
Table 12.1 

Pass 

12.2 RISK of poor USABILITY, including identification, 
marking, and documents addressed in a USABILITY 
ENGINEERING PROCESS as confirmed by review of 
provided records .................................................. : 

See Report based on IEC 
60601-1-6 

Pass 

12.3 The need for alarm systems as a means of RISK 
CONTROL and RISKS associated with operation or 
failure of alarm system addressed in RISK 
MANAGEMENT PROCESS  ......................................... : 

See Report based on IEC 
60601-1-8 and appended RM 
Results Table 12.3 

Pass 

12.4 Protection against hazardous output Pass 
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12.4.1 RISKS associated with hazardous output arising 
from intentional exceeding of safety limits 
addressed in RISK MANAGEMENT PROCESS as 
confirmed in RISK MANAGEMENT FILE ....................... : 

See Appended RM Results 
Table 12.4.1 

N/A 

12.4.2 When applicable, need for indication of 
parameters associated with hazardous output 
addressed in RISK MANAGEMENT PROCESS as 
confirmed in RISK MANAGEMENT FILE ....................... : 

See Appended RM Results 
Table 12.4.2 

Pass 

12.4.3 RISKS associated with accidental selection of 
excessive output values for ME EQUIPMENT with a 
multi-purpose unit designed to provide low and 
high-intensity outputs for different treatments 
addressed in RISK MANAGEMENT PROCESS, 
confirmed in RISK MANAGEMENT FILE ..................... : 

See Appended RM Results 
Table 12.4.3 

N/A 

12.4.4 When applicable, RISKS associated with incorrect 
output addressed in RISK MANAGEMENT PROCESS as 
confirmed by review of RISK MANAGEMENT FILE ..... : 

See Appended RM Results 
Table 12.4.4 

N/A 

12.4.5 Diagnostic or therapeutic radiation N/A 

12.4.5.1 Adequate provisions to protect OPERATORS, 
PATIENTS, other persons and sensitive devices in 
vicinity of unwanted or excessive radiation emitted 
by ME EQUIPMENT designed to produce radiation for 
diagnostic/therapeutic purposes 

 N/A 

 Radiation safety ensured by compliance with 
requirements of appropriate standards 

 N/A 

12.4.5.2 RISKS associated with diagnostic X-rays addressed 
in RISK MANAGEMENT PROCESS as confirmed in RISK 
MANAGEMENT FILE ................................................. : 

See appended RM Results 
Table 12.4.5.2 

N/A 

12.4.5.3 RISKS associated with radiotherapy addressed in 
RISK MANAGEMENT PROCESS as confirmed by review 
of RISK MANAGEMENT FILE ...................................... : 

See Appended RM Results 
Table 12.4.5.3 

N/A 

12.4.5.4 RISKS associated with ME EQUIPMENT producing 
diagnostic or therapeutic radiation other than 
diagnostic X-rays and radiotherapy addressed in 
RISK MANAGEMENT PROCESS as confirmed by 
examination of RISK MANAGEMENT FILE ................. : 

See Appended RM Results 
Table 12.4.5.4 

N/A 

12.4.6 When applicable, RISKS associated with diagnostic 
or therapeutic acoustic pressure addressed in RISK 
MANAGEMENT PROCESS as confirmed in RISK 
MANAGEMENT FILE ................................................. : 

See Appended RM Results 
Table 12.4.6 

N/A 

 

13 HAZARDOUS SITUATIONS AND FAULT CONDITIONS — 

13.1 Specific HAZARDOUS SITUATIONS Pass 

13.1.1 None of HAZARDOUS SITUATIONS in 13.1.2-13.1.4, 
inclusive, occurred when SINGLE FAULT CONDITIONS 
applied, one at a time, as in 4.7 and 13.2  

 Pass 

13.1.2 Emissions, deformation of ENCLOSURE or exceeding maximum temperature Pass 
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 – Emission of flames, molten metal, poisonous or 
ignitable substance in hazardous quantities did not 
occur 

 Pass 

 – Deformation of ENCLOSURE impairing compliance 
with 15.3.1 did not occur 

 Pass 

 – Temperatures of APPLIED PARTS did not exceed 
allowable values in Table 24 when measured as in 
11.1.3 .................................................................... : 

See appended Tables 11.1.1, 
11.1.2.1, and 11.1.2.2 

Pass 

 – Temperatures of ME EQUIPMENT parts that are not 
APPLIED PARTS likely to be touched did not exceed 
values in Table 23 when measured and adjusted 
as in 11.1.3 ........................................................... : 

See appended Tables 11.1.1, 
11.1.2.1, and 11.1.2.2 

Pass 

 –Allowable values for “other components and 
materials” in Table 22 times 1.5 minus 12.5 °C 
were not exceeded 

 Pass 

 Limits for windings in Tables 26, 27, and 31 not 
exceeded 

 N/A 

 Table 22 not exceeded in all other cases  Pass 

 Temperatures measured according to 11.1.3  Pass 

 SINGLE FAULT CONDITIONS in 4.7, 8.1 b), 8.7.2, and 
13.2.2 relative to emission of flames, molten metal, 
or ignitable substances, not applied to parts and 
components where: 

 Pass 

 –  Supply circuit was unable to supply 15 W one 
minute after 15 W drawn from supply circuit, or 

See appended Table 13.1.2 N/A 

 – Parts and components completely contained 
within a fire ENCLOSURE complying with 11.3 as 
verified by review of design documentation 

 N/A 

 After tests of this Clause, settings of THERMAL CUT-
OUTS and OVER-CURRENT RELEASES did not change 
sufficiently to affect their safety function 

 N/A 

13.1.3 – limits for LEAKAGE CURRENT in SINGLE FAULT 
CONDITION based on 8.7.3 did not exceed ............. : 

See appended Table 8.7  Pass 

 – voltage limits for ACCESSIBLE PARTS including 
APPLIED PARTS in 8.4.2 did not exceed .................. : 

See appended Table 8.7 Pass 

13.1.4 ME EQUIPMENT complied with the requirements of 
9.1 to 9.8 for specific MECHANICAL HAZARDS 

 Pass 

13. 2 SINGLE FAULT CONDITIONS Pass 

13.2.1 During application of SINGLE FAULT CONDITIONS in 
13.2.2 -13.2.13, inclusive, NORMAL CONDITIONS in 
8.1 a) applied in least favourable combination ..... : 

See appended Table 13.2 N/A 

13.2.2 – 
13.2.12 

ME EQUIPMENT complied with 13.2.2 -13.2.12 ....... : See appended Table 13.2 and 
RM Results Table 13.2.6 

Pass 
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13.2.13 ME EQUIPMENT remained safe after tests of 
13.2.13.2 to 13.2.13.4 (inclusive), and cooling down 
to room temperature 

 N/A 

 ME EQUIPMENT examined for compliance or 
appropriate tests such as dielectric strength of 
motor insulation according to 8.8.3 conducted 

 N/A 

 For insulation of thermoplastic materials relied upon 
as a MEANS OF PROTECTION (see 8.8), the ball-
pressure test specified in 8.8.4.1 a) performed at a 
temperature 25 °C higher than temperature of 
insulation measured during tests of 13.2.13.2 to 
13.2.13.4 (inclusive). 

 N/A 

13.2.13.2 ME EQUIPMENT with heating elements N/A 

 a 1) thermostatically controlled ME EQUIPMENT with 
heating elements for building-in, or for unattended 
operation, or with a capacitor not protected by a 
fuse connected in parallel with THERMOSTAT 
contacts met tests of 13.2.13.2 b) & 13.2.13.2 c) 

 N/A 

 a 2) ME EQUIPMENT with heating elements RATED for 
non-CONTINUOUS OPERATION met tests of 13.2.13.2 
b) and 13.2.13.2 c) 

 N/A 

 a 3) other ME EQUIPMENT with heating elements 
met test of 13.2.13.2 b) 

 N/A 

 When more than one test was applicable to same 
ME EQUIPMENT, tests performed consecutively 

 N/A 

 Heating period stopped when a heating element or 
an intentionally weak part of a non-SELF-RESETTING 
THERMAL CUT-OUT ruptured, or current interrupted 
before THERMAL STABILITY without possibility of 
automatic restoration  

 N/A 

 Test repeated on a second sample when 
interruption was due to rupture of a heating 
element or an intentionally weak part 

 N/A 

 Both samples met 13.1.2, and open circuiting of a 
heating element or an intentionally weak part in 
second sample not considered a failure by itself 

 N/A 

 b) ME EQUIPMENT with heating elements tested per 
11.1without adequate heat discharge, and supply 
voltage set at 90 or 110 % of RATED supply 
voltage, least favourable of the two (V) ............... : 

 N/A 

 Operating period stopped when a non-SELF-
RESETTING THERMAL CUT-OUT operated, or current 
interrupted without possibility of automatic 
restoration before THERMAL STABILITY 

 N/A 
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 ME EQUIPMENT switched off as soon as THERMAL 
STABILITY established and allowed to cool to room 
temperature when current not interrupted 

 N/A 

 Test duration was equal to RATED operating time 
for non-CONTINUOUS OPERATION 

 N/A 

 c) Heating parts of ME EQUIPMENT tested with ME 
EQUIPMENT operated in NORMAL CONDITION at 110 
% of RATED supply voltage and as in 11.1, and 

 N/A 

 1) Controls limiting temperature in NORMAL 
CONDITION disabled, except THERMAL CUT-OUTS 

 N/A 

 2) When more than one control provided, they 
were disabled in turn 

 N/A 

 3) ME EQUIPMENT operated at RATED DUTY CYCLE 
until THERMAL STABILITY achieved, regardless of 
RATED operating time 

 N/A 

13.2.13.3 ME EQUIPMENT with motors N/A 

 a 1) For the motor part of the ME EQUIPMENT, 
compliance checked by tests of 13.2.8- 13.2.10, 
13.2.13.3 b), 13.2.13.3 c), and 13.2.13.4, as 
applicable 

 N/A 

 To determine compliance with 13.2.9 and 13.2.10 
motors in circuits running at 42.4 V peak a.c./ 60 V 
d.c. or less are covered with a single layer of 
cheesecloth which did not ignite during the test 

 N/A 

 a 2) Tests on ME EQUIPMENT containing heating 
parts conducted at prescribed voltage with motor & 
heating parts operated simultaneously to produce 
the least favourable condition 

 N/A 

 a 3) Tests performed consecutively when more 
tests were applicable to the same ME EQUIPMENT 

 N/A 

 b) Motor met running overload protection test of 
this clause when: 

 N/A 

 1) it is intended to be remotely or automatically 
controlled by a single control device with no 
redundant protection, or 

 N/A 

 2) it is likely to be subjected to CONTINUOUS 
OPERATION while unattended 

 N/A 

 Motor winding temperature determined during 
each steady period and maximum value did not 
exceed Table 27 (Insulation Class, Maximum 
temperature measured °C) .................................. : 

 N/A 

 Motor removed from ME EQUIPMENT and tested 
separately when load could not be changed in 
appropriate steps  

 N/A 
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 Running overload test for motors operating at 42.4 
V peak a.c./60 V d.c. or less performed only when 
examination and review of design indicated 
possibility of an overload  

 N/A 

 Test not conducted where electronic drive circuits 
maintained a substantially constant drive current 

 N/A 

 Test not conducted based on other justifications 
(justification) ......................................................... : 

 N/A 

 c) ME EQUIPMENT with 3-phase motors operated 
with normal load, connected to a 3-phase SUPPLY 
MAINS with one phase disconnected, and periods of 
operation per 13.2.10 

 N/A 

13.2.13.4 ME EQUIPMENT RATED for NON-CONTINUOUS OPERATION N/A 

 ME EQUIPMENT (other than HAND-HELD) operated 
under normal load and at RATED voltage or at 
upper limit of RATED voltage range until increase in 
temperature was ≤ 5 °C in one hour, or a 
protective device operated 

 N/A 

 When a load-reducing device operated in NORMAL 
USE, test continued with ME EQUIPMENT running idle 

 N/A 

 Motor winding temperatures did not exceed values 
in 13.2.10 ............................................................. : 

 N/A 

 Insulation Class .................................................... :  N/A 

 Maximum temperature measured (°C) ................ :  N/A 

 

14 PROGRAMMABLE ELECTRICAL MEDICAL SYSTEMS (PEMS) — 

14.1 Requirements of this clause not applied to PESS 
when it provided no BASIC SAFETY or ESSENTIAL 
PERFORMANCE, or 

 N/A 

 - when application of ISO 14971 showed that 
failure of PESS does not lead to unacceptable RISK
 .............................................................................. : 

See Appended RM Results 
Table 14.1 

N/A 

 Every PROCESS has been followed throughout the 
PEMS DEVELOPMENT LIFE-CYCLE and a RECORD of 
PROCESS has been made available as confirmed 
by RISK MANAGEMENT FILE REVIEW and assessment 
of PROCESSES cited in this Clause 

 Pass 

 MANUFACTURER considered the need for additional 
RISK CONTROL measures when unable to follow all 
PROCESSES identified in Clause 14 for each 
constituent component of PEMS as confirmed by 
RISK MANAGEMENT FILE review and assessment of 
PROCESSES cited in this Clause 

No OTS or subsystems of non-
medical origin used 

N/A 
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 Assessment of PROCESSES cited in this Clause 
made by internal audits 

audit Quality Systems 
Procedure QSP2016 – Internal 
Quality Audits 
QSP2016.pdf 
 
2012 Internal Audit Summary. 
Notice process step 8 for risk 
management 
2012 Internal Audit 
Schedule.pdf 
 
audit checklist which includes 
risk management and its 
application to PEMS 
Risk Management Audit 
Checklist.docx 

Pass 

14.2 Documents produced from application of Clause 
14 are maintained and form a part of RISK 
MANAGEMENT FILE in addition to RECORDS and 
documents required by ISO 14971 ....................... : 

21-07-0303rev03.pdf 

Item5.5 

Pass 

14.3 RISK MANAGEMENT plan required by 3.5 of ISO 
14971 includes reference to PEMS VALIDATION plan  

 Pass 

14.4 A PEMS DEVELOPMENT LIFE-CYCLE including a set of 
defined milestones has been documented  

Gemini Design Schedule 21-
07-0300 
Gemini SW Life Cycle 
documents; 21-07-0333, 21-
07-0334, 21-07-0335, 21-07-
0336 

Pass 

 At each milestone, activities to be completed, and 
VERIFICATION methods to be applied to activities 
have been defined 

Gemini Design Schedule 21-
07-0300 
Gemini SW Life Cycle 
documents; 21-07-0333, 21-
07-0334, 21-07-0335, 21-07-
0336 

Pass 

 Each activity including its inputs and outputs 
defined, and each milestone identifies RISK 
MANAGEMENT activities that must be completed 
before that milestone 

Gemini Design Schedule 21-
07-0300 
Gemini SW Life Cycle 
documents; 21-07-0333, 21-
07-0334, 21-07-0335, 21-07-
0336 

Pass 

 PEMS DEVELOPMENT LIFE-CYCLE tailored for a 
specific development by making plans detailing 
activities, milestones, and schedules 

Gemini Design Schedule 21-
07-0300 

Pass 

 PEMS DEVELOPMENT LIFE-CYCLE includes 
documentation requirements 

Gemini Design Schedule 21-
07-0300 
Gemini SW Life Cycle 
documents; 21-07-0333, 21-
07-0334, 21-07-0335, 21-07-
0336 

Pass 
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14.5 A documented system for problem resolution 
within and between all phases and activities of 
PEMS DEVELOPMENT LIFE-CYCLE has been 
developed and maintained where appropriate 

QSP4002 Software Life Cycle 
Procedure Section 5.4.2 

QSP4007, Design Verification 
and Validation 

Gemini SW Life Cycle 
documents; 21-07-0333, 21-
07-0334, 21-07-0335, 21-07-
0336 

Pass 

 Problem resolution system meets the prescribed 
criteria depending on type of product: 

 Pass 

 – it is documented as a part of PEMS DEVELOPMENT 
LIFE-CYCLE 

 Pass 

 – it allows reporting of potential or existing 
problems affecting BASIC SAFETY or ESSENTIAL 
PERFORMANCE 

 Pass 

 – it includes an assessment of each problem for 
associated RISKS 

 Pass 

 – it identifies criteria that must be met for the issue 
to be closed 

 Pass 

 – it identifies the action to be taken to resolve each 
problem 

 Pass 

14.6 RISK MANAGEMENT PROCESS Pass 

14.6.1 MANUFACTURER considered HAZARDS associated 
with software and hardware aspects of PEMS 
including NETWORK/DATA COUPLING, components of 
third-party origin, legacy subsystems when 
compiling list of known or foreseeable HAZARDS  

See Appended RM Results 
Table 14.6.1 

Pass 

 In addition to the material in ISO 14971, Annex D, 
list of possible sources for HAZARDS associated 
with PEMS includes specified causes  

 Pass 

 – failure of NETWORK/DATA COUPLING to provide 
characteristics necessary for PEMS to achieve its 
BASIC SAFETY or ESSENTIAL PERFORMANCE 

No network/data coupling N/A 

 – undesired feedback [physical and data] (such as 
unsolicited/ out of range/ inconsistent input or input 
from electromagnetic interference) 

 Pass 

 – unavailable data  Pass 

 – lack of integrity of data  Pass 

 – incorrect data  Pass 

 – incorrect timing of data  Pass 

 – unintended interactions within & among PESS  Pass 

 – unknown aspects or quality of third-party 
software 

No third party software used N/A 
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 – unknown aspects or quality of third-party PESS No third party PESS N/A 

 – lack of data security, particularly vulnerability to 
tampering, unintended interaction with other 
programs and viruses 

No interaction with other 
programs 

N/A 

14.6.2 Suitably validated tools and PROCEDURES assuring 
each RISK CONTROL measure reduces identified 
RISK(S) satisfactorily provided in addition to PEMS 
requirements in Clause 6.1 of ISO 14971 ............. : 

See Appended RM Results 
Table 14.6.2 

Pass 

14.7 A documented requirement specification for PEMS 
and each of its subsystems (e.g. for a PESS) which 
includes ESSENTIAL PERFORMANCE and RISK 
CONTROL measures implemented by that system or 
subsystem .............................................................. : 

See Appended RM Results 
Table 14.7 

Pass 
 
 

14.8 An architecture satisfying the requirement is 
specified for PEMS and each of subsystems .......... : 

See Appended RM Results 
Table 14.8 

Pass 

 The architecture specification makes use of 
considers the specified items to reduce RISK to an 
acceptable level, where appropriate: 

 Pass 

 a) COMPONENTS WITH HIGH-INTEGRITY 
CHARACTERISTICS 

No high-integrity components N/A 

 b) fail-safe functions  Pass 

 c) redundancy  Pass 

 d) diversity;  Pass 

 e) partitioning of functionality  Pass 

 f) defensive design potentially limiting hazardous 
effects by restricting available output power or by 
introducing means to limit travel of actuators 

 Pass 

 g) allocation of RISK CONTROL measures to 
subsystems and components of PEMS 

 Pass 

 h) failure modes of components and their effects;  Pass 

 i) common cause failures  Pass 

 j) systematic failures  Pass 

 k) test interval duration and diagnostic coverage  Pass  

 l) maintainability  Pass 

 m) protection from reasonably foreseeable misuse  Pass 

 n) NETWORK/DATA COUPLING specification, when 
applicable 

No Network/Data coupling 
implementation 

N/A 

14.9 Design is broken up into subsystems, each with a 
design and test specification where appropriate, 
and descriptive data on design environment 
included in RISK MANAGEMENT FILE......................... : 

See Appended RM Results 
Table 14.9 

Pass 
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14.10 A VERIFICATION plan containing the specified 
information used to verify and document functions 
implementing BASIC SAFETY, ESSENTIAL 
PERFORMANCE, or RISK CONTROL measures ........... : 

See Appended RM Results 
Table 14.10 

Pass  

 – milestone(s) when VERIFICATION is to be 
performed for each function 

 Pass 

 – selection and documentation of VERIFICATION 
strategies, activities, techniques, and appropriate 
level of independence of the personnel performing 
the VERIFICATION 

 Pass 

 – selection and utilization of VERIFICATION tools  Pass 

 – coverage criteria for VERIFICATION  Pass 

14.11 A PEMS VALIDATION plan containing validation of 
BASIC SAFETY & ESSENTIAL PERFORMANCE and 
requiring checks for unintended functioning of 
PEMS to perform and document PEMS VALIDATION 

See Appended RM Results 
Table 14.11 

Pass 

 The person with overall responsibility for PEMS 
VALIDATION is independent of design team, and no 
member of a design team is responsible for PEMS 
VALIDATION of their own design 

 Pass 

 All professional relationships of members of PEMS 
VALIDATION team with members of design team 
documented in RISK MANAGEMENT FILE providing 
methods & results of PEMS VALIDATION  

 Pass 

14.12 Continued validity of previous design 
documentation assessed under a documented 
modification/change PROCEDURE 

This design is not a result of 
an earlier design 

N/A 

14.13 Technical description includes the following 
information when PEMS is to be connected to other 
equipment outside control of PEMS MANUFACTURER 
by NETWORK/DATA COUPLING .................................. : 

See Appended RM Results 
Table 14.13 
device not intended to connect 
to Network/Data coupling 

N/A 

 a) characteristics of NETWORK/DATA COUPLING 
necessary for PEMS to achieve its INTENDED USE 

 N/A 

 b) list of HAZARDOUS SITUATIONS resulting from a 
failure of NETWORK/DATA COUPLING to provide the 
specified characteristics addressed in RMF and ... 

 N/A 

 Listed in technical description  N/A 

 c) instructions to RESPONSIBLE ORGANIZATION 
containing required information and warnings 

 N/A 

 – connection of PEMS to a NETWORK/DATA COUPLING 
that includes other equipment could result in 
previously unidentified RISKS and RESPONSIBLE 
ORGANIZATION shall identify, analyze, and control 
such RISKS 

 N/A 
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 – subsequent changes to NETWORK/DATA COUPLING 
introducing new RISKS and requiring new analysis; 
and changes to NETWORK/DATA COUPLING include: 

 N/A 

 – The technical description shall instruct the 
responsible organization that changes to the 
network/data coupling include… 

 N/A 

 – connection of additional items to NETWORK/DATA 
COUPLING 

 N/A 

 – disconnecting items from NETWORK/DATA 
COUPLING 

 N/A 

 – update of equipment connected to 
NETWORK/DATA COUPLING 

 N/A 

 – upgrade of equipment connected to 
NETWORK/DATA COUPLING 

 N/A 

 

15 CONSTRUCTION OF ME EQUIPMENT — 

15.1 RISKS associated with arrangement of controls and 
indicators of ME EQUIPMENT addressed in RISK 
MANAGEMENT PROCESS, as confirmed by 
examination of RISK MANAGEMENT FILE  ................. : 

See Appended RM Results 
Table 15.1 

Pass 

15.2 Parts of ME EQUIPMENT subject to mechanical wear, 
electrical, environmental degradation or ageing 
resulting in unacceptable RISK when unchecked for 
a long period, are accessible for inspection, 
replacement, and maintenance 

 Pass 

 Inspection, servicing, replacement, and adjustment 
of parts of ME EQUIPMENT can easily be done 
without damage to or interference with adjacent 
parts or wiring 

 Pass 

 

15.3 Mechanical strength Pass 

15.3.1 Mold stress relief, push, impact, drop, and rough 
handling tests did not result in unacceptable RISK 
and ME EQUIPMENT displayed adequate mechanical 
strength 

 Pass 

 

15.3.2 Push test conducted by subjecting external parts 
of ENCLOSURE to a steady force of 250 N ± 10 N for 
5 s applied to a circular (30mm) plane surface, 
except bottom of ENCLOSURE of an ME EQUIPMENT 
>18 kg, using a suitable test tool  ......................... : 

See Appended Table 15.3 and 
RM Results Table 15.3.2  

Pass 

 No damage resulting in an unacceptable RISK 
sustained as determined by examination of RISK 
MANAGEMENT FILE 

 Pass 
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15.3.3 Impact test conducted by subjecting a complete 
ENCLOSURE or its largest non-reinforced area, 
except for HAND-HELD ME EQUIPMENT and parts, to a 
free falling 500 g ± 25 g solid smooth steel ball, 
approx. 50 mm in diameter from a height of 1.3 m
 .............................................................................. : 

See Appended Table 15.3 and 
RM Results Table 15.3.3 

Pass 

 Test not applied to flat panel displays, platen glass 
of ME EQUIPMENT, or cathode ray tubes  

 Pass 

 No damage resulting in an unacceptable RISK 
sustained as shown in RISK MANAGEMENT FILE 

 Pass 

15.3.4 Drop test Pass 

15.3.4.1 Sample of HAND-HELD ME EQUIPMENT and HAND-
HELD part with SAFE WORKING LOAD allowed to fall 
freely once from each of 3 different positions as in 
NORMAL USE from height specified in 
ACCOMPANYING DOCUMENTS, or from 1 m onto a 50 
mm ± 5 mm thick hardwood board lying flat on a 
concrete or rigid base ........................................... : 

See Appended Table 15.3 Pass 

 No unacceptable RISK resulted   Pass 

15.3.4.2 Sample of PORTABLE ME EQUIPMENT and PORTABLE 
part with SAFE WORKING LOAD lifted to a height as in 
Table 29 above a 50 ± 5 mm thick hardwood 
board lying flat on a concrete floor or rigid base, 
dropped 3 times from each orientation in NORMAL 
USE (cm) ............................................................... : 

See Appended Table 15.3 and 
RM Table 15.3.4.2 

Pass 

 No damage resulting in an unacceptable RISK 
sustained as determined by examination of sample 
and RISK MANAGEMENT FILE 

 Pass 

15.3.5 Each sample of MOBILE ME EQUIPMENT and MOBILE 
part with SAFE WORKING LOAD and in most adverse 
condition in NORMAL USE passed Rough Handling 
tests ...................................................................... : 

See Appended Table 15.3 and 
RM Results Table 15.3.5 

N/A 

 a) Ascending step shock test conducted on the 
sample by pushing it 3 times in its normal direction 
of travel at 0.4 m/s ± 0.1 m/s against an ascending 
hardwood step obstruction without the sample 
going over the obstruction 

 N/A 

 b) Descending step shock test conducted on the 
sample by pushing it 3 times in its normal direction 
of travel at 0.4 m/s ± 0.1 m/s in order to fall over a 
vertical step affixed flat on a rigid base with 
direction of movement perpendicular to face of the 
step until full descent achieved 

 N/A 
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 c) Door frame shock test conducted on the sample 
by moving it 3 times in its normal direction of travel 
at 0.4 m/s ± 0.1 m/s, or for motor driven 
EQUIPMENT, at maximum possible speed against a 
hardwood vertical obstacle higher than EQUIPMENT 
contact point(s) 

 N/A 

 No damage resulting in an unacceptable RISK 
sustained as determined by examination of sample 
and RISK MANAGEMENT FILE 

 N/A 

15.3.6 Examination of ENCLOSURE made from molded or 
formed thermoplastic material indicated that 
material distortion due to release of internal 
stresses by molding or forming operations will not 
result in an unacceptable RISK 

 Pass 

 

 Mold-stress relief test conducted by placing one 
sample of complete ME EQUIPMENT, ENCLOSURE or 
a portion of larger ENCLOSURE, for 7 hours in a 
circulating air oven at 10°C over the max 
temperature measured on ENCLOSURE in 11.1.3, 
but no less than 70 °C ........................................... : 

 Pass 

 No damage resulting in an unacceptable RISK   Pass 

15.3.7 INTENDED USE, EXPECTED SERVICE LIFE, and 
conditions for transport and storage were taken 
into consideration for selection and treatment of 
materials used in construction of ME EQUIPMENT  

 Pass 

 Based on review of EQUIPMENT, ACCOMPANYING 
DOCUMENTS, specifications and processing of 
materials, and MANUFACTURER’S relevant tests or 
calculations, corrosion, ageing, mechanical wear, 
degradation of biological materials due to bacteria, 
plants, animals and the like, will not result in an 
unacceptable RISK  

 Pass 

15.4 ME EQUIPMENT components and general assembly Pass 

15.4.1 Incorrect connection of accessible connectors, 
removable without a TOOL, prevented where an 
unacceptable RISK exists, in particular .................. : 

See Appended RM Results 
Table 15.4.1 

N/A 

 a) Plugs for connection of PATIENT leads cannot be 
connected to other outlets on same ME EQUIPMENT 
intended for other functions, except when RISK 
MANAGEMENT FILE provides proof that no 
unacceptable RISK could result ............................. : 

Unique connection design N/A 

 b) Medical gas connections on ME EQUIPMENT for 
different gases to be operated in NORMAL USE are 
not interchangeable as verified by review of RISK 
MANAGEMENT FILE .................................................. : 

 N/A 

15.4.2 Temperature and overload control devices N/A 
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15.4.2.1 a) THERMAL CUT-OUTS and OVER-CURRENT 
RELEASES with automatic resetting not used in ME 
EQUIPMENT when their use could result in a 
HAZARDOUS SITUATION by resetting action as 
verified by review of RISK MANAGEMENT FILE  ......... : 

See Appended RM Results 
Table 15.4.2.1 a) 

N/A 

 b) THERMAL CUT-OUTS with a safety function to be 
reset by a soldering operation affecting operating 
value not fitted in ME EQUIPMENT as verified by 
examination of design and RISK MANAGEMENT FILE : 

See Appended RM Results 
Table 15.4.2.1 b) 

N/A 

 c) An independent non-SELF-RESETTING THERMAL 
CUT-OUT is, additionally, provided where a failure of 
a THERMOSTAT could constitute a HAZARD as 
verified by examination of design and RISK 
MANAGEMENT FILE .................................................. : 

See Appended RM Results 
Table 15.4.2.1 c) 

N/A 

 d) Based on design and RISK MANAGEMENT FILE 
review, loss of function of ME EQUIPMENT due to 
operation of THERMAL CUT-OUT or OVER CURRENT 
RELEASE doesn’t result in a HAZARDOUS SITUATION  

See Appended RM Results 
Table 15.4.2.1 d) 

N/A 

 e) Capacitors or other spark-suppression devices 
not connected between contacts of THERMAL CUT-
OUTS 

 N/A 

 f) Use of THERMAL CUT-OUTS or OVER-CURRENT 
RELEASES do not affect safety of ME EQUIPMENT as 
verified by following tests: 

 N/A 

 Positive temperature coefficient devices (PTC’s) 
complied with IEC 60730-1: 1999, clauses 15, 17, 
J.15, and J.17 as applicable 

 N/A 

 ME EQUIPMENT containing THERMAL CUT-OUTS and 
OVER-CURRENT RELEASES operated under the 
conditions of Clause 13 ........................................ : 

See appended Table 13.2 N/A 

 SELF-RESETTING THERMAL CUT-OUTS and OVER-
CURRENT RELEASES including circuits performing 
equivalent functions (other than PTC's) Certified 
according to appropriate standards .......................  

 N/A 

 In the absence of Certification in accordance with 
IEC standards, SELF-RESETTING THERMAL CUT-OUTS 
and OVER-CURRENT RELEASES including circuits 
performing equivalent functions (other than PTC's) 
operated 200 times  

 N/A 

 Manual reset THERMAL CUT-OUTS and OVER-
CURRENT RELEASES Certified in accordance with 
appropriate IEC standards 

 N/A 

 When certification based on IEC standards, or 
data from MANUFACTURER demonstrating reliability 
of component to perform its safety-related function 
is not available, manual reset THERMAL CUT-OUTS 
and OVER-CURRENT RELEASES operated 10 times  

 N/A 
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 Thermal protective devices tested separately from 
ME EQUIPMENT when engineering judgment 
indicated test results would not be impacted 

 N/A 

 g) Protective device, provided on ME EQUIPMENT 
incorporating a fluid filled container with heating 
means, operated when heater switched on with 
container empty and prevented an unacceptable 
RISK due to overheating 

 N/A 

 h) ME EQUIPMENT with tubular heating elements 
provided with protection against overheating in 
both leads where a conductive connection to earth 
could result in overheating as verified by review of 
design and RISK MANAGEMENT FILE ........................ : 

See Appended RM Results 
Table 15.4.2.1 h) 

N/A 

15.4.2.2 Temperature settings clearly indicated when 
means provided to vary setting of THERMOSTATS  

 N/A 

15.4.3 Batteries Pass 

15.4.3.1 Battery housings from which gases can escape 
during charging or discharging likely to result in a 
HAZARD ventilated to minimize RISK of accumulation 
and ignition as verified by review of design and 
RISK MANAGEMENT FILE ........................................... : 

See Appended RM Results 
Table 15.4.3.1 

Pass 

 Battery compartments prevent accidental short 
circuiting of battery when this could result in a 
HAZARDOUS SITUATION as verified by examination of 
design and RISK MANAGEMENT FILE 

 Pass 

15.4.3.2 Means provided to prevent incorrect connection of 
polarity when a HAZARDOUS SITUATION may develop 
by incorrect connection or replacement of a battery
 .............................................................................. : 

See Appended RM Results 
Table 15.4.3.2 

Pass 

15.4.3.3 Overcharging of battery prevented by virtue of 
design when it could result in an unacceptable 
RISK as verified by review of design  ..................... : 

See Appended RM Results 
Table 15.4.3.3 

Pass 

15.4.3.4 Lithium batteries that could become a HAZARD 
complied with appropriate tests of IEC 60086-4 

See Appended RM Results 
Table 15.4.3.4 

N/A 

 Tests of IEC 60086-4 waived on the lithium battery 
based on examination of design  

 N/A 

15.4.3.5 A properly RATED protective device provided within 
INTERNAL ELECTRICAL POWER SOURCE to protect 
against fire caused by excessive currents when (in 
case of a short circuit) layout of internal wiring, 
cross-sectional area, rating of connected 
components can result in a fire  ............................ : 

See Appended RM Results 
Table 15.4.3.5 

Pass 

 Protective device has adequate breaking capacity 
to interrupt the maximum fault current 

 Pass 

 Justification for OVER-CURRENT RELEASES or FUSE 
exclusion is included in RISK MANAGEMENT FILE 

Fuses not omitted N/A 
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15.4.4 Indicator lights provided to indicate ME EQUIPMENT 
is ready for NORMAL USE, except when apparent to 
OPERATOR from normal operating position, and 
marking of 7.4.1 are insufficient for this purpose .. : 

See Appended RM Results 
Table 15.4.4 

N/A 

 An additional indicator light provided on ME 
EQUIPMENT with a stand-by state or a warm-up 
state exceeding 15 s, except when apparent to 
OPERATOR from normal operating position 

 N/A 

 Indicator lights provided on ME EQUIPMENT 
incorporating non-luminous heaters to indicate 
heaters are operational when a HAZARDOUS 
SITUATION could exist, except when apparent to 
OPERATOR from normal operating position 

 N/A 

 Requirement not applied to heated stylus-pens for 
recording purposes 

 N/A 

 Indicator lights provided on ME EQUIPMENT to 
indicate an output exists where an accidental or 
prolonged operation of output circuit could 
constitute a HAZARDOUS SITUATION 

 Pass 

 Colours of indicator lights complied with 7.8.1  Pass 

 Charging mode visibly indicated in ME EQUIPMENT 
incorporating a means for charging an INTERNAL 
ELECTRICAL POWER SOURCE 

 Pass 

15.4.5 RISKS associated with pre-set controls addressed 
in RISK MANAGEMENT PROCESS when applicable as 
verified by review of RISK MANAGEMENT FILE .......... : 

See Appended RM Results 
Table 15.4.5 

N/A 

15.4.6 Actuating parts of controls of ME EQUIPMENT N/A 

15.4.6.1 a) Actuating parts cannot be pulled off or loosened 
up during NORMAL USE 

 N/A 

 b) Indication of scales (e.g., “on” “off” positions, 
etc.) always corresponds to position of controls 
with adjustment that can result in a HAZARDOUS 
SITUATION for PATIENT or OPERATOR while ME 
EQUIPMENT is in use 

 N/A 

 c) Incorrect connection of indicating device to 
relevant component prevented by adequate 
construction when it could be separated without 
use of a TOOL 

 N/A 

 When torque values per Table 30 applied between 
control knob and shaft of rotating controls for not 
less than 2 s, 10 times in each direction, knobs did 
not rotate  .............................................................. : 

See appended Table 15.4.6 N/A 

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



 
Page 89 of 200 Report No.: 100742469BOX-001 

 

IEC 60601-1 

Clause Requirement + Test Result - Remark Verdict 
 

 
TRF No. IEC60601_1G                                                                                                                    Intertek Rev1 

 Tests conducted by applying an axial force of 60 N 
for electrical components and 100 N for other 
components for 1 min when an axial pull was 
required in NORMAL USE with no unacceptable RISK 
 .............................................................................. : 

See appended Table 15.4.6 N/A 

15.4.6.2 Stops of adequate mechanical strength provided 
on rotating/ movable parts of controls of ME 
EQUIPMENT where necessary to prevent an 
unexpected change from max to min, or vice-
versa, of the controlled parameter when this could 
cause a HAZARDOUS SITUATION .............................. : 

See appended Table 15.4.6 N/A 

 Torque values in Table 30 applied 10 times in 
each direction to rotating controls for 2 sec .......... : 

See appended Table 15.4.6 N/A 

 Application of an axial force of 60 N for electrical 
components and 100 N for other components to 
rotating or movable parts of controls for 1 min 
when an axial pull was required in NORMAL USE  ... : 

See appended Table 15.4.6 N/A 

15.4.7 Cord-connected HAND-HELD and foot-operated control devices  N/A 

15.4.7.1 a) HAND-HELD control devices of ME EQUIPMENT 
complied with 15.3.4.1 

 N/A 

 b) Foot-operated control device supported an 
actuating force of 1350 N for 1 min applied over an 
area of 30 mm diameter in its position of NORMAL 
USE with no damage to device causing an 
unacceptable RISK ................................................. : 

 N/A 

15.4.7.2 Control device of HAND-HELD and foot-operated 
control devices turned in all possible abnormal 
positions and placed on a flat surface  ................. : 

 N/A 

 No unacceptable RISK caused by changing control 
setting when accidentally placed in an abnormal 
position  

 N/A 

15.4.7.3 a) Foot-operated control device is at least IPX1 & 
complies with tests of IEC 60529 (IP Code) .......... : 

See appended Table 11.6.1 
 

N/A 

 b) ENCLOSURE of foot operated control devices 
containing electrical circuits is at least IPX6 and 
complies with IEC 60529 if in NORMAL USE liquids 
are likely to be found (IP Code) ............................. : 

See appended Table 11.6.1 
and RM Results Table 15.4.7.3 
b) 
 

N/A 

 Probability of occurrence estimated as part of RISK 
MANAGEMENT PROCESS 

 N/A 

15.4.8 Aluminum wires less than 16 mm2 in cross-
sectional area are not used  

 Pass 

15.4.9 a) Oil container in PORTABLE ME EQUIPMENT allows 
for expansion of oil and is adequately sealed to 
prevent loss of oil in any position  

 N/A 

 b) Oil containers in MOBILE ME EQUIPMENT sealed to 
prevent loss of oil during transport  

 N/A 
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 A pressure-release device operating during 
NORMAL USE is, optionally, provided 

 N/A 

 c) Partially sealed oil-filled ME EQUIPMENT and its 
parts provided with means for checking the oil level 
to detect leakage  

 N/A 

 ME EQUIPMENT and technical description examined, 
and manual tests conducted to confirm compliance 
with above requirements 

 N/A 

15.5 MAINS SUPPLY TRANSFORMERS OF ME EQUIPMENT and transformers providing 
separation in accordance with 8.5 

N/A 

15.5.1 Overheating N/A 

15.5.1.1 Transformers of ME EQUIPMENT are protected 
against overheating in the event of short circuit or 
overload of output windings and comply with this 
Clause and tests of 15.5.1.2 – 3 ........................... : 

See appended Tables 15.5.1.2 
and 15.5.1.3 

N/A 

 During tests, windings did not open, no HAZARDOUS 
SITUATION occurred, and maximum temperatures of 
windings did not exceed values in Table 31  

 N/A 

 Dielectric strength test of 8.8.3 conducted on 
transformer after short circuit and overload tests  : 

See appended Table 15.5.2 N/A 

15.5.1.2 Transformer output winding short circuited, and 
test continued until protective device operated or 
THERMAL STABILITY achieved  ................................. : 

See appended Table 15.5.1.2 N/A 

 Short circuit applied directly across output 
windings for transformers not tested according to 
5X frequency and 5X voltage test of 15.5.2 

 N/A 

15.5.1.3 Multiple overload tests conducted on windings with 
more than one protective device to evaluate worst-
case NORMAL USE loading and protection .............. : 

See appended Table 15.5.1.3 N/A 

15.5.2 Transformer windings provided with adequate 
insulation to prevent internal short-circuits that 
could cause overheating which could result in a 
HAZARDOUS SITUATION 

 N/A 

 Dielectric strength tests were conducted in 
accordance with requirements of this clause with 
no breakdown of insulation system and no 
detectable deterioration of transformer  ................ : 

See appended Table 15.5.2 N/A 

15.5.3 Transformers forming MEANS OF PROTECTION as 
required by 8.5 comply with IEC 61558-1:1997, 
Clause 5.12 ........................................................... : 

See appended Table 8.10 N/A 

 

16 ME SYSTEMS  — 

16.1 After installation or subsequent modification, ME 
SYSTEM didn’t result in an unacceptable RISK 

See Appended RM Results 
Table 16.1 

N/A 
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 Only HAZARDS arising from combining various 
equipment to form a ME SYSTEM considered  

 N/A 

 – ME SYSTEM provides the level of safety within the 
PATIENT ENVIRONMENT equivalent to ME EQUIPMENT 
complying with this standard  

 N/A 

 – ME SYSTEM provides the level of safety outside 
PATIENT ENVIRONMENT equivalent to equipment 
complying with their respective IEC or ISO safety 
standards 

 N/A 

 – tests performed in NORMAL CONDITION, except as 
specified 

 N/A 

 – tests performed under operating conditions 
specified by MANUFACTURER of ME SYSTEM 

 N/A 

 Safety tests previously conducted on individual 
equipment of ME SYSTEM according to relevant 
standards not repeated 

 N/A 

 RISK MANAGEMENT methods, optionally, used by 
MANUFACTURER of an ME SYSTEM reconfigurable by 
RESPONSIBLE ORGANIZATION or OPERATOR to 
determine configurations with highest RISKS and 
measures to ensure any configuration of ME 
SYSTEM will not present unacceptable RISKS  

 N/A 

 Non-ME EQUIPMENT used in ME SYSTEM complied 
with applicable IEC or ISO safety standards  

 N/A 

 Equipment relying only on BASIC INSULATION for 
protection against electric shock not used in ME 
SYSTEM  

 N/A 

16.2 ACCOMPANYING DOCUMENTS of an ME SYSTEM N/A 

 Documents containing all data necessary for ME 
SYSTEM to be used as intended by MANUFACTURER 
including a contact address accompany ME SYSTEM 
or modified ME SYSTEM 

 N/A 

 ACCOMPANYING DOCUMENTS regarded as a part of 
ME SYSTEM 

 N/A 

 ACCOMPANYING DOCUMENTS are, optionally, 
provided in electronic format (e.g. electronic file 
format or CD ROM) and ME SYSTEM is capable of 
displaying or printing these documents 

 N/A 

 a) ACCOMPANYING DOCUMENTS provided for each 
item of ME EQUIPMENT supplied by MANUFACTURER  

 N/A 

 b) ACCOMPANYING DOCUMENTS provided for each 
item of non-ME EQUIPMENT supplied by 
MANUFACTURER 

 N/A 

 c) the required information is provided:  N/A 
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 – specifications, instructions for use as intended by 
MANUFACTURER, and a list of all items forming the 
ME SYSTEM 

 N/A 

 – instructions for installation, assembly, and 
modification of ME SYSTEM to ensure continued 
compliance with this standard 

 N/A 

 – instructions for cleaning and, when applicable, 
disinfecting and sterilizing each item of equipment 
or equipment part forming part of the ME SYSTEM  

 N/A 

 – additional safety measures to be applied during 
installation of ME SYSTEM 

 N/A 

 – identification of parts of ME SYSTEM suitable for 
use within the PATIENT ENVIRONMENT 

 N/A 

 – additional measures to be applied during 
preventive maintenance 

 N/A 

 – a warning forbidding placement of MULTIPLE 
SOCKET-OUTLET, when provided and it is a separate 
item, on the floor  

 N/A 

 – a warning indicating an additional MULTIPLE 
SOCKET-OUTLET or extension cord not to be 
connected to ME SYSTEM 

 N/A 

 – a warning to connect only items that have been 
specified as part of ME SYSTEM or specified as 
being compatible with ME SYSTEM 

 N/A 

 – maximum permissible load for any MULTIPLE 
SOCKET-OUTLET(S) used with ME SYSTEM 

 N/A 

 – instructions indicating MULTIPLE SOCKET-OUTLETS 
provided with the ME SYSTEM to be used only for 
supplying power to equipment intended to form 
part of ME SYSTEM 

 N/A 

 – an explanation indicating RISKS of connecting 
non-ME EQUIPMENT supplied as a part of ME SYSTEM 
directly to wall outlet when non-ME EQUIPMENT is 
intended to be supplied via a MULTIPLE SOCKET-
OUTLET with a separating transformer 

 N/A 

 – an explanation indicating RISKS of connecting any 
equipment supplied as a part of ME SYSTEM to 
MULTIPLE SOCKET-OUTLET 

 N/A 

 – permissible environmental conditions of use for 
ME SYSTEM including conditions for transport and 
storage 

 N/A 

 – instructions to OPERATOR not to, simultaneously, 
touch parts referred to in 16.4 and PATIENT  

 N/A 

 d) the following instructions provided for use by 
RESPONSIBLE ORGANIZATION: 

 N/A 
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 – adjustment, cleaning, sterilization, and 
disinfection PROCEDURES  

 N/A 

 – assembly of ME SYSTEMS and modifications 
during actual service life shall be evaluated based 
on the requirements of this standard 

 N/A 

16.3 Instructions for use of ME EQUIPMENT intended to 
receive its power from other equipment in an ME 
SYSTEM, describe the other equipment to ensure 
compliance with these requirements  

 N/A 

16.4 Parts of non-ME EQUIPMENT in PATIENT ENVIRONMENT 
subject to contact by OPERATOR during 
maintenance, calibration, after removal of covers, 
connectors, etc., without use of a TOOL operated at 
a voltage ≤ voltage in 8.4.2 c) supplied from a 
source separated from SUPPLY MAINS by two MEANS 
OF OPERATOR PROTECTION  

 N/A 

16.5 Safety measures incorporating a SEPARATION 
DEVICE applied when FUNCTIONAL CONNECTION 
between ME EQUIPMENT and other items of an ME 
SYSTEM or other systems can cause allowable 
values of LEAKAGE CURRENT to exceed 

 N/A 

 SEPARATION DEVICE has dielectric strength, 
CREEPAGE and CLEARANCES required for one MEANS 
OF OPERATOR PROTECTION appropriate for highest 
voltage occurring across SEPARATION DEVICE during 
a fault condition 

 N/A 

 WORKING VOLTAGE was highest voltage across 
SEPARATION DEVICE during a fault condition, but not 
less than MAXIMUM MAINS VOLTAGE (V).................. : 

 N/A 

16.6 LEAKAGE CURRENTS N/A 

16.6.1 TOUCH CURRENT in NORMAL CONDITION, from or 
between parts of ME SYSTEM within the PATIENT 
ENVIRONMENT, did not exceed 100 µA ................... : 

See appended Table 16.6.1 N/A 

 TOUCH CURRENT did not exceed 500 µA in event of 
interruption of any non-PERMANENTLY INSTALLED 
PROTECTIVE EARTH CONDUCTOR, from or between 
parts of ME SYSTEM within PATIENT ENVIRONMENT  . : 

See appended Table 16.6.1 N/A 

16.6.2 Current in PROTECTIVE EARTH CONDUCTOR of 
MULTIPLE SOCKET-OUTLET did not exceed 5 mA ..... : 

 N/A 

16.6.3 PATIENT LEAKAGE CURRENT and total PATIENT 
LEAKAGE CURRENT of ME SYSTEM in NORMAL 
CONDITION did not exceed values specified for ME 
EQUIPMENT in Tables 3 and 4  ............................... : 

See appended Tables 8.7 and 
16.6.1 

N/A 

 Measurements made using a device as in clause 
8.7.4.4 

 N/A 
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16.7 ME SYSTEM complied with applicable requirements 
of Clause 9 when a MECHANICAL HAZARD existed .. : 

See applicable appended 
Tables in section 9 

N/A 

16.8 Interruption and restoration of relevant power 
connections of ME SYSTEM one at a time and all 
connections simultaneously did not result in a 
HAZARDOUS SITUATION other than interruption of its 
intended function 

 N/A 

16.9 ME SYSTEM connections and wiring N/A 

16.9.1 Incorrect connection of accessible connectors, 
removable without a TOOL, prevented where a 
HAZARDOUS SITUATION could otherwise exist ......... : 

See Appended RM Results 
Table 16.9.1 

N/A 

 – Connectors complied with Clause 15.4.1  N/A 

 – Plugs for connection of PATIENT leads could not 
be connected to other outlets of the same ME 
SYSTEM likely to be located in PATIENT 
ENVIRONMENT, except when examination of 
connectors and interchanging them proved no 
HAZARDOUS SITUATION could result  

 N/A 

16.9.2 MAINS PARTS, components and layout  N/A 

16.9.2.1 a) – MULTIPLE SOCKET-OUTLET only allows 
connection using a TOOL, or 

 N/A 

 – MULTIPLE SOCKET-OUTLET is of a type that cannot 
accept MAINS PLUGS of any of the kinds specified in 
IEC/TR 60083, or 

 N/A 

 – MULTIPLE SOCKET-OUTLET is supplied via a 
separating transformer  

 N/A 

 b) – MULTIPLE SOCKET-OUTLET marked with safety 
sign 2 of Table D.2 (i.e., safety sign ISO 7010-
W001) visible in NORMAL USE, and 

 N/A 

 – marked either individually or in combinations, 
with the maximum allowed  continuous output in 
amperes or volt-amperes, or 

 N/A 

 – marked to indicate the equipment or equipment 
parts it may safely be attached to 

 N/A 

 – MULTIPLE SOCKET-OUTLET is a separate item or an 
integral part of ME EQUIPMENT or non-ME EQUIPMENT 

 N/A 

 c) MULTIPLE SOCKET-OUTLET complied with IEC 
60884-1 and the following requirements: 

 N/A 

 – CREEPAGE and CLEARANCES complied with 8.9  N/A 

 – It is CLASS I, and PROTECTIVE EARTH CONDUCTOR is 
connected to earthing contacts in socket-outlets 

 N/A 
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 – PROTECTIVE EARTH TERMINALS and PROTECTIVE 
EARTH CONNECTIONS comply with 8.6, except total 
impedance for ME SYSTEM was up to 400 mΩ, or 
higher when conditions of 8.6.4 b) met (mΩ) ...... : 

 N/A 

 – ENCLOSURE complied with 8.4.2 d)  N/A 

 – MAINS TERMINAL DEVICES and wiring complied with 
8.11.4, when applicable 

 N/A 

 – RATINGS of components are not in conflict with 
conditions of use  .................................................. : 

See appended Table 8.10 N/A 

 – Electrical terminals and connectors of MULTIPLE 
SOCKET-OUTLETS prevent incorrect connection of 
accessible connectors removable without a TOOL 

 N/A 

 – POWER SUPPLY CORD complied with 8.11.3   N/A 

 d) Additional requirements applied when MULTIPLE 
SOCKET-OUTLET combined with a separating 
transformer: 

 N/A 

 – Separating transformer complied with IEC 
61558-2-1, except requirements of maximum 
RATED output power of 1 kVA and degree of 
protection IPX4 were not applied .......................... : 

See appended Table 8.10 N/A 

 – Separating transformer is CLASS I   N/A 

 – Degree of protection against ingress of water 
specified as in IEC 60529  

 N/A 

 – Separating transformer assembly marked 
according to 7.2 and 7.3 

 N/A 

 – MULTIPLE SOCKET-OUTLET permanently connected 
to separating transformer, or socket-outlet of 
separating transformer assembly cannot accept 
MAINS PLUGS as identified in IEC/TR 60083 

 N/A 

16.9.2.2 Removal of any single item of equipment in ME 
SYSTEM will not interrupt the protective earthing of 
any other part without simultaneous disconnection 
of electrical supply to that part 

 N/A 

 Additional PROTECTIVE EARTH CONDUCTORS can be 
detachable only by use of a TOOL 

 N/A 

16.9.2.3 Conductors connecting different items within an ME 
SYSTEM protected against mechanical damage 

 N/A 

 

17 ELECTROMAGNETIC COMPATIBILITY OF ME EQUIPMENT AND ME SYSTEMS — 

 RISKS associated with items addressed in RISK 
MANAGEMENT PROCESS as confirmed by review..... : 

See Appended RM Results 
Table 17 

Pass 
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 – electromagnetic phenomena at locations where 
ME EQUIPMENT or ME SYSTEM is to be used as stated 
in ACCOMPANYING DOCUMENTS ............................... : 

 Pass 

 – introduction of electromagnetic phenomena into 
environment by ME EQUIPMENT or ME SYSTEM that 
might degrade performance of other devices, 
electrical equipment, and systems 

 Pass 

 

ANNEX G PROTECTION AGAINST HAZARDS OF IGNITION OF FLAMMABLE 
ANESTHETIC MIXTURES 

— 

G.2 Locations and basic requirements N/A 

G.2.1 Parts of CATEGORY APG ME EQUIPMENT in which a 
FLAMMABLE ANESTHETIC MIXTURE WITH AIR occurs are 
CATEGORY AP or APG ME EQUIPMENT and complied 
with G.3, G.4, and G.5 

Not Category AP or APG 
equipment 

N/A 

G.2.2 FLAMMABLE AESTHETIC MIXTURE WITH AIR occurring 
due to a leakage or discharge of a FLAMMABLE 
AESTHETIC MIXTURE WITH OXYGEN or NITROUS OXIDE 
from an ENCLOSURE considered 5 to 25 cm from 
point of occurrence  

 N/A 

G.2.3 A FLAMMABLE AESTHETIC MIXTURE WITH OXYGEN or 
NITROUS OXIDE contained in a completely / partly 
enclosed ME EQUIPMENT part and in PATIENT’S 
respiratory tract 5 cm from an ENCLOSURE part 
where leakage or discharge occurs 

Not used with anesthetic 
mixture 

N/A 

G.2.4 ME EQUIPMENT or parts thereof specified for use 
with FLAMMABLE AESTHETIC MIXTURE WITH AIR (in a 
location as in G.2.2) are CATEGORY AP or APG ME 
EQUIPMENT and complied with G.4 and G.5 

 N/A 

G.2.5 ME EQUIPMENT or parts thereof for use with 
FLAMMABLE AESTHETIC MIXTURE WITH OXYGEN OR 
NITROUS OXIDE (location per G.2.2) are CATEGORY 
APG ME EQUIPMENT and comply with G.4 and G.6 

 N/A 

 ME EQUIPMENT in G.2.3 to G.2.5 met appropriate 
tests of G.3-G.5 conducted after tests of 11.6.6 
and 11.6.7 

 N/A 

G.3 Marking, ACCOMPANYING DOCUMENTS N/A 

G.3.1 CATEGORY APG ME EQUIPMENT prominently marked. 
with a green-coloured band ≥ 2 cm wide with 
letters “APG” according to symbol 23 in Table D.1 : 

See copies of Marking Labels 

Not Category APG equipment 

N/A 

 Length of green-coloured band is ≥ 4 cm, and size 
of marking is as large as possible for particular 
case  

 N/A 

 When above marking not possible, relevant 
information included in instructions for use .......... : 

 N/A 
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 Marking complied with tests and criteria of 7.1.2 
and 7.1.3 

 N/A 

G.3.2 CATEGORY AP ME EQUIPMENT prominently marked, 
with a green-coloured circle ≥ 2 cm in diameter, 
with characters “AP” according to symbol 22 in 
Table D.1 .............................................................. : 

See copies of Marking Labels 

Not AP equipment 

N/A 

 Marking is as large as possible for the particular 
case 

 N/A 

 When above marking not possible, the relevant 
information included in instructions for use .......... : 

 N/A 

 Marking complied with tests and criteria of 7.1.2 
and 7.1.3 

 N/A 

G.3.3 The marking according to G.3.2 and G.3.3 placed 
on major part of ME EQUIPMENT for CATEGORY AP or 
APG parts, and not repeated on detachable parts 
that can only be used with the marked EQUIPMENT 

 N/A 

G.3.4 ACCOMPANYING DOCUMENTS contain an indication 
enabling the RESPONSIBLE ORGANIZATION to 
distinguish between CATEGORY AP and APG parts 

 N/A 

G.3.5 Marking clearly indicates which parts are 
CATEGORY AP or APG when only certain ME 
EQUIPMENT parts are CATEGORY AP or APG 

 N/A 

G.4 Common requirements for CATEGORY AP and CATEGORY APG ME EQUIPMENT N/A 

G.4.1 a) CREEPAGE and CLEARANCES between points of 
POWER SUPPLY CORD connection are according to 
Table 12 for one MEANS OF PATIENT PROTECTION 

Not Category AP or APG 
equipment 

N/A 

 b) Connections, except those in circuits described 
in G.5.3 and G.6.3, protected against accidental 
disconnection in NORMAL USE or connection and 
disconnection can be performed only with a TOOL 

 N/A 

 c) CATEGORY AP and APG not provided with a 
DETACHABLE POWER SUPPLY CORD, except when 
circuit complied with G.5.3 and G.6.3 

 N/A 

G.4.2 Construction details N/A 

 a) Opening of an ENCLOSURE providing protection 
against penetration of gases or vapours into ME 
EQUIPMENT or its parts possible only with a TOOL 

 N/A 

 b) ENCLOSURE complies with requirements to 
minimize arcing and sparking due to penetration of 
foreign objects ....................................................... : 

See appended Table 8.10 N/A 

 – no openings on top covers of ENCLOSURE, except 
for openings for controls covered by control knobs 

 N/A 
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 – openings in side-covers prevented penetration of 
a solid cylindrical test rod of 4 mm in diameter 
applied in all possible directions without 
appreciable force 

 N/A 

 – openings in base plates prevented penetration of 
a solid cylindrical test rod of 12 mm in diameter 
applied in all directions without appreciable force 

 N/A 

 c) Short circuiting conductor(s) to a conductive part 
without presence of explosive gasses where 
insulation may contact a part containing a 
FLAMMABLE AESTHETIC MIXTURE WITH OXYGEN or 
NITROUS OXIDE, ignitable gases alone, or oxygen, 
did not result in loss of integrity of the part, an 
unacceptable temperature, or other HAZARD 

 N/A 

G.4.3 a) Electrostatic charges prevented on CATEGORY AP 
and APG ME EQUIPMENT by a combination of 
appropriate measures 

Not Category AP or APG 
equipment 

N/A 

 – Use of antistatic materials with a limited electrical 
resistance as specified in G.4.3 b) ........................ : 

See appended Table 8.10 N/A 

 – Provision of electrically conductive paths from ME 
EQUIPMENT or its parts to a conductive floor, 
protective earth or potential equalization system, or 
via wheels to an antistatic floor of medical room 

 N/A 

 b) Electrical resistance limits of aesthetic tubing, 
mattresses and pads, castor tires, and other 
antistatic material complied with ISO 2882 based 
on measurements according to ISO 1853, ISO 
2878 and ISO 23529 ............................................. : 

 N/A 

G.4.4 Corona cannot be produced by components or 
parts of ME EQUIPMENT operating at more than 2000 
V a.c. or 2400 V d.c. and not included in 
ENCLOSURES complying with G.5.4 or G.5.5  

 N/A 

G.5 Requirements and tests for CATEGORY AP ME EQUIPMENT, parts and components N/A 

G.5.1 ME EQUIPMENT, its parts or components do not 
ignite FLAMMABLE AESTHETIC MIXTURES WITH AIR 
under NORMAL USE and CONDITIONS based on 
compliance with G.5.2 to G.5.5 (inclusive) 

Not Category AP equipment N/A 

 Alternatively, ME EQUIPMENT, its parts, and 
components complied with requirements of IEC 
60079-0 for pressurized ENCLOSURES (IEC 60079-
2); for sand-filled ENCLOSURES, IEC 60079-5; or for 
oil immersed equipment, IEC 60079-6; and with 
this standard excluding G.5.2 to G.5.5 ................. : 

 N/A 
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G.5.2 ME EQUIPMENT, its parts, and components in 
contact with gas mixtures in NORMAL USE and 
CONDITIONS not producing sparks and not resulting 
in surface temperatures above 150 °C in case of 
restricted or 200 °C in case of unrestricted vertical 
air circulation measured at 25 °C comply with 
G.5.1 ..................................................................... : 

 N/A 

G.5.3 ME EQUIPMENT, its parts, and components 
producing sparks in NORMAL USE and CONDITION 
complied with temperature requirements of G.5.2, 
and Umax and Imax occurring in their circuits, and 
complied as follows: 

 N/A 

 Measured Umax ≤ UzR with IzR as in Fig. G.1 ......... :  N/A 

 Measured Umax ≤ Uc with Cmax as in Fig. G.2  ....... :  N/A 

 Measured Imax ≤ IzR with UzR as in Fig G.1  .......... :  N/A 

 Measured Imax ≤ IzL with Lmax and a Umax ≤ 24 V as 
in Fig G.3 ............................................................. : 

 N/A 

 – Combinations of currents and corresponding 
voltages within the limitations IzR.UzR ≤ 50 W 
extrapolated from Fig G.1 

 N/A 

 No extrapolation made for voltages above 42 V  N/A 

 – Combinations of capacitances and 
corresponding voltages within limitations of C/2U2 
≤ 1.2 mJ extrapolated from Fig G.2  

 N/A 

 No extrapolation made for voltages above 242V  N/A 

 Umax, additionally, determined using actual 
resistance R when the equivalent resistance R was 
less than 8000 Ω 

 N/A 

 – Combinations of currents and corresponding 
inductances within limitations L/2I2 ≤ 0.3 mJ 
extrapolated from Fig G.3  

 N/A 

 No extrapolation made for inductances larger than 
900 mH  

 N/A 

 – Umax was the highest supply voltage occurring in 
circuit under investigation with sparking contact 
open, taking into consideration MAINS VOLTAGE 
variations in 4.10 

 N/A 

 – Imax was the highest current flowing in circuit 
under investigation with sparking contact closed, 
taking into consideration MAINS VOLTAGE variations 
required in 4.10 

 N/A 

 – Cmax and Lmax taken as values occurring at the 
component under investigation producing sparks  

 N/A 

 – Peak value considered when a.c. supplied   N/A 
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 – An equivalent circuit calculated to determine 
equivalent max capacitance, inductance, and 
equivalent Umax and Imax, either as d.c. or a.c. peak 
values in case of a complicated circuit ................. : 

 N/A 

 Temperature measurements made according to 
11.1, and Umax, Imax, R, Lmax , and Cmax determined 
with application of Figs G.1-G.3 ........................... :  

 N/A 

 Alternatively, compliance was verified by 
examination of design data .................................. : 

 N/A 

G.5.4 External ventilation with internal overpressure N/A 

 ME EQUIPMENT, its parts, and components enclosed 
in an ENCLOSURE with external ventilation by means 
of internal overpressure complied with the following 
requirements: 

 N/A 

 a) FLAMMABLE AESTHETIC MIXTURES WITH AIR that 
might have penetrated into ENCLOSURE of ME 
EQUIPMENT or part removed by ventilation before 
EQUIPMENT energized, and penetration of such 
mixtures during operation was prevented by 
maintenance of overpressure by means of air 
without flammable gases, or by physiologically 
acceptable inert gas (e.g., nitrogen) 

 N/A 

 b) Overpressure inside ENCLOSURE was 75 Pa, 
min., in NORMAL CONDITION (Pa) ........................... : 

 N/A 

 Overpressure maintained at the site of potential 
ignition even when air or inert gas could escape 
through openings in ENCLOSURE necessary for 
normal operation of ME EQUIPMENT or its parts 

 N/A 

 ME EQUIPMENT could be energized only after the 
required minimum overpressure was present long 
enough to ventilate the ENCLOSURE so that the 
displaced volume of air or inert gas was at least 
five times the volume of ENCLOSURE 

 N/A 

 ME EQUIPMENT energized at will or repeatedly when 
overpressure was continuously present 

 N/A 

 c) Ignition sources de-energized automatically by 
means used where G.4 does not apply, or 
complied with G.5 when during operation 
overpressure dropped below 50 Pa (Pa) ............. : 

 N/A 

 d) External surface of ENCLOSURE in which internal 
overpressure was maintained did not exceed 150 
°C in 25 °C ambient under NORMAL USE and 
CONDITION (°C) ...................................................... : 

 N/A 

G.5.5 ENCLOSURES with restricted breathing N/A 
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 ME EQUIPMENT, its parts, and components enclosed 
in an ENCLOSURE with restricted breathing complied 
with the following: 

No restricted breathing  N/A 

 a) A FLAMMABLE AESTHETIC MIXTURE WITH AIR did not 
form inside ENCLOSURE with restricted breathing 
when it was surrounded by a FLAMMABLE AESTHETIC 
MIXTURE WITH AIR of a high concentration for at 
least 30 min without any pressure difference inside 
ENCLOSURE 

 N/A 

 b) Gasket or sealing material used to maintain 
tightness complied with aging test B-b of IEC 
60068-2-2, Clause 15, at 70 °C ± 2 °C and 96 h .. : 

 N/A 

 c) Gas-tightness of ENCLOSURE containing inlets for 
flexible cords maintained when the cords were 
stressed by bending or pulling 

 N/A 

 Cords are fitted with adequate anchorages to limit 
stresses  

 N/A 

 After the test in G.5.4 b), an internal overpressure 
of 400 Pa was created and 30 pulls of the value in 
Table G.1 applied to each flexible cord in axial 
direction of cord inlet and in the least favourable 
direction for 1 s 

 N/A 

 Overpressure not reduced below 200 Pa  N/A 

 Tests waived when examination of ENCLOSURE 
indicated it is completely sealed or gas-tight 
without a doubt (100 % degree of certainty) 

 N/A 

 Operating temperature of external surface of 
ENCLOSURE was ≤ 150 °C in 25 °C (°C) ............... : 

 N/A 

 Steady state operating temperature of ENCLOSURE 
also measured (°C) .............................................. : 

 N/A 

G.6 CATEGORY APG ME EQUIPMENT, parts and components thereof N/A 

G.6.1 ME EQUIPMENT, its parts, and components did not 
ignite FLAMMABLE AESTHETIC MIXTURE WITH OXYGEN 
OR NITROUS OXIDE under NORMAL USE and SINGLE 
FAULT CONDITION 

Not Category APG equipment N/A 

 ME EQUIPMENT, its parts, and components not 
complying with G.6.3 subjected to a CONTINUOUS 
OPERATION test after attaining thermal steady state 
(max. 3 h) over a period of 10 min in a 12.2 % ± 
0.4 ether by volume/oxygen mixture  

 N/A 
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G.6.2 Parts and components of CATEGORY APG ME 
EQUIPMENT operating in a FLAMMABLE AESTHETIC 
MIXTURE WITH OXYGEN OR NITROUS OXIDE supplied 
from a source isolated from earth by insulation 
equal to one MEANS OF PATIENT PROTECTION and 
from electrical parts by insulation twice the MEANS 
OF PATIENT PROTECTION ......................................... : 

 N/A 

G.6.3 Test of G.6.1 waived when the following 
requirements were met in NORMAL USE and under 
NORMAL and SINGLE FAULT CONDITIONS .................. : 

 N/A 

 a) no sparks produced and temperatures did not 
exceed 90 °C, or  

 N/A 

 b) a temperature limit of 90 °C not exceeded, 
sparks produced in NORMAL USE, and SINGLE FAULT 
CONDITIONS, except Umax and Imax occurring in their 
circuits complied with requirements, taking Cmax 
and Lmax into consideration: 

 N/A 

 Measured Umax ≤ UzR with IzR as in Fig. G.4  ........ :  N/A 

 Measured Umax ≤ UzC with Cmax as in Fig. G.5 ...... :  N/A 

 Measured Imax ≤ IzR with UzR as in Fig G.4  .......... :  N/A 

 Measured Imax ≤ IzL with Lmax and a Umax ≤ 24 V as 
in Fig G.6  ............................................................ : 

 N/A 

 – Extrapolation from Figs G.4, G.5, and G.6 was 
limited to areas indicated 

 N/A 

 – Umax was the highest no-load voltage occurring in 
the circuit under investigation, taking into 
consideration mains voltage variations as in 4.10 

 N/A 

 – Imax was the highest current flowing in the circuit 
under investigation, taking into account MAINS 
VOLTAGE variations as in 4.10 

 N/A 

 – Cmax and Lmax are values occurring in relevant 
circuit 

 N/A 

 – Umax additionally determined with actual 
resistance R when equivalent resistance R in Fig 
G.5 was less than 8000 Ω 

 N/A 

 – Peak value taken into consideration when a.c. 
supplied 

 N/A 

 – An equivalent circuit calculated to determine max 
capacitance, inductance, and Umax and Imax, either 
as d.c. or a.c. peak values in case of a complicated 
circuit  .................................................................... : 

 N/A 
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 – When energy produced in an inductance or 
capacitance in a circuit is limited by voltage or 
current-limiting devices, two independent 
components applied, to obtain the required 
limitation even when a first fault (short or open 
circuit) in one of these components 

 N/A 

 Above requirement not applied to transformers 
complying with this standard  

 N/A 

 Above requirement not applied to wire-wound 
current-limiting resistors provided with a protection 
against unwinding of the wire in case of rupture 

 N/A 

 Compliance verified by examination of CATEGORY 
APG ME EQUIPMENT, parts, and components , or 

 N/A 

 Temperature measurements made in accordance 
with 11.1, or  

 N/A 

 Umax, Imax, R, Lmax and Cmax determined together 
with application of Figs G.4-G.6 ........................... : 

 N/A 

 Alternatively, compliance verified by comparison 
with design data ................................................... : 

 N/A 

G.6.4 ME EQUIPMENT, its parts, and components heating 
a FLAMMABLE AESTHETIC MIXTURE WITH OXYGEN OR 
NITROUS OXIDE provided with a non-SELF-RESETTING 
THERMAL CUT-OUT and complied with 15.4.2.1 ....... : 

 N/A 

 Current-carrying part of heating element is not in 
direct contact with FLAMMABLE AESTHETIC MIXTURE 
WITH OXYGEN OR NITROUS OXIDE 

 N/A 

G.7 Test apparatus for flammable mixtures N/A 

 Test apparatus used was in accordance with this 
Clause and Fig G.7 

No flammable mixtures N/A 

 

ANNEX L INSULATED WINDING WIRES FOR USE WITHOUT INTERLEAVED 
INSULATION 

— 

L.1 BASIC, SUPPLEMENTARY, DOUBLE, and REINFORCED 
INSULATION in wound components without 
interleaved insulation complied with this Annex 
covering round winding wires between 0.05 mm 
and 5.00 mm diameters 

No insulated windings wires 
for use without interleaved 
insulation  

N/A 

L.2 Wire construction N/A 

 Overlap of layers when wire is insulated with two or 
more spirally wrapped layers of tape is adequate to 
ensure continued overlap during manufacture of 
wound component 

 N/A 

 Layers of spirally wrapped wire insulation are 
sufficiently secured to maintain the overlap 

 N/A 
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L.3 Type Test N/A 

 The wire subjected to tests of L.3.1 to L.3.4 at a 
temperature and a relative humidity specified  

 N/A 

 Temperature (°C) ................................................. :  N/A 

 Humidity (%) ........................................................ :  N/A 

L.3.1 Dielectric strength N/A 

 Dielectric strength test of Clause 8.8.3 for the 
appropriate type and number of MOP(s) conducted 
by preparing the sample according to IEC 60851-
5:1996, Clause 4.4.1 for a twisted pair with test 
voltages at least twice Tables 6 & 7, but not less 
than below with no breakdown: 

 N/A 

 – 3000 V for BASIC and SUPPLEMENTARY INSULATION 
(V) ........................................................................ : 

 N/A 

 – 6000 V for REINFORCED INSULATION (V) ............. :  N/A 

L.3.2 Flexibility and adherence N/A 

 Sample subjected to flexibility and adherence test 
8 of IEC 60851-3:1996, clause 5.1.1, using 
mandrel diameters of Table L.1  

 N/A 

 Sample examined according to IEC 60851-3: 1997, 
clause 5.1.1.4, followed by dielectric test of clause 
8.8.3, except test voltage applied between wire 
and mandrel with no breakdown 

 N/A 

 Test voltage was at least the voltage in Tables 6 
and 7but not less than the following: 

 N/A 

 – 1500 V for BASIC and SUPPLEMENTARY INSULATION 
(V) ........................................................................ : 

 N/A 

 – 3000 V for REINFORCED INSULATION (V) ............. :  N/A 

 Tension applied to wire during winding on mandrel 
calculated from the wire diameter equivalent to 118 
MPa ± 11.8 MPa  ................................................. : 

 N/A 

L.3.3 Heat Shock N/A 

 Sample subjected to heat shock test 9 of IEC 
60851-6:1996, followed by dielectric strength test 
of clause 8.8.3, except test voltage applied 
between the wire and mandrel 

 N/A 

 Test voltage was at least the voltage in Tables 6 
and 7, but not less than the following: 

 N/A 

 – 1500 V for BASIC and SUPPLEMENTARY INSULATION 
(V) ........................................................................ : 

 N/A 

 – 3000 V for REINFORCED INSULATION (V) ............. :  N/A 

 Oven temperature based on Table L.2 (°C) ........ :  — 
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 Mandrel diameter and tension applied as in clause 
L.3.2, (MPa; N/mm2) ............................................ : 

 N/A 

 Dielectric strength test conducted at room 
temperature after removal from the oven 

 N/A 

L.3.4 Retention of electric strength after bending N/A 

 Five samples prepared as in L.3.2 subjected to 
dielectric strength and bending tests  

 N/A 

 Test voltage was at least the voltage in Tables 6 
and 7, but not less than the following: 

 N/A 

 – 1500 V for BASIC and SUPPLEMENTARY INSULATION 
(V) ........................................................................ : 

 N/A 

 – 3000 V for REINFORCED INSULATION (V) ............. :  N/A 

 Test voltage applied between the shot and 
conductor. 

 N/A 

 Mandrel diameter and tension applied as in L.3.2, 
(MPa; N/mm2) ...................................................... : 

 N/A 

L.4 Tests during manufacture N/A 

L.4.1 Production line dielectric strength tests conducted 
by the manufacture according to L.4.2 and L.4.3 : 

 N/A 

L.4.2 Test voltage for routine testing (100 % testing) is at 
least the voltage in Tables 6 and 7 but not less 
than the following: 

 N/A 

 – 1500 V r.m.s. or 2100 V peak for BASIC and 
SUPPLEMENTARY INSULATION (V) ............................ : 

 N/A 

 – 3000 V r.m.s. or 4200 V peak for REINFORCED 
INSULATION (V) ...................................................... : 

 N/A 

L.4.3 Sampling tests conducted using twisted pair 
samples (IEC 60851-5:1996, clause 4.4.1) 

 N/A 

 Minimum breakdown test voltage at least twice the 
voltage in Tables 6 and 7 but not less than: 

 N/A 

 – 3000 V r.m.s. or 4200 V peak for BASIC and 
SUPPLEMENTARY INSULATION 

 N/A 

 – 6000 V r.m.s. or 8400 V peak for REINFORCED 
INSULATION 

 N/A 
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together 

9 Ethernet Sensors tied 
together 

- 156.5 Pass 

9 Port A Sensors tied 
together 

+ 125.2 Pass 

9 Port A Sensors tied 
together 

- 156.5 Pass 

9 Port B Sensors tied 
together 

+ 93.9 Pass 

9 Port B Sensors tied 
together 

- 187.8 Pass 

9 USB Sensors tied 
together 

+ 93.9 Pass 

9 USB Sensors tied 
together 

- 62.6 Pass 

9 USB front Sensors tied 
together 

+ 93.9 Pass 

9 USB front Sensors tied 
together 

- 62.6 Pass 

10 Foil underneath 
equipment 

Sensor 1 rest tied to 
ground 

+ 125.2 Pass 

10 Foil underneath 
equipment 

Sensor 1 rest tied to 
ground 

- 219.1 Pass 

10 Foil on enclosure Sensor 1 rest tied to 
ground 

+ 250.4 Pass 

10 Foil on enclosure Sensor 1 rest tied to 
ground 

- 156.5 Pass 

10 Monitor SIP SOP Sensor 1 rest tied to 
ground 

+ 62.6 Pass 

10 Monitor SIP SOP Sensor 1 rest tied to 
ground 

- 219.2 Pass 

10 Ethernet Sensor 1 rest tied to 
ground 

+ 62.6 Pass 

10 Ethernet Sensor 1 rest tied to 
ground 

- 125.2 Pass 

10 Port A Sensor 1 rest tied to 
ground 

+ 281.7 Pass 

10 Port A Sensor 1 rest tied to 
ground 

- 219.1 Pass 

10 Port B Sensor 1 rest tied to 
ground 

+ 93.9 Pass 

10 Port B Sensor 1 rest tied to 
ground 

- 156.5 Pass 

10 USB Sensor 1 rest tied to 
ground 

+ 250.4 Pass 

10 USB Sensor 1 rest tied to 
ground 

- 125.2 Pass 

10 USB front Sensor 1 rest tied to 
ground 

+ 93.9 Pass 
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10 USB front Sensor 1 rest tied to 
ground 

- 125.2 Pass 

10 Foil underneath 
equipment 

Sensor 2 rest tied to 
ground 

+ 93.9 Pass 

10 Foil underneath 
equipment 

Sensor 2 rest tied to 
ground 

- 156.5 Pass 

10 Foil on enclosure Sensor 2 rest tied to 
ground 

+ 125.2 Pass 

10 Foil on enclosure Sensor 2 rest tied to 
ground 

- 250.4 Pass 

10 Monitor SIP SOP Sensor 2 rest tied to 
ground 

+ 125.2 Pass 

10 Monitor SIP SOP Sensor 2 rest tied to 
ground 

- 125.3 Pass 

10 Ethernet Sensor 2 rest tied to 
ground 

+ 125.2 Pass 

10 Ethernet Sensor 2 rest tied to 
ground 

- 219.1 Pass 

10 Port A Sensor 2 rest tied to 
ground 

+ 125.2 Pass 

10 Port A Sensor 2 rest tied to 
ground 

- 156.5 Pass 

10 Port B Sensor 2 rest tied to 
ground 

+ 187.8 Pass 

10 Port B Sensor 2 rest tied to 
ground 

- 93.9 Pass 

10 USB Sensor 2 rest tied to 
ground 

+ 187.8 Pass 

10 USB Sensor 2 rest tied to 
ground 

- 187.9 Pass 

10 USB front Sensor 2 rest tied to 
ground 

+ 219.1 Pass 

10 USB front Sensor 2 rest tied to 
ground 

- 219.1 Pass 

10 Foil underneath 
equipment 

Sensor 3 rest tied to 
ground 

+ 125.2 Pass 

10 Foil underneath 
equipment 

Sensor 3 rest tied to 
ground 

- 313.0 Pass 

10 Foil on enclosure Sensor 3 rest tied to 
ground 

+ 187.8 Pass 

10 Foil on enclosure Sensor 3 rest tied to 
ground 

- 219.1 Pass 

10 Monitor SIP SOP Sensor 3 rest tied to 
ground 

+ 187.8 Pass 

10 Monitor SIP SOP Sensor 3 rest tied to 
ground 

- 187.8 Pass 

10 Ethernet Sensor 3 rest tied to 
ground 

+ 125.1 Pass 

10 Ethernet Sensor 3 rest tied to 
ground 

- 187.7 Pass 

10 Port A Sensor 3 rest tied to 
ground 

+ 156.4 Pass 
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10 Port A Sensor 3 rest tied to 
ground 

- 125.2 Pass 

10 Port B Sensor 3 rest tied to 
ground 

+ 125.2 Pass 

10 Port B Sensor 3 rest tied to 
ground 

- 156.4 Pass 

10 USB Sensor 3 rest tied to 
ground 

+ 125.2 Pass 

10 USB Sensor 3 rest tied to 
ground 

- 156.5 Pass 

10 USB front Sensor 3 rest tied to 
ground 

+ 93.8 Pass 

10 USB front Sensor 3 rest tied to 
ground 

- 125.1 Pass 

10 Foil underneath 
equipment 

Sensor 4rest tied to 
ground 

+ 156.5 Pass 

10 Foil underneath 
equipment 

Sensor 4 rest tied to 
ground 

- 125.2 Pass 

10 Foil on enclosure Sensor 4 rest tied to 
ground 

+ 187.7 Pass 

10 Foil on enclosure Sensor 4 rest tied to 
ground 

- 219.0 Pass 

10 Monitor SIP SOP Sensor 4 rest tied to 
ground 

+ 156.4 Pass 

10 Monitor SIP SOP Sensor 4 rest tied to 
ground 

- 125.1 Pass 

10 Ethernet Sensor 4 rest tied to 
ground 

+ 125.1 Pass 

10 Ethernet Sensor 4 rest tied to 
ground 

- 125.2 Pass 

10 Port A Sensor 4 rest tied to 
ground 

+ 125.2 Pass 

10 Port A Sensor 4 rest tied to 
ground 

- 156.4 Pass 

10 Port B Sensor 4 rest tied to 
ground 

+ 125.2 Pass 

10 Port B Sensor 4 rest tied to 
ground 

- 125.1 Pass 

10 USB Sensor 4 rest tied to 
ground 

+ 125.1 Pass 

10 USB Sensor 4 rest tied to 
ground 

- 219.2 Pass 

10 USB front Sensor 4 rest tied to 
ground 

+ 187.8 Pass 

10 USB front Sensor 4 rest tied to 
ground 

- 156.4 Pass 

Supplementary information: 
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Secondary to Metal 
Enclosure 

BI 240 - 1500 No 

Preamp connector to 
preamp enclosure 

BI 240 - 1500 No 

Sensor connection to 
Preamp enclosure 

BI 240 - 1500 No 

Sensor to Sensor 
connector 

BI 240 - 1500 No 

Sensor connection to 
Metal Enclosure 

BI 240 - 1500 No 

Primary to Plastic 
Enclosure 

RI 240 - 4000 No 

Sensor Connection to 
Primary 

BI 240 - 1500 No 

Supplementary information: 
1 Alternatively, per the Table (i.e., __dc), a d.c. test voltage equal to the peak value of the a.c. test voltage 
used. 
2 A) Immediately after humidity treatment of 5.7, ME EQUIPMENT de-energized, B) after required sterilization 
PROCEDURE, ME EQUIPMENT de-energized, C) after reaching steady state operating temperature as during 
heating test of 11.1.1, and D) after relevant tests of 11.6 (i.e., overflow, spillage, leakage, ingress of water, 
cleaning, disinfection, and sterilization). 
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C280 on PCB 
Assy # 03-59-
0402 

TDK CD85-
E2GA102MYNS 

Cap, Cer, 
1000pF, 20%, 
250VAC, X1/Y1, 
Radial 0.394" LS 

IEC/EN 60384-14 
IEC/EN 60065 
UL 1414 
CSA C22.2 No.0 & 
No.1 

UL, VDE, CSA, BSI, 
SEMKO, SEV, 
FIMKO, DEMKO, 
NEMKO, IMQ 

C1 on PCB 
assy # 03-59-
0403 

TDK CD85-
E2GA102MYNS 

Cap, Cer, 
1000pF, 20%, 
250VAC, X1/Y1, 
Radial 0.394" LS 

IEC/EN 60384-14 
IEC/EN 60065 
UL 1414 
CSA C22.2 No.0 & 
No.1 

UL, VDE, CSA, BSI, 
SEMKO, SEV, 
FIMKO, DEMKO, 
NEMKO, IMQ 

Coin cell battery 
on PCB assy 
03-59-0402 

Panasonic BR1225 Battery, Coin 
Cell, Lithium, 48 
mAh, 12.5 mm 

UL 1642 UL 

U64,U65,U66,U
67 

Silicon 
Laboratories  

Si8640ED-B-IS 
Si8640BD-B-IS 

IC, Digital 
Isolator, Quad 
channel, Wide 
Body SOIC-16, 
RoHS 

IEC 60950-1, 
61010-1, 60601-1 
(reinforced 
insulation) 

UL, CSA, VDE 

Teflon FEP 
FluorocarbonFil
m Tape 

CS Hyde 
DuPont High 
Performance Films 

23-FEP 
 

FEP (Teflon®) 
film 
w/ Silicone 
Adhesive, 
0.0035” Thick 

Tested by Intertek 
met 5000VAC 
dielectric withstand 

- 

Poron Foam Rogers Corp.  4701-30-25035-34 Urethane foam 
0.0035” thick 

Tested by Intertek 
met 2500VAC 
dielectric withstand  

- 

Plastic 
enclosure 

Plastic Design 
International 

Acrylonitrile 
Butadiene Styrene 

Acrylonitrile 
Butadiene 
Styrene 

UL 94 UR 

Metal enclosure Metalmen Aluminum 5052-H32 Aluminum 5052-
H32 

Tested in end 
system  

- 

Sensors CASMEDICAL 03-05-0511 Disposable 
oximeter sensor  

Tested in end 
system 

- 

Mylar Tape  3M™ Polyimide Film 
Tape 5413 

Kapton® Polyimide 
Film Silicone 
Dielectric 
Strength: 7000 
volts 

UL 94 
Tested by Intertek 
met 4000 VAC 
dielectric withstand 

UL 

Supplementary information: 
 1) An asterisk indicates a mark which assures the agreed level of surveillance. See Licenses and Certificates of Conformity 
for verification. 
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Elite 3 Power Supply, Transformer 
Primary 

155 
52.1 

- 

Elite 4 Power Supply, Transformer 
Secondary 

155 
50.3 

- 

Elite 6 Power Supply, C6 105 45.4 - 

Elite 7 Power Supply, Mains Wire 
Connector  

75 
33.5 

- 

Elite 8 Line filter 75 27.7 - 

Elite 9 Appliance inlet 40 25.9 - 

Elite 10 Battery 104 27.2 - 

Elite 11 TGS110 70 29.5 - 

Elite 12 Button Battery 80 30.8 - 

Elite 13 Relay  85 42.4 - 

Elite 14 Screen  48 26.4 - 

Elite 15 Preamp Enclosure 48 26.3 - 

Elite 17 Sensor 1 41 25.6 - 

Elite 18 Sensor 2 41 24.4 - 

Elite 19 Sensor 3 41 24.7 - 

Elite 20 Sensor 4 41 24.5 - 

      

Supplementary information: 
1 Maximum allowable temperature on surfaces of test corner is 90 °C 
2 Max temperature determined in accordance with 11.1.3e) 
3 When thermocouples used to determine temperature of windings, limits of Table 22 reduced by 10 °C. 
4 Supply voltage: 

- ME EQUIPMENT with heating elements - 110 % of the maximum RATED voltage; 
-  Motor operated ME EQUIPMENT -  least favourable voltage between 90 % of the minimum RATED 
and 110 % of 
   the maximum RATED voltage. ME EQUIPMENT operated under normal load and normal DUTY 
CYCLE. 

       - Combined heating and motor operated and other ME EQUIPMENT - tested both at 110 % of the 
maximum 

RATED voltage and at 90 % of the minimum RATED voltage. 

5 APPLIED PARTS intended to supply heat to a PATIENT - See RISK MANAGEMENT FILE containing temperatures and 
clinical effects. Also, see instructions for use. 

 

11.1.1 TABLE: Excessive temperatures in ME EQUIPMENT  Pass 

Model No. .................................................... : FORE-SIGHT Elite 

Test ambient  (°C)  ...................................... : 25.6 

Test supply voltage/frequency (V/Hz)4 ....... : 264VAC/ 50HZ 
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External view  

 

 
Preamp cable  
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Back view of sensor  
 

 
Front view of sensor  

 

 
Internal View  
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Control board side A 

 

 
Control board side B 
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Logic Board 

 

 
Power supply
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ATTACHMENT TO TEST REPORT IEC 60601-1 

US NATIONAL DIFFERENCES 
Medical electrical equipment, Part 1: General Requirements 

Differences according to  ............... : National standard ANSI/AAMI ES60601-1: 2005 

Attachment Form No . .................... : US_ND_IEC60601_1E 

Attachment Originator  ................... : Underwriters Laboratories Inc.  

Master Attachment  ......................... : 2009-08 

Copyright © 2009 IEC System for Con formity Testing and Certification of Electrical Equipment 
(IECEE), Geneva, Switzerland. All rights reserved.  

4.8 b Replacement: where there was no relevant 
IEC/ISO standard, the relevant US ANSI standard 
applied 

  
Pass 

 - when no relevant US ANSI standard existed, the 
requirements of this standard applied 

 Pass 

4.10.2 Replacement: Rated voltage not exceeding 250V 
dc or single phase ac. or 600V poly-phase ac for 
ME EQUIPMENT and ME SYSTEMS up to 4kVA 

240V Pass 

 Rated voltage not exceeding 600 V for all other ME 
EQUIPMENT and ME SYSTEMS 

 Pass 

8.2 Addition: All FIXED ME EQUIPMENT & PERMANENTLY 
INSTALLED ME EQUIPMENT are CLASS I ME EQUIPMENT 

 N/A 

8.7.3 d EARTH LEAKAGE CURRENT values are not higher than 
the stated values  

 Pass 

  5 mA in NORMAL CONDITION  Pass 

  10 mA in SINGLE FAULT CONDITION  Pass 

8.11 Addition: PERMANENTLY CONNECTED ME EQUIPMENT 
provided with field wiring provision in accordance 
with NEC 

Not permanent N/A 

 Installation of connecting cords between EQUIPMENT 
parts comply with NEC  

No connection cord N/A 

 Cable used as external interconnection between units Pass 

 1) Exposed to abuse: Type SJT, SJTO, SJO, ST, 
SO, STO, or equivalent, or similar multiple-
conductor appliance-wiring material, 

SJT Pass 

 2) Not exposed to abuse: The cable was as in item 
1) above, or 

 N/A 

 i) Type SPT-2, SP-2, or SPE-2, or equivalent  N/A 

 ii) Type SVr, SVRO, SVE, or equivalent or similar 
multiple-conductor appliance wiring material, 

 N/A 
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 iii) An assembly of insulated wires each with a 
nominal insulation thickness of 0.8 mm (1/32 inch) 
or more,  

 Pass 

 - enclosed in acceptable insulating tubing having a 
nominal wall thickness of 0.8 mm (1/32 inch) or 
more 

 Pass 

 Receptacles provided as part of ME EQUIPMENT and 
ME SYSTEMS for use in the patient care areas of 
pediatric wards, rooms, or areas are Listed tamper 
resistant  

No recepticals N/A 

 - or employ a Listed tamper resistant cover in 
accordance with NEC 

 N/A 

8.11.3.2 Addition: The flexible cord is a type acceptable for 
the particular application,  

 Pass 

 - and it is acceptable for use at a voltage not less 
than the rated voltage of the appliance 

 Pass 

 - and has an ampacity as in NEC, not less than the 
current rating of the appliance 

 Pass 
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 any voltage above 750 V, 1 050 V peak, as defined 
in the Canadian Electrical Code (CEC), Part I 

 N/A 

 

4 General requirements   Pass 

4.8 Components of ME EQUIPMENT  Pass 

 a) the applicable safety requirements of a relevant 
CSA, IEC, or ISO standard; or 

 Pass 

 NOTE 1: For the components, it is not necessary to 
carry out identical or equivalent tests already 
performed to check compliance with the component 
standard. 

 Pass 

 b) where there is no relevant CSA, IEC, or ISO 
standard, the requirements of this standard have to 
be applied 

 Pass 

 NOTE 2: If there are neither requirements in this 
standard nor in a CSA, IEC, or ISO standard, any 
other applicable source (e.g., standards for other 
types of devices, national standards) could be used 
to demonstrate compliance with the RISK 
MANAGEMENT PROCESS. 

 Pass 

4.10.2 SUPPLY MAINS for ME EQUIPMENT and ME 
SYSTEMS 

 Pass 

 and shall be in accordance with the Canadian 
Electrical Code (CEC), Part I, CSA C22.1: 

 Pass 

7 ME EQUIPMENT identification, marking and 
documents  

 Pass 

7.7.1 to 
7.7.5 

and shall be in accordance with the Canadian 
Electrical Code (CEC), Part I, CSA C22.1 

 Pass 

 A PROTECTIVE EARTH CONDUCTOR or a 
PROTECTIVE EARTH CONNECTION or insulation 
shall be identified by either green or green and 
yellow colour. Colours of neutral and POWER 
SUPPLY CORD conductors shall be in accordance 
with the Canadian Electrical Code (CEC), Part I, 
CSA C22.2 No. 21, and CSA C22.2 No. 
49………….: 

 Pass 

8 Protection against electrical HAZARDS from ME 
EQUIPMENT 

 Pass 

8.7.3  Allowable values   Pass 

 Allowable values shall be in accordance with the 
Canadian Electrical Code (CEC), Part I, CSA C22.1. 

 Pass 
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8.11.3 POWER SUPPLY CORDS  Pass 

8.11.3.2 Types   Pass 

 a) The MAINS PLUG of non-PERMANENTLY 
INSTALLED EQUIPMENT shall be 

 Pass 

 i) if molded-on type, hospital grade mains plug 
complying with CSA C22.2 No. 21;………………..…: 

 N/A 

 ii) hospital grade disassembly attachment plug type 
complying with CSA C22.2 No. 42; or………………..: 

 Pass 

 iii) Class II equipment having fuses on the line 
side/sides and neutral and may use a non-polarized 
attachment plug or a polarized attachment plug — 
CSA configuration type 1-15P shall be required and 
shall meet all applicable requirements in CSA C22.2 
No. 21 and CSA C22.2 No. 42. Where a polarized 
attachment plug is used, the POWER SUPPLY 
CORD shall be connected to the wiring of the 
EQUIPMENT on the ungrounded side of the line 
when any of the following devices are used in the 
primary circuit:……: 

 N/A 

  1- the centre contact of an Edison base 
 lampholder; 

 N/A 

  2- a single pole switch;  N/A 

  3- an automatic control with a marked off 
 position; 

 N/A 

  4- a solitary fuse/fuse holder; or  N/A 

  5- any other single pole overcurrent 
 protective device 

 N/A 

 b) Detachable POWER SUPPLY CORD for non-
PERMANENTLY INSTALLED EQUIPMENT (cord-
connected equipment) shall be of a type that 

 Pass 

 i) can be shown to be unlikely to become detached 
accidentally, unless it can be shown that detachment 
will not constitute a safety HAZARD to a PATIENT or 
OPERATOR; 

 Pass 

 ii) can be shown that the impedance of the earth 
(ground) circuit contacts will not constitute a safety 
HAZARD to a PATIENT or OPERATOR; and 

 Pass 
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 iii) has a terminal configuration or other 
constructional feature that will minimize the 
possibility of its replacement by a detachable 
POWER SUPPLY CORD which could create a 
HAZARDOUS SITUATION 

 Pass 

 c) A detachable POWER SUPPLY CORD shall  Pass 

 i) comply with the applicable requirements of CSA 
C22.2 No. 21; and………………………………………: 

 Pass 

 ii) not be smaller than No. 18 AWG, and the 
mechanical serviceability shall be not less than…….: 

 Pass 

  1) Type SJ or equivalent for mobile or 
 exposed to abuse ME EQUIPMENT; 
and…..: 

Not mobile equipment  N/A 

  2) Type SV or equivalent for ME 
 EQUIPMENT not exposed to abuse (or Type 
 HPN if required because of temperature)…..: 

 Pass 

 NOTE 1A: See CSA C22.2 No. 49 for requirements 
on the cord types mentioned in Sub-item 2). 

 Pass 

 d) Power supply cords shall meet the requirements 
of the Canadian Electrical Code, Part I, as 
applicable………………………………………………..: 

 Pass 

 Connecting cords between equipment parts shall 
meet the requirements of the Canadian Electrical 
Code, Part I, as 
applicable……………………………..: 

 Pass 

8.11.5 Mains fuses and OVER-CURRENT RELEASES   Pass 

 Mains fuses and OVER-CURRENT RELEASES 
shall be in accordance with the Canadian Electrical 
Code (CEC), Part I, CSA 
C22.1………………………………: 

 Pass 

9 Protection against MECHANICAL HAZARDS of 
ME EQUIPMENT and ME SYSTEMS  

 N/A 

9.7.5 Pressure vessels   N/A 

 Pressure vessels shall comply with the requirements 
of CSA B51, as applicable……………………………..: 

No Pressure  N/A 

9.7.7 Pressure-relief device  N/A 

 A pressure-relief device shall also comply as 
applicable to the requirements of ASME PTC 25 or 
equivalent Canadian 
requirements……………………: 

 N/A 
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15 Construction of ME EQUIPMENT  --- 

15.4.1 Construction of connectors  N/A 

 bA) The point of connection of gas cylinders to 
EQUIPMENT shall be gas specific and clearly 
identified so that errors are avoided when a 
replacement is made. Medical gas inlet connectors 
on EQUIPMENT shall be 

No gas connections N/A 

 i) gas specific, yoke type, or nut and nipple type 
valve connections complying with CGA V-1 for 
pressures over 1 380 kPa (200 psi); or………………: 

 N/A 

 ii) DISS type complying with CGA V-5 for pressures 
1 380 kPa (200 psi) or less and configured to permit 
the supply of medical gases from low-pressure 
connecting assemblies complying with CAN/CSA-
Z5359…………………………………………………….: 

 N/A 

 NOTE 1A: Users of this standard should consult the 
CSA Z305 series of standards, CAN/CSA-Z9170-1, 
CAN/CSA-Z9170-2, CAN/CSA-Z10524, and 
CAN/CSA-Z15002 for further information regarding 
inlet connectors; ISO 407 for requirements 
addressing yoke-type valve connections; and ISO 32 
for colour coding. 

 N/A 
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15.4.8 Internal wiring of ME EQUIPMENT   Pass 

 Internal wiring of ME EQUIPMENT shall be in 
accordance with the Canadian Electrical Code 
(CEC), Part I, CSA 
C22.1………………………………: 

 Pass 

16 ME SYSTEMS  N/A 

16.1 General requirements for the ME SYSTEMS  Not an ME SYSTEM  N/A 

 An ME SYSTEM shall provide  N/A 

 - within the PATIENT ENVIRONMENT, the level of 
safety equivalent to ME EQUIPMENT complying with 
this standard; and 

 N/A 

 - outside the PATIENT ENVIRONMENT, the level of 
safety equivalent to equipment complying with their 
respective CSA, IEC, or ISO safety standards 

 N/A 

 Non-ME EQUIPMENT, when used in an ME 
SYSTEM, shall comply with CSA, IEC, or ISO safety 
standards that are relevant to that equipment. 

 N/A 

16.9.2.1 MULTIPLE SOCKET OUTLET   N/A 

 c) The MULTIPLE SOCKET-OUTLET shall comply 
with the requirements of CSA C22.2 No. 42, CSA 
C22.2 No. 49, and the following requirements………: 

 N/A 

 - The separating transformer shall comply with the 
requirements of CAN/CSA-E61558-2-1 with a rated 
output not exceeding 

 N/A 

 - 1 kVA for single-phase transformers; and  N/A 

 - 5 kVA for polyphase transformers  

The separating transformer shall also have a degree 
of protection not exceeding IPX4. 

 N/A 
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ATTACHMENT TO TEST REPORT IEC 60601-1 3rd edition  
CH - SWITZERLAND NATIONAL DIFFERENCES to 

SN EN 60601-1:06 
 

 SWITZERLAND NATIONAL DIFFERENCES — 

4 Ordinance on environmentally hazardous substances 
SR 814.081, Annex 1.7, 
Mercury - Annex 1.7 of SR 814.81 applies for mercury. 
Switches containing mercury such as thermostats, 
relays and level controllers are not allowed. 
Ordinance on chemical hazardous risk reduction SR 
814.81, Annex 2.15 
Batteries 
Annex 2.15 of SR 814.81 applies for batteries 
containing cadmium and mercury. 
Note: Ordinance relating to environmentally hazardous 
substances, SR 814.013 
of 1986-06-09  is not longer in force and superseded 
by SR 814.81 of 2009-02-01 (ChemRRV).   

 Pass 

 Supply cords of portable electrical appliances having a 
rated current 
not exceeding 10 A shall be provided with a plug 
complying with  IEC 60884-1(3.ed.) + am1, SEV 1011 
and one of the following dimension sheets: 
- SEV 6533-2:2009 Plug type 11, L + N, 250V 10A 
- SEV 6534-2:2009 Plug type 12, L + N + PE, 250V 
10A 
- SEV 6532-2:2009 Plug type 15, 3L + N + PE, 
250/400V 10A 
Supply cords of portable electrical appliances having a 
rated current 
not exceeding 16 A shall be provided with a plug 
complying with IEC 60884-1(3.ed.) +  am1, 
SEV 1011 and one of the following dimension sheets: 
- SEV 5933-2:2009 Plug type 21 L + N, 250 V, 16A 
- SEV 5934-2:2009 Plug type 23 L + N + PE, 250 V, 
16A 
- SEV 5932-2:2009 Plug type 25 3L + N + PE, 
250/400V 16A 
NOTE 16 A plugs are not often used in Swiss 
domestic installation system. 
See TRF template regulatory requirements 
Switzerland on IECEE Website R.R. TRF templates. 

 Pass 
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ATTACHMENT TO TEST REPORT IEC 60601-1 
EN DIFFERENCES 

Medical electrical equipment, Part 1: General Requirements 

Differences according to ................... : National standard EN 60601-1:2005 

Attachment Form No. ....................... : EN_ND_IEC60601_1E 

Attachment Originator ....................... : Underwriters Laboratories Inc.  

Master Attachment............................ : 2009-08 

Copyright © 2009 IEC System for Conformity Testing and Certification of Electrical Equipment 
(IECEE), Geneva, Switzerland. All rights reserved.  

Annex ZA 
(normative) 

Normative references to international publications 
with their corresponding  
European publications 

 
The following referenced documents are 
indispensable for the application of this document. 
For dated references, only the edition cited applies. 
For undated references, the latest edition of the 
referenced document (including any amendments) 
applies. 
 
NOTE When an international publication has been 
modified by common modifications, indicated by 
(mod), the relevant EN/HD applies. 
 

 Pass 

Annex ZZ 
(informative) 

Coverage of Essential Requirements 
of EC Directives 

 
This European Standard has been prepared under 
a mandate given to CENELEC by the European 
Commission and the European Free Trade 
Association and within its scope the standard 
covers all relevant essential requirements as given 
in Annex I of the EC Directives 90/385/EEC and 
93/42/EEC. 
Compliance with this standard provides one means 
of conformity with the specified essential 
requirements of the Directives concerned. 
 
WARNING: Other requirements and other EC 
Directives may be applicable to the products falling 
within the scope of this standard. 

 Pass 
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19.  Performance Testing - Bench 
 

 

 

See Clinical Section. 
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20.  Performance Testing – Animal 
 

 

 

Not Applicable 
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21.  Performance Testing - Clinical 
 

 

The clinical case for supporting cerebral use of the FORE-SIGHT Elite Absolute Tissue 

Oximeter Monitor in found in the document: 

 

Validation of the CAS Medical System’s FORE-SIGHT Elite™ Absolute Tissue 

Oximeter for Somatic Tissue Oxygen Saturation (StO2%) in Adult and 

Transitional Adolescent Subjects 

 

See Attachment G 

 

Note: The author of this section uses the term(s): 

 

 FORE-SIGHT II Elite; 

 FORE-SIGHT II; 

 FS2, and  

 Second Generation FORE-SIGHT 

 

In each case this refers to the FORE-SIGHT Elite™ Absolute Tissue Oximeter 
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Validation of the CAS Medical System’s FORE-SIGHT Elite™ Absolute Tissue Oximeter for 
Somatic Tissue Oxygen Saturation (StO2%) in Adult and Transitional Adolescent Subjects 

Paul Benni Ph.D. 
November 17, 2013 

 
1. INTRODUCTION 
 
1.1 Primary Objective of this 510(K) Application 
 
This is an expanded regulatory clearance of the next generation FORE-SIGHT monitor called the 
FORE-SIGHT Elite Absolute Tissue Oximeter (a.k.a FORE-SIGHT II Elite to avoid confusion with 
the first generation FORE-SIGHT monitor) to be indicated for tissue oxygen saturation (StO2%) 
measurements of adult and transitional adolescent subjects using the FORE-SIGHT II Elite Large 
sensor. 
 
The initial regulatory clearance (K123700) of the FORE-SIGHT Elite Absolute Tissue Oximeter was 
indicated for Cerebral tissue oxygen saturation (StO2%) measurements of adult and transitional 
adolescent subjects using the FORE-SIGHT II Elite Large sensor.  This application expands the 
indication for use with Body or Somatic StO2 data validation of the FORE-SIGHT II Elite using the 
same Large sensor model for adults and transitional adolescents, for measurement of regional 
hemoglobin oxygen saturation of blood under the sensor. 
 
Data from the Medium and Small sensors for all populations, including cerebral and somatic, will be 
presented in future 510(K) applications. 
 
1.2 Proposed Indications for Use 
The noninvasive FORE-SIGHT ELITE Absolute Tissue Oximeter is intended for use as an adjunct 
monitor of absolute regional hemoglobin oxygen saturation of blood under the sensors in individuals 
at risk for reduced flow or no-flow ischemic states and is indicated for use as follows: When used with 
Large Sensors, the FORE-SIGHT ELITE Oximeter is indicated for use on adults and transitional 
adolescents ≥40 Kg. 
 
 
1.3. NIRS Principles –Light Interrogation of Tissues 
Referring to Figures 1 & 2, light enters the body from a NIRS sensor light source placed on the skin.  
Individual photons travel on different paths because of the high light scattering characteristics of 
tissue; a small amount of photons reach the NIRS sensor’s far light detector placed 50 mm (FORE-
SIGHT Large sensor) away from the light source.  The sensor also has a near detector to detect light 
primarily from overlying tissues for compensation of possible overlying tissue interference.  The 
FORE-SIGHT algorithm calculates tissue oxygen saturation (StO2) by measuring light absorption due 
to oxy- and deoxy-hemoglobin at five different LED light sources at wavelengths (680, 730, 770, 805, 
and 870 nm).  The FORE-SIGHT algorithm also compensates for background tissue light absorption 
and scattering, as well as skin pigmentation effects. 
 
 

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



 
 

 
 

2

 

 
1.4. Sensor Light Interrogation Depth   
As photons travel different paths and depths in tissue before reaching the NIRS sensor light detector, 
a banana shaped light path is formed. A general rule in NIRS sensor design is that the mean photon 
interrogation depth of the banana shaped light path is ½ the distance between the sensor light source 
and far detector (D2 in Figure 2)1 (Strangman et al., Biol Psychiatry 2002;52:679-93). When 
considering organ interrogation, the mean photon interrogation depth should be inside the organ to 
insure an adequate sample of organ tissue.  Based on this information, the following table summarizes 
the average interrogation depths of the FORE-SIGHT sensors:  For this 510(K) application, only data 
from adult tissue oxygen saturation application of the Large sensor will be presented.   

 
Table 1:  FORE-SIGHT sensors type and average optical photon interrogation depth 
 

Sensor Type Number of 
photodetectors 

Light source to 
detector separation 
(D1 & D2)

Sensor mean photon 
interrogation depth in tissue 
(=D2 x ½)

Large 2, Near & Far 
detector 

D1=15 mm Near,
D2=50 mm Far

25 mm Far detector 
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1.5  Primary predicate devices:  FORE-SIGHT Elite Tissue Oximeter (K123700) and Nonin 
Model 7600 Equanox (K102715) 
From FORE-SIGHT 510(k) K051257 and the latest K112820, the IFUs are as follows: 
 
FORE-SIGHT Elite Cleared Indications for Use for Adults from K123700 
The noninvasive FORE-SIGHT Elite Absolute Tissue Oximeter is intended for use as an 
adjunct monitor of absolute regional hemoglobin oxygen saturation of blood under the 
sensors in individuals at risk for reduced flow or no-flow ischemic states and is indicated 
as follows: 
 
When used with Large sensors, the FORE-SIGHT Oximeter is indicated for use on the 
brain of adults and transitional adolescents ≥ 40 Kg. 
 

 
 
Nonin Model 7600 Equanox Cleared Indications for Use from K102715 
Nonin’s non-invasive Model 7600 4-Channel Regional Oximeter System is intended for 
use as an absolute real-time adjunct monitor of regional hemoglobin oxygen saturation 
of blood underneath the sensor.  It is intended for spot-checking or continuous 
monitoring of adult or pediatric patients weighting greater than 88 pounds (>40kg).  It is 
intended for use in environments including the operating room, surgical recovery, 
critical care, emergency room, long-term care and mobile environments. 
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Figure 4:  Arterial and venous supply to various organs with their respective hemoglobin 
oxygen saturation values (modified from Reinhart K in Lewis Pfeiffer (editors) : Practical 
Applications of Fiber Optics in Critical Care Monitoring, Springer Verlag Berlin – Heidelberg – New 
York 1990, pp 11-23.)5. The liver (or hepatic) venous oxygen saturation tends to be lower than the 
intestine/mesenteric portal vein oxygen saturation since the portal vein supplies low oxygenated blood 
to the liver.  
 

 

CV 
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2. METHODS 
2.1. HUMAN PROTOCOLS TO VALIDATE FORE-SIGHT SENSORS 
 
2.2.  Protocol Title:  
Validation of the Second Generation of CAS Medical’s FORE-SIGHT II Elite Near Infrared 
Spectroscopy (NIRS) Cerebral & Somatic Tissue Oxygen Saturation Sensors on Adult Subjects. 

 

2.3  Purpose of the Study:  
Primary Objectives: 

1. To validate that the second generation FORE-SIGHT II Elite sensor accurately measures Body 
or Somatic tissue oxygen saturation (StO2) in healthy adults and transitional adolescent adults 
when comparing to co-oximetry measurements of invasively drawn blood to expand the usage 
of FORE-SIGHT II Elite StO2 measurements for the body.  The Cerebral tissue validation of 
the FORE-SIGHT II Elite monitor and sensor model used in this 510K application was already 
cleared by the FDA (K123700). 
A similar procedure for body/somatic/tissue under sensor StO2 measurements were used in 
predicate 510Ks: K094030 (FORE-SIGHT first generation), K112820 (FORE-SIGHT first 
generation), and K102715 (Nonin Equanox).   
 

Transitional Adolescent considerations:  Transitional adolescent adults (age 18-21) have been 
enrolled in the predicate FORE-SIGHT adult validation data submitted in previous 510(k) K123700.  
Based on this previous data, no special considerations are needed for transitional adolescents when 
validating the FORE-SIGHT II Elite monitor. 
 
 

2.4  Background & Significance:  
Near-infrared spectroscopy (NIRS) can be used to non-invasively estimate cerebral and somatic tissue 
oxygen saturation (StO2). For brain, NIR light easily passes through skull bone and absorption of NIR 
light by brain tissue is dependent upon chromophores (light absorbing tissue) within the path of the 
transmitted light.  The same is true for somatic except there is no bone in the sensor’s light path.  In 
both brain and somatic tissues the only significant chromophore is hemoglobin, which is present 
within both arterioles and venules. Pulse oximetry only estimates arterial oxygen saturation whereas 
StO2 represents tissue oxygen saturation of the smaller blood vessels.  Several continuous wave (CW) 
cerebral oximeters have obtained FDA 510k clearance and are currently commercially available in the 
USA, including the CAS Medical FORE-SIGHT device. The device has been used extensively in the 
clinical area of anesthesia and several recent studies have demonstrated the benefit of monitoring StO2 
in patients undergoing different surgical procedures. 
 
The FORE-SIGHT sensor is applied to the forehead or somatic locations, preferable at larger muscle 
masses. The emitter and sensor are separated by a distance of 50 mm for the Large sensor. The path of 
NIR light is not a straight path but instead curved (‘banana-shaped’). Of the light emitted 
approximately 80% is dispersed by scatter, the remaining 20% is absorbed by chromophores, such as 
oxy- and deoxyhemoglobin. The development of the second generation sensor represents the 
continued efforts to improve the quality of signal processing when tissue is interrogated by NIRS. 
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2.5  Design & Procedures:  
This study evaluates the performance of the CAS Medical FORE-SIGHT II Elite in healthy volunteers 
during a controlled hypoxia sequence at steady-state ETCO2 levels to measure body/somatic tissue 
StO2.  This protocol is very similar to validating cerebral StO2 except the venous reference is drawn 
from a catheter placed in the vena cava (as opposed to jugular bulb for cerebral) to obtain SvO2. 
 
Somatic StO2 Validation 
 
Sequence 1:  Two CAS Medical FORE-SIGHT II Elite Large sensors will be placed on Flank skeletal 
muscle on the left or right side of the spine and on the quadriceps (Quad) muscle on the right or left 
leg. The monitor’s values will be compared to the calculated whole body oxygen saturation derived 
from co-oximeter measured arterial and central venous (blood from the vena cava) oxygen saturations 
during the sequential desaturation study.  The positions of the sensors will be alternately placed on 
left or right sides of the Flank and Quad so that half of the subjects will have left side StO2 
measurements and the other half of the subjects will have right side StO2 measurements, depending if 
the subject number was odd or even.   
 

Sequence FORE-
SIGHT II 
Elite Sensor 
type 

Stepped 
hypoxia 
phases 

Invasive blood 
draws for co-
oximetry 
reference

Inter-Sensor body location 
variability test- 
Alternating sensor location 
on left & right of the body

1 FORE-
SIGHT II 
Elite Large 
sensors 

YES YES YES 

 
Different combinations of FORE-SIGHT II Elite monitors and preamp cables, were used with 
different subjects to avoid monitor bias.  Sensors are single use in design, so different sensors were 
used on each subject. 
 
The level of oxygen within the blood will be reduced in a controlled manner by altering the inspired 
oxygen concentration (FiO2) to achieve arterial oxygen saturation plateaus between 100% and 70%, 
measured by a finger pulse oximeter on the finger. 
 
Each subject will be studied individually.  An attending anesthesiologist will be present for each 
individual study.  The anesthesiologist will continuously monitor subject’s safety and manage the 
conduct of the study protocol.  The subject’s tolerance of the study procedures will be continually 
assessed and the study will be terminated by subject request or clinical discretion. 
 
Subjects will include healthy adult volunteers who will be compensated for their participation.  
Written informed consent will be obtained from each subject prior to the initiation of any pre-study 
examination.  Each subject will receive a screening health examination. Subjects will be required to 
fast from solid foods for 6 hours and from liquids for 2 hours prior to the study treatment in 
accordance with ASA guidelines. The duration of the entire clinical study is not expected to exceed 6 
months, including subject recruitment, individual subject studies, and data analysis.   
 
First, the controlled hypoxia evaluation will be conducted.  The level of oxygen within the blood will 
be reduced in a controlled manner by the RespirAct® sequential gas delivery system (consisting of 
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gas tanks, gas blender, facemask and control laptop with continuously displayed O2 and CO2) which 
permits control of the both the ETO2 and ET CO2 to reach target values.  The measured ETO2 and 
ETCO2 equate with arterial O2 and CO2 (PaO2 and PaCO2 respectively). The attained PaO2 then 
determines the SpO2. One (1) Room Air and Eight (8) ETO2 plateaus will be targeted, with resulting 
eight SpO2 plateaus between 70 – 100%.  Measurements and blood samples will be taken at each 
plateau.  ECG, pulse, blood pressure, SpO2, ETCO2, and ET O2 will be monitored throughout the 
study. 
 
Prior to discharge, the subject will be given written instructions on how to contact the study doctor in 
the event of any concerns or adverse events.  Within 48 hours of discharge, the study doctor or 
designee will contact the subject by phone to confirm the subject’s well being and enquire to the 
presence of any unexpected symptoms.  Following contact, the subject’s participation in the study will 
be completed.   
 
Figure 5: Stepped Hypoxia Sequence Protocol 
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2.6  Selection of Subjects: 
Advertisements will be posted around campus to recruit healthy volunteers to participate. Subject 
must pass study eligibility requirements prior to beginning any study treatment.   

 
Inclusion Criteria: 

1. 18 to 50 years of age, inclusive. Note transitional adolescent 18-21 year old subjects will be 
recruited as well. 

2. Weight ≥ 40 kg and BMI of 18 to 30, inclusive 
3. Does not take anticoagulants or platelet inhibitors on a regular schedule 
4. Has not ingested an anticoagulant or platelet inhibitor in the 24 hour period prior to the study 
5. SpO2 ≥ 95% on room air 
6. Able to tolerate breathing mask apparatus 
7. Expected to be able to tolerate controlled hypoxia to the levels called for in this protocol with 

minimal medical risk 
8. Is not a resident or fellow in the Anesthesia department where study is being conducted 
9. Is not an employee of sponsor company 
10. Written informed consent form signed and dated by the subject 

 
Exclusion Criteria: 
 
Subjects with any of the conditions listed below are NOT eligible for study participation. 

1. Female with positive pregnancy test  
2. Beard or history of or anatomy suggestive of difficult airway 
3. Hemoglobin concentration outside normal range for the clinical site 
4. Platelet count outside normal range for the clinical site 
5. History of cigarette smoking or currently a cigarette smoker 
6. Current drug or alcohol abuse 
7. History of high blood pressure or blood pressure > 140/90 at screening examination  
8. Significant history of cardiac or pulmonary disease 
9. Known allergy to lidocaine or heparin 
10. History of sleep apnea 
11. History of gastroesophageal reflux 
12. ECG not within normal limits 
13. History of hemoglobinopathy or coagulation abnormality, including and not limited to: sickle 

cell disease and/or thalassemia 
14. May be placed at undue medical risk by any procedures in this protocol (e.g. arterial 

cannulation or hypoxia) 
15. Any other condition that may, in the opinion of the investigator, increase the risk to the subject 

   

2.7  Subject’s Capacity to Give Legally Effective Consent: 
All subjects will be healthy volunteers with capacity to give consent. Subjects will be excluded if they 
do not possess the capacity to give consent. No legally authorized representatives will be used. 
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2.8  Risk/Benefit Assessment: 
Risks and discomforts will be minimized through careful monitoring of the tests and procedures 
performed during this study to maximize safety and minimize the risks to the subject.  All tests and 
procedures will be performed by appropriately trained staff.  The CAS Medical FORE-SIGHT 
monitors are non-invasive devices that pose minimal risk.  FORE-SIGHT employs infrared light to 
measure hemoglobin saturation. The trial may be stopped for safety purposes if risks associated with 
the use of the study device are identified. This study presents minimal risk in healthy volunteers.  
Controlled hypoxia will be induced by decreasing the ETO2 in a stepwise manner.  Published studies, 
conducted under similar conditions to those defined for this study, demonstrate that healthy subjects 
tolerate the mild hypoxia well and without untoward effects. This study employs methods similar to 
the standard protocols recommended by the FDA for testing pulse and cerebral oximeters in healthy 
volunteers.   

As a result of participation in this study, subjects are at risk for the following:   
 

 If the subject is highly allergic to the lidocaine, there is a risk of allergic reaction and the 
subject could possibly have a reaction that is severe enough to cause cardiac arrest and/or 
respiratory arrest.  

 The other risks of this study are discomfort, tachycardia (fast heart rate), dizziness, nausea and 
vomiting, and the possibility of fainting (from getting needle sticks and/or breathing low 
oxygen).  Subjects will receive standard treatment for these effects if they occur.   

 Risks associated with drawing blood from the arm include momentary discomfort and/or 
bruising.  Infection, excess bleeding, clotting, or fainting are also possible, although unlikely. 

 Light headedness, headache, drowsiness, fainting, tachycardia, and hyperventilation (fast 
breathing rate) are the risks from breathing air for several minutes that is low in oxygen.  The 
normal oxygen saturation for healthy individuals is greater than 96%.  In a commercial 
airliner, the cabin pressure is set to an altitude (height) of 8,000 feet and the oxygen saturation 
is typically between 90 – 95%.  The Federal Aviation Agency allows pilots in unpressurized 
airplanes to fly as high as 14,500 feet for as long as 30 minutes without supplemental oxygen.  
Healthy volunteers can usually tolerate an oxygen saturation of 70% and will not lose 
consciousness (being awake and aware) until the oxygen saturation is below 55%. This type of 
testing with the subject breathing air that is low in oxygen has been performed in other 
research studies down to an oxygen saturation of 60% without any known serious side effects.  
Each subject will be observed and monitored closely throughout the study by the study doctor. 

 The risks of placement of the arterial catheter are bleeding, bruising, and infection, which are 
all rare.  The radial and ulnar arteries are the two major blood vessels supplying the hand.  If 
the color does not return immediately after release of the ulnar artery, the test is positive for 
potential difficulties of blood flow to the hand if a radial arterial line was present.  In the event 
this occurs, the subject will not be allowed to continue to participate.  The risks of placement 
of the radial and ulnar catheters are bleeding, bruising, infection, radial artery aneurysm 
(swelling) and loss of hand, all of which are rare.   

 The risks of inserting and using any central venous (jugular vein for example) catheter 
placements include, but are not limited to the following:  

o Risks that do not need regimen or can be treated with medications: pain, allergic 
reaction to the local anesthetic, catheter migration (catheter movement from the 
insertion place), phlebitis (inflamed vein), nerve injury, infection, sepsis (bloodstream 
infection), trauma at the insertion site (redness, bleeding, blood clot, hematoma), fever, 
and catheter-related difficulties (insertion difficulty, leakage, blocked lines).   
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o Risks that can require surgical interventions: bleeding, hematoma (blood mass under 
the skin), air embolism (air bubble blocking the vein), accidental puncture of the 
carotid artery (supplies oxygenated blood to head and neck), hemomediastinum (blood 
in the space between organs in the chest), catheter embolism (catheter blocking the 
vein), thrombosis (blood clot in the vein), vessel perforation (puncture of the blood 
vessel), vascular damage (injury to blood vessel), pneumothorax (air in the chest), 
hydromediastinum (fluid in the space between organs in the chest) and hydrothorax 
(fluid in the lung membrane). 

o These complications can usually be resolved without long term problems.  However, 
on rare occasions, some of these complications may result in permanent complications, 
stroke or death. In the unlikely event that such an event were to occur, the subject 
would be cared for by a team of health care providers including a fully trained 
anesthesiologist.  

 The risks associated with a skull and chest x-ray are exposure to radiation. In this study, 
subjects will receive about the same amount of radiation as an individual would get from 
living in a high altitude city such as Denver for 4 weeks, or taking 8 airplane flights from New 
York to Los Angeles.   

 
2.9 Data Analysis & Statistical Considerations: 
 

2.9.1  Body/Somatic Tissue Oximetry Primary Invasive Reference Measurement:  As previously 
described, the FORE-SIGHT II Elite Tissue Oximeter’s cerebral tissue oxygen saturation (StO2) 
readings will be compared to the established weighted co-oximetry reference will be calculated and 
presented (REF CX)  from the following equation: 

REF CX = (0.7 x SvO2 ) + (0.3 x SaO2 ) 

where SvO2  and SaO2 are the functional oxygen saturations from the blood samples drawn 
simultaneously from a central venous location (vena cava) and systemic arterial catheters, 
respectively, and measured using  a co-oximeter.  A similar procedure was used in predicate 510Ks: 
K094030 (FORE-SIGHT first generation), K112820 (FORE-SIGHT first generation), K123700 
(FORE-SIGHT II), and K102715 (Nonin Equanox).   
 

2.9.2 Sample Size Justification   
This 510(k) application: 432 data points were obtained from 24 subjects where 9 data points were 
obtained per sensor (2 sensors used) per subject from FORE-SIGHT II Elite sensors on the Flank and 
Quadriceps muscle tissues.   
 
As a reference, the number of subjects and number of data points obtained from the two Equanox 
sensors 8000CA (K090807) and 8004CA (K102715)16 were compared to FORE-SIGHT II Elite 
cerebral and somatic applications.  Table 7 below demonstrates the comparable sample sizes of the 
FORE-SIGHT II Elite and Equanox data sets.  
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Table 2:  Comparison of sample size FORE-SIGHT II Elite and Equanox. 
Model & 
Sensor 

Number of 
Subjects 

Number of 
FiO2 Plateaus 
(co-oximetry 

measurements)

Number of data 
points 

510(K) 

FORE-SIGHT 
II Elite Somatic 

24 216 432  (2 sensors)* 
This 

application 
FORE-SIGHT 
II Elite Cerebral 

25 225 225  (1 sensor) K123700 

Equanox 
8000CA 
Cerebral 

18 218 218  (1 sensor)16 K090807 

Equanox 
8004CA 
Cerebral 

23 219 219  (1 sensor)16 K102715 

FORE-SIGHT I  17 233 457 (2 sensors)** K051257 

 *NOTE: Two sensors doubles number of data points per FiO2 
plateau.  **Data was also represented by left and right hemisphere 
sensor data, in which 16 subjects had 224 total data points for each 

side, while 1 subject had one sensor (contributing 9 co-oximetry 
measurements). 

 
 
2.9.3  Comparison of FORE-SIGHT II Elite to Co-oximetry Reference REF CX 

Agreement between FORE-SIGHT II Elite and REF CX:  We will use five methods to evaluate 
the agreement between FORE-SIGHT II Elite StO2 data vs. the reference REF CX data. The methods 
will include:  
(1) Scatter plot of the FORE-SIGHT II Elite StO2 data vs. the reference REF CX data: visual 
inspection of whether the plot falls closely on the 45 degree line with the origin;  
(2) Bland Altman plot (Bland and Altman, 1986)6: a straightforward and an intuitive approach to 
assess agreement by plotting the differences against the averages between two measurements;  
(3) An advanced subject dependent data analysis using Deming regression (Linnet, 1993)7: similar to 
the traditional linear regression analysis but corrects the estimates of intercept and slope when both 
the FORE-SIGHT II Elite, and the REF CX data are subject to random errors;  
(4) Traditional linear regression using Random Coefficients Model as a secondary analysis; and  
(5) Concordance correlation coefficient (CCC) analysis (Lin, 1989)8: similar to the Pearson’s 
correlation coefficient analysis but consists of a measure of precision multiplied by a measure of 
accuracy.  Results between (3) Deming regression and (4) traditional linear regression will also allow 
visual comparison to demonstrate consistency and similarity of the two methods to compensate for 
any possible weaknesses of the two methods.  Estimates of the regression coefficients (slope and 
intercept) and CCC will be presented with the 95% confidence intervals.  
  
Regression Analysis Considerations:   Because each subject has 9 data points per sensor (18 data 
points total), the data is not independent.  Therefore the analysis will be more complex as follows. 
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Deming regression assumes the reference (REF CX) is subject to measurement error.  From previous 
510K submissions, the FDA favors the use of Deming regression.  A Deming regression line will be 
fitted for each subject resulting in 24 regression lines with slope and intercept for the 24 subjects. 
Initial Q statistic analysis showed that the estimated standard errors for the regression coefficients are 
not homogeneous as some subjects have larger variation than others due to subject effect (not pure 
instrumental random error). This factor is taken into account when we will "pool" the estimates of 
intercepts and slopes together. Specifically, in Step 1, the Deming regression coefficients will be 
determined for each subject, and then their standard errors will be determined based on the Jackknife 
method (Linnet 1990)9 (Linnet 1998)10. In Step 2, the "Meta Analysis" technique will be used to pool 
these estimates together to generate a weighted average intercept and a weighted average slope (Laird 
and DerSimonian 1986)11. The pooled analysis will consider that subjects are random samples from a 
general population. 
  
Random Coefficients Model is one traditional method of linear regression for subject dependent 
data.  It assumes that each subject has his/her trajectory or inherent trend of the repeated 
measurements. The inherent trajectories are “high” or “low” with different steepness across subjects, 
suggesting that the subject-specific intercept and slope (Fitzmaurice, Laird, and Ware, 2004)12.   
The difference between Deming regression and the typical linear regression is that traditional linear 
regression does not assume that the reference (REF CX) is subject to measurement error.  
  
CCC Calculation:  The concordance correlation coefficient (CCC) will be used to demonstrate 
agreement for continuous data. It can be used in the context of multiple repeated measurements per 
subject, and thus is valid for this study. (Carrasco and Jover, 2003)13 
 
 
2.9.4 Validation of Regression and CCC Analysis Methods Used 
 
Bootstrap Validation:  The regression methods (Deming regression and Random Coefficients 
Model) and CCC calculation will be validated by two bootstrapping methods, Bootstrap I and 
Bootstrap II.  The Bootstrap 95% confidence interval (CI) method will be computed two different 
ways: “Normal” – normal approximation; and “Bias Corr” – bias-corrected percentile method. 
 
Bootstrap I:  Individual subject data will be bootstrapped without doing any moving block 
bootstrapping for repeated measurements within subjects.  Sherman and le Cessie14  present an ‘all 
block bootstrap’ by resampling blocks of individual subjects. They argued that, by bootstrapping 
these blocks, the correlation structure within each block could be maintained and the bootstrap 
intervals could be produced in an automatic way so that the correlation structure can be left 
unspecified. 
 
Bootstrap II:  We will do a second bootstrap method which does double bootstrapping for panel data 
(i.e., bootstrap for both subjects and time series data) based on Davison and Hinkley 15. For this 
method, we will bootstrap individual subjects first and then bootstrap observations within individual 
subjects using the moving block method with block size 3 and overlap size 2.  This is determined 
from the dataset, where there were 9 observations per subject where the desire block size is n**(1/3) 
which is 9**(1/3)~2 or 315. 
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2.10  Data & Safety Monitoring:  
All clinically significant adverse events will be reported to the Sponsor on the adverse event (AE) 
case report form (CRF). Standard of care should be implemented whenever an AE occurs to treat 
and/or resolve the AE and to monitor the subject. Any subject who is withdrawn from the study due to 
an AE shall be followed until the outcome is resolved or, in case of permanent impairment, until the 
event stabilizes and the overall clinical outcome has been ascertained. 
 
An anesthesiologist will be present for the each study.  An anesthesiologist will perform cannulation 
of the radial artery and the jugular vein.  Insertion of a vena cava catheter and a radial artery catheter 
are low-risk procedures when performed by experienced personnel and are widely used for patient 
monitoring in a variety of clinical settings.  The risks associated with jugular vein cannulation include 
infection, hematoma, and inadvertent injury to nearby structures such as the carotid artery.  The latter 
complication will be minimized by using ultrasound image guidance for insertion of the catheter and 
x-ray confirmation of catheter placement. The risks associated with radial artery cannulation include 
infection, hematoma, and impaired blood supply to the hand.  The latter complication will be 
minimized by using ultrasound scanning to ensure the adequacy of collateral flow before catheter 
insertion and by continuous oxygen saturation measurement in the hand after catheter insertion.  
 
At the completion of the 48 hour follow-up call, a report will be generated detailing the following: 

1. Cardiovascular parameters: continuous arterial systolic & diastolic blood (SBP/DBP) pressure 
and heart rate (HR). 

2. Respiratory parameter: continuous SpO2. 
3. Blood oxygen parameters: intermittent arterial and jugular venous oxygen saturations (PaO2 / 

PjvO2) generated from blood gas co-oximeter analyzer (samples taken at each plateau). 
4. Any adverse events reported by the PI. 

 
Adverse events related to desaturation are most likely to present on the study day while the subject is 
present with the research lab. Any further adverse events are most likely to be related to arterial and 
jugular catheter placement and will be reported by the subject when contacted by telephone by the 
study staff within 48 hours of the study day.  
 
Note that there were no adverse events reported at the completion of this study. 
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3. RESULTS:   
 
3.1 Table 3:  Subject Demographics Data - Race Information: 8 White (Caucasian), 14 Black 
(African American), & 2 Asian subjects.  Gender Information: 15 Male & 9 Female. Weight Range: 
51.0 to 96.5 kg.  Age range: 19 to 40 years.  FORE-SIGHT II Elite Large sensors placed on Flank and 
Quad (quadraceps) for all subjects at alternating left and right positions depending if the subject 
number was odd or even.   
 

Subject  Race  Gender  Age  Weight(Kg)  Height(m) 

1  W  F  28  62.8  1.72 

2  W  M  26  85.9  1.78 

3  W  M  40  94.9  1.81 

4  AS  M  19  81.2  1.75 

5  W  F  20  66.5  1.72 

6  BK  M  32  96.5  1.85 

7  BK  M  27  96.4  1.96 

8  BK  M  40  86.0  1.73 

9  BK  M  35  90.8  1.78 

10  BK  M  26  94.7  1.89 

11  BK  F  38  67.7  1.56 

12  BK  M  32  87.3  1.74 

13  BK  M  24  95.6  1.81 

14  BK  F  26  51.0  1.58 

15  BK  F  19  56.0  1.57 

16  BK  M  24  89.6  1.74 

17  W  F  39  70.8  1.75 

18  BK  F  26  69.1  1.64 

19  W  M  22  74.9  1.86 

20  BK  M  29  81.0  1.88 

21  BK  F  19  60.3  1.59 

22  W  M  20  77.6  1.84 

23  W  M  19  84.1  1.90 

24  AS  F  19  64.9  1.76 

W=White(Caucasian); AS=Asian; & BK=Black(African American) 
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3.2  Body/Somatic FORE-SIGHT II Elite vs Co-Oximetry Reference (REF CX): Scatterplots 
and Bland-Altman. 

Figures 6-7: Comparison of FORE-SIGHT II Elite to Co-Oximetry Reference (REF CX) : Scatter-
plot and Bland-Altman plot for all Somatic measurement data collected 
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Figure 8: Comparison of FORE-SIGHT II Elite to Co-Oximetry Reference (REF CX) : Scatter-plot 
and Bland-Altman with Somatic StO2 measurements of Flank and Quad data indicated. 
 

 
 
Figure 9: Comparison of FORE-SIGHT II Elite to Co-Oximetry Reference (REF CX) : Scatter-plot 
with Somatic StO2 measurements of Light/Medium and Dark subject skin tones. 
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3.2.1  FORE-SIGHT II Elite Somatic Tissue StO2 Bias & Precision Results Comments:  Results 
from the Scatterplot and Bland-Altman analysis (Figures 6-7) shows that FORE-SIGHT II Elite StO2 
Somatic tissue measurements demonstrated an overall bias ± precision (1 standard deviation) of 0.24 
± 5.17% compared to the co-oximetry reference REF CX.  Figure 8 is the same scatterplot of Figure 
6 but identifies the Flank and Quad StO2 measurements.  FORE-SIGHT II Elite StO2 Somatic tissue 
measurements from the Flank muscle tissue sensor demonstrated an overall bias ± precision (1 
standard deviation) of -0.97 ± 4.29%, while the Quad muscle tissue sensor demonstrated an overall 
bias ± precision (1 standard deviation) of 1.45 ± 5.67%.  See Section 3.3 for Regression analysis and 
Bootstrap validation. 
 
 
3.2.2 FORE-SIGHT II Elite Somatic Tissue StO2 Measurement Performance by Skin Tone 
Groups 
 
The Light/Medium skin tone group consisted of White (Caucasian) and Asian subjects and the Dark 
skin tone group consisted of Black (African Americans).  The bias and precision (1 standard 
deviation) of FORE-SIGHT II Elite StO2 vs REF CX for two skin tone groups (light/medium and 
dark skin tones) as demonstrated by Table 6 and by observation in the scatterplot (Figure 9) clearly 
show consistent performance of FORE-SIGHT II Elite Somatic StO2 measurements across different 
skin tone types. 
 
Table 4:  Bias and precision of FORE-SIGHT II Elite StO2 vs REF CX for the two skin tone groups 
(light/medium and dark skin tones). 
 
Skin Tone 
Groups 

Subjects (n) Data points (n) Bias Precision (1sd) 

ALL 24 432 0.24 5.17 
Light/Medium 10 180 0.33 4.92 
Dark 14 252 0.18 5.35 
Comparison of Light/ Medium tone vs Dark tone was not statistically significant (P = 0.76 
two-tailed, t-test for means). 
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3.3.3 Regression and Bootstrap Validation Result Comments:  The Deming Regression results 
demonstrate that the 95% confidence intervals (CI) include the desired regression coefficients of 
slope=1 and intercept=0 with a CCC = 0.861 for ALL DATA (Table 5) combined as well as Flank 
(Table 6) and Quad (Table 7) StO2 measurements separated.  The two bootstrap validations methods 
Bootstrap I and Bootstrap II results also were very similar to the original Deming Regression results, 
as well to each other.  The consistency of the results from the Deming Regression and corresponding 
bootstrap validation methods demonstrate the robustness of the analysis. 

While the Deming Regression is the preferred regression method to analyze these results due to 
possible error in the reference measurement REF CX, the Random Coefficients Model was also used 
for regression analysis as a secondary analysis.  The Random Coefficients Model results demonstrate 
that the 95% confidence intervals (CI) very nearly include the desired regression coefficients of 
slope=1 (>0.99 in most cases) and intercept=0 for ALL DATA (Table 5) combined as well as Flank 
(Table 6) and Quad (Table 7) StO2 measurements separated.  The two bootstrap validations methods 
Bootstrap I and Bootstrap II results also were very similar to the original Random Coefficients Model 
results, as well to each other.  Because the Random Coefficients Model does not consider errors in the 
reference measurement REF CX, which could cause some deviation of the slope and intercept, this 
analysis is secondary to the Deming Regression results.  

 
  

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



 
 

 
 

23

3.4 Combination of Body /Somatic and Cerebral StO2 data to support proposed IFU 

Figures 10 & 11 shows the combined FORE-SIGHT II Elite Somatic StO2 data (this application) 
with Cerebral StO2 (See K123700) to support our proposed IFU (See Section 1.5) displayed as a 
scatterplot and Bland-Altman plot.  There were a total of 657 data points from 49 enrolled subjects 
(24 somatic and 25 cerebral subjects).  Overall bias and precision was 0.11 ± 4.56% (1sd). 
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3.5 Conclusion 
 
The results show that FORE-SIGHT II Elite Tissue Oximeter Body/Somatic (This application) and 
Cerebral (K123700) StO2 measurements demonstrate a very high correlation, Deming Regression fit, 
and good accuracy compared to the Co-Oximetry Reference (REF CX) when using Large sensors for 
adult and transitional adolescent subjects ≥ 40 kg.  
 
Table 8:  Summary of Results for FORE-SIGHT II Elite Large sensors to support proposed IFU 
 
FORE-SIGHT II Elite 
Large sensor StO2 
measurement validation 
summary 

Bias ± Precision 
(1 standard 
deviation) from 
Bland-Altman 

Number of 
subjects 
studied 

Subject 
Population 

Reference 
Document 

Body/Somatic FORE-
SIGHT II Elite StO2 vs 
REF CX 

0.24 ± 5.17% 24 Adults & 
Transitional 
Adolescents 
≥ 40kg 

This 
Application 

Cerebral FORE-SIGHT II 
Elite StO2 vs REF CX 

-0.14 ± 3.05% 25 Adults & 
Transitional 
Adolescents 
≥ 40kg 

K123700 

Body/Somatic & Cerebral 
FORE-SIGHT II Elite StO2 
vs REF CX 

0.11 ± 4.56% 49 Adults & 
Transitional 
Adolescents 
≥ 40kg 

This 
Application 
combined 

with 
K123700 
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22.  Risk Analysis 
 

 

Risk Analysis Documentation has been updated for the changes in this submission.  

 

 21-07-0306 FORE-SIGHT Elite Risk Analysis 

 21-07-0307 FORE-SIGHT Elite Risk Management Summary Report 

 

See Attachment H 
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Rev Date Editor(s) 
00 17-May-12 HT
01 13-Nov-12 HT

JG
HT
HT

02 03-Dec-12 HT

03 15-Oct-13 HT
Add 4.3.5.5 User cuts/trims the sensor to allow it to fit on patient w/other sensors causing the integrity 
of the isolation layer to be compromised exposing the patient to excessive leakage current and/or 
damage to the system to during defibrillation.

Remove reference to FORE-SIGHT ELITE Warning Guide 21-03-0332 & Quick Reference Guide 21-

Updated 4.5.5.11 & 4.10.1.1 for fluid ingress
Remove Age/Weight feature, update RMF documentation
Remove sections: 4.5.1.2, 4.5.5.3, 4.5.6.4, 4.5.10.1 & 4.6.1.2

Updated 4.1.1.1, 4.1.1.2, 4.7.3.1 & 4.1.2.8, Added 4.5.5.11, 4.5.5.12, 4.5.5.13 & 4.11.1.4

Updated per ITS ISO 14971 Checklist review of FORE-SIGHT project
Updated to add 4.1.1.8 for defib. hazard to operator and expanded description of ac accessories (sectio  

Change "Poorly assembled…" to "Improperly assembled…" for numerous Risks

This document contains proprietary information which is “CAS Medical Systems Confidential”. Neither the document nor the information herein is to be reproduced, distributed, used or disclosed, either in whole, or in part, outside 
of the company, except as authorized in writing by a representative of CAS Medical Systems, Inc.

Document Revision History
Reason for Change 

Original release

Update IFU in Haz ID Doc, Review/Update Risk Analysis for new IFU
Haz ID: Change "Electronic copy" of User Manual to "Paper copy"
Haz ID: Remove "A hard copy version of the FORE-SIGHT ELITE Warnings Guide, 21-03-0332, …"

Add 4.5.6.4 Display of valid StO2 values from a non-human tissue site.
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IEC 60601-1-8:2010 Medical electrical equipment - Part 1-8: General requirements test and guidance for alarm systems in medical electrical 
equipment

ISO 14971:2007 Medical devices: Application of risk management to medical devices

Project Gemini shall be divided into 3 Phases: Phase 1-Adult, Phase 2-Pediatric & Phase-3 Neonatal. The Risk Analysis shall attempt to 
capture all the Risks associated with Phase 1 design. The Risk Analysis will be updated with more actuate Phase 2 & 3 Hazard information 
becomes available.

1.1 Purpose

1.2 PHASE DESIGN

IEC 60601-1 2nd edition Medical Electronic Equipment, Part 1: General Requirements for Safety
Standards:

2. REFERENCE DOCUMENTS

The document describes the Risk Analysis for the Gemini Project (Product name: FORE-SIGHT® ELITE Absolute Tissue Oximeter). The 
Gemini Oximeter is a medical device comprised of a Color 10.4” display, user interface controls (touchscreen) and hardware to support the 
acquisition of a patient’s tissue oxygen concentration. The term Gemini refers to the Eng Project Name, where the term FORE-SIGHT 
ELITE refers to the Product Name & may be interchangeably.

VaP/VaR 120020, Gemini / FORE-SIGHT ELITE Fluid Ingress Verification Plan

Risk acceptability criteria are based upon: ANSI/AAMI ESES60601-1: 2005, CAN/CSAC22.2, No. 60601-1: 2008, CENELEC EN, 60601-1: 
2006, - IEC 60601-1: 2005, IEC 60601-1-8: 2006, IEC 60601-1-6:2010, ISO 14971: 2007, ISO 14971: 2000 (If CB is required), FDA, Health 
Canada, Medical Device Directive and IEC60825-1:2007.

1.1 Scope
This document describes the risk analysis as it applies to the FORE-SIGHT ELITE Absolute Tissue Monitor, Model 3000 Series sensors 
and accessories.

The product’s Life Cycle Phases for which each element of plan is applicable are identified as:
* Product Realization; 
* Design Controls;
* Production and Distribution, and

ANSI/AAMI/IEC 62304:2005 Medical Device Software – Software Life Cycle Processes

IEC 60601-1:2005 3rd edition General Requirements for Safety

1.  INTRODUCTION

21-07-0308, Gemini Usability Specifications & Requirements

QSP1026, Risk Management

VaP/VaR 120019 , Gemini / FORE-SIGHT ELITE Software PEMS Validation

21-07-0314, Gemini Large Sensor Specifications

21-07-0301, Gemini Project Design Plan

Mfg PS 03-58-3000 Process Sheet for 03-58-3000 Series Gemini Oximeter

Change Control Sheet (CCS) 03-58-0500 for Mfg PS 03-58-0500 Series Gemini Sensors

21-03-0336, FORE-SIGHT ELITE Large Sensor Multilanguage DFU (Directions for Use)
21-22-3000, FORE-SIGHT ELITE Absolute Tissue Oximeter User Manual (English)

VaP/VaR 120018, Gemini/ FORE-SIGHT ELITE RMF Implementation of Mitigation Validation Plan

21-07-0303, Gemini Risk Management Plan
21-07-0306, Gemini Risk Analysis
21-07-0307, Gemini Risk Management Summary Report

Council Directive 93/42/EEC Concerning Medical Devices

QSM1001, Quality System Manual

* Post Market Surveillance.

This analysis defines the Risk Management concepts and their documentation due to the requirement to meet the 3rd Edition of the 
general safety standard (60601-1:2005) as it becomes mandatory beginning in 2012.  This analysis also addresses a product software 
update to expand the indications for use for additional tissue claims as well as the inclusion of a Video Output function.  The analysis forms 
one part of the Risk Management process as defined in QSP1026, Risk Management Procedure.

CAS Medical Systems, Inc:

21-07-0302, Gemini Product Specification

Mfg PS 03-58-3008 Process Sheet for 03-58-3008 Gemini Preamp
Mfg PS 03-58-0500 Process Sheet for 03-58-0500 Series Gemini Sensors

Change Control Sheet (CCS) 03-58-3000 for Mfg PS 03-58-3000 Series Gemini Oximeter
Change Control Sheet (CCS) 03-58-3008 for Mfg PS 03-58-3008 Gemini Preamp

21-07-0321, Gemini Residual Risk(s) Judged Acceptable and the Disclosure Process                         
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3.4  Risk Evaluation (Residual)

3.  RISK ANALYSIS

3.2  Risk Evaluation (Initial)

3.2.1.1 Estimation is based on available information and data, but where the likelihood of the occurrence of harm cannot be estimated, a 
listing of possible consequences shall be prepared.
3.2.1.2  The likelihood of risk for the Gemini hazards shall be estimated quantitatively using the procedure outlined in QSP1026 Risk 
Management.

a. � Insignificant Risk (IR) - A negligible risk is an acceptable risk not requiring further risk control or other action;

c.  Information for safety

3.3  Risk Control Measures

3.2.1 For each Gemini hazard that is identified there shall be a risk estimation, which is based on the likelihood of that hazard and the 
severity of the consequence of that hazard.

b. � Investigate Further Risk Reduction (IFRR) - A tolerable risk if the cost of risk reduction would exceed the improved gain;

3.2.2  The severity of risk for the Gemini hazards identified will use the qualitative descriptors outlined in QSP1026 Risk Management.
3.2.3 From the risk estimation table defined in QSP1026 Risk Management the Gemini risks shall be evaluated into three broad classes:

3.1.3  The formal Risk Analysis procedure shall indicate the Initial Risk Evaluation, Risk Control Measures and the Residual Risk based on 
the Risk Control Measures using the format outlined in QSP1026 Risk Management.

3.1.1 For each Gemini Hazard identified in CAS 21-07-0304, Gemini Hazard Identification, there shall be a Risk Analysis performed.
3.1.2  For each category of Hazards, the foreseeable sequence of events, hazardous situations and the Harm shall be listed. Each Hazard 
shall be identified present under Normal and/or Fault conditions. The associated Risk to Patient, User, Bystander, Service or Environment 
shall also be indicated.

3.1 Hazard Identification to Risk Analysis procedure

3.4.3 Refer to 21-07-0321, Gemini Residual Risk(s) Judged Acceptable and the Disclosure Process

c. � Unacceptable Risk (UR) - An intolerable risk is so severe that a system in which they exist would not be tolerated.

3.3.1  Risks identified for the Gemini shall be controlled so that the estimated risk for each identified hazard is made acceptable. 
3.3.2  A risk is acceptable if the risk is less than or equal to the maximum tolerable risk and the risk is made as low as reasonably 
practicable. Controls, directed at the cause, can be applied to either or both, likelihood & severity.

3.3.3 One or more of the following Risk Control measures shall be employed (refer to QSP1026 Risk Management):
a. Inherently safety by design
b.  Protective measures in the device or Mfg process

3.4.1  Identified risks for the Gemini shall be re-evaluated based upon the estimated or actual effectiveness of the Risk Control measures. 

3.2.1.3   Estimation of the likelihood of harm from the Gemini may employ these approaches:
a)  Use of relevant historical data;
b)  Prediction of probabilities using analytical or simulation techniques;
c)  Use of expert judgment.

3.4.2  Residual risks, their acceptability, and effectiveness of controls used, shall be documented in the Risk Management File
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Category
Hazard

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

 
Fault

No
No

Yes
Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

 
Fault

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

 
Fault

No
No
No

Disclosure

4. LIST OF IDENTIFED HAZARDS AND ASSOCIATED RISKS
4.1 Energy Hazards & Contributing Factors

IFRR
Verification of Effectiveness

4.1.1 Electricity
4.1.1.1 Improperly assembled or damaged (from fall or impact with hard object) monitor creates a 
broken electrical connection in Medical Device causing an electrical potential on the monitor case 
resulting in shock or affecting heart rhythm.

Identification

R
sk

 C
on

tro
 M

ea
su

re
s

Approved VaR
Approved PS
Approved VaR

None - Statement(s) in DFU have been deemed sufficient

None - Statement(s) in DFU have been deemed sufficient

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 
DFU contains warning regarding proper operation, 
handling and service of medical device

IEC 60601-1 Compliance
Review of daily Sensor Visual 
Inspection reports
Approved VaR

NSAM modules use 15 VDC, Chassis leakage 
current < 5 mA, patient leakage current < Table 3 of 
IEC60601-1, No exposed or access to AC 
components, Medical grade power supply, Fused 
power entry module w/fuses accessible w/o line cord, 
Sensor patient contact area, housing electrical 
components, use non-conductive plastic material, 2 
points of cable retention for AC signals

VaR 120018, 120019 
CCS 03-58-3000
VaR 120018, 120019 

Designed to meet IEC 60601-1
100% visual inspection & testing of 
Sensors
VaR 120018, 120019 

Probability

Initial Risk
Probability Hazard
Severity

Risk Evaluation
3 Serious

IFRR
Identification

DFU helps mitigate Risk

R
sk

 C
on

tro
 M

ea
su

re
s

IR

Type Description
Inherently Safe by Design

Risk Evaluation
Initial Risk

Inherently Safe by Design

Residual Risk
Risk Evaluation

Protective measures in device or 
Mfg Process

2 Remote
4 Critical

Usability Risk
SW Risk Controls

Verification of Implementation

1 Improbable

Conditions

Information for Safety

Severity

Hazard

Designed to meet IEC 60601-1
100% visual inspection & testing of 
Sensors
VaR 120018, 120019 

NSAM modules use 15 VDC, Chassis leakage 
current < 5 mA, patient leakage current < Table 3 of 
IEC60601-1, No exposed or access to AC 
components, Medical grade power supply, Fused 
power entry module w/fuses accessible w/o line cord, 
Sensor patient contact area, housing electrical 
components, use non-conductive plastic material 

4.1.1.2 Improperly assembled or damaged (from fall or impact with hard object) monitor creates a 
broken electrical connection in Medical Device or patient cable allowing human contact resulting in 
electrical burn or associated injury.

2 Remote

Information for Safety

Verification of ImplementationType Description Verification of Effectiveness

2 Minor

Conditions

DFU helps mitigate Risk

Probability
Severity

Risk Evaluation

1 Improbable
2 Minor

IR

Approved VaR

Protective measures in device or 
Mfg Process

Approved VaR
Approved PS

Probability
Severity

4.1.1.3 Broken battery connections allows shorting of battery terminals in Medical Device allowing for 
high DC currents resulting in shock or affecting heart rhythm.

Information for Safety

IEC 60601-1 Compliance
Review of daily Sensor Visual 
Inspection reports
Approved VaR

DFU contains warnings regarding proper operation, 
handling and service of medical device

VaR 120018, 120019 

Severity

VaR 120018, 120019 
CCS 03-58-3000

Approved VaR
Approved PS

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 

Usability Risk

Initial Risk

Residual Risk SW Risk Controls

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk

R
sk

 C
on

tro
 

M
ea

su
re

s

Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process

N/A

Battery wire harness connections are fully insulated & 
double crimped, Battery wires length design that is 
wire breaks at connection cannot reach other battery 
terminal

VaR 120018, 120019 Approved VaR

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 

VaR 120018, 120019 
CCS 03-58-3000

Probability 2 Remote Hazard
3 Serious Identification

Risk Evaluation IFRR Conditions

N/A
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Hazardous 
Situation

Risk to: Service

 
Fault

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander
 

Fault

No
No
No

Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander
 

Fault

No
No
No

Disclosure

Verification of Implementation Verification of Effectiveness

2 Remote Hazard
Severity 3 Serious

Identification
Risk Evaluation IFRR

None - Statement(s) in DFU have been deemed sufficient

Initial Risk

4.1.1.6 Unintended movement of cables and wire that could damage the wire's insulation causing 
short circuit resulting in shock or affecting heart rhythm.

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk

Battery wire harness are color coded (red-Pos., 
Black-Neg.), Battery only fits into battery enclosure 
one way, Battery board only fits into battery enclosure 
one way, length of battery terminals cannot be reach 
wrong terminals and battery & and connected battery 
board only fits inside battery enclosure one way

VaR 120018, 120019 

Residual Risk
Probability

Conditions

Severity 2 Minor SW Risk Controls
Risk Evaluation IR DFU helps mitigate Risk

VaR 120018, 120019 
CCS 03-58-3000

Approved VaR
Approved PS

N/A

Initial Risk

R
sk

 C
on

tro
 M

ea
su

re
s

Inherently Safe by Design

Protective measures in device or 
Mfg Process

Approved VaR

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 

R
sk

 C
on

tro
 M

ea
su

re
s

Type Description

Information for Safety

Approved VaR
Approved PS

DFU indicates batteries within Battery enclosure are 
not user replaceable and Battery pack should only be 
serviced by qualified Service personnel

IFRR Conditions

4.1.1.4 Mis-connected battery connections allows shorting of battery terminals allowing for high DC 
currents resulting in shock or affecting heart rhythm.

Probability

VaR 120018, 120019 
CCS 03-58-3000

Identification
Risk Evaluation

2 Remote Hazard
Severity 3 Serious

Information for Safety

4.1.1.5 Unintended movement of cable and wires that could cause connections to loosen or accidental 
short circuit that results in shock or affecting heart rhythm.

N/A

All wire harness connections are fully insulated & 
double crimped, cable connections have locking 
mechanism to retain connector to header, Wire 
harnesses are captured with tie wraps to limit 
movement, shrink wrap tubing is applied to solder 
terminals

VaR 120018, 120019 Approved VaR

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 

VaR 120018, 120019 
CCS 03-58-3000

Approved VaR
Approved PS

N/A

Probability 2 Remote Hazard
Severity 3 Serious Identification

Risk Evaluation IFRR Conditions

Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process

Usability Risk1 Improbable

Initial Risk
Probability

Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process

Information for Safety

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk
N/A

All wire harnesses that pass through or are in close 
proximity to metal edges are protected by a chaffing 
guard or the wires are bundled together with a tie 
wraps, wire harnesses have a limited service loop to 
limit movement,  circuits protected by fuses

VaR 120018, 120019 Approved VaR

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 

R
sk

 C
on

tro
 M

ea
su

re
s Type
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Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander, 
Environment

 
Fault

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

Normal
Fault

No
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

 
Fault

No
Yes
Yes

Disclosure

Initial Risk Identification

Verification of Implementation

DFU helps mitigate Risk
2 Minor

Statement(s) in DFU includes risk disclosure

None - Statement(s) in DFU have been deemed sufficient

SW Risk Controls

IFRR

Usability Risk

R
sk

 C
on

tro
 M

ea
su

re
s Sensors use LEDs that produces little or no heat; 

Power to LEDs output is limited (current & duty 
cycle); Current limiting preamp.

1 Improbable
2 Minor

IR

Residual Risk
IR DFU helps mitigate Risk

None - Statement(s) in DFU have been deemed sufficient

Initial Risk

Probability

Approved VaR

DFU helps mitigate Risk

Mfg PS 03-58-0500 Process Sheet for Gemini 
Sensors; Temp measurement in Sensor will shut off 
LEDS if max Temp exceeded.

CCS 03-58-0500
VaR 120018, 120019 

Approved PS
Approved VaR

Information for Safety DFU defines inspection of medical device & 
accessories prior to use; DFU indicates not to use 
damaged medical device or accessories.

VaR 120018, 120019 Approved VaR

Designed to meet IEC 60601-1
VaR 120018, 120019 

IEC 60601-1 Compliance
Approved VaR

Protective measures in device or 
Mfg Process

Conditions

SW Risk Controls

Residual Risk
IR

Protective measures in device or 
Mfg Process
Information for Safety

Hazard
Severity

3 Serious

Usability Risk

VaR 120018, 120019 

2 Remote

PCBs, Connectors and all internal wire is UL 
approved with 94V0 rating, Widespread use of the 
product has met the Expected Service Life without 
any problems related to thermal failure, Medical 
Device monitors internal temperature and shuts down 
when max temp reached (less than wire rating)

Risk Evaluation

2 Remote

Probability

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor; Mfg PS 03-58-3008 Process Sheet for 
Gemini Preamp; Mfg PS 03-58-0500 Process Sheet 
for Gemini Sensors.

3 Serious Identification

1 Improbable

Risk Evaluation

Probability

Conditions

4.1.2.2 Improperly assembled or damaged (from fall or impact with hard object) monitor creates a 
broken electrical connection allowing arcing in Medical Device causing fire or explosion in presence of 
flammable anesthetic gas resulting in injury or death.

Risk Evaluation

DFU defines warning for explosion hazard in 
presence of flammable anesthetics,  "Safety Symbol - 
Follow Instructions for Use” is used.

Verification of EffectivenessType Description

4.1.2.4 Thermal failure of wire and other insulation used to provide resistance to heat over the 
expected service life, leading to short circuiting, excessive heat or fire resulting in serious injury or 
death.

Verification of Implementation
Inherently Safe by Design

CCS 03-58-3000
CCS 03-58-3008
CCS 03-58-0500

R
sk

 C
on

tro
 M

ea
su

re
s

Information for Safety

Severity

All devices that produce heat are not in contact with 
the housing; dual means to secure wires, Sensors 
LEDs  produce little or no heat; Power to LEDs 
output is limited; Current limiting preamp.

IFRR

Probability

Probability 1 Improbable Usability Risk
Severity

Risk Evaluation Conditions

Probability Hazard

4.1.2.3 Sensor LED design, damaged (from fall or impact with hard object) monitor or a Software 
issue that allows excessive current to drive LEDs causing localized tissue injury (burn).

Severity
Risk Evaluation

Residual Risk

Protective measures in device or 
Mfg Process

R
sk

 C
on

tro
 M

ea
su

re
s

Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Severity

Approved VaRVaR 120018, 120019 

Initial Risk
2 Remote Hazard

Severity

Approved PS

Type Description
Inherently Safe by Design

Designed to meet IEC 60601-1
VaR 120018, 120019 

IEC 60601-1 Compliance
Approved VaR

N/A

DFU defines inspection of medical device and 
accessories prior to use, DFU indicates not to use 
damaged medical device

VaR 120018, 120019 Approved VaR

2 Minor SW Risk Controls

Verification of Effectiveness
Risk Evaluation IFRR

3 Serious Identification
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Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander
 
Fault

No
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

Normal
 

No
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

 
Fault

No
Yes
Yes

Disclosure

Information for Safety

1 Improbable

4.1.2.5 Thermal failure of plastic bezel before end of expected service life of Medical Device creates 
an exposed electrical connection allowing for personal contact resulting in electrical shock.

4.1.2.6 Applied Sensor raises the temperature under the Sensor to > 41.0°C resulting in thermal tissue 
injury (heat) at Sensor site.

Usability Risk
Severity

3 Serious Identification
Risk Evaluation IFRR

Approved VaR

Conditions

DFU defines inspection of medical device and 
accessories prior to use, DFU indicates not to use 
damaged medical device

Severity

4.1.2.7 Batteries are subjected to over-charging that produces excessive heat that increases the 
ambient temperature causing device readings to be incorrect resulting in a lack, delay or over 
treatment of patient.

Protective measures in device or 
Mfg Process

None - Statement(s) in DFU have been deemed sufficient

None - Statement(s) in DFU have been deemed sufficient

2 Minor SW Risk Controls

Probability

Conditions
SeverityInitial Risk

Probability 2 Remote Hazard

2 Remote Hazard
Severity 3 Serious Identification

Risk Evaluation IFRR

SW Risk Controls
Risk Evaluation IR DFU helps mitigate Risk

R
sk

 C
on

tro
 

M
ea

su
re

s

Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Residual Risk

R
sk

 C
on

tro
 M

ea
su

re
s Type Description Verification of Implementation Verification of Effectiveness

Inherently Safe by Design

Protective measures in device or 
Mfg Process
Information for Safety

Plastic enclosure uses 94V0 plastic from UL 
approved molder, Medical Device monitors internal 
temperature and shuts down when max temp 
reached

Designed to meet IEC 60601-1
VaR 120018, 120019 

IEC 60601-1 Compliance
Approved VaR

N/A

VaR 120018, 120019 

LED output creates little or no additional heat at 
sensor site, Sensor footprint is small

Designed to meet IEC 60601-1
VaR 120018, 120019 

IEC 60601-1 Compliance
Approved VaR

N/A

2 Minor

DFU defines max Operating temp as 41°C minus the 
max rise in temp under a Sensor

VaR 120018, 120019 Approved VaR

Initial Risk
Probability

Residual Risk
Probability 1 Improbable Usability Risk

Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk

None - Statement(s) in DFU have been deemed sufficient

Initial Risk
Probability 2 Remote Hazard
Severity 3 Serious Identification

Risk Evaluation IFRR Conditions

Risk Evaluation IR DFU helps mitigate Risk

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 

VaR 120018, 120019 
CCS 03-58-3000

Approved VaR
Approved PS

DFU indicates proper procedures for charging & 
maintaining batteries

VaR 120018, 120019 Approved VaR

R
sk

 C
on

tro
 M

ea
su

re
s Type Description Verification of Implementation Verification of Effectiveness

Inherently Safe by Design

Protective measures in device or 
Mfg Process
Information for Safety

Charge circuit limits amount of current to batteries, 
Current limiting fuse, SW monitors internal device 
temp-shuts down if temp exceeds max limit, Charge 
circuit shuts off charger if fault detected

Battery Design documents, 
Battery inspection & charge Work 
Procedure
VaR 120018, 120019 

Approved BOM
Approved WP
Approved VaR

Residual Risk
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Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

 
Fault

No
No
Yes

Disclosure

Hazard

Hazardous 
Situation

Risk to: Patient, User, 
Bystander

Normal
 

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

Normal
 

No
No
Yes

Disclosure

Statement(s) in DFU includes risk disclosure

None - Statement(s) in DFU have been deemed sufficient

Verification of Implementation
Inherently Safe by Design

Rubber feet on unit; 4 meter Preamp allows routing 
away from travel areas; low center of gravity in 
enclosure.

3 Serious

R
sk

 C
on

tro
 M

ea
su

re
s

Residual Risk SW Risk Controls

Hazard
Severity

DFU describes proper installation & operating 
procedures\Statement(s) in DFU includes risk 
disclosure,  "Safety Symbol - Follow Instructions for 
Use” is used.

VaR 120018, 120019 

Conditions
Identification

Protective measures in device or 
Mfg Process

N/A

Risk Evaluation

4.1.3 Unintended motion
4.1.3.1 Medical Device is pulled by hanging connected cable(s) causing the Medical Device to 
move/fall resulting in contact injury, contusions, broken bones, etc.

R
sk

 C
on

tro
 M

ea
su

re
s

Initial Risk

Information for Safety

DFU helps mitigate Risk

DFU helps mitigate Risk

IR
Residual Risk

Probability
Severity

Risk Evaluation

1 Improbable
2 Minor

Preamp clip use to retain Sensor/preamp at patient’s 
location; medical grade adhesive w/only moderate 
retention capabilities; Limited retention force between 
sensor & Preamp connection.

VaR 120018, 120019 

Protective measures in device or 
Mfg Process

N/A

Description

2 Remote

Approved VaR

Identification
Risk Evaluation Conditions

2 Minor
IFRR

4.1.3.2 Patient with Sensor attached & Medical Device moves in opposing directions causing Sensor 
to pull off patient resulting in tissue injury at Sensor site.

Type

SW Risk Controls

Severity
Probability

Type

4.1.2.8 Internal power source in inadequately protected against excessive current draw due to short 
circuit that may cause a fire resulting in thermal injury.

1 Improbable

Risk Evaluation

Probability

Initial Risk
Hazard

Verification of Implementation
Inherently Safe by Design

IR

Approved VaR

Approved VaR

Probability

Usability Risk

Approved VaR

Information for Safety

Usability Risk

Description

Initial Risk
Probability 2 Remote Hazard
Severity 3 Serious Identification

Risk Evaluation IFRR Conditions

Severity

R
sk

 C
on

tro
 M

ea
su

re
s Type Description Verification of Implementation Verification of Effectiveness

Inherently Safe by Design

Protective measures in device or 
Mfg Process
Information for Safety

Power Entry Module fuse min rating based on power 
supply max current requirements, Slow blow fuse 
used to allow for momentary high current inrush on 
power up: T3.15AH250V

Fuse rating & specifications
VaR 120018, 120019 

Approved BOM
Approved VaR

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 

VaR 120018, 120019 
CCS 03-58-3000

Approved VaR
Approved PS

DFU indicates proper rating for replacement fuse and 
the proper procedures for changing fuses

VaR 120018, 120019 
CCS 03-58-3000

Approved VaR

DFU describes proper installation & operating 
procedures.

VaR 120018, 120019 

Residual Risk

2 Minor

Verification of Effectiveness

IFRR
Verification of Effectiveness

VaR 120018, 120019 

Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk
None - Statement(s) in DFU have been deemed sufficient

2 Remote
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Hazardous 
Situation

Risk to: Patient

Normal
 

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

Normal
Fault

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

Normal
Fault

No
No
Yes

Disclosure

Statement(s) in DFU includes risk disclosure        

Statement(s) in DFU includes risk disclosure

Risk Evaluation

R
sk

 C
on

tro
 

M
ea

su
re

s

Probability
Severity

Risk Evaluation DFU helps mitigate Risk

1 Improbable

Risk Evaluation

Protective measures in device or 
Mfg Process

N/A

Visual inspection, Sensor Design

Severity

Residual Risk

Probability Hazard
Severity

2 Remote

VaR 120018, 120019 

Verification of Implementation

IFRR

Information for Safety DFU describes that cables should be secured to 
prevent them from being entangled, "Safety Symbol - 
Follow Instructions for Use” is used.

Protective measures in device or 
Mfg Process

VaR 120018, 120019 

1 Negligible

Usability Risk

Probability

Type

Initial Risk

R
sk

 C
on

tro
 M

ea
su

re
s

R
sk

 C
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 M
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s

Hazard
Severity

4.1.3.3 Sensor or Preamp cable(s) become entangled around head or extremities resulting in 
suffocation or circulation injury.

2 Remote

Probability
Severity

Risk Evaluation

2 Minor Identification

Identification

Type Description Verification of Implementation
Inherently Safe by Design

Information for Safety

Approved VaR

Designed to meet IEC 60601-1, 
21.6 Mobile Equipment 24.1 
Stability

Conditions

4.1.3.4 Medical Device on mobile/transport device (e.g. roll stand) has wheels that contacts an object 
or is system is subjected to rough handling causing the device to tip and fall over resulting contact 
injury (contusions, broken bones, etc.)    

N/A

IR

Design of Roll Stand has wide 5-arm base with large 
swivel casters; low center of gravity & mechanical 
method of securing monitor to Roll Stand.

Verification of Effectiveness
Designed to meet  IEC 60601-1, 
21.6 Mobile Equipment 24.1 
Stability

IR

Initial Risk 4 Critical
IFRR

1 Improbable
2 Minor

Verification of Effectiveness
Inherently Safe by Design Shape of Sensors & direction off side of head & away 

from patient's face & neck.

SW Risk Controls

2 Remote

Probability

Protective measures in device or 
Mfg Process

Identification

Residual Risk
Probability
Severity

Risk Evaluation

Description

4.1.3.5 Failure of fixed mount (e.g., swing arm), or locking pin for mount not being engaged or 
unapproved mount, with Medical Device attached, causing device to fall resulting in contusions, 
broken bones, etc. type injuries at contact site.

Residual Risk

VaR 120018, 120019 

IEC 60601-1 Compliance

Approved VaR

Usability Risk

Weekly Sensor Cell defect report, 
Customer complaint numbers

Description Verification of Implementation
Design of Wall Mount has x4 safety factor for weight; 
mechanical method of securing arm to Wall Mount 
(or pole mount) & mechanical method of securing 
monitor to Roll Stand.

Initial Risk

Statement(s) in DFU includes risk disclosure

Conditions

2 Minor

Verification of Effectiveness

Usability Risk
SW Risk Controls

Hazard

Risk Evaluation IFRR

1 Improbable
1 Negligible

IR

Type
Conditions

Information for Safety DFU describes proper installation and operating 
procedures, Instructions for use of Wall Mount with 
monitor from Wall Mount vendor describes 
installation procedure,  "Safety Symbol - Follow 
Instructions for Use” is used.

SW Risk Controls

IEC 60601-1 Compliance

Approved VaR

DFU helps mitigate Risk

DFU helps mitigate Risk

DFU describes proper installation and operating 
procedures, Instructions for use of Roll Stand with 
monitor from Roll Stand vendor describes installation 
procedure, "Safety Symbol - Follow Instructions for 
Use” is used.

Inherently Safe by Design

N/A
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Hazardous 
Situation

Risk to: Patient

Normal
 

No
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

Normal
 

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

Normal
 

No
No
Yes

Disclosure

Statement(s) in DFU includes risk disclosure

None - Statement(s) in DFU have been deemed sufficient

Residual Risk
IR

Probability

Conditions

1 Improbable

Severity Identification
Risk Evaluation

Usability Risk
Severity

Probability

Usability Risk
SW Risk Controls

Usability Risk
SW Risk Controls

2 Minor

HazardProbability 2 Remote

Hazard

Inherently Safe by Design

Approved VaR

1 Improbable

DFU helps mitigate Risk

4.1.3.8 Patient moves or is moved to position Sensor underneath the body which can lead to the 
Sensor being pressed against the patient and resulting in injury to the tissue.

2 Remote

R
sk

 C
on

tro
 M

ea
su

re
s

Verification of Effectiveness

Initial Risk

Conditions
Identification

Hazard

Protective measures in device or 
Mfg Process

4 Critical

None - Statement(s) in DFU have been deemed sufficient

VaR 120018, 120019 

N/A

Initial Risk

Information for Safety DFU describes the proper application of the Sensor & 
to check Sensor site every 8 hours.

VaR 120018, 120019 

Weekly Sensor Cell defect report 
Customer complaint numbers
Approved VaR

VaR 120018, 120019 

4.1.3.6 Patient moves/turns or loss of adhesion due to perspiration or inadequate placement causing 
Sensor to move from original position causing sensor to cover nose or mouth resulting in suffocation 
or injury.

R
sk

 C
on

tro
 M

ea
su

re
s Patient connected vital signs monitor should alert 

user to changes in physiological values; Standard 
Hospital practice for periodic patient surveillance; 
Ambient light detection to alert User; Limited 
retention force between sensor & Preamp 
connection.

DFU describes the proper application of the Sensor & 
to check Sensor site every 8 hours,  "Safety Symbol - 
Follow Instructions for Use” is used.

2 Remote

Visual inspection, Sensor Design, 
Sampling of Hospital Practices 
using Tissue Oximeters, VaR 
120018, 120019 

Verification of ImplementationType
IFRR

Description

Preamp clip use to retain Sensor/preamp at patient’s 
location; Limited retention force between sensor & 
Preamp connection; Medical grade adhesive 
w/moderate retention capabilities; Standard Hospital 
practice for periodic patient surveillance. 

VaR 120018, 120019 , Sampling of 
Hospital Practices using Tissue 
Oximeters

Verification of Effectiveness

2 Minor
IFRR

4.1.3.7 Preamp cable accidently pulled while the Sensor is attached to patient causing Sensor to pull 
off patient resulting in tissue injury at Sensor site.

Severity

Verification of Implementation

DFU helps mitigate Risk

Protective measures in device or 
Mfg Process

Inherently Safe by Design

Information for Safety

Risk Evaluation

Severity 2 Minor Identification
Risk Evaluation IFRR Conditions

R
sk

 C
on

tro
 

M
ea

su
re

s

Type Description Verification of Implementation Verification of Effectiveness

Residual Risk

DFU describes the proper application of the Sensor, 
not to allow patient to lie on sensor and to check 
Sensor site every 8 hours

VaR 120018, 120019 Approved VaR

Approved VaR

1 Negligible

Protective measures in device or 
Mfg Process
Information for Safety

Risk Evaluation IR DFU helps mitigate Risk

Residual Risk
Probability
Severity

Risk Evaluation

Approved VaR

1 Improbable

IR
1 Negligible

SW Risk Controls

Sensor construction attempts to minimize pressure 
points on top of sensor

Approved VaR

N/A

Probability
Severity

Risk Evaluation

Description

Inherently Safe by Design

Initial Risk
Probability

Type

N/A
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Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

Normal
Fault

No
No
Yes

Disclosure

Hazard

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

Normal
Fault

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

Normal
Fault

No
No
Yes

Disclosure

Severity 1 Negligible SW Risk Controls

Description

Severity

VaR 120018, 120019 
CCS 03-58-3000

Approved VaR
Approved PS

DFU indicates proper procedures for charging & 
maintaining batteries, DFU indicates not to use 
device in presence of flammable gases

VaR 120018, 120019 

Conditions

Statement(s) in DFU includes risk disclosure

All wire harness connections are fully insulated & 
double crimped, cable connections have locking 
mechanism to retain connector to header, Wire 
harnesses are captured with spiral wrap to limit 
movement, shrink wrap tubing is applied to solder 
terminals

VaR 120018, 120019 Approved VaR

VaR 120018, 120019 
CCS 03-58-3000

Approved VaR
Approved PS

DFU defines inspection of medical device and 
accessories prior to use, DFU indicates not to use 
damaged medical device, "Safety Symbol - Follow 
Instructions for Use” is used.

VaR 120018, 120019 Approved VaR

Information for Safety

Severity 1 Negligible SW Risk Controls

1 Improbable Usability Risk

R
sk

 C
on

tro
 M

ea
su

re
s

Type

Risk Evaluation IR DFU helps mitigate Risk

Conditions

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 

Initial Risk

4.1.4.2 Discharging, charging or overcharging internal batteries vent gas that could ignite causing fire 
or explosion resulting in serious injury.

Severity 2 Minor Identification
Risk Evaluation

Protective measures in device or 
Mfg Process

Conditions

None - Statement(s) in DFU have been deemed sufficient

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 

IR DFU helps mitigate Risk

DFU indicates proper procedures for charging & 
maintaining batteries

Approved VaR

Numerous chassis vent holes along with exhaust fan 
allow for air exchange, Normal charge circuit limits 
amount of current to batteries, Current limiting fuse, 
Charge circuit shuts charger off if fault detected, 
Battery vent regulate amount of gas released

Hazard

IFRR

Probability 2 Remote

2 Minor

Identification

Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Residual Risk
Probability

IFRR

1 Improbable Usability Risk

Protective measures in device or 
Mfg Process

Information for Safety

Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Verification of Implementation Verification of Effectiveness

Risk Evaluation

4.1.4 Pressure
4.1.4.1 Good Batteries charging at a high rate or defective Batteries charging at a normal rate produce 
excessive internal pressure causing battery to fail resulting in battery burn type injury at contact site.

Hazard

Approved VaR
Approved PS
Approved VaRVaR 120018, 120019 

CCS 03-58-3000

VaR 120018, 120019 
CCS 03-58-3000

Probability 2 Remote Hazard
Severity 2 Minor

Initial Risk
Probability 2 Remote

Battery Design documents, 
Battery inspection & charge Work 
Procedure
VaR 120018, 120019 

Risk Evaluation
Identification

SW Risk Controls

4.1.3.9 Medical Device on mobile/transport device (e.g. roll stand) has wheels that contacts an object 
or is system is subjected to rough handling causing the device to tip and fall over causing connections 
to loosen or accidental short circuit that results in shock or affecting heart rhythm.

Battery Design documents, 
Battery inspection & charge Work 
Procedure
VaR 120018, 120019 

1 Negligible
Risk Evaluation IR DFU helps mitigate Risk

None - Statement(s) in DFU have been deemed sufficient

R
sk

 C
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 M

ea
su

re
s

Type Description
Approved BOM
Approved WP
Approved VaR

Mfg PS 03-58-3000 Process Sheet for  Gemini 
Monitor 

Residual Risk
Probability 1 Improbable Usability Risk
Severity

Protective measures in device or 
Mfg Process
Information for Safety

Batteries use relief valve devices to exhaust internal 
pressure, Numerous chassis venting holes & Fan 
allow for air exchange normal charge circuit limits 
amount of current to batteries, Current limiting fuse, 
Charge circuit shuts off charger if fault detected

Approved BOM
Approved WP
Approved VaR

Residual Risk
Probability

Initial Risk
Risk Evaluation IFRR

R
sk
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 M

ea
su

re
s Type Description

Inherently Safe by Design
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Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

 
Fault

No
No
Yes

Disclosure

Hazard

Hazardous 
Situation

Risk to: Patient, User, 
Service, Bystander

Normal
Fault

No
No
No

Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Service, Bystander

Normal
 

No
No
No

Disclosure

3 Serious Identification
Risk Evaluation

Usability Risk

DFU helps mitigate Risk

Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR

Initial Risk
Probability 2 Remote

Protective measures in device or 
Mfg Process
Information for Safety

Protective measures in device or 
Mfg Process

N/A

IR DFU helps mitigate Risk

4.1.5.2 Speaker is allowed to generate excessive loud tones resulting in minor hearing injury.

Verification of Effectiveness

R
sk

 C
on

tro
 

M
ea

su
re

s

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor.

CCS 03-58-3000

IFRR Conditions

Probability

Type Description

IFRR

Severity

None - Statement(s) in DFU have been deemed sufficient

2 Remote Hazard

Conditions

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor R

sk
 C

on
tro

 
M

ea
su

re
s

Risk Evaluation

4.1.4.3 Batteries are subjected to over-charging that produce excessive internal pressure causing 
battery to fail releasing battery fluid resulting in battery burn (acid) type injury at contact site.

Identification

Approved PS

Information for Safety

Probability

4.1.5 Acoustic Pressure
4.1.5.1 Normal components or improperly assembled/damaged (from fall or impact with hard object) 
Medical Device causing excessive loud sounds to be generated resulting in minor hearing injury.

Hazard

Severity

Inherently Safe by Design

Severity 2 Minor Identification

N/A

2 Minor

2 Remote

Severity

Unit contains Speaker that produces audible tones 
(max volume) < 50 dB at 1 meter with user in normal 
position

VaR 120018, 120019 Approved VaR

VaR 120018, 120019 
CCS 03-58-3000

Approved VaR
Approved PS

N/A

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 

Hazard

VaR 120018, 120019 
CCS 03-58-3000

Initial Risk

Conditions

Risk Evaluation

1 Improbable

R
sk

 C
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tro
 

M
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re

s

Type Description Verification of Implementation

Inherently Safe by Design Unit contains mechanical parts (fan) that produces < 
31 dB at 1 meter under normal temperature.

Designed to meet IEC 60601-1-2
VaR 120018, 120019 

IEC 60601-1 Compliance
Approved VaR

2 Minor SW Risk Controls

Risk Evaluation IFRR

N/A

Residual Risk

Residual Risk
Probability

Verification of Implementation Verification of Effectiveness

Approved VaR

Charge circuit limits amount of current to batteries, 
Current limiting fuse for battery charge, Charge 
circuit shuts charger off if fault detected

Battery Design documents, 
Battery inspection & charge Work 
Procedure
VaR 120018, 120019 

Residual Risk
Probability 1 Improbable Usability Risk
Severity 1 Negligible SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk

Approved VaR
Approved PS

Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process
Information for Safety DFU indicates proper procedures for charging & 

maintaining batteries
VaR 120018, 120019 
CCS 03-58-3000

Approved BOM
Approved WP
Approved VaR

Initial Risk
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Hazard

Hazardous 
Situation

Risk to: Patient, User, 
Service, Bystander

Normal
Fault

No
No
No

Disclosure

Hazard

Hazardous 
Situation

Risk to: Patient, User, 
Service, Bystander

Normal
 

No
No
Yes

Disclosure

Category
Hazard

Hazardous 
Situation

Risk to: Patient, User, 
Service

 
Fault

No
No
Yes

Disclosure

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

DFU helps mitigate Risk

Hazard

Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process
Information for Safety

Statement(s) in DFU includes risk disclosure

Approved VaR

IFRR Conditions
Type Description Verification of Implementation

2 Minor
DFU helps mitigate Risk

N/A

Risk Evaluation IR

Conditions

Incoming inspection reports

1 Improbable

Probability

4.1.7 Magnetic fields

Protective measures in device or 
Mfg Process

Statement(s) in DFU includes risk disclosure

Unit speaker & NSAM modules designed for minimal 
magnetic field emissions
Power Supply and associated components UL listed

2 Remote Hazard

Risk Evaluation
3 Serious Identification

VaR 120018, 120019 
CCS 03-58-3000

DFU provides warning statement regarding ESU 
interference,  "Safety Symbol - Follow Instructions for 
Use” is used.

Approved VaR
Approved PS

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 
N/A

VaR 120018, 120019 

Severity

Verification of EffectivenessType Description Verification of Implementation
Inherently Safe by Design

IR

Severity 3 Serious

VaR 120018, 120019 Small component to system mass ration, use of 
thread lock & mechanical locks to secure threaded 
fasteners

Probability

Product produced with clean, new materials.

Usability Risk
Severity

Risk Evaluation

Identification
Risk Evaluation IFRR

Approved VaR

R
sk

 C
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 M
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re
s

Residual Risk

Information for Safety

4.1.7.1 Electromagnetic components (e.g. ESU device) produce excessive magnetic fields causing 
device readings to be incorrect resulting in a lack, delay or over treatment of patient.

Type Description

SW Risk Controls

Inherently Safe by Design

Protective measures in device or 
Mfg Process
Information for Safety

Residual Risk
Probability 1 Improbable Usability Risk
Severity SW Risk Controls

Risk Evaluation IR

VaR 120018, 120019 

IEC 60601-1-2 compliance
Approved VaR

Designed to meet IEC 60601-1-2
VaR 120018, 120019 

Approved VaR

N/A

Identification
Conditions

Initial Risk

Severity
Risk Evaluation

4.2.1.1 Contaminated individual contacts the Medical Device or Accessories causing contamination to 
remain on device resulting in a bio-contamination illness.

4.2.1 Bio-contamination

DFU includes procedure for proper cleaning, Sensor 
packaging labeling indicates single patient use, DFU 
indicates risk of cross contamination/infection from 
used sensors, DFU indicates disposal should follow 
local institute policies, "Safety Symbol - Follow 
Instructions for Use” is used.

4.1.6 Vibration
4.1.6.1 Medical Device damaged in rugged environment allowing loss of mechanical integrity causing 
shape edges and pinch points to exist resulting in cut/laceration type injury.

4.2 Biological Hazards & Contributing Factors

2 Remote
4 Critical

Approved bio-report
Approved VaR

Review of Incoming reports

DFU helps mitigate Risk

Probability

R
sk

 C
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tro
 

M
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s

Initial Risk

2 Minor

IFRR

Device & accessories are designed for easy cleaning 
& disinfecting; Sensor are designed for single patient 
use; Standard Hospital practice for decontamination 
and/or safe disposal of contaminated equipment.

Biocompatibility report is available 
& correct, VaR 120018, 120019 , 
Sampling of Hospital Practices 
using Tissue Oximeters

Initial Risk
Probability 2 Remote Hazard

R
sk
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on

tro
 M

ea
su

re
s Verification of Effectiveness
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Hazard
Hazardous 
Situation

Risk to: Patient, User, 
Service

 
Fault

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

 
Fault

No
No
Yes

Disclosure

Hazard

Hazardous 
Situation

Risk to: Patient, User, 
Service

Normal
Fault

No
No
Yes

Disclosure None - Statement(s) in DFU have been deemed sufficient

Residual Risk

Information for Safety

Approved VaR
Approved PS
Approved VaR

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 

Risk Evaluation

Protective measures in device or 
Mfg Process

VaR 120018, 120019 
CCS 03-58-3000

DFU indicates proper procedures for charging & 
maintaining batteries

VaR 120018, 120019 
CCS 03-58-3000

IR
None - Statement(s) in DFU have been deemed sufficient

Usability Risk
Severity 2 Minor SW Risk Controls

Initial Risk

Initial Risk

Residual Risk

R
sk

 C
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tro
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su

re
s Type Description Verification of Implementation Verification of Effectiveness

Inherently Safe by Design

Residual Risk

R
sk

 C
on

tro
 M

ea
su

re
s

SW Risk Controls

DFU helps mitigate Risk

Approved VaR

Approved VaR

Battery Design documents, 
Battery inspection & charge Work 
Procedure
VaR 120018, 120019 

Severity

VaR 120018, 120019 , Sampling of 
Hospital Practices using Tissue 
Oximeters

Protective measures in device or 
Mfg Process

Probability

Hazard

DFU helps mitigate Risk

Smooth Sensor surface, no sharp edges on Sensor; 
medical grade adhesive w/only moderate retention 
capabilities; Sensor design bends to conform to 
tissue shape; Standard Hospital practice for periodic 
patient surveillance.

4.2.3 Toxicity

Review of Incoming reports

Batteries use relief valve devices to exhaust internal 
pressure, Numerous venting holes always allows 
some air flow, normal charge circuit limits amount of 
current to batteries, Current limiting fuse, Charge 
circuit shuts charger off if fault detected

Approved BOM
Approved WP
Approved VaR

1 Improbable

Probability 2 Remote

IFRR
IdentificationSeverity

Description

Protective measures in device or 
Mfg Process

Product produced with clean; new materials; no 
Latex.

Inherently Safe by Design

Conditions

VaR 120018, 120019 

Severity
Usability Risk

Incoming inspection reports

Severity 4 Critical Identification

4.2.3.1 Good Batteries charging at a high rate or defective Batteries charging at a normal rate may 
produce excessive internal pressure causing battery to fail resulting in injury by exposure to battery 
acid.

Probability

Risk Evaluation

SW Risk Controls

Verification of Effectiveness
Risk Evaluation

2 Minor

Verification of Implementation

None - Statement(s) in DFU have been deemed sufficient

4.2.2.1 Prolonged contact by sensitive individuals with Medical Device or Accessories cause a bio-
incompatibility condition resulting in illness.

2 Remote

Type Description Verification of Implementation

Probability Usability Risk

Approved VaR

Biocompatibility report is available 
& correct, VaR 120018, 120019 , 
Sampling of Hospital Practices 
using Tissue Oximeters

CAS Manufactured products include written 
procedure for proper cleaning & disposal; non-latex 
label on Sensor package.

2 Remote

Verification of Effectiveness

Approved bio-report
Approved VaR

Review of Incoming reports

Initial Risk Severity

Probability 1 Improbable

VaR 120018, 120019 

Conditions

Information for Safety

Risk Evaluation

Hazard

1 Improbable
2 Minor

IR

4.2.2.2 Physiological change in patient (e.g., swelling under Sensor) that makes tissue change size 
rigid Sensor components remain in place causing mechanical pressure resulting in tissue injury at 
sensor site.

IR DFU helps mitigate Risk

Inherently Safe by Design

Risk Evaluation

All patient contacts (e.g., Sensor, etc.) are not made 
without Latex & are tested for biocompatibility; 
Standard Hospital practice for periodic patient 
surveillance.

R
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Type

2 Minor

Product produced with clean; new materials. Incoming inspection reports

Information for Safety DFU states that user should check Sensor site 
periodically.

IFRR Conditions

Risk Evaluation

Identification4 Critical
IFRR

4.2.2 Bio-incompatibility 

HazardProbability
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Hazard

Hazardous 
Situation

Risk to: Patient, User, 
Service

Normal
 

No
No
Yes

Disclosure

Hazard
Hazardous 
Situation

Risk to: Patient, User, 
Service

 
Fault

No
No
Yes

Disclosure

Hazard
Hazardous 
Situation

Risk to: Patient, User, 
Service

Normal
 

No
No
Yes

Disclosure

Initial Risk
Probability 2 Remote

Approved Service Procedure
Approved VaR

Product produced with clean, new materials,

Patient cable/Sensor, headband and all patient 
contacts designed using historically hypo-allergenic 
material

Biocompatibility report
VaR 120018, 120019 

Incoming inspection reports
VaR 120018, 120019 

DFU indicates to examine of Sensor application 
surrounding area, non-latex label on Sensor 
packaging

VaR 120018, 120019 

IR

R
sk
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M
ea

su
re

s

Type Description Verification of Implementation Verification of Effectiveness

Residual Risk
Probability 1 Improbable Usability Risk

DFU helps mitigate Risk

Conditions

Severity 2 Minor SW Risk Controls

Inherently Safe by Design

Protective measures in device or 
Mfg Process
Information for Safety

Hazard
Severity 4 Critical Identification

Risk Evaluation IFRR

Approved VaR

Statement(s) in DFU includes risk disclosure

Severity
Risk Evaluation

4.2.5.1  Improperly cleaned or disinfected Medical Device or Accessories may allow biologic or caustic 
contaminants to be transferred between individuals resulting in illness or injury.

4.2.5 Re- and/or cross-infection

Risk Evaluation
None - Statement(s) in DFU have been deemed sufficient

Approved bio-report
Approved VaR

Review of Incoming reports
Approved VaR

4.2.4 Allergenicity
4.2.4.1 Sensitive individuals repeatedly contact Medical Device or Accessories causing an allergic 
reaction or allergic illness.

SW Risk Controls

Usability Risk
Residual Risk

Probability

Risk Evaluation
Severity

1 Improbable
2 Minor

IR

Risk Evaluation
2 Minor

IR
Residual Risk

4.2.6.1 Medical Device or Accessories are incapable of being cleaned or disinfected causing in re- and 
/ or cross-infection / contamination resulting in illness.

4.2.6 Inability to maintain hygienic safety

1 Improbable

DFU helps mitigate Risk

Conditions

Statement(s) in DFU includes risk disclosure

SW Risk Controls
DFU helps mitigate Risk

Verification of Effectiveness

Protective measures in device or 
Mfg Process

Usability RiskProbability
Severity

Initial Risk
Probability

Risk Evaluation

Inherently Safe by Design Medical device, Preamp & Sensor are designed with 
smooth surfaces & minimal areas that cannot be 
readily cleaned or disinfected; Sensor are designed 
for single patient use; Standard Hospital practice for 
decontamination and/or safe disposal of 
contaminated equipment.

R
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Type Description Verification of Implementation
VaR 120018, 120019 , Sampling of 
Hospital Practices using Tissue 
Oximeters

Incoming inspection reports

DFU defines the cleaning procedure for the medical 
device, and accessories, DFU defines single use for 
Sensor, "Safety Symbol - Follow Instructions for Use” 
is used.

Hazard
Severity Identification

Information for Safety VaR 120018, 120019 

Approved VaR

Review of Incoming reports

Approved VaR

2 Remote
4 Critical

IFRR

Product produced with clean, new materials.

IFRR

Review of Incoming reports

2 Remote
Identification

R
sk
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 M
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s

Type Description

Initial Risk
Probability

Protective measures in device or 
Mfg Process
Information for Safety DFU includes procedure for proper cleaning, DFU 

Sensor packaging labeling indicates single patient 
use, DFU indicates risk of cross 
Contamination/infection from used sensors, DFU 
indicates disposal should follow local institute 
policies, "Safety Symbol - Follow Instructions for 
Use” is used.

Verification of Implementation
Inherently Safe by Design Service personnel are provided with a procedure to 

safely handle returned goods; Sensor is designed for 
single patient use; Standard hospital practice is for 
decontamination and/or safe disposal of 
contaminated equipment.

VaR 120018, 120019 

Service Procedure SVC1000, VaR 
120018, 120019 , Sampling of 
Hospital Practices using Tissue 
Oximeters

Conditions

Product produced with clean, new materials. Incoming inspection reports

Hazard

Verification of Effectiveness

Approved VaR

4 Critical
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Category
Hazard

Hazardous 
Situation

Risk to: Patient

 
Fault

No
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

 
Fault

No
No
Yes

Disclosure

Hazard

Hazardous 
Situation

Risk to: Patient, 
Bystander

 
Fault

No
No
Yes

Disclosure

SW Risk Controls

Inherently Safe by Design

Information for Safety DFU indicates that if measurements are in doubt, 
alternate means to assess the patient’s condition 
should be used, DFU provides warning statement 
regarding EMC,  "Safety Symbol - Follow Instructions 
for Use” is used.

VaR 120018, 120019 

Medical Grade Power Supply; metal chassis; 
shielded Preamp & Sensor wires.

Risk Evaluation

Type

4.3.1.2  Electromagnetic components (ESU device) produce excessive magnetic fields causing device 
readings to be incorrect resulting in a lack, delay or over treatment of patient.

Designed to meet IEC 60601-1
VaR 120018, 120019 
Sampling of Hospital Practices 
using Tissue Oximeters

1 Improbable

IEC 60601-1 Compliance
Approved VaR
Compile Customer surveys

R
sk

 C
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M
ea
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re

s

Information for Safety

2 Minor
IR

IFRR

2 Minor
IR

2 Remote

DFU provides warning statement regarding EMC, 
"Safety Symbol - Follow Instructions for Use” is used.

VaR 120018, 120019 

Verification of Implementation
Inherently Safe by Design

Statement(s) in DFU includes risk disclosure

Statement(s) in DFU includes risk disclosure

Description

Protective measures in device or 
Mfg Process

N/A

3 Serious

Residual Risk

DFU helps mitigate Risk

DFU helps mitigate Risk

Usability Risk

Medical Grade Power Supply, Metal chassis; 
shielded Preamp & Sensor wires, Data filter attempts 
to eliminate noise signals, Value captured & not 
updated during noisy periods, sustained noisy 
conditions will blank numeric & recover when noise is 
removed.

Information for Safety

IR
Severity

Approved VaR

DFU indicates not to operate device in the presence 
of strong electromagnetic fields, DFU provides 
warning statement regarding EMC,  "Safety Symbol - 
Follow Instructions for Use” is used.

VaR 120018, 120019 

N/A

SW Risk Controls

Verification of Effectiveness

2 Remote

Usability Risk
Residual Risk

Probability
Severity

Risk Evaluation

1 Improbable

IEC 60601-1 Compliance
Approved VaR

Approved VaR

Initial Risk
Probability Hazard
Severity

Conditions

Initial Risk

Designed to meet IEC 60601-1
VaR 120018, 120019 

Identification

Severity Identification
Conditions

4.3.1.1 Medical Device is inoperable due to susceptibility of electromagnetic fields (EMC) from other 
devices causing device readings to be incorrect resulting in a lack, delay or over treatment of patient.

4.3.1 Susceptibility to electromagnetic interference

IFRR

2 Remote
3 Serious
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Type Description Verification of Implementation
Inherently Safe by Design

Protective measures in device or 
Mfg Process

Probability

Risk Evaluation

Hazard

4.3 Environmental Hazards & Contributing Factors

IFRR

Verification of Effectiveness

4.3.2.1 Improperly assembled or damaged (from fall or impact with hard object) devices allows 
excessive emission of electromagnetic fields (EMC) causing other device readings to be incorrect 
resulting in a lack, delay or over treatment of patient.

4.3.2 Emission of electromagnetic interference

Approved VaR

Verification of Effectiveness

Protective measures in device or 
Mfg Process

N/A

Verification of Implementation

2 Minor

Risk Evaluation

Usability Risk

IEC 60601-1 Compliance
Approved VaR

Medical Grade Power Supply, Metal chassis, 
shielded Preamp & Sensor wires, Standard Hospital 
practice for proper patient monitoring procedures, 
Data filter attempts to eliminate noise signals, Value 
captured & not updated during noisy periods, 
sustained noisy conditions will blank numeric & 
recover when noise is removed.

Probability
Severity
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sk
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Type Description

Conditions
Initial Risk

Probability Hazard
Severity Identification

Risk Evaluation

Statement(s) in DFU includes risk disclosure

3 Serious

Risk Evaluation

Designed to meet IEC 60601-1
VaR 120018, 120019 

DFU helps mitigate Risk
Residual Risk

Probability
SW Risk Controls

1 Improbable
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Hazard

Hazardous 
Situation

Risk to: Patient

Normal
Fault

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

 
Fault

No
No
Yes

Disclosure

Hazard

Hazardous 
Situation

Risk to: Patient

Normal
Fault

No
Yes
Yes

Disclosure

DFU describes power supply troubleshooting guide, 
DFU indicates to charge batteries when Device is not 
in use

VaR 120018, 120019 Approved VaR

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk

Battery backup to operate for a minimum of 1 5 hrs 
when fully charged, batteries charged whenever unit 
connected to AC

Designed to meet IEC 60601-1
VaR 120018, 120019 

IEC 60601-1 Compliance
Approved VaR

N/A

Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process
Information for Safety

Description

Probability

Protective measures in device or 
Mfg Process

2 Minor
Usability Risk

IR

Hazard

4.3.4.1 Medical Device is inoperable due to extreme temperature, humidity or atmospheric pressure 
causing device readings to be incorrect resulting in a lack, delay or over treatment of patient.

Type Description

Probability
Severity

3 Serious

2 Remote

None - Statement(s) in DFU have been deemed sufficient

VaR 120018, 120019 Information for Safety DFU defines operating & storage temperatures for 
the medical device & accessories; Shipping label 
defines storage temperatures for the medical device.

Residual Risk
Probability
Severity

Risk Evaluation Conditions
Verification of Effectiveness

Risk Evaluation
SW Risk Controls

IFRR

1 Improbable
2 Minor

IR

Usability Risk

Approved VaR

Approved VaR

Initial Risk
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Type Description Verification of Implementation
Inherently Safe by Design Medical device design to operate in broadly accepted 

range of environmental conditions; SW monitors 
internal temp & adjusts fan speed accordingly; 
detects inoperable fan; shut device down if max temp 
exceeded.

VaR 120018, 120019 

Protective measures in device or 
Mfg Process

N/A

SW Risk Controls

Conditions

Probability

Identification

DFU helps mitigate Risk

DFU helps mitigate Risk

1 Improbable

4.3.4 Storage or operation outside the prescribed environmental conditions

4.3.3.2 Medical Device is inoperable due to loss of external AC supply causing loss of device readings 
resulting in a lack, delay or over treatment of patient.

None - Statement(s) in DFU have been deemed sufficient

R
sk

 C
on

tro
 

M
ea

su
re

s

Type

DFU describes power supply troubleshooting guide. VaR 120018, 120019 

Initial Risk

4.3.3 Inadequate supply of power

2 Remote

Inherently Safe by Design

4.3.3.1 Medical Device is inoperable due to low external AC supply causing device readings to be 
incorrect resulting in a lack, delay or over treatment of patient.

Verification of Implementation

Hazard
Severity

IEC 60601-1 Compliance
Approved VaR

Residual Risk

Conditions

Medical Grade Power Supply; battery backup to 
operate for a min of 0.5 hrs when fully charged, 
batteries charged whenever connected to AC.

Designed to meet IEC 60601-1
VaR 120018, 120019 

Risk Evaluation

Information for Safety

N/A

Verification of Effectiveness

Probability
Severity

Verification of Implementation
Risk Evaluation IFRR

Initial Risk
2 Remote Hazard

Severity 3 Serious Identification

None - Statement(s) in DFU have been deemed sufficient

Identification
Risk Evaluation IFRR
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Approved VaR

3 Serious
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Hazard

Hazardous 
Situation

Risk to: Patient, User, 
Service, Bystander

 
Fault

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Service, Bystander

 
Fault

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient, User

Normal
 

No
No
Yes

Disclosure None - Statement(s) in DFU have been deemed sufficient

Probability Usability Risk

Approved VaR

1 Negligible

Protective measures in device or 
Mfg Process
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Severity

1 Improbable

Information for Safety

2 Minor

Type

Identification

Description

Information for Safety

IR

Verification of Effectiveness

Hazard

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor; Mfg PS 03-58-3008 Process Sheet for 
Gemini Preamp; Mfg PS 03-58-0500 Process Sheet 
for Gemini Sensors.

VaR 120018, 120019 Approved VaR

IFRR

Approved VaR

2 Remote

Risk Evaluation Conditions

CCS 03-58-3000 
CCS 03-58-3008
CCS 03-58-0500 

IR

Severity

SW Risk Controls

Approved PS

Approved VaR

Severity SW Risk Controls
Risk Evaluation

IR

CCS 03-58-0500 Approved PS

2 Minor

SW Risk Controls

4.3.5.1 Improperly assembled or damaged (from fall or impact with hard object) Medical Device 
housing or Sensor can cause electrical burns or exposure to high electrical currents resulting in injury.

4.3.5 Mechanical damage

2 Remote

1 Negligible

Hazard

CCS 03-58-3000
CCS 03-58-3008
CCS 03-58-0500

Probability

DFU helps mitigate Risk

IFRR Conditions

Mfg PS 03-58-0500 Process Sheet for Gemini 
Sensor.

None - Statement(s) in DFU have been deemed sufficient

VaR 120018, 120019 

DFU defines inspection of medical device & 
accessories prior to use; DFU indicates not to use 
damaged medical device or accessories.

Residual Risk

Inherently Safe by Design

Residual Risk

Verification of Implementation Verification of Effectiveness

DFU helps mitigate Risk

Severity

Identification
Risk Evaluation

Statement(s) in DFU includes risk disclosure

Initial Risk

Verification of Effectiveness

DFU defines inspection of medical device and 
accessories prior to use, DFU includes warning not to 
touch patient during defibrillation, DFU indicates not 
to use damaged medical device or accessories,  
"Safety Symbol - Follow Instructions for Use” is used.

VaR 120018, 120019 

Risk Evaluation DFU helps mitigate Risk

Information for Safety

Probability

Usability Risk1 Improbable

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor; Mfg PS 03-58-3008 Process Sheet for 
Gemini Preamp; Mfg PS 03-58-0500 Process Sheet 
for Gemini Sensors.

Enclosure & accessories designed to meet 
mechanical requirements of standard.

VaR 120018, 120019 

Protective measures in device or 
Mfg Process

Initial Risk

Type Description

Usability Risk
Residual Risk

DFU defines inspection of medical device & 
accessories prior to use; DFU indicates not to use 
damaged medical device or accessories.

Hazard

Probability

Identification

4.3.5.3 Sensor flex circuit damaged by repeated bending back upon itself causing circuit to break & 
expose sharp/pointed edges & circuit contacts resulting in electrical shock and/or cut/laceration type 
injury.

Probability 2 Remote
Severity 3 Serious

Approved VaR

Approved PS

IFRR
Severity 4 Critical

Approved VaR

Risk Evaluation Conditions

Probability

4.3.5.2 Improperly assembled or damaged (from fall or impact with hard object) Medical Device 
housing or Sensor causing shape edges & pinch points to exist resulting in cut/laceration type injury.

Medical device & accessories are designed to have 
no sharp edges.

VaR 120018, 120019 
Type Description Verification of Implementation

Inherently Safe by Design

Protective measures in device or 
Mfg Process

1 Improbable

Inherently Safe by Design  
 

Sensors use 15 VDC, Chassis leakage current < 300 
�A; patient leakage current < 10 �A; flex circuits 
conformal coated; protective flex cover on top & 
bottom.

VaR 120018, 120019 
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Verification of Implementation

Initial Risk
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Risk Evaluation
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Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

Normal
Fault

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Bystander

Normal
 

No
No
Yes

Disclosure

Hazard

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander, 
Environment

 
Fault

No
No
Yes

Disclosure

Conditions
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Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design Sensor designed with wide foam edge, Isolation tape 

areas not along edge of sensor
VaR 120018, 120019 Approved VaR

Protective measures in device or 
Mfg Process

Mfg PS 03-58-0500 Process Sheet for Gemini 
Sensor.

CCS 03-58-0500 Approved PS

Information for Safety Sensor DFU includes an appropriate "do not cut" 
symbol (e.g., scissor with a slash through it)

VaR 120018, 120019 Approved VaR

Probability

Approved VaR

Residual Risk
Probability 1 Improbable

4.3.5.5 User cuts/trims the sensor to allow it to fit on patient w/other sensors causing the integrity of 
the isolation layer to be compromised exposing the patient to excessive leakage current and/or 
damage to the system to during defibrillation.

Initial Risk
Probability 2 Remote

Product produced with clean, new materials.

2 Remote

Severity 1 Negligible SW Risk Controls
Risk Evaluation IR DFU helps mitigate Risk

None - Statement(s) in DFU have been deemed sufficient

Protective measures in device or 
Mfg Process

Usability Risk

DFU helps mitigate Risk

Approved VaR

2 Minor
IR

Probability
Severity

Verification of Implementation

Information for Safety

Hazard
Severity 3 Serious Identification

Risk Evaluation IFRR

Usability Risk

Residual Risk
1 Improbable Usability Risk

Severity 2 Minor SW Risk Controls
Risk Evaluation

4 Critical
IFRR

IFRR Conditions

IR DFU helps mitigate Risk
None - Statement(s) in DFU have been deemed sufficient

3 Serious Identification
Risk Evaluation

Probability

4.3.6.1  Contaminated Medical Device or Accessories are improperly disposed causing re- and/or 
cross-infection / contamination resulting in illness.

4.3.6 Contamination due to waste products and/or Medical Device disposal

Approved VaR

Type

Approved VaR

All patient contacts (e.g., Sensor, etc.) are tested for 
biocompatibility; Standard Hospital practice for safe 
disposal of contaminated equipment.

Biocompatibility report is available 
& correct, VaR 120018, 120019 , 
Sampling of Hospital Practices 
using Tissue Oximeters

Verification of Effectiveness

SW Risk Controls

Review of Incoming reports

Mfg PS 03-58-0500 Process Sheet for Gemini 
Sensor.

DFU defines the safe disposal procedure medical 
device and accessories, "Safety Symbol - Follow 
Instructions for Use” is used.

VaR 120018, 120019 

Conditions

Incoming inspection reports

Hazard
Severity

CCS 03-58-0500

Inherently Safe by Design

Verification of Implementation Verification of Effectiveness

Statement(s) in DFU includes risk disclosure

Approved PS

Information for Safety DFU defines inspection of medical device & 
accessories prior to use; DFU indicates not to use 
damaged medical device or accessories.

VaR 120018, 120019 

Inherently Safe by Design Cross hatch ribs in handle, tongue and groove seam 
between top and lower handle assembles, 4 points of 
attachment (screws) to retain handle, Increased wall 
thickness of handle assemblies, Handles tested to x4 
load rating

VaR 120018, 120019 

Protective measures in device or 
Mfg Process

2 Remote

Residual Risk

4.3.5.4 Mechanical damage to device handle due to fall or impact with hard object, causing unit to fall 
while attempting to be moved.

Initial Risk
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Type Description
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1 Improbable

Risk Evaluation

Risk Evaluation
Initial Risk

Probability Hazard
Severity Identification

Description
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Category
Hazard

Hazardous 
Situation

Risk to: Patient

 
Fault

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

 
Fault

No
Yes
Yes

Disclosure

Category
Hazard

Hazardous 
Situation

Risk to: Patient

Normal
Fault

Yes
Yes
Yes

Disclosure

None - Statement(s) in DFU have been deemed sufficient

2 Remote

Protective measures in device or 
Mfg Process

Probability
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VaR 120018, 120019 

Protective measures in device or 
Mfg Process
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Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR

Body location for Sensor prominently indicated on 
display; Sensor body location saved.

DFU helps mitigate Risk

Approved VaR

Initial Risk
Probability

Probability 1 Improbable

VaR 120018, 120019 

3 Serious

Residual Risk

Conditions

Hazard

Approved PS

4.4.1.1 Sensor LEDs output becomes out of specification allowing device readings to be incorrect 
resulting in a lack, delay or over treatment of patient.

Identification

Initial Risk

Residual Risk
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Type
Conditions

Risk Evaluation
Initial Risk

2 Minor

Risk Evaluation

VaR 120018, 120019 

IFRR

Probability

IR

Verification of Implementation Verification of Effectiveness

CCS 03-58-3000

VaR 120018, 120019 

Risk Evaluation IR DFU helps mitigate Risk

Severity

Approved VaR

DFU indicates that if measurements are in doubt; 
alternate means to assess the patient’s condition 
should be used.

VaR 120018, 120019 

4.5.1.1  Medical Device used on an inappropriate type patient or in an inappropriate manner allowing 
device readings to be incorrect resulting in a lack, delay or over treatment of patient.

Description

Description

Identification
2 Remote
3 Serious

IFRR

Approved VaR
Type Description

Cal values stored within Sensor memory, Values 
need to inputted by NSAM, Checksum of Cal values 
must be correct in order for Sensors to be used and 
error message generated

VaR 120018, 120019 Inherently Safe by Design

Usability Risk

Usability Risk

4.4.1.2 Sensor LEDs calibration values invalid allowing device readings to be incorrect resulting in a 
lack, delay or over treatment of patient.

Information for Safety DFU indicates that if measurements are in doubt; 
alternate means to assess the patient’s condition 
should be used, DFU describes the Sensor Fault 
error message

2 Remote Hazard
Severity

DFU helps mitigate Risk

Mfg PS 03-58-0500 Process Sheet for Gemini 
Sensors

Verification of Implementation

Approved VaR

None - Statement(s) in DFU have been deemed sufficient

Information for Safety

Severity 2 Minor SW Risk Controls

Verification of Implementation Verification of Effectiveness

Risk Evaluation

Approved VaR

Type
Inherently Safe by Design

Conditions

Hazard
Severity

1 Improbable

Protective measures in device or 
Mfg Process

N/A

Inherently Safe by Design Near-infrared light (690nm-880nm) LEDS are 
specified to be low drift, tight tolerance on LED 
wavelengths,  

CCS 03-58-3000 Approved PS

4.4 Hazards resulting from the incorrect output of energy and substances

3 Serious Identification
IFRR

None - Statement(s) in DFU have been deemed sufficient

Information for Safety DFU indicates that if measurements are in doubt; 
alternate means to assess the patient’s condition 
should be used.

Risk Evaluation

4.5 Hazards related to the use of the Medical Device & contributing factors
4.5.1 Inadequate labeling or operating instructions or over-complicated instructions

SW Risk Controls

4.4.1 Radiation

Verification of Effectiveness

Severity
Probability

Approved VaR

Mfg PS 03-58-0500 Process Sheet for Gemini 
Sensors
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Hazardous 
Situation

Risk to: Patient

Normal
Fault

Yes
Yes
Yes

Disclosure

Hazard
Hazardous 
Situation

Risk to: Patient

Normal
Fault

Yes
Yes
Yes

Disclosure

Hazard

Hazardous 
Situation

Risk to: Patient

Normal
Fault

Yes
Yes
Yes

Disclosure

Severity 2 Minor SW Risk Controls
Risk Evaluation IR DFU helps mitigate Risk

Sensor on body location prominently indicated on 
display, a Tissue Perfusion Index (TPI) shall be 
displayed on the main screen for each channel and 
values described under a Help menu. Any icons or 
abbreviations used are consistence with medical 
industry standards

VaR 120018, 120019 Approved VaR

N/A

DFU indicates that if measurements are in doubt, 
alternate means to assess the patient’s condition 
should be used, DFU indicates to read before 
operating device

VaR 120018, 120019 Approved VaR

Initial Risk

Residual Risk
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Probability

Information for Safety

Identification
Probability 2 Remote Hazard
Severity 3 Serious

1 Improbable

Conditions
Type

IFRR

Approved VaR

1 Improbable

Risk Evaluation

Usability Risk

Conditions

4.5.3.1 Medical Device used on an inappropriate type patient or in an inappropriate manner allowing 
device readings to be incorrect resulting in a lack, delay or over treatment of patient.

Residual Risk

Protective measures in device or 
Mfg Process

None - Statement(s) in DFU have been deemed sufficient

DFU indicates that if measurements are in doubt 
alternate means to assess the patient’s condition 
should be used.

Type

DFU helps mitigate Risk

Verification of Implementation

1 Improbable

None - Statement(s) in DFU have been deemed sufficient

Approved VaR

IR
Residual Risk

Probability

N/A

VaR 120018, 120019 

Identification
Risk Evaluation

Description

Severity
Risk Evaluation

Verification of Effectiveness

Severity 3 Serious

Approved VaR

IFRR

SW Risk Controls

SW Risk Controls

Probability

Probability
Severity 2 Minor

IR

2 Remote

DFU helps mitigate Risk

Approved VaRInformation for Safety DFU defines the approved accessories to be used 
with the medical device; DFU indicates that if 
measurements are in doubt; alternate means to 
assess the patient’s condition should be used; 
Medical device shipped with correct accessories.

VaR 120018, 120019 

VaR 120018, 120019 

Protective measures in device or 
Mfg Process

2 Minor

Information for Safety

Usability Risk

Hazard

Verification of EffectivenessDescription Verification of Implementation
Inherently Safe by Design Preamp & Sensors connections are unique to 

Gemini; Software detection of connection to an 
approved accessory or external medical device.

4.5.1.2 Improperly designed medical device labeling leads to an incorrect interpretation and lack of 
understanding resulting in a lack, delay or over treatment of patient.

4.5.2 Inadequate specifications of accessories to be used with Medical Device or incompatibility with other Medical 
4.5.2.1 Medical Device used with inappropriate accessory allowing device readings to be incorrect 
resulting in a lack, delay or over treatment of patient.

2 Remote

None - Statement(s) in DFU have been deemed sufficient

Severity

Usability Risk

Risk Evaluation Conditions
Type Description Verification of Implementation

Identification

Inherently Safe by Design Sensor on body location prominently indicated on 
display; Sensor body location saved.

VaR 120018, 120019 

Hazard

3 Serious

N/A

Inherently Safe by Design

Protective measures in device or 
Mfg Process

IFRR

Risk Evaluation

Initial Risk

Verification of Effectiveness
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Initial Risk
Probability

4.5.3 Inadequate specifications of pre-use checks or specifications of service or maintenance
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Hazard
Hazardous 
Situation

Risk to: Patient

 
Fault

Yes
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

Normal
Fault

Yes
Yes
Yes

Disclosure

Hazard

Hazardous 
Situation

Risk to: Patient

 
Fault

Yes
Yes
Yes

Disclosure

4.5.4.2 Medical Device used on an inappropriate type patient or in an inappropriate manner allowing 
device readings to be incorrect resulting in a lack, delay or over treatment of patient.

2 Remote
3 Serious

DFU helps mitigate Risk

DFU helps mitigate Risk

Risk Evaluation

Type
Conditions

Conditions

Description

SW Risk Controls

Usability Risk

IR

Risk Evaluation

Verification of Effectiveness

VaR 120018, 120019 

Inherently Safe by Design

IR

2 Remote

N/A

SW Risk Controls

Verification of Effectiveness

Identification

Verification of Effectiveness

4.5.4 Used by unskilled/untrained personnel

Risk Evaluation

Usability Risk

VaR 120018, 120019 

Description

Statement(s) in DFU includes risk disclosure

Inherently Safe by Design

Identification

None - Statement(s) in DFU have been deemed sufficient

None - Statement(s) in DFU have been deemed sufficient

Standard Hospital practice for proper patient 
monitoring procedures; TPI displayed on the main 
screen for each channel & value.

Protective measures in device or 
Mfg Process

Approved VaR

1 Improbable

Identification

Approved VaR

1 Improbable

4.5.4.1 Medical Device used by unskilled/untrained person allowing device readings to be incorrect 
resulting in a lack, delay or over treatment of patient.

Verification of Implementation

R
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Residual Risk
Probability
Severity

Risk Evaluation

Residual Risk
Probability
Severity

Standard Hospital practice for proper patient 
monitoring procedures; TPI displayed on the main 
screen for each channel & value.

Protective measures in device or 
Mfg Process
Information for Safety

Initial Risk Severity

Severity

Sampling of Hospital Practices 
using Tissue Oximeters
VaR 120018, 120019 

N/A

IFRR

DFU helps mitigate Risk

Inherently Safe by Design Body location of Sensor prominently indicated on 
display; Sensor body location saved.

Risk Evaluation

1 Improbable
2 Minor

DFU indicates that only trained personnel should 
operate the medical device; DFU indicates that if 
measurements are in doubt; alternate means to 
assess the patient’s condition should be used; Label 
stating US Federal law restricts this device to sale on 
or by the order of a physician.

Probability Hazard
3 Serious

2 Minor

DFU indicates that only trained personnel should 
operate medical device; DFU indicates that if 
measurements are in doubt; alternate means to 
assess the patient’s condition should be used; US 
Federal law restricts this device to sale on or by 
order of a physician.

Approved VaR

Approved VaR

Verification of Implementation

4.5.5 Reasonable foreseeable misuse
4.5.5.1 Medical Device used by unskilled/untrained person allowing device readings to be incorrect 
resulting in a lack, delay or over treatment of patient.

2 Remote
3 Serious

IFRR

Protective measures in device or 
Mfg Process

VaR 120018, 120019 

Approved VaR
Type

Information for Safety

Usability Risk

N/A

Probability
Severity

Risk Evaluation
Residual Risk
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Type Description

Initial Risk
Probability Hazard

Verification of Implementation

Sampling of Hospital Practices 
using Tissue Oximeters
VaR 120018, 120019 

2 Minor
IR

SW Risk Controls

R
sk

 C
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tro
 M

ea
su
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s

Initial Risk
Probability Hazard
Severity

Information for Safety DFU indicates that only trained personnel should 
operate medical device, DFU indicates proper 
method to enter the Sensor body location, DFU 
indicates that if measurements are in doubt, alternate 
means to assess the patient’s condition should be 
used, DFU indicates medical device should not be 
used in the presence of anesthetic gas, DFU 
provides warning statement regarding EMC, US 
Federal law restricts this device to sale on or by the 
order of a physician, "Safety Symbol - Follow 
Instructions for Use” is used.

VaR 120018, 120019 

Conditions

IFRR

Approved VaR
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Hazardous 
Situation

Risk to: Patient

 
Fault

Yes
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

Normal
 

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

Normal
 

No
No
Yes

Disclosure

Severity 3 Serious Identification

Residual Risk

Approved VaR

Risk Evaluation

Verification of Effectiveness
Inherently Safe by Design

Initial Risk
Probability

Initial Risk

R
sk

 C
on

tro
 M
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s

2 Remote

Probability

R
sk
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 M
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s

N/A

VaR 120018, 120019 

Severity

Type

SW Risk Controls

Risk Evaluation IFRR Conditions

4.5.5.3 Sensor remains on Patient & Patient is placed in MRI device that produces excessive 
magnetic fields causing sensor components to heat up resulting in localize tissue damage (burn).

Identification

DFU helps mitigate Risk

4.5.5.2 Medical Device used with an inappropriate Sensor allowing device readings to be incorrect 
resulting in a lack, delay or over treatment of patient.

2 Remote
3 Serious

IFRR

Inherently Safe by Design
Verification of Effectiveness

DFU helps mitigate Risk

None - Statement(s) in DFU have been deemed sufficient

None - Statement(s) in DFU have been deemed sufficient
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SeverityResidual Risk

Initial Risk
Probability 2 Remote Hazard

Protective measures in device or 
Mfg Process

Verification of EffectivenessDescription

Hazard

Inherently Safe by Design VaR 120018, 120019 
Verification of Implementation

2 Minor

Type

Risk Evaluation

VaR 120018, 120019 Approved VaR

Usability Risk
Severity

IR

Information for Safety

Approved VaR

DFU defines the approved Sensors to be used with 
medical device; DFU indicates: Proper method to 
enter the Sensor body location; Appropriate 
procedure for Sensor attachment to patient; Only 
trained personnel should operate medical device, If 
measurements are in doubt alternate means to 
assess patient’s condition should be used; Device 
label indicates US Federal law restricts this device to 
sale on or by order of a physician.

Risk Evaluation

DFU helps mitigate Risk

Identification

2 Minor SW Risk Controls

4.5.5.4 ESU device used too close to Sensor allowing current to pass through sensor components 
causing the components to heat up resulting in localized tissue injury (burn).

Information for Safety

Type

DFU indicates that special precautions may be 
required if the device is placed close to a strong 
transmitter such as X-ray equipment, MRI devices, 
etc , The "Safety Symbol - Follow Instructions for 
Use” is used.

Severity 3 Serious

Probability

Protective measures in device or 
Mfg Process

N/A

Active LED area of Sensor is very small, and limits 
the tissue area exposure; Standard Hospital practice 
for proper patient monitoring procedures.

Description

Active LED area of Sensor is very small, and limits 
the tissue area exposure; Standard Hospital practice 
for proper patient monitoring procedures; Dielectric 
isolation strength for sensor design; Mfg PS 03-58-
0500 Process Sheet for Gemini Sensors.

Residual Risk

IR

Conditions

None - Statement(s) in DFU have been deemed sufficient

Description Verification of Implementation

VaR 120018, 120019 , Sampling of 
Hospital Practices using Tissue 
Oximeters

Approved VaR

Protective measures in device or 
Mfg Process

N/A

Usability Risk

Hazard

1 ImprobableProbability

Information for Safety DFU indicates Recommended distance from an 
applied Sensor for proper use of ESU equipment; 
Read before operating device.

VaR 120018, 120019 , Sampling of 
Hospital Practices using Tissue 
Oximeters. CCS 03-58-0500

Approved VaR

Severity

1 Improbable

Verification of Implementation
Risk Evaluation IFRR

VaR 120018, 120019 Approved VaR

Probability 1 Improbable Usability Risk
2 Minor SW Risk Controls

Conditions

Sensor connections are unique to Gemini; Sensor on 
body location prominently indicated on display; 
Sensor body location saved; LEDs will not turn on if 
incorrect Sensor attached.

Risk Evaluation IR
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Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

 
Fault

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

 
Fault

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient, User

 
Fault

No
No
Yes

Disclosure

Residual Risk
Probability

4.5.5.7 Sensor, preamp, or monitor used near and attracted to MRI magnet causing damage to 
equipment, physical injury to nearby personnel or patient due to unintended motion, or injury to patient 
due to pull on Sensor/cabling.

2 Remote Hazard
Severity

Type Description Verification of Implementation Verification of Effectiveness

2 Minor
DFU helps mitigate Risk

VaR 120018, 120019 
CCS 03-58-3000

Usability Risk
Severity

Statement(s) in DFU includes risk disclosure

Probability 1 Improbable

4 Critical Identification
Risk Evaluation

Information for Safety

Protective measures in device or 
Mfg Process

4.5.5.6 Improperly assembled or damaged (from fall or impact with hard object) Medical Device 
housing or Sensor causing shape edges and pinch points to exist resulting in cut/laceration type injury.

Initial Risk
Probability 2 Remote Hazard
Severity 2 Minor Identification

Risk Evaluation IFRR Conditions

Statement(s) in DFU includes risk disclosure

Conditions

R
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 C
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tro
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su
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s Type Description Verification of Implementation Verification of Effectiveness

Inherently Safe by Design

DFU helps mitigate Risk

Enclosure and Sensor designed to meet mechanical 
requirements of standard

Designed to meet IEC 60601-1
VaR 120018, 120019 

VaR 120018, 120019 
CCS 03-58-3000

Approved VaR
Approved PS

DFU defines inspection of medical device & 
accessories prior to use, DFU indicates not to use 
damaged medical device or accessories, "Safety 
Symbol - Follow Instructions for Use” is used.

VaR 120018, 120019 
CCS 03-58-3000

Approved VaR

Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process

Information for Safety

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

2 Minor
IFRR Conditions

4.5.5.5 Improperly assembled or damaged (from fall or impact with hard object) Medical Device 
housing or Sensor can cause electrical burns or exposure to high electrical currents resulting in injury.

IR

1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Type
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Initial Risk
Probability 2 Remote Hazard
Severity

Residual Risk

R
sk

 C
on
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M
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s

N/A
N/A

Medical device or patient cable/Sensor are designed 
to have no sharp edges

Designed to meet IEC 60601-1
VaR 120018, 120019 

IEC 60601-1 Compliance
Approved VaR

Approved VaR

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 

VaR 120018, 120019 
CCS 03-58-3000

Approved VaR
Approved PS

DFU defines inspection of medical device and 
accessories prior to use, DFU indicates not to use 
damaged medical device or accessories

Probability

Identification
Risk Evaluation

DFU indicates that special precautions may be 
required if the device is placed close to a strong 
transmitter such as X-ray equipment, MRI devices, 
etc , "Safety Symbol - Follow Instructions for Use” is 
used.

VaR 120018, 120019 Approved VaR

Risk Evaluation IR

IEC 60601-1 Compliance
Approved VaR

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 

Risk Evaluation IR DFU helps mitigate Risk
None - Statement(s) in DFU have been deemed sufficient

Description

Inherently Safe by Design
Protective measures in device or 
Mfg Process

SW Risk Controls
Risk Evaluation

Initial Risk
IFRR

Information for Safety
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Hazardous 
Situation

Risk to: Patient

Normal
Fault

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

Normal
Fault

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

 
Fault

No
No
Yes

Disclosure

2 Remote Hazard

Initial Risk
Probability 2 Remote Hazard

Approved VaR

Type

SW Risk ControlsResidual Risk 1 Negligible

VaR 120018, 120019 Approved VaR

4.5.5.10 During normal operations, liquids (8 oz. of water) may be spilled on top of the monitor, in one 
event lasting < 15 sec and wet internal parts that can cause exposure to high electrical currents 
resulting in injury.

Approved PS

Information for Safety DFU defines inspection of medical device & 
accessories prior to use; DFU indicates not to use 
damaged medical device or accessories.
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Type Description Verification of Implementation

Residual Risk
Probability 1 Improbable Usability Risk
Severity 1 Negligible SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk

R
sk

 C
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 M

ea
su

re
s

Type Description Verification of Implementation Verification of Effectiveness

Initial Risk
Probability

Risk Evaluation IFRR Conditions

VaR 120018, 120019 

SW Risk Controls
Risk Evaluation IR DFU helps mitigate Risk

Statement(s) in DFU includes risk disclosure

N/A

Identification
Risk Evaluation IFRR Conditions

Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process
Information for Safety

N/A

4.5.5.8 Sensor, preamp, or monitor stored in acceptable environment (temp & humidity) and is used 
before acclimated to acceptable operating environment allowing device readings to be incorrect 
resulting in a lack, delay or over treatment of patient.

Severity 3 Serious Identification

DFU indicates to allow device to adjust to the current 
operating environment, "Safety Symbol - Follow 
Instructions for Use” is used.

Approved VaR

Cross hatch ribs in handle, tongue and groove seam 
between top and lower handle assembles, 4 points of 
attachment (screws) to retain handle, Increased wall 
thickness of handle assemblies, Handles tested to x4 
load rating

2 Minor

Inherently Safe by Design

4.5.5.9 Mechanical damage to device handle due to fall or impact with hard object, causing unit to fall 
while attempting to be moved.

Probability 2 Remote

Description

Hazard
Severity 2 Minor

Usability Risk
Severity

IEC 60601-1 Compliance
Approved VaR

Initial Risk

Verification of Implementation

Protective measures in device or 
Mfg Process

Mfg PS 03-58-0500 Process Sheet for Gemini 
Sensor.
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Residual Risk
Probability 1 Improbable

Probability 1 Improbable Usability Risk
Severity

CCS 03-58-0500

Verification of Effectiveness
Inherently Safe by Design Medical Grade Power Supplies; No direct opening 

near AC components; Baffled framework on bottom 
of chassis allows for fluid egress.

Designed to meet IEC 60601-1
VaR 120020

None - Statement(s) in DFU have been deemed sufficient

VaR 120018, 120019 Approved VaR

Severity 3 Serious Identification
Risk Evaluation IFRR Conditions

Information for Safety DFU directs user to keep all fluids away from device 
and to thoroughly dry device (min 1 hr) in event 
device gets wet, DFU indicates proper cleaning 
procedure when using cleaning solutions, "Safety 
Symbol - Follow Instructions for Use” is used.

VaR 120018, 120019 

Statement(s) in DFU includes risk disclosure

Protective measures in device or 
Mfg Process

N/A

Risk Evaluation IR DFU helps mitigate Risk
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Hazardous 
Situation

Risk to: Patient

Normal
 

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

Normal
 

No
No
Yes

Disclosure

Hazard
Hazardous 
Situation

Risk to: Patient

Normal
 

No
No
Yes

Disclosure

Information for Safety DFU directs user to thoroughly dry device in event 
device gets wet (min 1 hr), DFU indicates proper 
cleaning procedure when using cleaning solutions, 
"Safety Symbol - Follow Instructions for Use” is used.

VaR 120018, 120019 Approved VaR

Residual Risk
Probability 1 Improbable Usability Risk
Severity 1 Negligible SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk
Statement(s) in DFU includes risk disclosure

Initial Risk
Probability 2 Remote Hazard
Severity 3 Serious Identification

Risk Evaluation IFRR Conditions

R
sk

 C
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 M

ea
su

re
s Type Description Verification of Implementation Verification of Effectiveness

Inherently Safe by Design NSAM modules use 15 VDC, housing electrical 
components use non-conductive plastic material

Designed to meet IEC 60601-1
VaR 120020

IEC 60601-1 Compliance
Approved VaR

Protective measures in device or 
Mfg Process

N/A

IEC 60601-1 Compliance
Approved VaR

Protective measures in device or 
Mfg Process

N/A

Information for Safety DFU directs user to thoroughly dry device in event 
device gets wet (min 1 hr), DFU indicates proper 
cleaning procedure when using cleaning solutions, 
"Safety Symbol - Follow Instructions for Use” is used.

Initial Risk
Probability 2 Remote Hazard

4.5.5.11 During normal operations, liquids (1 liter of water) may be spilled on the preamp housing, in 
one event lasting < 30 sec and wet internal parts that can cause exposure to high electrical currents 

 n njury
Severity 3 Serious Identification

VaR 120018, 120019 Approved VaR
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Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design NSAM modules use 15 VDC, housing electrical 

components use non-conductive plastic material, 
Cable openings use rubber grommets to limit fluid 
ingress

Designed to meet IEC 60601-1
VaR 120020

R
sk
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su
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s

Residual Risk
Probability 1 Improbable Usability Risk
Severity 1 Negligible SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk
Statement(s) in DFU includes risk disclosure

4.5.5.12 During normal operations, liquids (12 cc of water, 4cc/hr) may be dripped on the preamp 
housing, over a 4 hour period and wet internal parts that can cause exposure to high electrical 
currents resulting in injury.

Protective measures in device or 
Mfg Process

DFU & labeling define the procedure for attachment 
of the Sensor to the patient; DFU indicates that if 
measurements are in doubt alternate means to 
assess patient’s condition should be used.

1 Improbable Usability Risk

3 Serious

Probability
Residual Risk

Risk Evaluation IR

Approved VaR

None - Statement(s) in DFU have been deemed sufficient

Approved VaR

SW Risk Controls

Verification of Effectiveness

Identification
Risk Evaluation Conditions

Inherently Safe by Design A Tissue Perfusion Index (TPI) shall be displayed on 
the main screen for each channel & value.

DFU helps mitigate Risk

2 Remote
Initial Risk

Probability

Verification of Implementation
IFRR

Severity

VaR 120018, 120019 

Severity

VaR 120018, 120019 

N/A

Type Description

Information for Safety

Hazard

2 Minor

4.5.6 Incorrect measurement & other metrological aspects
4.5.6.1 Sensor positioned improperly over wrong body location allowing device readings to be 
incorrect resulting in a lack, delay or over treatment of patient.

Risk Evaluation IFRR Conditions
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Hazardous 
Situation

Risk to: Patient

Normal
 

Yes
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

 
Fault

No
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

Normal
 

No
Yes
Yes

Disclosure

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk
None - Statement(s) in DFU have been deemed sufficient

2 Remote Hazard
Severity 2 Minor Identification

Risk Evaluation IFRR Conditions
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s Type Description Verification of Implementation Verification of Effectiveness

Inherently Safe by Design Sensor off warning/alarm messages and/or StO2 
invalidation when raw input levels too low, 
measurement values not in physiological range, or 
spectral characteristics not representative of tissue.

VaR 120018, 120019 Approved VaR

Protective measures in device or 
Mfg Process

N/A

Information for Safety DFU indicates that if measurements are in doubt 
alternate means to assess the patient’s condition 
should be used.

VaR 120018, 120019 Approved VaR

4.5.6.4 Display of valid StO2 values from a non-human tissue site.

Initial Risk
Probability

Usability Risk

Residual Risk

Identification

R
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Information for Safety

Inherently Safe by Design

Severity

Approved VaR

VaR 120018, 120019 

Protective measures in device or 
Mfg Process

Hazard

Error message displayed; LEDs will not turn on if 
incorrect Sensor attached.

Initial Risk

2 Minor

Approved VaR

Approved VaR

Severity

DFU defines the approved Sensors to be used with 
the medical device; DFU & Labeling define the 
procedure for attachment of the Sensor to the 
patient; DFU indicates that if measurements are in 
doubt alternate means to assess the patient’s 
condition should be used.

Protective measures in device or 
Mfg Process

Probability

Identification

2 Remote
3 Serious

N/A

None - Statement(s) in DFU have been deemed sufficient

Verification of Effectiveness

IR

Residual Risk
Probability
Severity

Risk Evaluation

VaR 120018, 120019 

Initial Risk

POST & periodic system checks; Software algorithm 
output verified against development SW (used to 
obtain clinical data) output for all Sensor sizes based 
on body locations.

4.5.6.2 Medical Device used with an inappropriate size Sensor allowing device readings to be 
incorrect resulting in a lack, delay or over treatment of patient.

2 Remote

None - Statement(s) in DFU have been deemed sufficient

Type

SW Risk Controls

4.5.6.3 Software performance issue in Medical Device allowing device readings to be incorrect 
resulting in a lack, delay or over treatment of patient.

Risk Evaluation

Risk Evaluation

DFU helps mitigate Risk
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Type Description Verification of Implementation
Inherently Safe by Design

1 Improbable
2 Minor

IR

Probability

Usability Risk
SW Risk Controls

VaR 120018, 120019 

3 Serious

Description Verification of Implementation
IFRR

Hazard

DFU helps mitigate Risk

IFRR

1 Improbable

Conditions

Risk Evaluation

Approved VaR

Verification of Effectiveness
VaR 120018, 120019 

Conditions

Information for Safety DFU defines interval for service or maintenance; 
DFU indicates that if measurements are in doubt 
alternate means to assess the patient’s condition 
should be used.

Severity
Probability

N/A
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Hazard
Hazardous 
Situation

Risk to: Patient

 
Fault

Yes
Yes
Yes

Disclosure

Hazard

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander
Normal
 

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

 
Fault

No
No
Yes

Disclosure
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Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor

VaR 120018, 120019 
CCS 03-58-3000

Approved VaR
Approved PS

DFU defines inspection of medical device and 
cable/Sensor prior to use

Initial Risk
Probability 2 Remote Hazard
Severity 2 Minor Identification

Risk Evaluation IFRR
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M
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Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process
Information for Safety

Residual Risk
Probability 1 Improbable

Residual Risk
Probability 1 Improbable Usability Risk

Initial Risk
Probability 2 Remote Hazard
Severity 3 Serious Identification

Risk Evaluation IFRR Conditions

Initial Risk
Probability 2 Remote Hazard
Severity 2 Minor Identification

Risk Evaluation IFRR Conditions

R
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s Type Description Verification of Implementation Verification of Effectiveness

Inherently Safe by Design

Protective measures in device or 
Mfg Process

Software recognition application for detection of 
connection to an approved medical device

VaR 120018, 120019 Approved VaR

VaR 120018, 120019 Approved VaRInformation for Safety

IEC 60601-1 Compliance
Approved VaR

DFU indicates there are no user serviceable parts 
inside the device

None - Statement(s) in DFU have been deemed sufficient

Medical device or patient cable/Sensor are designed 
to have no sharp edges

Designed to meet IEC 60601-1
VaR 120018, 120019 

IEC 60601-1 Compliance
VaR 120018, 120019 

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 

DFU helps mitigate Risk

Risk Evaluation IR DFU helps mitigate Risk

2 Minor

Severity 2 Minor SW Risk Controls

None - Statement(s) in DFU have been deemed sufficient

N/A

4.5.8.2 Medical Device is used in a manner allowing the housing to lose mechanical integrity and 
becomes broken causing shape edges and pinch points to exist resulting in cut/laceration type injury.

4.5.8 Sharp edges or points
4.5.8.1 Medical Device designed with shape edges and/or pinch points (external & internal) resulting in 
cut/laceration type injury.

Risk Evaluation IR

SW Risk Controls
Risk Evaluation IR DFU helps mitigate Risk

Conditions

Usability Risk
Severity

Information for Safety

SW Risk Controls

VaR 120018, 120019 
CCS 03-58-3000

Approved VaR

4.5.7 Incompatibility with consumables/accessories/other Medical Devices
4.5.7.1 Medical Device used in an inappropriate manner with incompatible consumables/accessories 
allowing device readings to be incorrect resulting in a lack, delay or over treatment of patient.

None - Statement(s) in DFU have been deemed sufficient

VaR 120018, 120019 

VaR 120018, 120019 
CCS 03-58-3000

Approved VaR

Medical device exterior designed to have no sharp 
edges, internal sharp edges are rolled or protected 
with guard 

Designed to meet IEC 60601-1
VaR 120018, 120019 

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 

Approved VaR
Approved PS

Protective measures in device or 
Mfg Process

DFU indicates approved for use consumables / 
accessories / other medical device, DFU indicates 
that if measurements are in doubt, alternate means 
to assess patient’s condition should be used, Medical 
Device shipped with proper accessories
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Hazard

Hazardous 
Situation

Risk to: Patient

Normal
 

Yes
Yes
Yes

Disclosure

Hazard

Hazardous 
Situation

Risk to: Patient

Normal
Fault

Yes
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

Normal
Fault

Yes
Yes
Yes

Disclosure

4.5.10 Inadvertent / accidental change to a control

None - Statement(s) in DFU have been deemed sufficient

N/A

DFU defines proper operating instructions for medical 
device, DFU indicates to read before operating 
device

VaR 120018, 120019 Approved VaR

R
sk

 C
on

tro
 M

ea
su

re
s

Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process
Information for Safety

Always visible Alarm LED, Alarm annunciation always 
includes audio tones regardless of display brightness, 
Brightness cannot be turned off, Lowest brightness 
setting still allows viewing of screen in normal use 
environment

VaR 120018, 120019 Approved VaR

Residual Risk
Probability 1 Improbable Usability Risk

Risk Evaluation IR DFU helps mitigate Risk

Statement(s) in DFU includes risk disclosure

Alarm Volume cannot be turned off, Lowest Alarm 
volume setting still audible in normal use 
environment, Alarm message and alarm icons visible 
on screen, Always visible Alarm LED

N/A

DFU includes statement that adjustment of alarm 
volume to a low level during patient monitoring may 
result in a hazard, "Safety Symbol - Follow 
Instructions for Use” is used.

VaR 120018, 120019 Approved VaR

Designed to meet IEC 60601-1-8
VaR 120018, 120019 

IEC 60601-1-8 Compliance
Approved VaR

Initial Risk
Probability 2 Remote Hazard
Severity 3 Serious Identification

Risk Evaluation IFRR Conditions

R
sk

 C
on

tro
 M

ea
su

re
s

Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

R
sk

 C
on

tro
 

M
ea

su
re

s

Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process
Information for Safety

Residual Risk
Probability 1 Improbable Usability Risk

IR DFU helps mitigate Risk

Protective measures in device or 
Mfg Process
Information for Safety

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk

Initial Risk
Probability 2 Remote Hazard
Severity 3 Serious

Initial Risk
Probability 2 Remote Hazard
Severity 2 Minor Identification

Risk Evaluation IFRR Conditions

4.5.9.1 Continuous LED output to patient Sensor site causes increase of temperature at Sensor site 
resulting in tissue injury.

Risk Evaluation

4.5.9 Lack of indication of output

4.5.10.2 Display brightness altered to lowest setting, allowing user to not see Alarm message resulting 
in a lack, delay or over treatment of patient.

N/A

Sensors LEDs produce little or no heat, Power to 
LED output is limited

4.5.10.1 Alarm Volume altered to lowest setting, allowing user to miss the Alarm tones resulting in a 
lack, delay or over treatment of patient.

Approved VaR

Identification
Risk Evaluation IFRR Conditions

Severity

None - Statement(s) in DFU have been deemed sufficient

VaR 120018, 120019 Approved VaR

2 Minor SW Risk Controls

DFU describes proper application of Sensor & to 
check Sensor site every 8 hours, DFU indicates 
LEDs on preamp are used as channel ID not that 
output LEDs are enabled

VaR 120018, 120019 

2 Minor SW Risk ControlsSeverity
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Category
Hazard

Hazardous 
Situation

Risk to: Patient

 
Fault

Yes
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

Normal
Fault

Yes
Yes
Yes

Disclosure

Hazard
Hazardous 
Situation

Risk to: Patient

 
Fault

Yes
Yes
Yes

Disclosure

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk

Information for Safety Approved VaR

IR

VaR 120018, 120019 

4.6.1 Mistakes & judgment errors or lapses & cognitive recall errors

Type Description

None - Statement(s) in DFU have been deemed sufficient

Protective measures in device or 
Mfg Process

Severity

N/A

3 Serious Identification
Risk Evaluation IFRR Conditions

Conditions

2 Minor

VaR 120018, 120019 

Verification of Effectiveness

Approved VaR

Approved VaRInherently Safe by Design Parameter name & units displayed adjacent to 
Numeric value.

Probability

Verification of Effectiveness

Hazard

Risk Evaluation

Verification of Implementation
Inherently Safe by Design

None - Statement(s) in DFU have been deemed sufficient

Hazard
Severity

Probability 2 Remote Hazard
Severity

IR DFU helps mitigate Risk
Severity SW Risk Controls

4.6.2 Violations of abbreviation of instructions, procedures, etc.

2 Remote

Risk Evaluation

DFU describes display icons

Verification of Implementation

4.6 Inappropriate, Inadequate or over-complicated user interface

Information for Safety

VaR 120018, 120019 Approved VaR

Conditions

DFU indicates Only skilled/trained personnel should 
operate the medical device; If measurements are in 
doubt alternate means to assess the patient’s 
condition should be used.

4.6.1.1 Medical Device presents information that are mistaken/ misinterpreted for actual values 
causing inaccurate diagnoses resulting in a lack, delay or over treatment of patient.

2 Remote
3 Serious

IFRR
Initial Risk

Parameter name & units displayed adjacent to 
Numeric value; TPI displayed on the main screen for 
each channel & value.

Probability

Usability Risk

Identification

Approved VaR

1 Improbable

N/A

SW Risk Controls

Inherently Safe by Design

R
sk

 C
on

tro
 M

ea
su

re
s

Initial Risk
Probability

4.6.2.1 Abbreviations used with the Medical Device allow for misinterpretation of values causing 
inaccurate diagnoses resulting in a lack, delay or over treatment of patient.

3 Serious
IFRR

Identification

4.6.1.2 Arrangement of front panel controls allows user to incorrectly configure Medical Device for 
current type patient leading to incorrect readings and inaccurate diagnoses resulting in a lack, delay or 
over treatment of patient.

Initial Risk

N/A

VaR 120018, 120019 
Usability V&V Plan 21-07-0308

Approved VaR
Usability Results

User interface uses touchscreen with icons, Menu 
interface driven by touchscreen allow for navigation & 
selection; Current selections on screen are 
highlighted to indicate location, Feature state 
indicated by checkbox, numeric value or outline

VaR 120018, 120019 
Verification of Effectiveness

Protective measures in device or 
Mfg Process
Information for Safety

Description

Residual Risk
Risk Evaluation

Residual Risk
Probability
Severity

Risk Evaluation

R
sk

 C
on

tro
 M

ea
su

re
s Type

1 Improbable
2 Minor

Usability Risk

R
sk

 C
on

tro
 M

ea
su

re
s

Type Description Verification of Implementation

Protective measures in device or 
Mfg Process

None - Statement(s) in DFU have been deemed sufficient

DFU indicates that if measurements are in doubt 
alternate means to assess the patient’s condition 
should be used; Any icons or abbreviations used are 
consistence with medical industry standards; 
Translations performed by a company fluent in the 
target language & is familiar with Medical 
terminology.

VaR 120018, 120019 

DFU helps mitigate Risk

CAS Medical Proprietary Confidential - Do Not Copy 32 of 43

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



CAS MEDICAL
SYSTEMS, Inc.

RISK ANALYSIS 
GEMINI / FORE-SIGHT ELITE

Doc No: 21-07-0306
Rev: 03

Hazardous 
Situation

Risk to: Patient

 
Fault

Yes
No
Yes

Disclosure

Hazard
Hazardous 
Situation

Risk to: Patient

 
Fault

Yes
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

 
Fault

Yes
Yes
Yes

Disclosure

Description Verification of Implementation

3 Serious

DFU helps mitigate Risk

Risk Evaluation

Severity

1 Improbable

DFU helps mitigate Risk

4.6.2.2 Abbreviations used with Medical Device DFU allow for misinterpretation of values causing 
inaccurate diagnoses resulting in a lack, delay or over treatment of patient.

2 Remote

Invalid information shall be presented as dashes & 
messages; Limit violation & Equipment alarm 
messages displayed; TPI displayed on main screen 
for each channel & value.

VaR 120018, 120019 

None - Statement(s) in DFU have been deemed sufficient

None - Statement(s) in DFU have been deemed sufficient

None - Statement(s) in DFU have been deemed sufficient

Hazard

Risk Evaluation

Probability

VaR 120018, 120019 

Conditions

Protective measures in device or 
Mfg Process

N/A

Severity
Risk Evaluation

Initial Risk
IFRR

Approved VaR

1 Improbable
2 Minor

IR
SW Risk Controls

Approved VaR

Residual Risk
Probability
Severity

Verification of Effectiveness

Initial Risk
Probability Hazard
Severity

Description Verification of Implementation
Inherently Safe by Design

4.6.3.2 Wrong size Sensor used on an inappropriate type/size patient allowing device readings to be 
incorrect causing inaccurate diagnoses resulting in a lack, delay or over treatment of patient.

2 Remote

R
sk

 C
on

tro
 M

ea
su

re
s Type Description

Information for Safety

Verification of Implementation
Inherently Safe by Design VaR 120018, 120019 Translations performed by a company fluent in the 

target language & is familiar with Medical 
terminology.

2 Remote
3 Serious

Approved VaR

Initial Risk
Conditions

Probability Hazard

Identification

VaR 120018, 120019 

Protective measures in device or 
Mfg Process

Identification

DFU helps mitigate Risk

R
sk

 C
on

tro
 M

ea
su

re
s Type

3 Serious
IFRR

Approved VaR

IR

Inherently Safe by Design

Protective measures in device or 
Mfg Process

Type

Usability Risk

Verification of Effectiveness

Severity

Verification of Effectiveness

N/A

Approved VaR

2 Minor SW Risk Controls

Residual Risk
Probability
Severity

Risk Evaluation

R
sk

 C
on

tro
 M

ea
su

re
s

Sensor on body location prominently indicated on 
display, Sensor body location saved; TPI displayed 
on the main screen for each channel & value.

VaR 120018, 120019 

Information for Safety DFU defines the pre-use checks prior to patient 
usage; DFU indicates that if measurements are in 
doubt alternate means to assess the patient’s 
condition should be used.

VaR 120018, 120019 

Residual Risk
Probability

Risk Evaluation

N/A

DFU indicates that if measurements are in doubt 
alternate means to assess the patient’s condition 
should be used; Any icons or abbreviations used are 
consistence with medical industry standards.

Information for Safety DFU indicates that if measurements are in doubt 
alternate means to assess the patient’s condition 
should be used.

IR

4.6.3 Complex, confusing, ambiguous or unclear device state
4.6.3.1 Medical Device displays ambiguous or unclear states that allow misinterpretation of values 
causing inaccurate diagnoses resulting in a lack, delay or over treatment of patient.

1 Improbable
2 Minor

IFRR

Usability Risk

Usability Risk
SW Risk Controls

Risk Evaluation Conditions

Approved VaR

Identification
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Hazard

Hazardous 
Situation

Risk to: Patient

 
Fault

Yes
Yes
Yes

Disclosure

Hazard

Hazardous 
Situation

Risk to: Patient

Normal
Fault

Yes
Yes
Yes

Disclosure

Hazard

Hazardous 
Situation

Risk to: Patient

Normal
Fault

Yes
Yes
Yes

Disclosure

4.6.5 Insufficient Visibility
4.6.5.1 Erroneous or lack of visual information (e.g., limited viewing angle of display) on Medical 
Device that allows for misinterpretation of values causing inaccurate diagnoses resulting in a lack, 
delay or over treatment of patient.

2 Remote

1 Improbable

DFU helps mitigate Risk

2 Remote
3 Serious

IFRR

SW Risk Controls

None - Statement(s) in DFU have been deemed sufficient

None - Statement(s) in DFU have been deemed sufficient

None - Statement(s) in DFU have been deemed sufficient

Information for Safety

4.6.4 Ambiguous or unclear presentation of setting, measurement or other information state
4.6.4.1 Medical Device displays ambiguous or unclear settings that allow misinterpretation of values 
causing inaccurate diagnoses resulting in a lack, delay or over treatment of patient.

Probability

Approved VaRDFU indicates that if measurements are in doubt 
alternate means to assess the patient’s condition 
should be used.

VaR 120018, 120019 

Type Description Verification of Implementation
Inherently Safe by Design

N/A

Description

Hazard
Severity

R
sk

 C
on

tro
 M

ea
su

re
s

IFRR

Usability Risk

2 Remote

Type

Protective measures in device or 
Mfg Process

2 Minor
IR

Residual Risk
Probability
Severity

Conditions
Initial Risk

Invalid information shall be presented as dashes & 
messages; Limit violation & Equipment alarm 
messages displayed; TPI displayed on main screen 
for each channel & values described in DFU; USB 
saved data output indicate Sensor locations & patient 
parameters.

VaR 120018, 120019 

Risk Evaluation

Hazard
Severity Identification

Protective measures in device or 
Mfg Process

Verification of Effectiveness

R
sk

 C
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 M

ea
su

re
s

Type Description Verification of Implementation
Inherently Safe by Design Unit provides brightness adjustments for improved 

visibility in varying light conditions; Anti-glare coating 
on display lens; Wide-viewing angle LCD selected; 
POST & periodic Power Supply checks; Highly visible 
numerics & traces due to high contrast of colors.

OEM Display design 
documentation, VaR 120018, 
120019 

Protective measures in device or 
Mfg Process

N/A

Residual Risk
Probability
Severity

Risk Evaluation

Initial Risk
Probability

Information for Safety DFU indicates that if measurements are in doubt 
alternate means to assess the patient’s condition 
should be used.

VaR 120018, 120019 

Initial Risk

Risk Evaluation

Approved VaR

R
sk

 C
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tro
 M

ea
su

re
s

Residual Risk
Probability

3 Serious
IFRR

Approved VaR

Approved VaR

1 Improbable
2 Minor

IR

4.6.6 Insufficient Audibility
4.6.6.1 Lack of audible feedback on Medical Device that allows for missing Alarm conditions causing 
inaccurate diagnoses resulting in a lack, delay or over treatment of patient.

Verification of Effectiveness

Conditions

Information for Safety

Identification
Risk Evaluation Conditions

Approved VaRVaR 120018, 120019 

N/A

IR
2 Minor

Usability Risk
SW Risk ControlsSeverity

Risk Evaluation

DFU indicates that if measurements are in doubt 
alternate means to assess the patient’s condition 
should be used; DFU indicates to verify operation of 
tones via Limit testing.

VaR 120018, 120019 

Audible output may be allowed to be turned down, 
and not turned off, POST Audio test; Speaker 
position in front of device; Visual indicators remain 
even if audio is muted/silenced.

Verification of Effectiveness

Verification of Implementation
Inherently Safe by Design

SW Risk Controls

3 Serious

1 Improbable

Probability Hazard
Severity Identification

Risk Evaluation

DFU helps mitigate Risk

DFU helps mitigate Risk

Approved VaR

Usability Risk
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Category
Hazard

Hazardous 
Situation

Risk to: Patient

 
Fault

No
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

 
Fault

No
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

 
Fault

No
Yes
Yes

Disclosure

Verification of Implementation

None - Statement(s) in DFU have been deemed sufficient

None - Statement(s) in DFU have been deemed sufficient

None - Statement(s) in DFU have been deemed sufficient

Protective measures in device or 
Mfg Process

Residual Risk

Residual Risk
Probability
Severity

Risk Evaluation

Inherently Safe by Design
Description

Information for Safety

Identification
Risk Evaluation

R
sk

 C
on

tro
 M

ea
su

re
s

Initial Risk

Usability Risk

Conditions

4.7.1.2 Calculated FS Data is collected erroneous due to a software performance issue allowing FS 
Data readings to be incorrect causing inaccurate diagnoses resulting in a lack, delay or over treatment 
of patient.

2 Remote
3 Serious

IFRR

Type

Severity

Residual Risk

VaR 120018, 120019 
CCS 03-58-3000

N/A

Probability

3 Serious

Initial Risk
Probability Hazard
Severity Identification

Risk Evaluation

R
sk

 C
on

tro
 

M
ea

su
re

s
R

sk
 C

on
tro

 M
ea

su
re

s Type Description

Protective measures in device or 
Mfg Process

N/A

Initial Risk
Probability

Verification of Implementation
Inherently Safe by Design

Approved PS

Approved VaR

Approved VaR

POST & periodic RS232 checks; Serial output 
protocol based on documented format;

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor.

CCS 03-58-3000

Risk Evaluation

Hazard

Conditions

2 Minor
IR DFU helps mitigate Risk

Hazard

Conditions

1 Improbable

Verification of Effectiveness

Usability Risk

Information for Safety

3 Serious
IFRR

Severity

DFU indicates that if measurements are in doubt 
alternate means to assess the patient’s condition 
should be used.

VaR 120018, 120019 

4.7 Hazards arising from functional failure, maintenance & aging & contributing factors

DFU helps mitigate Risk

Severity

VaR 120018, 120019 

IFRR

Approved VaR
Approved PS

DFU helps mitigate Risk

DFU indicates that if measurements are in doubt 
alternate means to assess the patient’s condition 
should be used.

VaR 120018, 120019 

Verification of Implementation
Inherently Safe by Design Software calculations for FS Data Collection are 

based on simple algorithms; FS Data transfer to USB 
Patient data file or snapshot/print feature.

VaR 120018, 120019 

2 Remote

Probability

Information for Safety

DFU indicates that if measurements are in doubt 
alternate means to assess the patient’s condition 
should be used.

Risk Evaluation

Protective measures in device or 
Mfg Process

Verification of Effectiveness

SW Risk Controls

Usability Risk
SW Risk Controls

4.7.1.1 Internal data transfer is erroneous allowing device readings to be incorrect causing inaccurate 
diagnoses resulting in a lack, delay or over treatment of patient.

Probability

VaR 120018, 120019 
Description

Identification

Approved VaR

Approved VaR

1 Improbable
2 Minor

IR

4.7.1.3 Medical Device readings are transmitted erroneously due to a software performance issue or 
faulty connection allowing remote readings to be incorrect causing inaccurate diagnoses resulting in 
wrong course of patient treatment leading to ischemic or hypoxic injury.

POST & periodic RS232 checks; Communications 
between NSAM & Main ctrl board uses checksum'ed 
information; Invalid received data not use/displayed; 
Lack of continuous missing data will cause system 
alarm; Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor.

Severity

SW Risk Controls

Approved VaR

1 Improbable
2 Minor

IR

Type Verification of Effectiveness

Risk Evaluation

4.7.1 Erroneous data transfer

2 Remote
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Hazard

Hazardous 
Situation

Risk to: Patient

Normal
Fault

No 
Yes
Yes

Disclosure

Hazard
Hazardous 
Situation

Risk to: Patient, User, 
Service, Bystander

 
Fault

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Service, Bystander

 
Fault

No
No
Yes

Disclosure

DFU helps mitigate Risk

Usability Risk
SW Risk Controls

4.7.3.2 Improperly assembled or damaged (from fall or impact with hard object) Medical Device 
housing or Sensor causing shape edges & pinch points to exist resulting in cut/laceration type injury.

VaR 120018, 120019 

N/A

Probability Hazard
Severity

Type Description Verification of Implementation

Verification of Implementation
Inherently Safe by Design

None - Statement(s) in DFU have been deemed sufficient

Statement(s) in DFU includes risk disclosure

None - Statement(s) in DFU have been deemed sufficient

No NSAM user calibration required; Sensor 
Calibration performed at factory; POST & periodic 
hardware checks (Power Supply, Memory, USB, 
VGA & RS232).

Initial Risk

Inherently Safe by Design Medical Grade Power Supply, Fused power entry 
module w/fuses accessible w/o line cord, Chassis 
leakage current < 100 �A, patient leakage current < 
10 �A, No exposed or access to AC components, 
rigid metal chassis; Preamp & Sensor contains only 
low voltage.

Usability Risk

VaR 120018, 120019 Information for Safety DFU defines inspection of medical device; Preamp & 
Sensor prior to use; DFU indicates not to use 
damaged medical device or accessories, "Safety 
Symbol - Follow Instructions for Use” is used.

Risk Evaluation

4.7.3.1 Improperly assembled or damaged (from fall or impact with hard object) Medical Device 
housing or Sensor can cause electrical burns or exposure to high electrical currents resulting in injury.

IFRR

DFU helps mitigate Risk
2 Minor

Approved VaR

Probability

IR

2 Minor

R
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Residual Risk
DFU helps mitigate Risk

IR

1 Negligible

Initial Risk

R
sk

 C
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tro
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s

Designed for standard hospital environments; 
Medical device, Preamp & Sensor are designed to 
have no sharp edges.

VaR 120018, 120019 
Verification of Effectiveness

Identification
Conditions

Inherently Safe by Design

CCS 03-58-3000
CCS 03-58-3008
CCS 03-58-0500

Initial Risk

R
sk
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tro
 M
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s

Residual Risk

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor; Mfg PS 03-58-3008 Process Sheet for 
Gemini Preamp; Mfg PS 03-58-0500 Process Sheet 
for Gemini Sensors.

CCS 03-58-3000
CCS 03-58-3009
CCS 03-58-0500

Verification of Effectiveness

2 Remote
4 Critical

Residual Risk
Probability

Information for Safety DFU defines inspection of medical device & 
accessories prior to use; DFU indicates not to use 
damaged medical device or accessories.

VaR 120018, 120019 

Risk Evaluation

1 Improbable

DFU defines the interval for pre maintenance 
functional checks; DFU indicates that if 
measurements are in doubt; alternate means to 
assess the patient’s condition should be used; DFU 
indicates only authorized personnel should service 
medical device.

Information for Safety

Designed to meet IEC 60601-1
Type

Probability

SW Risk Controls

Protective measures in device or 
Mfg Process

4.7.3 Loss of electrical/mechanical integrity

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor; Mfg PS 03-58-3008 Process Sheet for 
Gemini Preamp; Mfg PS 03-58-0500 Process Sheet 
for Gemini Sensors.

Risk Evaluation

2 Remote

VaR 120018, 120019 

1 Improbable

1 Improbable
2 Minor

IR
Severity

Description Verification of Implementation
IEC 60601-1 Compliance

Approved PS

Risk Evaluation

IFRR

Approved VaR

4.7.2 lack/delay of, or inadequate specifications for maintenance, including inadequate specification of post maintenance 
functional checks.

Probability Hazard
Severity

Conditions
Identification

Risk Evaluation

Severity

Approved VaR

IFRR

Approved VaR

Type Description

Protective measures in device or 
Mfg Process

Protective measures in device or 
Mfg Process

4.7.2.1 Medical Device readings are displayed erroneously due to lack/delay of specifications of 
maintenance checks allowing device readings to be incorrect causing inaccurate diagnoses resulting 
in a lack, delay or over treatment of patient.

2 Remote
3 Serious

Verification of Effectiveness

Probability Hazard

Risk Evaluation

Usability Risk
SW Risk Controls

Approved PS

Approved VaR

Severity

Severity Identification
Conditions
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Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander
 
Fault

No
No
Yes

Disclosure

Hazard

Hazardous 
Situation

Risk to: Patient

Normal
Fault

Yes
Yes
Yes

Disclosure

Hazard

Hazardous 
Situation

Risk to: Patient

 
Fault

Yes
Yes
Yes

Disclosure

None - Statement(s) in DFU have been deemed sufficient

None - Statement(s) in DFU have been deemed sufficient

None - Statement(s) in DFU have been deemed sufficient

Hazard

R
sk

 C
on

tro
 M

ea
su

re
s

Residual Risk

Identification
Risk Evaluation

Usability Risk

R
sk

 C
on

tro
 M

ea
su

re
s Type

Sampling of Hospital Practices 
using Tissue Oximeters
VaR 120018, 120019 

DFU helps mitigate Risk

1 Improbable Usability Risk

Hazard

4.7.3.3 Improperly assembled Monitor, Preamp or Sensor can cause electrical components (caps, 
diodes rectifiers, etc.) to be expelled resulting in cut/laceration type injury.

DFU & labeling defines the use of disposable Sensor; 
DFU indicates that if measurements are in doubt 
alternate means to assess the patient’s condition 
should be used.

VaR 120018, 120019 

Severity

Verification of Effectiveness

Identification
Risk Evaluation

1 Improbable

4.7.5.1  Medical Device controls become inoperable due to age/use & not allowing user to enter 
proper patient data or forced to use existing patient case allowing device readings to be incorrect 
causing inaccurate diagnoses resulting in a lack, delay or over treatment of patient.

Residual Risk

Protective measures in device or 
Mfg Process

2 Remote

Initial Risk

Initial Risk
Probability

1 Improbable
2 Minor

IR

Information for Safety

Touchscreen has >1 million actuations in same 
location; POST & periodic power supply checks; 
User may need to start acquisition before values 
displayed; TPI displayed on the main screen for each 
channel & value.

N/A

Standard Hospital practice for proper use of single 
use medical devices; Software recognition software 
for detection of connection to an approved medical 
device.

Approved PS

Severity

Conditions

Probability

DFU helps mitigate Risk

Probability

Risk Evaluation
Identification

Severity 2 Minor SW Risk Controls
Risk Evaluation

Description Verification of Implementation

Inherently Safe by Design

IR

Probability
Severity

Information for Safety

2 Remote
3 Serious

IFRR

Verification of Effectiveness
Inherently Safe by Design Medical Grade Power Supply; Sensor, Preamp & 

NSAM modules use <15 VDC; No exposed 
components; Use of non-conductive plastic material 
covering; Monitor has no exposed components; Use 
of internal metal cage & outer plastic cover; Sensor 
uses soft plastic cover capable of containing expelled 
components.

Designed to meet IEC 60601-1
VaR 120018, 120019 
100% visual inspection & testing of 
Sensors, Burning procedure for 
monitor & preamps

IEC 60601-1 Compliance
Approved VaR
Sensor visual reports

Initial Risk

DFU helps mitigate RiskIR

OEM Documentation
VaR 120018, 120019 

Protective measures in device or 
Mfg Process

Residual Risk
Probability

R
sk

 C
on

tro
 M

ea
su

re
s

Type
Approved PN & BOM
Approved VaR

SW Risk Controls

Approved VaRDFU defines inspection of medical device prior to 
use.

VaR 120018, 120019 

1 Negligible
Risk Evaluation

N/A

Approved VaR

Probability
Severity

Usability Risk
SW Risk Controls

Verification of Effectiveness

Risk Evaluation

Hazard

IFRR

4.7.5 Deterioration in function as a result of repeated use

4.7.4 Re-use and/or improper re-use
4.7.4.1 Re-use of disposable, single-use Sensor (e.g., by user reprocessing, or non-removal of release 
liner on adhesive type Sensors) allowing device readings to be incorrect causing inaccurate diagnoses 
resulting in a lack, delay or over treatment of patient.

Information for Safety DFU defines inspection of medical device & 
accessories prior to use; DFU indicates not to use 
damaged medical device or accessories.

VaR 120018, 120019 Approved VaR

Description

Severity 3 Serious

Type Description

2 Remote
3 Serious

IFRR

Approved VaR

Protective measures in device or 
Mfg Process

Conditions
Verification of Implementation

Inherently Safe by Design

Conditions

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor; Mfg PS 03-58-3008 Process Sheet for 
Gemini Preamp; Mfg PS 03-58-0500 Process Sheet 
for Gemini Sensors.

CCS 03-58-3000
CCS 03-58-3008
CCS 03-58-0500

Verification of Implementation
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Hazardous 
Situation

Risk to: Patient

 
Fault

No
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

 
Fault

No
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

 
Fault

Yes
Yes
Yes

Disclosure None - Statement(s) in DFU have been deemed sufficient

DFU helps mitigate Risk

DFU helps mitigate Risk

DFU helps mitigate Risk

None - Statement(s) in DFU have been deemed sufficient

None - Statement(s) in DFU have been deemed sufficient

Residual Risk

R
sk

 C
on

tro
 M

ea
su

re
s

Information for Safety

SW Risk Controls

Usability Risk
SW Risk Controls

Usability Risk
SW Risk Controls

Severity
Conditions

Identification
Risk Evaluation

IFRR

Approved PN & BOM
Approved VaR

OEM Documentation
VaR 120018, 120019 

Initial Risk

Residual Risk
Probability
Severity

Severity

Risk Evaluation

Preamp to Sensor connectors have a minimum  
; Invalid computed information shall 

either present as dashes or a warning message.

Type Description

1 Improbable

2 Remote

Probability

Information for Safety Approved VaR

DFU indicates that if measurements are in doubt 
alternate means to assess the patient’s condition 
should be used.

Risk Evaluation

MTBF for LCD Backlight >  
brightness; POST & periodic power supply checks.

OEM Documentation
VaR 120018, 120019 

Usability Risk

VaR 120018, 120019 

3 Serious

Hazard
Initial Risk

Risk Evaluation

N/A

Initial Risk
Probability Hazard
Severity

Residual Risk
Probability

IFRR

Approved PN & BOM
Approved VaR

Verification of Effectiveness

4.7.5.2 Medical Device LCD become partially inoperable due to age/use & not allowing user to fully 
view patient data & causes inaccurate diagnoses resulting in a lack, delay or over treatment of patient.

4.7.5.3 Medical Device calibration data incorrect that allows device readings to be incorrect causing 
inaccurate diagnoses resulting in a lack, delay or over treatment of patient.

Identification

IFRR

Conditions

Protective measures in device or 
Mfg Process

2 Minor
IR

Risk Evaluation
Verification of Effectiveness

Approved VaR

1 Improbable
2 Minor

IR

N/AProtective measures in device or 
Mfg Process

Type Description Verification of Implementation

Risk Evaluation

4.7.5.4 Patient connectors become inoperable due to age/use & mechanical insertion/extraction 
allowing device readings to be incorrect causing inaccurate diagnoses resulting in a lack, delay or over 
treatment of patient.

2 Remote

Conditions

Severity

Approved VaR

Probability

Approved PS

Approved VaR

Mfg PS 03-58-0500 Process Sheet for Gemini 
Sensor

CCS 03-58-0500

2 Remote
3 Serious

Verification of Effectiveness

Probability

1 Improbable
2 Minor

IR

R
sk
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on

tro
 M

ea
su

re
s

Information for Safety DFU indicates that if measurements are in doubt 
alternate means to assess the patient’s condition 
should be used.

VaR 120018, 120019 

Inherently Safe by Design

Hazard
Severity Identification3 Serious

Verification of Implementation
Inherently Safe by Design Sensor Flash R/W check; Redundant checksum 

storage of critical calibration data.
VaR 120018, 120019 

R
sk

 C
on

tro
 M

ea
su

re
s Type Description Verification of Implementation

Inherently Safe by Design

DFU defines inspection of medical device prior to 
use; DFU indicates that if measurements are in doubt 
alternate means to assess the patient’s condition 
should be used.

Protective measures in device or 
Mfg Process

VaR 120018, 120019 
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Hazardous 
Situation

Risk to: Patient

Normal
 

Yes
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

 
Fault

No
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

 
Fault

No
Yes
Yes

Disclosure

Initial Risk
Probability 2 Remote Hazard
Severity 3 Serious Identification

Risk Evaluation IFRR Conditions

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk

R
sk

 C
on

tro
 M

ea
su

re
s Verification of Effectiveness

Inherently Safe by Design

Protective measures in device or 
Mfg Process

Information for Safety (DFU)

Approved BOM
Approved VaR

Approved VaRVaR 120018, 120019 

OEM Documentation
VaR 120018, 120019 

Fan has a  If fan stops 
and the internal device temp reaches a maximum 
threshold device will perform auto-shut off

R
sk
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on

tro
 M

ea
su

re
s

Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process
Information for Safety (DFU)

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk

Approved BOM
Approved VaR

DFU indicates that if measurements are in doubt, 
alternate means to assess the patient’s condition 
should be used

VaR 120018, 120019 

Preamp-Sensor connectors have a minimum  
 

a  Invalid 
computed information shall either presented as 
dashes with warning message

N/A

OEM Documentation
VaR 120018, 120019 

Approved VaR

Initial Risk
Probability 2 Remote Hazard
Severity 3 Serious Identification

Risk Evaluation IFRR Conditions

None - Statement(s) in DFU have been deemed sufficient

Description

None - Statement(s) in DFU have been deemed sufficient

4.7.5.7 Fans become inoperable due to age/use leading to an internal temp above stated 
environmental limits allowing device readings to be incorrect causing inaccurate diagnoses resulting in 
a lack, delay or over treatment of patient.

4.7.5.6 Patient connectors become inoperable due to age/use and mechanical insertion/extraction 
allowing device readings to be incorrect causing inaccurate diagnoses resulting in a lack, delay or over 
treatment of patient.

Verification of Implementation

None - Statement(s) in DFU have been deemed sufficient

N/A

DFU indicates that if measurements are in doubt, 
alternate means to assess the patient’s condition 
should be used

Type

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk

R
sk
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tro
 

M
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re

s

Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design Labels & printing specified to withstand multiple 

cleanings; Touchscreen & bezel assembly is 
designed to be limit fluid ingress; Adhesives & 
materials are UL approved.

OEM Documentation
VaR 120018, 120019 

Approved PN & BOM

Protective measures in device or 
Mfg Process

N/A

Information for Safety (DFU) DFU contains explanation of markings on device VaR 120018, 120019 Approved VaR

4.7.5.5 Medical Device or Accessories warning/safety labels becomes unreadable due to cleaning 
over long period of time that allows for improper use of device & causes delay of treatment of patient.

Initial Risk
Probability 2 Remote Hazard
Severity 3 Serious Identification

Risk Evaluation IFRR Conditions
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Category
Hazard

Hazardous 
Situation

Risk to: Patient

Normal
 

No
Yes
Yes

Disclosure

Category
Hazard

Hazardous 
Situation

Risk to: Patient

Normal
Fault

Yes
No
Yes

Disclosure

Category
Hazard

Hazardous 
Situation

Risk to: Patient

 
Fault

No
No
Yes

Disclosure

1 Improbable Usability Risk
Severity

4.8 DFU provided electronically
4.8.1 Instructions for Use regarding safety not available to User

Statement(s) in DFU includes risk disclosure

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk

R
sk
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tro
 M
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s

Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design Medical Grade Power Supplies; No direct opening 

near AC components; Baffled framework on bottom 
of chassis allows for fluid egress.

Designed to meet IEC 60601-1
VaR 120018, 120019 

IEC 60601-1 Compliance
Approved VaR

Protective measures in device or 
Mfg Process

N/A

Information for Safety (DFU) DFU directs user to keep all fluids away from device 
and to thoroughly dry device in event device gets wet 
(min 1 hr), DFU indicates proper cleaning procedure 
when using cleaning solutions, "Safety Symbol - 
Follow Instructions for Use” is used.

VaR 120018, 120019 Approved VaR

DFU helps mitigate Risk

4.10 Fluid ingress
4.10.1 Electricity 
4.10.1.1 Medical Device allows fluid ingress that allows shorted AC electrical connection in Medical 
Device causing an electrical potential on the monitor case resulting in shock or affecting heart rhythm.

Initial Risk
Probability 2 Remote Hazard
Severity 3 Serious Identification

Risk Evaluation IFRR Conditions

Residual Risk
Probability

None - Statement(s) in DFU have been deemed sufficient

2 Minor SW Risk Controls
Risk Evaluation IR

R
sk

 C
on

tro
 M

ea
su

re
s Type Description Verification of Implementation Verification of Effectiveness

Inherently Safe by Design Fuse & AC ratings presented on rear Label; 
Warrantee void label across part seem deters user 
from opening device; Only Fuses are allowed to be 
replace by User (Biomed), no other serviceable 
parts.

VaR 120018, 120019 Approved VaR

Protective measures in device or 
Mfg Process

N/A

Information for Safety (DFU) DFU indicates that there are no user serviceable 
parts.

VaR 120018, 120019 Approved VaR

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk

4.9 Replacement Parts
4.9.1 Lack of, or inadequate specifications for replacement parts
4.9.1.1 Medical Device becomes inoperative due to lack of specifications of replacement parts (Lower 
rated fuse) allowing for delay of treatment of patient. Note: Higher rated fuse may cause delay to 
become inoperable with second fault (short).

Initial Risk
Probability 2 Remote Hazard
Severity 2 Minor Identification

Risk Evaluation IFRR Conditions

None - Statement(s) in DFU have been deemed sufficient

4.8.1.1 User does not have access to view provided electronic copy of DFU safety instructions, that 
allows for improper use of device & causes delay of treatment of patient.

Initial Risk
Probability 2 Remote Hazard
Severity 2 Minor Identification

Risk Evaluation IFRR Conditions

R
sk
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on

tro
 M

ea
su

re
s Type Description Verification of Implementation Verification of Effectiveness

Inherently Safe by Design Required labeling: Fuse AC ratings, IPX & RX 
statement found on rear Label; Ambient light 
detection; SW confirmation of proper sensor w/ valid 
body location; Sensor generate small amount of heat.

VaR 120018, 120019 Approved VaR

Protective measures in device or 
Mfg Process

N/A

Information for Safety (DFU) Warnings are provided to the user as a paper copy 
User Manual and Large Sensor DFU

VaR 120018, 120019 Approved VaR
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Hazard

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

Normal
 

No
No
No

Disclosure

Hazard

Hazardous 
Situation

Risk to: User

 
Fault

No
No
Yes

Disclosure

Category
Hazard

Hazardous 
Situation

Risk to: Patient

Normal
Fault

No
Yes
Yes

Disclosure

Residual Risk
Probability 1 Improbable Usability Risk

Battery is re-chargeable gel type (no liquids) & can 
remain idle for extended periods w/o leaking, battery 
has self-regulating pressure relief valves-permits 
venting of gases only; Bottom of chassis has 
vent/weep holes

Battery Mfg Specifications
VaR 120018, 120019 

Approved BOM
Approved VaR

N/A

N/A

Labels made of UL approved material, Touchscreen 
made with scratch resistant material

Touchscreen & Label 
Specifications
VaR 120018, 120019 

Approved BOM
Approved VaR

N/A

DFU describes proper cleaning & disinfecting 
procedures, DFU indicates not to use sharp objects 
when touching the screen

VaR 120018, 120019 Approved VaR

Sensing of Sensor & Preamp connect & disconnect, 
Periodic Sensors & Preamp fault testing, Periodic 
device hardware fault testing, Fault conditions 
indicated & annunciated, Always visible Alarm LED

VaR 120018, 120019 Approved VaR

Full system test on Medical Device, Mfg PS 03-58-
3000 Process Sheet for Gemini Monitor 

VaR 120018, 120019 
CCS 03-58-3000

Approved VaR
Approved PS

DFU lists Alarm Conditions with possible causes & 
mitigation

VaR 120018, 120019 Approved VaR

R
sk
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on

tro
 M

ea
su

re
s Type Description Verification of Implementation Verification of Effectiveness

Inherently Safe by Design

Protective measures in device or 
Mfg Process

Information for Safety (DFU)

Severity 2 Minor SW Risk Controls
Risk Evaluation IR DFU helps mitigate Risk

None - Statement(s) in DFU have been deemed sufficient

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk
None - Statement(s) in DFU have been deemed sufficient

4.11.1 Annunciation failures 
4.11.1.1 Disconnected, faulty Sensor, preamp or device causes the Medical Device to be inoperable 
resulting in a lack, delay or over  treatment of patient.

Initial Risk
Probability 2 Remote Hazard
Severity 3 Serious Identification

Risk Evaluation IFRR Conditions

4.11 Alarms

R
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M
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Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process

Information for Safety (DFU)

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk
N/A

4.10.3 Cleaning
4.10.3.1 Medical Device cleaned or disinfected with solutions that causes the markings on the device 
to be unreadable resulting in the delay of treatment of patient.

Initial Risk
Probability 2 Remote Hazard
Severity 2 Minor Identification

Risk Evaluation IFRR Conditions

4.10.2 Battery 
4.10.2.1 Medical Device not used (battery not charged or discharged) for extended period of time and 
battery leaks fluids out of Medical Device resulting in possible acid contact injury.

Initial Risk
Probability 2 Remote Hazard
Severity 3 Serious Identification

Risk Evaluation IFRR Conditions

R
sk

 C
on

tro
 

M
ea

su
re

s

Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process

Information for Safety (DFU)
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Hazardous 
Situation

Risk to: Patient

Normal
 

No
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

Normal
 

No
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Normal
 

No
Yes
Yes

Disclosure

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk
None - Statement(s) in DFU have been deemed sufficient

N/A

N/A

Inherently Safe by Design

Protective measures in device or 
Mfg Process

Information for Safety (DFU)

Visual Alarm Flashing conforms to IEC 60601-1-8 
flash rates of alarm LEDs

VaR 120018, 120019 Approved VRs

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation

Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process

Information for Safety (DFU)

Low Alarm limits available to alert user of decrease in 
StO2 value, Visual & audible annunciation of Low 
StO2 Alarm

VaR 120018, 120019 Approved VaR

N/A

DFU indicates proper operation of Alarm Limit 
setting, DFU lists Alarm Conditions with possible 
causes & mitigation

VaR 120018, 120019 Approved VaR

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation

Type Description Verification of Implementation Verification of Effectiveness

R
sk
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M
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Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process

Information for Safety (DFU)

High Alarm limits available to alert user of increase in 
StO2 value, Visual & audible annunciation of High 
StO2 Alarm

VaR 120018, 120019 Approved VaR

N/A

DFU indicates proper operation of Alarm Limit 
setting, DFU lists Alarm Conditions with possible 
causes & mitigation

VaR 120018, 120019 Approved VaR

4.11.1.4 Annunciation of flashing visual Alarm conditions on screen may cause spasms and/or 
convulsions in people prone to seizures (e.g., epilepsy).

IFRR Conditions

R
sk

 C
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M
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re

s

Initial Risk
Probability 2 Remote Hazard

Identification
Risk Evaluation IFRR Conditions

Severity 3 Serious Identification
Risk Evaluation

IR DFU helps mitigate Risk
None - Statement(s) in DFU have been deemed sufficient

4.11.1.3 Lack of notification by Medical Device of the increase in a patient's StO2 values resulting in a 
lack, delay or over treatment of patient.

Initial Risk
Probability 2 Remote Hazard
Severity 3 Serious Identification

Risk Evaluation IFRR Conditions

IR DFU helps mitigate Risk
None - Statement(s) in DFU have been deemed sufficient

R
sk
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M
ea
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Type Description

4.11.1.2 Lack of notification by Medical Device of the decrease in a patient's StO2 values resulting in a 
lack, delay or over treatment of patient.

Initial Risk
Probability 2 Remote Hazard
Severity 3 Serious
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Hazard

Hazardous 
Situation

Risk to: Patient

Normal
 

No
Yes
Yes

Disclosure

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk

R
sk
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DFU indicates proper operation of Alarm Limit 
setting, DFU lists Alarm Conditions with possible 
causes & mitigation

VaR 120018, 120019 Approved VaR

4.11.2.1 StO2 High/Low Alarm Limit selection cannot be accurately tested against the actual Patient 
StO2 value allowing a possible undetected change in physiological condition to exist resulting in 
circulatory injury.

Initial Risk
Probability 2 Remote

None - Statement(s) in DFU have been deemed sufficient

4.11.2 Limits 

Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process

Information for Safety (DFU)

StO2 computed value & StO2 High & Low Alarm 
Limits have resolution of 1%
High Alarm: StO2 value > High StO2 Limit
Low Alarm: StO2 value < Low StO2 Limit

VaR 120018, 120019 Approved VaR

N/A

Hazard
Severity 3 Serious Identification

Risk Evaluation IFRR Conditions
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distributed, used or disclosed, either in whole, or in part, outside of the company, except as authorized in writing by a representative of CAS Medical Systems, Inc.

Original release

Update IFU in Haz ID Doc, Review/Update Risk Management 
Summary/Report for new IFU

Remove Age/Weight feature, update RMF documentation

Add 4.5.6.4 Display of valid StO2 values from a non-human tissue 
site.

Updated to add 4.1.1.8 Hazard Identification & Risk Analysis docs

Updated 4.5.5.11 & 4.10.1.1 for fluid ingress

Remove sections: 4.5.1.2, 4.5.5.3, 4.5.6.4, 4.5.10.1 & 4.6.1.2

Document Revision History

Updated 4.1.1.1, 4.1.1.2, 4.7.3.1 & 4.1.2.8, Added 4.5.5.11, 4.5.5.12, 
4.5.5.13 & 4.11.1.4

Updated per ITS ISO 14971 Checklist review of FORE-SIGHT 

Reason for Change 

Add 4.3.5.5 User cuts/trims the sensor to allow it to fit on patient 
w/other sensors causing the integrity of the isolation layer to be 
compromised exposing the patient to excessive leakage current 
and/or damage to the system to during defibrillation.

Haz ID: Change "Electronic copy" of User Manual to "Paper copy"
Haz ID: Remove "A hard copy version of the FORE-SIGHT ELITE 
Warnings Guide, 21-03-0332, …"

Remove reference to FORE-SIGHT ELITE Warning Guide 21-03-
0332 & Quick Reference Guide 21-03-033

Change "Poorly assembled…" to "Improperly assembled…" for 
numerous Risks
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CAS MEDICAL
SYSTEMS, Inc.

RISK MANAGEMENT SUMMARY/REPORT 
GEMINI / FORE-SIGHT ELITE

Doc No: 21-07-0307
Rev: 03

The document describes the Risk Analysis for the Gemini Project (Product name: FORE-SIGHT® ELITE 
Absolute Tissue Oximeter). The CAS Gemini Oximeter is a medical device comprised of a Color 10.4” 
display, user interface controls (touchscreen) and hardware to support the acquisition of a patient’s tissue 
oxygen concentration. The term Gemini refers to the Eng Project Name, where the term FORE-SIGHT 
ELITE refers to the Product Name and may be used interchangeably.

2.  REFERENCE DOCUMENTS

This document summarizes the identified hazards and associated Risk as they apply to the Gemini 
Oximeter, Sensors and accessories.

ISO 14971:2007 Medical devices: Application of risk management to medical devices

This analysis defines the Risk Management concepts and their documentation due to the requirement 
to meet the 3rd Edition of the general safety standard (60601-1:2005) as it becomes mandatory 
beginning in 2012. The analysis forms one part of the Risk Management process, as defined in 
QSP1026.

21-22-3000, FORE-SIGHT ELITE Absolute Tissue Oximeter User Manual (English)

IEC 60601-1-8:2010 Medical electrical equipment - Part 1-8: General requirements test and guidance for 
alarm systems in medical electrical equipment

Standards:

1.3 SUMMARY

QSP1026, Risk Management

21-03-0336, FORE-SIGHT ELITE Large Sensor Multilanguage DFU (Directions for Use)

QSM1001, Quality System Manual

21-07-0321, Gemini Residual Risk(s) Judges Acceptable and the Disclosure Process
21-07-0307, Gemini Risk Management Summary Report
21-07-0303, Gemini Risk Management Plan

IEC 60601-1:2005 3rd edition General Requirements for Safety

1.  INTRODUCTION

1.1 SCOPE

CAS Medical Systems, Inc:

Project Gemini shall be divided into 3 Phases: Phase 1-Adult, Phase 2-Pediatric and Phase 3-
Neonatal. The Risk Management Summary/Report shall attempt to summarize all the Hazards and 
Risks associated with Phase 1 design. The Risk Management Summary/Report will be updated with 
more accurate as Phase 2 & 3 Hazard and Risk information becomes available.

IEC 60601-1 2nd edition Medical Electronic Equipment, Part 1: General Requirements for Safety

1.2 PHASE DESIGN

Council Directive 93/42/EEC Concerning Medical Devices

The Risk Management program consists of the Gemini Risk Management Plan (21-07-0303),  the 
Gemini Hazard Identification document (21-07-0304), the Gemini Risk Analysis (21-07-0305) and this 
summary report.  The Project Manager served as the project Risk Manager with team members 
comprised of those designated in the plan.

ANSI/AAMI/IEC 62304:2005 Medical Device Software – Software Life Cycle Processes
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CAS MEDICAL
SYSTEMS, Inc.

RISK MANAGEMENT SUMMARY/REPORT 
GEMINI / FORE-SIGHT ELITE

Doc No: 21-07-0307
Rev: 03

CAS has appropriate methods in place to obtain relevant production and post-production information 
applicable to, and by the means stated in the Scope section of this document

Refer to 21-07-0321 Gemini Residual Risk(s) Judged Acceptable and the Disclosure Process

All existing, new or changed risks due to risk control measures, have been evaluated to not introduce 
any additional risks deemed significant.
Residual risks remaining, and judged acceptable (an insignificant risk) were evaluated for residual risk 
disclosure in the accompanying documents.  All such disclosures have been made.

CAS concludes that it has met is obligation to provide a safe device to its customers by reducing 
identified hazards to present no more than an Insignificant Risk. CAS has also evaluated the overall 
residual risks by the means identified in QSP1026 Section 5.8, concluding the acceptability of the 
product.

3.2 Residual Risk Evaluation

Since the highest Residual Risk is estimated to be "Insignificant Risk", no further investigation to 
reduce any Risk is deemed necessary.

3.3 Risk Benefit Analysis
For the reasons stated above in 3.2, No Risk Benefit Analysis in required

3.4 Risks Arising from Risk Control Measures

3. REPORT

3.5 Evaluation of Overall Risk Acceptability and Conclusion

A review of the Summary of Risks outlined, in Section 4.0 of CAS 21-07-0306, Gemini Risk Analysis 
document indicates the highest Residual Risk Evaluation is found to be IR (Insignificant Risk). 

3.1 Initial Risk Evaluation & Accompanying Documents

The Directions For Use; FORE-SIGHT ELITE 21-22-3000 User Manual & 21-03-0336 Large Sensor 
Multilanguage DFU, shall be delivered in paper form.

Markings for all fuses and AC input range mitigate Risk 4.8.1.1 and no other marks on the device are 
deemed necessary.

A review of the risks from all identified hazardous situations has been considered.

The FORE-SIGHT User Manual was reviewed for consideration of information that needs to be 
provided as paper copy beyond the labeling on the device. All statements regarding the safe operation 
of the Oximeter shall be provided in a paper copy of the DFUs
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ATTACHMENT A 

 

 
PRODUCT SPECIFICATION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



   

 

 

ATTACHMENT B 

 

 
INDICATIONS FOR USE – ODE FORMAT 
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Indications for Use 
 

 
510(k) Number:   

 

Device Name:  FORE-SIGHT Elite™ Absolute Tissue Oximeter. 

 

 
Indications for Use:   The noninvasive FORE-SIGHT Elite Absolute Tissue Oximeter is 

   intended for use as an adjunct monitor of absolute regional  

   hemoglobin oxygen saturation of blood under the sensors in individuals 
   at risk for reduced flow or no-flow ischemic states and is indicated for 

   use as follows:  

   When used with large sensors, the FORE-SIGHT Oximeter is  
   indicated for use on adults and transitional adolescents ≥ 40 kg.   

 

 
 
Prescription Use    AND/OR         Over-the-Counter Use______ 
(Part 21 CFR 801 Subpart D)      (21 CFR 807 Subpart C) 

 

 

 
 

 

 
(PLEASE DO NOT WRITE BELOW THIS LINE – CONTINUE ON ANOTHER PAGE IF NEEDED) 

 

 

Concurrence of CDRH, Office of Device Evaluation (ODE) 

 
 

       Page 1 of _____ 
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ATTACHMENT C 
 

 

PROPOSED LABELING 
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ATTACHMENT D 
 

 

BIOCOMPATIBILITY REPORTS 
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ATTACHMENT E 
 

 

 

SOFTWARE EXHIBITS (6) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



   

 

 

ATTACHMENT F 
 

 

 

SAFETY AND EMC REPORTS 
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ATTACHMENT G 
 

 

CLINICAL REPORT 
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ATTACHMENT H 
 

 

RISK ANALYSIS 
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TRADITIONAL 510(K) 

 

FORE-SIGHT ELITE™ ABSOLUTE 

TISSUE OXIMETER 
 

 

 

 

 

December 16, 2013 
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1.  Medical Device User Fee Cover Sheet 
 

 

Attached is a signed copy of form 3601.  It designates a payment of $2,585., because 

CAS Medical Systems, Inc. has qualified as a small business. 

 

Payment Identification Number: 

 

 

Small Business Decision Number:

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b)(4)

(b)(4)
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2.  CDRH Premarket Review Cover Sheet 
 

 

The following forms (# 3514) make up the submission cover sheet. 
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4. Screening Checklist for Traditional/Abbreviated Premarket 

Notification [510(k)] Submissions 
 

Screening Checklist for Traditional/Abbreviated Premarket Notification [510(k)] 

Submissions based on Guidance for Industry and FDA Staff 

 

Title Section Present N/A 

MDUFMA Cover Sheet 1 √ 
 

CDRH Premarket Review 

Submission Cover Sheet 

2 
√ 

 

510(k) Cover Letter 3 √ 
 

Screening Checklist for 

Traditional 510(k) 

4 
√  

Indications for Use 

Statement 

5 
√ 

 

510(k) Summary or 510(k) 

Statement 

6 
√ 

 

Truthful and Accuracy 

Statement 

7 
√ 

 

Class III Summary and 

Certification 

8 
√ 

 

Financial Certification or 

Disclosure Statement 

 

Form 3454 

 

Form 3455 

9  

 

 

√ 

 

 

 

 

 

 

√ 

Declarations of Conformity 

and Summary Reports 

(Abbreviated 510(k)s) 

  

 

√ 

 

Executive Summary 11 √ 

  

Device Description 12 √ 

  

Substantial Equivalence 

Discussion 

13 √ 

  

Proposed Labeling 14 √ 

  

Sterilization/Shelf Life 15   

 

√ 

 

Biocompatibility 16 √ 

  

Software 17 √ 

  

Electromagnetic 18 √ 
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Title Section Present N/A 

Compatibility/Electrical 

Safety 

 

Performance Testing – 

Bench 

19  

 

√ 

 

Performance Testing – 

Animal 

20 

 

√ 

 

Performance Testing – 

Clinical 

21 √ 

  

FORM FDA 3654, 

Standards Data Report for 

510(k)s 

10 
√ 

  

Kit Certification  
 

√ 
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5. Indications for Use Statement 
 

 

 

 

The noninvasive FORE-SIGHT ELITE Absolute Tissue Oximeter is intended for use as 

an adjunct monitor of absolute regional hemoglobin oxygen saturation of blood under 

the sensor in individuals at risk for reduced flow or no-flow ischemic states and is 

indicated for use as follows: 

 

When used with large sensors, the FORE-SIGHT ELITE Oximeter is indicated for use 

on adults and transitional adolescents ≥40 kg. 

 

 

See Attachment E for this statement in the ODE format. 
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6.  510(k) Summary 
 

 

 

 

 

510(k) SUMMARY OF SAFETY AND 

EFFECTIVENESS 
 

 

 

Submitter:   CAS Medical Systems, Inc. 

 

Address: 44 East Industrial Rd.  Branford CT. 06405 USA 

 

Contact:  Ron Jeffrey – Director, Regulatory Affairs 

  Phone - (203) 488-6056 

  Fax – (203) 488-9438   

 Email –  rjeffrey@casmed.com  

 

Prepared:  December 16, 2013 

 

Trade Name:      FORE-SIGHT Elite™ Absolute Tissue Oximeter  

 

Common Name:           FORE-SIGHT Oximeter 

   

 Classification Name: Oximeter, Tissue Saturation (870.2700) (MUD) 
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EQUIVALENCE (Predicate Device) 

 

 

The FORE-SIGHT Elite™ Absolute Tissue Oximeter is equivalent to the following 

devices: 

 

 Nonin Model 7600 Regional Oximeter Equanox (K102715) 

 

 FORE-SIGHT Absolute Tissue Oximeter Monitor (K112820) 

 

 

DESCRIPTION 

 

The FORE-SIGHT Elite Absolute Tissue Oximeter measures hemoglobin under the Sensor, 

allowing the clinician to continuously and accurately determine absolute levels of blood 

oxygenation saturation in the tissue (StO2).   

 

The Oximeter consists of a monitor unit, preamplifier assembly, and sensor.  The sensor uses 

multiple wavelengths in the range of 660 to 900 nm to precisely measure light absorption in 

tissue.  Sensors are sized to provide targeted penetration depths appropriate for the tissue and 

patient populations of interest.  The monitor unit controls the measurement sequence, generating 

the sensor LED currents and processing the detected light signals after amplification by the 

dual-channel preamplifier assembly.  The FORE-SIGHT algorithm determines the StO2 values 

for the tissue under the sensor from the light absorption values and measured patient 

characteristics.  The monitor unit provides simultaneous measurements on up to four sensors 

with both numeric and real-time graphical display formats. 

 

The monitor unit is a mains-powered device with a field-replaceable battery backup module.  A 

touchscreen user interface allows configuration of the Oximeter including audible, on-screen, 

and dedicated visual alarm indicators.  The monitor display can be replicated for simultaneous 

remote viewing through an auxiliary VGA video output.  Measurement data can be exported 

through various interfaces such as USB, RS-232 serial or wireless communications. 

 
FORE-SIGHT Oximeter Monitor Intended Use 

 
The noninvasive FORE-SIGHT Elite Absolute Tissue Oximeter is intended for use as an adjunct 

monitor of absolute regional hemoglobin oxygen saturation of blood under the sensors in 

individuals at risk for reduced flow or no-flow ischemic states and is indicated as follows: 

 

When used with large sensors, the FORE-SIGHT ELITE Oximeter is indicated for use on adults 

and transitional adolescents ≥40 kg. 

 

FORE-SIGHT Monitor Technology Compared to Predicate Devices 

 

The FORE-SIGHT Elite Absolute Tissue Oximeter compares substantially to the cited predicate 

devices in that they use fundamentally the same optical operating principle, called multi-

distance diffuse reflectance spectroscopy.  All cited monitors use light to examine a cross-

section tissue microvasculature (a mixed bed of arterioles, capillaries and venules).  The FORE-

SIGHT Elite Monitor and predicate devices analyze the light that is returned after having passed 

through tissues.  The spectroscopic analysis determines concentrations of hemoglobin in its 

oxygenated and deoxygenated states.  All cited monitors calculate oxygen saturation which 

reflects the percentage of oxygenated hemoglobin in the sampled tissue. 
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The FORE-SIGHT Elite Absolute Tissue Oximeter compares substantially to the predicates.  

All have 4-channel capability, an LED light source, similar user interface features and the 

benefits of portability.   

 

Non-Clinical Performance Testing to Demonstrate Substantial Equivalence 
 

The FORE-SIGHT Elite Absolute tissue Oximeter has successfully undergone extensive 

performance, safety, electromagnetic, clinical, software and environmental testing to ensure it 

has been found to be substantially equivalent to the predicate devices.  In addition to the above 

laboratory tests, CAS has conducted a full program of individual hardware, software, systems 

verification and validation studies of the FORE-SIGHT monitor and sensors. 

 

Clinical Testing to Show Substantial Equivalence 

 
The FORE-SIGHT Elite Absolute Tissue Oximeter has successfully undergone extensive 

clinical validation for the indicated use.  The premarket notification cites a validation report: 

Validation of the CAS Medical System’s FORE-SIGHT Elite™ Absolute Tissue Oximeter 

for Somatic Tissue Oxygen Saturation (StO2%) in Adult and Transitional Adolescent 

Subjects. 

 

Conclusions Drawn from Clinical and Non-Clinical Testing 
 

Clinical evaluation, safety testing and software validation demonstrate the FORE-SIGHT Elite 

Absolute Tissue Oximeter is substantially equivalent to the predicate devices.  
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8.  Class III Summary and Certification  
 

 

Not applicable.  The FORE-SIGHT Elite Absolute Tissue Oximeter is a class II 

monitor. 
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9.  Financial Certification and Disclosure Statement(s) 
 

 

The following pages contain form # 3454.  Form # 3455 was not necessary. 

 

 

Also enclosed here is form # 3674 a Certificate of Compliance to section 402(j) of the 

Public Health Service Act 
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10.  Declarations of Conformity and Summary Reports 
 

The following (5) pages contain form # 3654, one for each of the (5) national or 

international standards to which CASMED claims compliance.  A nationally recognized 

test laboratory (NRTL) was used for all testing listed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



   

 

 

11.  Executive Summary 
 

 

This submission represents the ninth Pre-Market Notification for the FORE-SIGHT 

Device.  CAS Medical began marketing tissue oximeters (MUD) for cerebral indications 

after our first adult cerebral market clearance K051257 was granted in December 2005.  

  

Clearance for K061960 was granted in September 2006.  This version introduced the 

trade name FORE-SIGHT and expanded indications to the cerebral monitoring of adults 

and children greater than 40 Kg as well as infants, using the large and small sensor 

sizes. 

 

Our third submission cleared in February 2008 under K073036 was also for cerebral 

monitoring, this time adding a neonatal population of 2.5Kg and above for small sensor 

use.  The indication remained for adults and children over 40Kg using the large sensor. 

 

Clearance for K083892 was granted in March 2009.  This version introduced the 

medium sensor, completing the full line of sensors, large, medium, and small.  The 

indications for use permitted “cerebral” use on any individual but with a 

contraindication for use on low birth weight individuals <2.5Kg. 

 

Our fifth submission cleared in August 2009 under K091452 was also for cerebral use 

with all three sensor sizes.  The contraindication was removed and the small sensor 

became indicated for infants and neonates ≤ 8Kg. 

 

Clearance for K094030 was granted in December 2009 expanding it use for skeletal 

muscle for the 5 to 50 Kg patient group using the medium sensors.  The cerebral 

indications remained as they were from K091452. 

 

Our seventh clearance (K112820), granted in January 2012, expanded the indications 

for abdominal use in neonates less than 4 Kg with the small sensor. With more 

validation data available, the indications for the medium sensor went from 5 to 50 Kg to 

4 – 50 Kg.  

 

The eighth clearance (K123700) introduced the FORE-SIGHT Elite Absolute tissue 

Oximeter to the FORE-SIGHT line. This monitor was cleared for a cerebral indication 

using its large sensor. 

 

For each indication for use CAS Medical has provided clinical data to demonstrate that 

the FORE-SIGHT Tissue Oximeter provided accurate and reproducible monitoring 

measurements when compared to an appropriate reference measurement over a wide 

variety of patient groups. 

 

The purpose of this Premarket Notification 510(k) submission is to obtain clearance for 

additional claims for the FORE-SIGHT Elite Absolute Tissue Oximeter.  The current 

intended use and indications statement is for cerebral use whereas CASMED is seeking 

a broader use for non-cerebral tissue in the same patient population.   
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12.  Device Description  
 

 

 

FORE-SIGHT Elite™ Absolute Tissue Oximeter - Purpose:  

 

The FORE-SIGHT Elite Oximeter measures a single parameter of oxygenated 

hemoglobin under the Sensor, allowing the clinician to continuously and accurately 

determine absolute levels of blood oxygenation in the tissue.   

 

  
 

 

             

The FORE-SIGHT Elite System: 
 

The FORE-SIGHT Elite System (Figure 1) consists of three distinct components.  None 

can be used independently of the others in this system. 
 

The Monitor (01-06-3000/01-05-3005) contains the systems software, power supply, 

display, user interface, communication ports, and other electronics.  The Monitor is 

responsible for all configuration, display, surveillance, and alarm management 

functions.  The Monitor electronics also coordinate all measurement activities including 

light generation, processing of detected signals, and computation of the tissue 

oxygenation.  

 

The Dual Preamp Monitor Cable (01-06-3100) is a reusable assembly consisting of 

electrical cabling, connectors, and a preamplifier circuit to pre-process the signals 

< Large Sensors 

< Pre-Amp 

< Monitor 

Figure 1 
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General Design Features:            
 

 The monitor is transportable for use in various hospital locations; 

 The monitor uses a LED light source; 

 The monitor uses one size sensor to monitor adults and transitional adolescent’s; 

 The monitor’s measurement accuracy is not affected by melanin, temperature, or 

perfusion; 

 The monitor displays an StO2  numeric value in the range of 01-99%; 

 The monitor displays an indicator of optimal sensor placement called a Tissue 

Perfusion Index (TPI); 

 The monitor contains an easy to read 10.4” color LCD VGA touch-screen display; 

 The monitor provides a 24 hour review of historical data during or after a case; 

 The monitor has modes for demonstration, servicing, programming and operating; 

 The monitor provides patient data storage via USB memory sticks; 

 The monitor provides a serial data output for compatibility with several third-party 

data review, charting, and acquisition systems; 

 The monitor documentation and software, is available in multiple languages. 

 

FORE-SIGHT Elite Models: 
 

There are two models of the FORE-SIGHT Elite Absolute Tissue Oximeter.  They are 

designated as part number(s) 01-06-3000 and 01-06-3005.  They are identical.  See 

figure 1. 

 

FORE-SIGHT Accessories: 
 

 

Part Number Name Function 

01-06-3100 

01-06-3005 

FORE-SIGHT Elite Absolute Tissue 

Oximeter Dual Pre-Amp 

Necessary part of the operating system.  

Included with monitor. 

01-06-3014 FORE-SIGHT Elite Oximeter Battery 

Pack 

For short term operation while not on mains 

power. 

01-06-3036 User Manual on CD (English) Included with each monitor 

01-02-0395 Replacement Power Cord Included with each monitor 

01-07-2103 FORE-SIGHT Elite Large Sensor. 

Carton of 20. 

Necessary part of the operating system.  

Patient contact part.  Purchased separately. 

01-06-0238 FS Roll Stand A hospital grade roll stand, making the FS 

portable. 
 

 
Full descriptive information may be found in the Project Gemini Product Specification 

21-07-0302 Rev. 02.  See Attachment A 

 

Note: “Gemini” is the project name used during development.  That name will appear 

on some documents that actually refer to FORE-SIGHT Elite Absolute Tissue Oximeter. 
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13.  Substantial Equivalence Discussion 
 

For this submission there are two predicate devices.  The Nonin 7600 Regional 

Oximeter System primarily, cleared under (K102715).  Secondarily is our own device, 

the CASMED FORE-SIGHT Absolute Tissue Oximeter, cleared under (K123700). 

 

PREDICATE DEVICE COMPARISON TABLE   
Device               

► 

CASMED FORE-

SIGHT Elite 

Absolute Tissue 

Oximeter 

(Proposed) 

Nonin 7600 

Regional Oximeter 

System 

(K102715) 

CASMED FORE-

SIGHT Elite 

Absolute Tissue 

Oximeter 

(K123700) 

Differences and 

Similarities 

Characteristic 

Comparison      

▼ 

Classifications Class 2, 870.2700, 

MUD 

Class 2, 870.2700, 

MUD 

Class 2, 870.2700, 

MUD 

Same 

Parameters 

Monitored 

Single parameter - 

Regional hemoglobin 

oxygen saturation of 

blood under the 

sensor. 

Single parameter -

Regional 

hemoglobin oxygen 

saturation of blood 

underneath the 

sensor. 

Single parameter - 

Regional 

hemoglobin 

oxygen saturation 

of blood under the 

sensor. 

All are single 

parameter 

monitoring 

devices. 

 

Patient 

Population 

Adults and 

transitional 

adolescents ≥ 40kg 

Adult and pediatric 

>40 kg. 

Adults and 

transitional 

adolescents ≥ 40kg 

The patient 

populations are 

roughly 

equivalent. 

Anatomical 

sites – all non-

invasively 

Blood under the 

sensor 

Blood beneath the 

sensor 

Brain via forehead. The proposed 

device is seeking 

clearance for that 

already cleared 

in the predicate 

device(s).  

Sensor type Disposable large 

sensor with 

biocompatible patient 

contact surface. 

Disposable, single 

size. 

Disposable large 

sensor with 

biocompatible 

patient contact 

surface. 

The FORE-

SIGHT Sensors 

are identical. 

Depth of 

penetration 

Up to 25 mm Up to 20 mm Up to 25 mm The FORE-

SIGHT devices 

are identical. 

Light source Five wavelength 

near-infrared LED 

assembly comprising 

690, 735, 770, 810, 

and 870 nm 

wavelengths.  Maxim

um total output 

energy of 50 mJ at 10 

Hz repetition rate. 

Four Wavelengths 

LED source 

730,760,810, and 

880 nm. 

Five wavelength 

near-infrared LED 

assembly 

comprising 690, 

735, 770, 810, and 

870 nm 

wavelengths.  

Maximum total 

output energy of 50 

mJ at 10 Hz 

repetition rate. 

The Nonin 

device is similar 

and the FORE-

SIGHT devices 

are identical. 

Validation 

model 

Accuracy has been 

demonstrated by 

direct validation to 

co-oximetry 

measurement of 

blood draws from 

invasive reference 

It is not clear how 

accuracy has been 

demonstrated for 

somatic use. 

Accuracy has been 

demonstrated by 

direct validation to 

co-oximetry 

measurement of 

blood draws from 

invasive reference 

The validation 

methodology 

between the 

proposed device 

and the predicate 

CASMED 

device is 
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PREDICATE DEVICE COMPARISON TABLE   
Device               

► 

CASMED FORE-

SIGHT Elite 

Absolute Tissue 

Oximeter 

(Proposed) 

Nonin 7600 

Regional Oximeter 

System 

(K102715) 

CASMED FORE-

SIGHT Elite 

Absolute Tissue 

Oximeter 

(K123700) 

Differences and 

Similarities 

Characteristic 

Comparison      

▼ 

blood vessels in 

human subjects.  

Reference blood 

vessels are specific to 

the region monitored 

blood vessels in 

human subjects.  

Reference blood 

vessels are specific 

to the region 

monitored 

equivalent for 

the tissue 

examined.  

Performance 

Accuracy 

Cerebral – 45% - 

95% ± 3.05% 1 

standard deviation 

with large sensors 

Somatic – 45% - 95% 

± 5.17% 1 standard 

deviation with large 

sensors 

Cerebral—4.1 % (1 

standard deviation) 

Arms with adult 

8004CA sensors 

(unknown range) 

 

Accuracy unknown 

for Somatic use 

Cerebral – 45% - 

95% ± 3.05% 1 

standard deviation 

with large sensors 

 

 

Comparable 

clinical accuracy 
between the 

proposed device 

and the predicate 

device 

 

 
Substantial Equivalence Discussion   

CASMED has reviewed the criteria described in FDA’s various Premarket Notification 

Guidance documents and below is a summary of the justification for substantial 

equivalence organized to be consistent with the decision process steps defined in FDA 

guidance, Description of 510(k) "Substantial Equivalence" Decision-Making Process.  

The predicate device(s) used to make this determination are the Nonin 7600 Regional 

Oximeter System (K102715) and the CASMED FORE-SIGHT Elite Absolute Tissue 

Oximeter, most recently cleared under K123700.    

Intended Use 

The FORE-SIGHT Elite Absolute Tissue Oximeter that is the subject of this 510(k) 

submission has the same intended use as the predicate devices, meaning it is intended 

for use as a tissue oximeter in any individual at risk for reduced flow or low flow 

ischemic states.  The purpose of this submission is to seek clearance for a use in adjunct 

monitoring of regional hemoglobin oxygen saturation of blood underneath the sensor.    

CASMED is seeking clearance to indicate the monitor for use with large sensors on 

adults and transitional adolescents ≥ 40 Kg.  

 

This indication that is proposed for the FORE-SIGHT Elite Absolute Tissue Oximeter 

does not affect the therapeutic/diagnostic effect and does not have an adverse impact on 

safety and effectiveness.  To support the validity of this claim the necessary clinical 
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evaluations have been conducted.  These evaluations are based on accepted scientific 

methods designed to have a clinical and scientific rationale consistent with that used to 

support the predicate device indications.  Namely, the use of reference measurements 

from one or more arterial and/or venous locations compared to measurements obtained 

by the system in the anatomical area of interest in individuals representing the same 

patient population (weight and maturity) for which the new indication is intended to be 

used. The results of the clinical evaluations conducted demonstrate that the accuracy 

and reproducibility of the system in measuring tissue oxygen levels for the new and 

modified indications are acceptable and consistent with the accuracy and reproducibility 

criteria used to support the current indications.  

 

Technological Characteristics and Performance Testing 

As it is evident in the table above, there are no changes to the design and technological 

characteristics of the FORE-SIGHT Elite Absolute Tissue Oximeter for this submission.  

Software comprises the only update to permit the updated indications. The software 

validation for these changes has been completed.   

In conclusion, based upon the above considerations of intended use, indications for use, 

technological characteristics, and performance testing, the FORE-SIGHT Elite Absolute 

Tissue Oximeter meets the criteria for substantial equivalence. 
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Indications for Use 
 

 
510(k) Number:   

 

Device Name:  FORE-SIGHT Elite™ Absolute Tissue Oximeter. 

 

 
Indications for Use:    

 

The noninvasive FORE-SIGHT Elite Absolute Tissue Oximeter is intended for use as an adjunct monitor 

of absolute regional hemoglobin oxygen saturation of blood under the sensors in individuals at risk for 

reduced flow or no-flow ischemic states and is indicated for use as follows:  

When used with large sensors, the FORE-SIGHT Oximeter is indicated for use on adults and transitional 

adolescents ≥ 40 kg.   

 

 
 
Prescription Use    AND/OR         Over-the-Counter Use______ 
(Part 21 CFR 801 Subpart D)      (21 CFR 807 Subpart C) 

 

 

 

 

 

 
(PLEASE DO NOT WRITE BELOW THIS LINE – CONTINUE ON ANOTHER PAGE IF NEEDED) 

 

 

Concurrence of CDRH, Office of Device Evaluation (ODE) 

 
 

       Page 1 of _____ 
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FORE-S GHT ELITE™ 
Absolute Tissue Oximetry 

 

 
 
 

 
 

   

 

User Manual 

 

 
 

This User Manual describes the features and operations of FORE-SIGHT ELITE Oximeter. 
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Overview 

Trademarks  

 Trademarked names appear throughout this document. Instead of 
inserting a trademark symbol with each mention of the trademarked 
name, the publisher states that it is using the names only for editorial 
purposes and to the benefit of the trademark owner with no intention of 
improperly using that trademark. 

 

is a registered trademark of CAS Medical Systems, Inc. 

FORE-SIGHT ELITE™ is a trademark of CAS Medical Systems, Inc. 

Contact Addresses 

  

CAS Medical Systems, Inc. 
44 East Industrial Road 

Branford, CT 06405 
U.S.A. 

 

Phone: 
in the US: (800) 227-4414 

+1 (203) 488-6056 
 

Fax: 
+1 (203) 488-9438 

 

E-Mail: 
custsrv@casmed.com 
sales@casmed.com 

techsrv@casmed.com 
 

Web: 
www.casmed.com 

 

 
 

 EC REP  

MediMark® Europe 

11 rue E. Zola 38100 

Grenoble. France 

 
Please contact the distributor in the country of purchase if product information or 
service should be required. 
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Manufacturer’s Declaration of Conformity 
 

Manufacturers Declaration of Conformity 
Electronic Emissions and Immunity 

 

The FORE-SIGHT ELITE Oximeter is intended for use in the electromagnetic environment specified below. The customer or 
the user of the Oximeter should assure it is used in such an environment. 

Emissions Test Compliance Electromagnetic Environment 

RF emissions – CISPR 11 Group 1 The Oximeter uses RF energy only for its internal function. Therefore, its RF 
emissions are very low and are not likely to cause any interference in 
nearby electronic equipment. 

RF emissions – CISPR 11 Class A 

The Oximeter is suitable for use in all establishments other than domestic 
establishments and those directly connected to the public low-voltage 
power supply network that supplies buildings used for domestic purposes. 

Harmonic emissions 

IEC 61000-3-2 
Class A 

Voltage fluctuations / flicker 
emissions 

Complies 

 

Immunity Test IEC 60601 Test Level Compliance Level Electromagnetic Environment Guidance 

Electrostatic 
discharge (ESD) 

IEC 61000-4-2 

Level 3 

 

Level 3 

 

The Oximeter is designed for use in 
controlled environments only. Per OSHA 
guidelines for operating rooms, the area 
must employ adequate static electricity 
controls. The relative humidity should be 
maintained at about 50%. 

Electrical fast 
transient/burst 

IEC 61000-4-4 

±2 kV for power supply 
lines 

±1 kV for input/output 
lines 

±2 kV for power supply 
lines 

±1 kV for input/output 
lines 

The Oximeter is designed for use in 
controlled environments only. Per OSHA 
guidelines for operating rooms, the Mains 
power quality should be that of a typical 
commercial or hospital environment. 

Surge  

IEC 61000-4-5 

±1 kV line(s) to line(s) 
mode 

±2 kV line(s) to earth 
mode 

±0.5 kV line(s) to line(s) 
mode 

±2 kV line(s) to earth 
mode 

Mains power quality should be that of a 
typical commercial or hospital environment. 

Voltage dips, short 
interruptions and 
voltage variations 
on power supply 
input lines 

IEC 61000-4-11 

< 5% UT (> 95% dip in 
UT) for 0.5 cycle. 

40% UT (60% dip in UT) 
for 5 cycles. 

70% UT (30% dip in UT) 

for 25 cycles. 

< 5% UT (> 95% dip in 
UT) for 5 s 

< 5% UT (> 95% dip in 
UT) for 0.5 cycle. 

40% UT (60% dip in UT) 
for 5 cycles. 

70% UT (30% dip in UT) 

for 25 cycles. 

< 5% UT (> 95% dip in 
UT) for 5 s 

Mains power quality should be that of a 
typical commercial or hospital environment. 
If user of the Oximeter requires continued 
operation during power mains interruptions, 
it is recommended that the Oximeter be 
powered from an uninterruptible power 
supply or a battery. 

Power frequency 
(50/60 Hz) 
magnetic field 

IEC 61000-4-8 

3 A/m 3 A/m Power frequency magnetic fields should be at 
levels characteristic of a typical location in a 
typical commercial or hospital environment. 

Note: UT is the A.C. mains voltage prior to application of the test level. 
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Guidance and Manufacturer’s Declaration – Electromagnetic Immunity  
The FORE-SIGHT ELITE Oximeter is intended for use in the electromagnetic environment specified below. The customer or the user of the 

Oximeter should insure that it is used in such an environment. 

Immunity Test IEC 60601 Test Level Compliance 
Level 

Electromagnetic Environment – Guidance 

 
 
 
 
 
 
 
Conducted RF 
IEC 61000-4-6 
 
Radiated RF 
IEC 61000-4-3 

 
 
 
 
 
 
 
3 Vrms 
150 kHz to 80 MHz 
 
3 V/m 
80 MHz to 2.5 GHz 
 

 
 
 
 
 
 
 
3 Vrms 
 
 
3 V/m 

Portable and mobile RF communications equipment should be 
used no closer to any part of the Oximeter, including cables, 
than the recommended separation distance calculated from 
the equation applicable to the frequency of the transmitter. 

Recommended separation distance: 
 

d = 1.2P 
 

d = 1.2P 80 MHz to 800 MHz 

d = 2.3P 800 MHz to 2.5 GHz 
 
Where P is the maximum output power rating of the transmitter 
in watts according to the transmitter manufacturer and d is the 
recommended separation distance in meters. 

 
Field strengths from fixed RF transmitters, as determined by 
an electromagnetic site survey 

a 
, should be less than the 

compliance level in each frequency range. 
b
  

 
Interference may occur in the vicinity of equipment marked 
with the following symbol: 

 

Note 1 At 80 MHz and 800MHz, the higher frequency range applies. 
Note 2 These guidelines may not apply in all situations. Electromagnetic propagation is effected by absorption and reflection from structures, 

objects and people. 
a
 Field strengths from fixed transmitters, such as base stations for radio (cellular / cordless) telephones and land mobile radios, amateur 
radio, AM and FM radio broadcast and TV broadcast cannot be predicted theoretically with accuracy. To assess the electromagnetic 
environment due to fixed RF transmitters, an electromagnetic site survey should be considered. If the measured field strength in the 
location in which the Oximeter is used exceeds the applicable RF compliance level above, the Oximeter should be observed to verify 
normal operation. If abnormal performance is observed, additional measures may be necessary, such as re-orienting or relocating the 
Oximeter. 

b
 Over the frequency range 150 kHz to 80 MHz, field strengths should be less than 3 V/m. 

 
Recommended Separation Distances Between Portable and Mobile RF Communications Equipment and the Oximeter 

The Oximeter is intended for use in an electromagnetic environment in which radiated RF disturbances are controlled. The customer or the 
user of the Oximeter can help prevent electromagnetic interference by maintaining a minimum distance between portable and mobile RF 
communications equipment (transmitters) and the Oximeter as recommended below, according to the maximum output power of the 
communications equipment. 

Rated maximum output power 
of transmitter 

(Watts) 
 

Separation distance according to frequency of transmitter (Meters) 

 
150 kHz to 80 MHz 

 

d = 1.2P 

 
80 MHz to 800 MHz 

 

d = 1.2P 

 
800 MHz to 2.5 GHz 
 

d = 2.3P 

0.01 0.12 0.12 0.23 

0.1 0.38 0.38 0.73 

1 1.2 1.2 2.3 

10 3.8 3.8 7.3 

100 12 12 23 

For transmitters operating at a maximum output power not listed above, the recommended separation distance d in meters can be estimated 
using the equation applicable to the frequency of the transmitter, where P is the maximum output power rating of the transmitter in watts 
according to the transmitter manufacturer. 

Note 1 At 80 MHz and 800 MHz, the separation distance for the higher frequency range applies. 
Note 2 These guidelines may not apply in all situations. Electromagnetic propagation is affected by absorption and reflection from structures, 

objects, and people. 

 

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



FORE-SIGHT Elite Oximeter 

 

21-22-3000 Rev 01-Xa DRAFT COPY Page 5  

CE Marking Information 

 

Compliance The FORE-SIGHT ELITE Oximeter bears the CE mark CE-0086 
indicating conformity with the provisions of the Council Directive 
93/42/EEC concerning medical devices and fulfills the essential 
requirements of Annex I of this directive. 

Exceptions None 

 

Conventions Used in this Manual 

 
Warning: Directions that warn of conditions that put the patient or the 
caregiver at risk. 

 
Caution: Directions that help to avoid damaging the Oximeter or losing 
data. 

 

 

Note: Directions that make it easier to use the Oximeter, something not 
readily apparent. 
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General Information 

 

 

 

This manual is an integral part of the product and describes its intended 
use. Compliance with the manual is a prerequisite for proper product 
performance and correct operation and ensures patient and operator 
safety. Refer to Symbols starting on page 43 for additional information. 

 
The warranty does not cover damages resulting from the use of 
accessories and consumables from other manufacturers. 

CAS Medical Systems, Inc., (CASMED) is responsible for the effects on 
safety, reliability, and performance of the product only if: 

 Assembly, operations, extensions, readjustments, modifications, or 
repairs are carried out by persons authorized by CASMED.  

 The electrical installation of the relevant room complies with the 
requirements of the appropriate regulations. 

 The device is used in accordance with the instructions for use. 

 All publications conform to the product specifications and applicable 
IEC publications on safety and essential performance of electro-
medical equipment as well as with applicable UL requirements and 
AHA recommendations valid at the time of printing. 

For complete warranty information, refer to the Warranty Policy located 
on page 48.  

The CASMED quality management system complies with the 
international standards ISO 13485 and the Council Directive on Medical 
Devices 93/42/EEC. 

 The parts of the Oximeter include the Oximeter, Preamp cable(s), 
Battery Pack, AC power Cord and Sensor(s). Refer to Oximeter on page 
52. 

 The accessories for the Oximeter include, but are not limited to: USB 
Flash Drive, St02 Simulator and mounting hardware. Refer to 
Accessories on page 52 

 
Note: Due to continuing product innovation, specifications in this manual 
are subject to change without notice. 

  

 
Warning: Before using the Sensors and Oximeter for the first time, 
please read the information given in Safety section, starting on page 12 
and the directions for use provided with the Sensors. 

  
 

In the U.S. the following Caution applies:   

 
Caution: Federal law restricts this device to sale by or on the order of a 
physician or licensed practitioner.  
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About This Manual 

 
This User Manual describes the features and operation of the 
FORE-SIGHT ELITE Oximeter. 

Manual Purpose 

 This manual contains the instructions necessary to operate the Oximeter 
safely and in accordance with its functions and intended use. 

 

 

Note: All illustrations in this manual are provided as examples only. They 
may not necessarily reflect your monitoring setup or data displayed on 
your Oximeter. 

Intended Audience  

 
This manual is written for clinical professionals. Clinical professionals are 
expected to have working knowledge of medical procedures, practices, 
and terminology as required for monitoring of critically ill patients. 

 
Warning: For continued safe use of this equipment, it is necessary that 
the listed instructions be followed. Nothing in this user guide is intended 
to override procedures and regulations imposed at the institutional level 
or above. Hospital’s quality system, privacy rules, or other legal or policy 
requirements may govern whether and how to implement any specific 
procedure in this manual. 

Training  

 
Training on this Oximeter for the safe and effective use of the primary 
operating functions can be provided through CAS Medical Systems. 
Refer to Contact Addresses on page 2 for e-mail and phone number 
information. 

 
CAS Medical Systems recommends in-service training on the Oximeter 
after the initial installation or whenever a new User intends to operate the 
device. No periodic retraining should be required. Training can also be 
provided when updates to the system are provided or whenever a User 
may be unfamiliar with the device. 
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Revision History 

 This manual has a revision number located at the bottom of each page. It 
changes whenever the manual is updated.  

 Rev-00-Xi Oct/2013 

 Rev 01-Xa Nov/2013 

   

 

 

Read this manual carefully before patient use of the Oximeter 

 
CASMED reserves the right to make changes to this manual and 
improvements to the product it describes at any time without notice or 
obligation. 

Copyright © 2013 CASMED. All rights reserved. 
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Safety 
 The operator must comply with the following Warnings, Cautions, and 

Notes to guarantee safe operation of the Oximeter.  

 Additional Warnings, Cautions, and Notes, which apply to specific 
parameters, are listed in the sections that pertain to each parameter. 

Indications for Use 

 The noninvasive FORE-SIGHT ELITE Absolute Tissue Oximeter is 
intended for use as an adjunct monitor of absolute regional hemoglobin 
oxygen saturation of blood under the sensors in individuals at risk for 
reduced-flow or no-flow ischemic states and is indicated for use as 
follows:  

 When used with Large Sensors, the FORE-SIGHT ELITE Oximeter is 
indicated for use on adults and transitional adolescent’s ≥40 Kg. 

Contraindications 

  The FORE-SIGHT ELITE sensor is contraindicated for use on 
patients with physical site area too limited for proper sensor 
placement.  

  The FORE-SIGHT ELITE sensor is contraindicated for use on 
patients with allergic reactions to sensor adhesive.  

  The sensor site must be checked at least every eight hours; and if the 
circulatory condition or skin integrity has deteriorated, the sensor 
should be applied to a different site. 

  Do not adhere sensors to underdeveloped, immature, compromised, 
or healing skin. 

  No other contraindications are known at this time. 
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Installation and Setup 

 
Warning: The Oximeter is to be operated by qualified personnel only. 
Failure to read this manual, accessory direction for use, all precautionary 
information, and specifications could result in injury. 

 
Warning: The Oximeter needs special precautions if it is placed close to 
a strong EMC transmitter such as X-ray, ESU or MRI devices. There is a 
risk that these signals could interfere with the Oximeter resulting in 
disruption of performance of this device. For continued protection against 
this risk, replace the AC power cord only with one provide by CASMED. 
Authorized CASMED or biomedical engineering personnel should 
replace the AC power cord. 

 
Warning: To reduce the risk of injury, do not move or place the Oximeter 
in any position that might cause it to fall on patient, bystander or 
operator. 

 
Warning: As with all medical equipment, carefully route and secure all 
cables to reduce the risk of patient entanglement or strangulation. 

 
Warning: Do not lift or pull the Oximeter by any cable, or place the 
Oximeter or accessories in any position that might present a risk that the 
Oximeter may fall on the patient, bystander or operator. 

 
Warning: The proper assembly of the various mounting solutions cannot 
be assured for structural integrity. There is risk that a damaged or 
improperly assembled Oximeter mounting solution may fall on patient, 
bystander or operator. 

 
Warning: Do not come into contact with patients during defibrillation 
otherwise serious injury or death could result. 

 
Warning: To avoid risk of electric shock, this equipment must only be 
connected to a supply main with protective earth. 

 
Warning: The Oximeter is defibrillator-proof. It may remain attached to 
the patient during defibrillation, but the readings may be inaccurate 
during use and up to twenty (20) seconds thereafter. For proper 
protection against the effects of a cardiac defibrillator only CASMED 
supplied Preamp cables and Sensors shall be used.  

 
Warning: Do not come into contact with patients during defibrillation. 
Otherwise serious injury or death could result. 

 
Warning: Do not rely exclusively on the audible alarm system for patient 
monitoring. Adjustment of alarm volume to a low level during patient 
monitoring may result in a hazard to the patient. Remember that the most 
reliable method of patient monitoring combines close personal 
surveillance with correct operation of monitoring equipment. 

 
Warning: Avoid placing anything in front of the Oximeter that will cause 
the speaker output to be muffled. 

 
Warning: Avoid placing the Oximeter where the controls can be 
changed by the patient. 

 
Warning: Do not use the Oximeter for any purpose other than specified 
in this manual. Doing so will invalidate the Oximeter’s warranty. 
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Warning: Do not connect more than one patient to an Oximeter. 

 
Warning: Leakage Current Test - When interfacing with other 
equipment, qualified biomedical engineering personnel must perform a 
test for leakage current before using it with patients. Serious injury or 
death could result if the leakage current exceeds applicable standards. 

 
Warning: Patient Safety – If a Sensor is damaged in any way, 
discontinue use immediately. 

 
Warning: The Oximeter is not “Category AP or APG Equipment.” 

 
Warning: Isolation of product from mains can only be achieved by 
removal of external AC power cord. If the integrity of the protective earth 
conductor is in doubt, the Oximeter may be operated from the internal 
batteries by disconnecting the AC power cord completely from the 
Oximeter. Do not position the Oximeter in a position that makes it difficult 
to remove the external AC power cord. 

 
Warning: Do not place Sensor over poorly perfused tissues. Avoid 
uneven skin surfaces for best adhesion. Do not place sensor over sites 
with ascites, cellulitis or edema. 

 
Warning: Do not position Sensor under the weight of the patient. 
Prolonged periods of pressure (such as taping over the Sensor or the 
patient lying on a Sensor) transfers weight from the Sensor to the skin, 
which can injure skin and reduce Sensor performance. 

 
Warning: Measurements may be affected in the presence of strong 
electromagnetic sources such as electro-surgery equipment and 
measurements may be inaccurate during use of such equipment. 

 
Caution: The USB connector accommodates a CASMED USB Flash 
Drive; do not connect any other USB type device or cable. 

 
Caution: Qualified biomedical engineering personnel only must interface 
monitoring equipment with other types of medical equipment. Be certain 
to consult manufacturers’ specifications to maintain safe operation. 

 
Caution: Avoid placing either side of the Oximeter against objects that 
would restrict air flow through the air intakes and exhausts (other side). 

 
Note: In the event that the location of the selected tissues cannot be 
palpated or visualized, confirmation by ultrasound or x-ray is 
recommended. 

 
Note: The Oximeter is designed for continuous operation. 

 
Note: The Oximeter is intended only as an adjunct in patient 
assessment. It must be used in conjunction with clinical signs and 
symptoms. 

 The Oximeter can remain connected to the patient during cardiac 
defibrillation. All applied parts are “Type BF Defibrillation Proof.” 

 The Oximeter has been designed to promote patient safety. All 
equipment parts are protected against the effects of the discharge of a 
defibrillator. No separate actions are required when using this equipment 
with a defibrillator. 
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Device Handling 

 
Warning: Do not, under any circumstances, perform any liquid cleaning 
while the Oximeter or AC power cord while the Oximeter is being used to 
monitor a patient.  The Oximeter must be turned off, Sensors removed 
from the patient and the AC power cord disconnected before servicing or 
cleaning the Oximeter. There is a risk of serious injury or death if this 
procedure is not followed. 

 
Warning: If the Preamp Cable should become grossly contaminated with 
blood or other bodily fluids, it should be discarded to reduce the risk of 
contamination and cross infection. 

 
Caution: Pressing the front display touchscreen with a sharp or pointed 
instrument may permanently damage the membrane. Press the 
touchscreen using only your finger. 

 
Caution: Do not attempt to sterilize, gas sterilize or autoclave the 
Oximeter or accessories. 

 
Note: There are no known risks with common disposal of equipment or 
accessories; however, the disposing of accessories should follow in 
accordance with local hospital policies. The user should ensure these 
policies do not conflict with any local, state, or federal guidelines. 

Safety Checks 

 
Warning: There is a risk of an explosion hazard if a damaged Oximeter 
or accessory is used in the presence of a flammable anesthetic mixture 
with air, oxygen or nitrous oxide. 

 
Warning: Inspect the cables and Sensors for damage prior to operation. 
If any damage is noted, the cables or Sensor should not be used until it 
has been serviced or replaced. There is a risk that these damaged parts 
could reduce the performance of the Oximeter or present a safety 
hazard. 

 
Warning: Liquids must not be allowed to enter the device. There is a risk 
of electric shock or device malfunction if liquids enter a device. If the 
Oximeter or Preamp is accidentally wetted, take it out of operation. It 
should be thoroughly dried (minimum 1 hour) and have it checked by a 
service technician before it is used again. 

 
Warning: The operator should not perform any servicing except as 
specifically stated in this manual. 

 
Warning: If the accuracy of any value displayed on the Oximeter is 
questionable, determine the patient's vital signs by alternative means. 
The functions of the Alarm system for monitoring of the patient must be 
verified at regular intervals and whenever the integrity of the product is in 
doubt, periodically test all functions. 

 
Warning: Only use CASMED-supplied accessories with this Oximeter. 
CASMED-supplied accessories ensure patient safety and preserve the 
integrity, accuracy, and electromagnetic compatibility of the Oximeter. 
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Caution: If the Oximeter fails to respond, do not use it until the situation 
has been corrected by authorized CASMED personnel. 

 
Caution: Inspect the Oximeter and accessories for damage prior to 
operation. If any damage is noted, the Oximeter or accessory should not 
be used until it has been serviced. Only personnel authorized to do so by 
CASMED should repair the Oximeter. Refer to Contact Addresses on 
page 2 for e-mail and phone number information. 

Monitoring 

 
Warning: If the accuracy of any value displayed on the Oximeter is 
questionable, determine the patient's vital signs by alternative means. 
Verify that all equipment is working correctly. Failure to comply may lead 
to injury.  

 
Warning: The Sensor site must be inspected at least every eight hours; 
to reduce the risk of inadequate adhesion, circulation, and skin integrity. 
If the circulatory condition or skin integrity has deteriorated, the Sensor 
should be applied to a different site. 

 
Warning: The Sensor is designed for single patient use, and is not to be 
reprocessed. There is risk of contamination and cross infection from used 
sensors.  The disposing of accessories should follow in accordance with 
local hospital and institution policies. 

 
Warning: Conductive Connections - Extreme care must be exercised 
when applying Sensors. Sensor circuits are conductive and it is very 
important that the Sensor does not come into contact with other 
grounded, conductive parts. Such contact would bridge the patient's 
isolation and cancel the protection provided by the Sensor.   

 
Warning: Interfering substances: Elevated levels of Carboxyhemoglobin 
(COHb) or methemoglobin (MetHb) may lead to inaccurate 
measurements. Intravascular dyes or any substance containing dyes that 
change usual blood pigmentation may cause erroneous readings. Other 
factors that may affect the accuracy of measurement include: myoglobin, 
hemoglobinopathies, anemia, pooled blood under the skin, interference 
from foreign objects in Sensor path, Bilirubinemia, externally applied 
coloring (tattoos) or birthmarks. 

 
Warning: Sensors are not sterile and therefore should not be applied to 
sites with compromised skin integrity. Exercise caution when applying 
Sensors to a site with compromised skin integrity. Applying tape or 
pressure to such a site may reduce circulation and/or cause further skin 
deterioration. 

 
Warning: Failure to apply Sensors properly may cause incorrect 
measurements. Misapplied Sensors or Sensors that become partially 
dislodged may cause either over- or under-reading of oxygen saturation. 

 
Warning: Do not modify or alter the Oximeter or Sensor in any way. 
Alterations or modification may affect performance and/or accuracy. 

 
Warning: Electrocautery – To prevent unwanted skin burns; apply 
electrocautery electrodes as far as possible from all other Sensors, a 
distance of at least 15 cm (6 in.) is recommended. 
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Note: For patients experiencing complete bilateral ECA occlusion, 
measurements may be lower than expected. 

 
Note: Body location does not change any settings for output of the 
Oximeter, but is used to improve measurement accuracy. 

Initial Inspection 
 Before unpacking the Oximeter, inspect the packaging for damage. If 

there are any signs of damage to the package, a claim should be filed 
immediately with the shipping agent. It is the receiver’s responsibility to 
notify the carrier’s local office to arrange for the pickup of the damaged 
items. Save the damaged shipping carton as evidence. 

Contact your distributor, CASMED sales representative, or CASMED to 
report external damage and to arrange for repair or replacement of 
damaged equipment.  

The shipping carton should contain the items listed below. Unpack the 
Oximeter and account for each item. Inspect each item for signs of 
external damage, dents, cracks, scratches, etc. If an item is missing or 
damaged, contact your distributor, CASMED sales representative, or 
CASMED. 

Refer to Contact Addresses on page 2 for e-mail and phone number 
information. 

Record the serial number and date of purchase at the back of this 
manual. 

Oximeter Checklist 
  1 FORE-SIGHT ELITE Oximeter 

 1 FORE-SIGHT ELITE Preamp Cable 

 1 FORE-SIGHT ELITE User Manual 

 1 Hospital Grade AC power cord 

 
Warning: Grounding reliability can only be achieved when the 
equipment is connected to an equivalent receptacle marked “Hospital 
Grade”. 

 
Note: The Oximeter is shipped with the appropriate line cord for the 
country and voltage being used. 
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Patient Environment 

 The Oximeter has been tested with specific parts of the system used 
within the patient environment (see Figure 1 below). 

 These parts are: 

  The Oximeter 

  Appropriate accessories as listed under Parts, on page 52, at the 
back of this manual. 

  AC power cord 

 
 
 
 

 
 
 
 
 

 

Figure 1: Patient Environment 

Oximeter Classifications of Electrical Insulation 

 The Oximeter (with integrated AC power supply) is a Class I device. 
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Basic Operations 

Introduction 
 The Oximeter is pre-configured to measure absolute tissue oxygen 

saturation. 

 The Oximeter detects oxygenation changes in biological tissue mainly at 
the microcirculation level (capillary, arteriole, and venula) based on 
different absorption characteristics of the chromophores oxyhemoglobin 
(HbO2) and deoxyhemoglobin (Hb) in the near-infrared spectrum. A 
biological spectroscopic window exists at the wavelength range 660–940 
nm in which Hb and HbO2 can be differentiated and measured. Tissue 
oxygen saturation (StO2) is determined from the ratio 

((HbO2) ∕ (HbO2 + Hb)) × 100% 

The Oximeter uses LED Technology to project light into tissue to 
measure oxygen saturation. 

 The Oximeter is equipped with a rechargeable backup battery pack that 
allows the Oximeter to be used independently from an external power 
source.  

 Refer to the Battery Maintenance section on page 42. 

Getting Started 
 Before operating the Oximeter, the user should be thoroughly familiar 

with the following: 

  Warnings and Cautions in the Safety section starting on page 12. 

  Physical configuration of the Oximeter, page 20. 

  Content and use of the Oximeter display, page 24. 

  Procedures described in this guide, pages 26 and following, 

  Use the Oximeter, starting on page 23. 

 1. Set up the Oximeter for the patient (optional). See page 26. 

 2. Connect the Preamp Cable(s) to the Oximeter. See page 26. 

 3. Connect the Sensors(s) to the Preamp Cable(s). See page 26. 

 4. Affix the Sensor(s) to the patient. See page 27. 

 5. Begin monitoring. See page 26. 
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Oximeter Controls 

On / Off Button 

 
 

Press the On / Off button to switch from Off to On.  

Press the On / Off button to switch from On to Off. 

The Oximeter will remain Off when connected to AC power and the On / 
Off button is not pressed 

Touchscreen 

 The touchscreen gives the user access to on-screen Oximeter functions.  

 The user can: 

  Silence Audio Alarms 

  Navigate through all menu selections 

  Choose optional settings 

  Enter data 

 
 

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



FORE-SIGHT Elite Oximeter Basic Operations 
 

 

21-22-3000 Rev 01-Xa DRAFT COPY Page 25  

Starting the Oximeter 

Turning the Oximeter On 

 
Note: The Oximeter may be turned on before or after connecting cables 
and Sensors. 

 To turn the Oximeter on: 

 1. Plug the AC power cord into a power outlet. 

 
Note: The Oximeter is equipped with a removal battery pack that allows 
the user to turn the Oximeter on without plugging it into an outlet. The 
battery status indicator shows the state of charge in the form of a colored 
battery icon on the display. Refer to the Battery Maintenance section on 
page 42. 

 2. Push the On / Off switch on the front of the Oximeter. The Oximeter 
will power on within a few seconds. 

 While the software initializes, a splash screen and a set of diagnostic 
tests are displayed. When the diagnostic tests are done the Oximeter will 
switch to the main screen, and is ready to begin normal operation. 

Touchscreen Navigation 

 The user can control the operations of the Oximeter through the 
touchscreen system (see Figure 6 below). The procedures in this manual 
make frequent reference to the touchscreen system. This section 
explains how to navigate through it. 

  
Patient/ 
Case 

Alarm 
Limits 

     

 

Figure 6: 1st Level buttons 

 The following paragraphs briefly describe what can be done from the 
various menus.  

 This section serves as an orientation to the touchscreen system.  

 Specific procedures making use of the touchscreen system are found in 
later sections of this manual. 

Patient/Case Menu 
 The Patient/Case menu lets the user select the body locations of the 

sensors on the Patient. 

Alarm Limit Menu 
 Touching the Alarm Limit icon allows user change each Channel’s High 

& Low Alarm Limit. 

 
Note: Powering the Oximeter off and on (for any period of time) will 
retain the last saved High & Low Limits. 
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Preparing Patient 
 To prepare the patient’s skin for placement of the Sensor: 

 1. Make sure the skin area where the Sensor is to be placed is clean, 
dry, intact and free of powder, oil or lotion. 

 2. If necessary, shave hair from skin at chosen site. 

 3. Use an appropriate cleanser to gently clean the intended Sensor site. 
Allow the skin to dry completely before applying the Sensors. 

Applying Sensor 

 
Caution: Sensors should not to be placed on high density hair areas.  

 
Caution: The Sensor must be flush with clean, dry skin. Any debris, 
lotion, oil, powder, perspiration, or hair that prevents good contact 
between the Sensor and the skin will affect the validity of the data 
collected and may result in an alarm message. 

 
Note: Skin pigmentation does not affect the validity of collected data. 
The Oximeter compensates automatically for skin pigmentation. 

 
Note: For cerebral applications, If possible, locate the Sensor away from 
the midline of the forehead or over a sinus cavity. 

 
Note: Refer to Figure 10: Sensor Selection Guide below to help select 
the proper Sensor for the patient. 

 Apply Sensor using the instructions provided in the Sensor kit package. 

 1. Be sure that all cables are fully connected and Sensors are placed 
correctly on the patient’s skin. 

 2. Use the clip/hook near the Preamp to secure the cable to prevent the 
cable from being pulled away from the patient. 
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Sensor Selection Guide 

Cerebral & Skeletal Muscle Applications 
 

 kg 40-60 >60 

10-18 yrs  L 
> 18 yrs L L 

lbs 88-132 >132 

Figure 10: Sensor Selection Guide 
 

 L – Large Sensor 
 

TPI Indicator 
 A 4-bar indicator of the Tissue Perfusion Index (TPI) represents the 

amount of hemoglobin in the tissue under a Sensor and is displayed near 
the St02 value (see Symbols on Display of Oximeter on page 44).  

 The TPI level is useful for the initial placement of a Sensor or for 
assessing an existing Sensor site: 

 Initial Placement:  

  Without removing the white protective paper, hold the Sensor on the 
selected monitoring site. 

  Slide the Sensor over the target sensing area until the highest TPI 
level is achieved.  

  Visually note the Sensor position and remove & discard the protective 
paper prior to affixing the Sensor. 

 Routine Assessment:  

  In normal operation, the TPI level should be 3 to 4 bars.  

  If the TPI level changes to 2 bars, the user should verify proper Sensor 
contact and assess the site for reliability (e.g., edema is more present). 

  For subjects that become hemodiluted during monitoring, a decrease 
in the TPI level is likely (e.g., during initiation of cardiopulmonary 
bypass). 

  If 1 bar is present, the Sensor must be moved to a location with a 
higher TPI level.  After 10 seconds this condition may trigger a warning 
message and St02 values will become dashes. 
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Stop Patient Monitoring  

Removing Sensor 
 Carefully peel the Sensor from the patient to avoid damaging the skin.   

 Discard the adhesive Sensors. 

Disconnecting Sensor from Preamp Cable 

 To remove a Sensor from the Preamp Cable: 

 
1. Grasp the Sensor connector of desired Preamp Cable to be 

disconnected. 

 
2. Gently pull the Sensor connector straight out until the Sensor 

connector disengages from the Preamp Sensor connector. 

 
When the Sensor is disconnected from the Preamp, the associated 
Channel ID LED on the Preamp housing will change back to white (refer 
to Figure 8). 

 3. Discard the Sensor. 

Disconnecting Preamp Cable (Optional) 

 To remove a Preamp Cable from the Oximeter (see Figure 7 on page 
18): 

 1. Grasp the housing of the connector (near The Oximeter Preamp 
Receptacle) of desired Preamp Cable to be disconnected. 

 2. Gently pull straight down on the Preamp Cable connector housing 
until the Preamp Cable connector disengages from the Oximeter 
Preamp Receptacle. 

 When the Preamp cable is disconnected from the Oximeter, all Channel 
ID LEDs on the Preamp housing will turn off. 
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Monitoring the Patient 

 This section assumes that you are familiar with the front panel controls 
(see Figure 2: Front View on page 20) and the parts of the display 
screen (see Figure 5: Major Areas of Display on page 24). 

Controlling Alarm Volume & Limits 
 The user can disable audible alarms by pressing the Alarm Silence / 

Reset button on the Oximeter front panel. Pressing the button disables 
the audio associated with all alarms for two (2) minutes. This does not 
affect the visual alarms. See Responding to  on page  33 for a list of 
alarm conditions. 

 One the two minute audio disable time reaches zero, the audio will be re-
enabled, assuming an alarm condition is still present. 

 The user can re-enable the audible alarms by pressing the Alarm Silence 
/ Reset button on the Oximeter front panel when the audio is currently 
being disabled. 

 The user can set the High and Low Alarm limits of acceptable 
percentages on each channel independently.  

 The Oximeter shall annunciate an alarm when the Numeric value is 
below the Low limit or above the High limit. The Oximeter shall generate 
an alarm sound at the selected volume, indicate an alarm limit violation 
(text) in the Numeric field as well as flashed the Alarm LEDs at the top of 
the front display. 

Adjusting Alarm Volume & Limits 

 To view or change the Alarm Volume or Alarm Limits: 

 1. Touch the Alarm Limit icon on the Main menu (see Figure 6 on page 
25). 

 2. Touch the High/Low Limit icon and the High/Low Limit screen should 
appear 

Alarm Volume 

 To adjust the Alarm Volume perform the following: 

 1. Touch the target area entitled “Volume”. 

 2. A selection of available Alarm Volumes will appear. 

 3. Touch the desired Alarm Volume, the selection shall be outlined for 
as long as the selection is touched. 

 4. Release the selection. The selected Volume shall be updated in the 
Volume target area. 

High & Low Limits 

 To adjust the Alarm Limits perform the following: 

 1. Touch the target area entitled “High Limit” to adjust the High limit or 
“Low Limit” to adjust the Low limit 

 
Note: Each High & Low limit selections shall be adjacent (to the left) of 
the corresponding channel Numeric 

 2. Numeric buttons (0-9, accept & backspace) will appear. 

 3. Enter a 2-digit limit 
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 The Backspace button may be used to delete the last entered digit 

 4. After the 2nd digit is entered, the Accept icon should be available, 
touch to accept. 

 If the value entered is valid, the value shall be updated as the 
appropriate High or Low Alarm Limit (depending on which selection 
was made) and the numeric buttons shall disappear. 

OR 

If the value entered is invalid, the value shall be displayed as red and 
the numeric buttons shall remain. The value must be deleted and re-
entered as a valid value before proceeding. 

 
Caution: Setting the High Alarm limit to an extreme high value can 
render the High Limit detection ineffective. 

 
Caution: Setting the Low Alarm limit to an extreme low value can render 
the Low Limit detection ineffective. 

 
Note: The alarm delay for High and Low limits remains constant during 
any alarm condition. The alarm delay High and Low limits are factory set 
to 0 and cannot be altered. 

 
Note: The High Limit cannot be set less than the Low Limit (for the same 
channel). The Low Limit cannot be set greater than the High Limit (for 
the same channel). There is always 5% difference between the Low and 
High limits (same channel). 

Saving Alarm Volume and Limits 

 Once the Alarm Volume and High/Low limits have been entered, perform 
the following to save them: 

 Touch Accept icon to accept this Alarm Limit changes. 

OR 

Touch Cancel icon to discard this channel’s Alarm Limit changes. 

 
Note: For proper identification of the Alarm signals generated by the 
Oximeter, the operator should be positioned directly in the front of the 
Oximeter, facing the front panel.   

 
Note: To test the Alarm operation, connect a St02 simulator (available 
through CASMED) to the patient connection of the Oximeter. Set the 
High Alarm limits to at least 1% less than the current displayed value and 
verify the activation of the High limit detection. Reset the High Alarm 
limits to the desired level. Set the Low Alarm limits to at least 1% more 
than the current displayed value and verify the activation of the Low limit 
detection. Reset the Low Alarm limits to the desired level. Testing of the 
Alarm operation should be done at least once every 6 months. 
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Responding to Alarms 

Alarm LEDs 

 High Priority Alarms will flash the Red Alarm LEDs, refer to Figure 2. 

 High Priority Alarms will be generated over any Medium Priority alarms. 

 Medium Priority Alarms will flash the Yellow Alarm LEDs. 

 Medium Priority Alarms will be generated over any Low Priority alarms. 

 Low Priority Alarms will also turn on the Yellow Alarm LEDs. 

 Low Priority Alarms will be generated over any Informational alarms. 

 All Alarm Messages are displayed in the following order: 
  High Priority messages will be displayed before any Medium Priority 

message. 

  Medium Priority messages will be displayed before any Low Priority 
message. 

  Low Priority messages will be displayed before any Informational 
message. 

 

System Messages 

 Table 1 lists the System Messages in order of priority, the conditions 
they signify, and the recommended action you should take. 

 System condition message appear in the System Alarm area, refer to 
Figure 5 for additional information. 

 

Message Condition Recommended Actions 

Medium Priority Alarms (Black on Yellow) - listed highest to lowest 

System Error E## Internal component failure 

E##, ## indicates type of Error 

If condition persists, contact CASMED customer 
service 

Depleted Battery Battery needs to be recharged Plug Oximeter into AC outlet  

Internal Temp Unit is above upper operating 
temperature 

If condition persists, contact CASMED customer 
service 

Low Priority Alarms (Yellow on Black) - listed highest to lowest 

Low Battery Battery needs to be recharged Plug Oximeter into AC outlet  

Port X Comm Lost Communications problem with bi-
directional wired device  

X indicates Port A or B 

Inspect the Serial cable connections 

Make sure the Serial cable connectors are properly 
engaged 

Verify the Serial settings are correct 

Verify target device is turned on and actively 
displaying information 

Informational Alarms (White on Black) - listed highest to lowest 

Connect to AC AC power loss, Oximeter 
operating on Battery power 

Plug Oximeter into AC outlet 

Make sure outlet is powered 
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Channel Messages 

 The message area at the bottom of each Numeric field and are 
associated with that Channel. Table 2 lists the Channel Messages in 
order of priority, the conditions they signify, and the recommended 
action you should take. 

 Channel condition message appear in the Channel Alarm area(s), refer 
to Figure 5 for additional information. 

 

Message Condition Recommended Actions 

High Priority Alarms (White on Red
 
) 

High StO
2
 Reading exceeds user-selected High 

alarm limit 
Assess the patient and physiologic Oximeter to 

verify the condition and then respond 
accordingly 

Low StO
2
 Reading is below user-selected Low 

alarm limit 
Assess the patient and physiologic Oximeter to 

verify the condition and then respond 
accordingly 

Medium Priority Alarm (Black on Yellow) - listed highest to lowest 

Faulty Preamp Preamp Cable is defective If condition persists, contact CASMED customer 
service to replace Preamp Cable 

Preamp 
Disconnected 

Preamp cable has become 
disconnected 

Connect Preamp cable to Oximeter 

Faulty Sensor Sensor is defective Replace disposable Sensor if necessary 

Sensor 
Disconnected 

Sensor has become disconnected Connect Sensor to Preamp 

Sensor Over 
Temp 

Temperature under Sensor is > 41°C Cooling of patient or environment may be 
required 

Signal out of 
Range 

Sensor on inappropriate object Remove Sensor from inappropriate object and 
place on patient 

Check under 
Sensor 

Tissue under Sensor may have fluid 
accumulation/edema 

Check patient for edema under Sensor 

When tissue condition returns to normal range 
(e.g. patient is no longer edematous) 

High Ambient 
Light 

Sensor is not in correct contact with 
patient 

Check that Sensor is in direct contact with skin 

Low Priority Alarm (Yellow on Black) - listed highest to lowest 

Incorrect Sensor 
Size 

Sensor is not compatible with the 
specified Body Location 

Use the Sensor recommended for the specified 
Body Location 

External 
Interference 

Interference from outside source Move Sensor away from interfering source 

Sensor Under 
Temp 

Temperature under Sensor < 8 °C Warming of patient or environment may be 
required 

Informational Alarms (White on Black) - listed highest to lowest 

Ambient Light Ambient light approaching maximum 
value 

Check that the Sensor is in direct contact with 
skin 

Set Body Location Sensor connected with no body 
location assigned 

Set Body location for channel 
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Message Condition Recommended Actions 

Connect Preamp Connect Preamp to start monitoring 
channels 

Connect Preamp to Oximeter 

Connect Sensor Connect Sensor to start monitoring 
channel 

Connect Sensor to Preamp 

Acquiring Data Channel is acquiring data Normal operation 

Wait for message to clear 

Table 2: Channel Messages 
 

 

 
Note: Priorities of these Alarm Conditions are Factory configured and 
cannot be altered by the user. 

 A High Priority auditory signal is characterized by 10 audio pulses 
repeated every 10 seconds at a frequency of 970 Hz. 

 A Medium Priority auditory signal is characterized by 3 audio pulses, 
repeated every 20 seconds at a frequency of 575 Hz. 

 The Low Priority auditory signal is characterized by 1 pulse at a 
frequency of 575 Hz. 

 There is no auditory signal associated with Informational messages only 
visual. 
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Philips IntelliVue Messages 

 Table 3 below lists the conversion of High, Medium and Low Priority 
System and Channel Alarm Messages displayed on the Oximeter to the 
Alarm Message displayed on the Philips IntelliVue: 

 

Oximeter Message Philips IntelliVue Message 

High StO2 High rSO2-#
 1 

Low StO2 Low rSO2-# 1 

System Error Exx 

Internal Temp 

Depleted Battery 

Low Battery 

FS Sys Warning 

Diff Ch x & Ch y 2 Diff StO2 

Faulty Preamp 3 

Faulty Sensor 

FS-# 1 Error 

Preamp Disconnected 3 

Sensor Disconnected 

Sensor Over Temp 

Signal out of Range 

Check under Sensor 

High Ambient Light 

FS-# 1 Warning 

Incorrect Sensor Size 

External Interference  

Sensor Under Temp 

FS-# 1 Chk Sensor 

Table 3: Oximeter Messages displayed on Philips IntelliVue 

 
Note: Only High, Medium and Low Priority System and Channel Alarm 
Messages are displayed on the Philips IntelliVue. 

 
Note: Alarm messages displayed the Oximeter may appear different on 
the Philips IntelliVue due to text length limitations. 

 
 

                                                
1
 # Represents the corresponding Patient Data Channel 1, 2, 3 or 4 

2
 Differential Alarm message Ch x & Ch y, where x & y represent Patient Data Channel 1, 2, 3 or 4, e.g., Diff Ch1 & Ch 2 

3
 Preamp messages will present 2 VueLink messages, 1 for each Preamp channel: 1 & 2 or 3 & 4 
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Cleaning 

 
Warning: The Oximeter is designed to be cleaned with soft cloths 
dampened with cleaning solutions. If the Oximeter or Preamp is 
accidentally wetted, take it out of operation. It should be thoroughly dried 
(minimum 1 hour) and have it checked by a service technician before it is 
used again. 

 
Caution: Do not open the Oximeter to clean it. 

 
Caution: Do not use abrasive cleaners, isopropyl alcohol or organic 
solvent for cleaning.  Use of these cleaners can cause damage, stiffness 
and brittleness to the Oximeter’s surface and to cables and wires. 

Cleaning the Oximeter 

 Examine the Oximeter’s case for damage and check the AC power cord 
for bent or broken prongs, cracks or fraying.  Neither the Oximeter nor 
the AC power cord should be used if damaged.  If any damage is noted, 
contact the appropriate service personnel. Refer to Contact Addresses 
on page 2 for e-mail and phone number information. 

  Housing: The Oximeter surfaces may be disinfected using a soft 
cloth dampened with a 10% (1:10) solution of chlorine bleach in tap 
water.  When all of the surfaces have been disinfected, wipe the 
entire surface of the Oximeter using a soft cloth dampened with fresh 
water to remove any trace amounts of residue and/or fumes. 

  Display: Clean the display window using a soft, lint-free cloth sprayed 
with an alcohol free glass cleaner.  The use of paper towels is not 
recommended as it may scratch the surface. 

 Thoroughly wipe off any excess cleaning solutions 

Cleaning Preamp Cables 

 Clean the Preamp Cable using a soft cloth dampened with a 10% (1:10) 
solution of chlorine bleach in tap water.  Do not use alcohol. 

Cleaning Sensors 

 Sensors are not design to be cleaned and/or re-used. 
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Maintenance 

 
Warning: No modification of this equipment is allowed. 

 
Caution: Service performed by unauthorized personnel could be 
damaging to the Oximeter and may void the warranty.  For service, 
contact your CASMED Representative. Refer to Contact Addresses on 
page 2 for e-mail and phone number information. 

 The only Oximeter parts requiring preventive inspection and 
maintenance are the AC Fuse Replacement on page 40 and the Battery 
Maintenance on page 42. 

 CASMED will make available on request circuit diagrams, component 
parts lists, to assist CAS Authorized Service personnel. 

Maintenance Intervals 

 Preventive maintenance of the Oximeter is an important function that 
should be performed routinely to ensure safe and efficient Oximeter 
operation.  The following maintenance intervals are recommended: 

  Oximeter: No user calibration is required 

  Battery Pack: Should be replaced every 2 years 

 
Caution: To maintain proper battery charge, plug the Oximeter into 
mains power when not in use. Failure to do so may diminish the service 
life and function of the battery. 

Waste Electrical and Electronics Equipment (WEEE) 
 To facilitate the sound treatment of WEEE, information will be made 

available for current CASMED products upon request.  EU distributors 
and treatment facility personnel may contact techsrv@casmed.com to 
obtain relevant information. 
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Fuse Replacement 

 
Warning: Before changing any fuse, turn power off, remove battery pack 
and unplug the AC power cord. 

 
Warning: For continued protection against fire hazard, replace only with 
identically rated fuses. 

 
Warning: The Oximeter has multiple fuses located inside the Oximeter 
and Battery Pack.  These fuses are not user replaceable. These fuses 
should only be replaced by CAS Authorized Service personnel. 

 

AC Fuse Replacement 

 The Oximeter has a dual fuse AC power input receptacle.  Both AC lines 
are fused.  

 A fuse may need to be replaced if the Oximeter is plugged into an 
electrical outlet but the AC Power indicator is not illuminated. 

 To replace the AC power fuses, proceed as follows: 

  Turn the Oximeter off and disconnect the AC power cord. 

  Using a small screw driver, open the fuse cover on the AC Fuse 
Compartment (see Figure 3 on page 21). 

  Using a small screw driver, pull out the red fuse holder from the AC 
Fuse compartment. 

  Remove the suspect fuse. 

  Place the new fuse into the fuse holder as indicated by the orientation 
(see Figure 11 below). 

  Repeat this process for the fuse on the other side of holder. 

  Insert the fuse holder back into the power input receptacle (the fuse 
holder can be inserted in either orientation). 

  Close the fuse cover on the AC Fuse Compartment. 

  There should be an audible click when it is secured. 

  Reconnect the AC power cord back to the Oximeter. 

 

  
 Correct Placement Incorrect Placement 

Figure 11: AC Fuse Placement 
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Battery Maintenance 
 The Battery Pack provides power to operate the Oximeter for up to a half 

hour (on a new, fully charged battery). 

 To properly maintain the battery charge level and prolong battery life, the 
Oximeter should be connected to AC power at all times. 

 As with all batteries, the capacity will diminish over time. It is 
recommended that properly maintained batteries be replaced by 
CASMED service every 2 years. 

 If Oximeter will not operate for more than 10 minutes on battery power 
prior to the 2 year replacement interval, then the Oximeter should be 
returned to CASMED for service and battery replacement. 

Installing/Removing the Battery Pack 

 
Warning: Use only the battery pack that is listed in the Accessories, 
Detachable Parts and Materials section on page 52. 

 The Battery Pack in the Oximeter is designed to be easily replaced. Turn 
the Oximeter Off and remove the AC power cord whenever removing or 
installing a battery pack. 

 To remove a Battery Pack: 

 1. Locate the Battery Pack – bottom area of rear of Oximeter (see 
Figure 3). 

 2. Loosen the retaining screws on either side of the Battery Pack. 

 3. Grasp the retaining screws of the battery pack and pull the Battery 
Pack slightly out of the Oximeter - this will disconnect the Battery 
pack electrically from the Oximeter. 

 4. Gently slide the Battery pack out of the remainder of the Battery 
compartment of the Oximeter. 

 To reinstall a Battery Pack: 

 1. Position the Battery Pack with the arrow on outside cover facing up 
and the two side tabs towards the top of the pack. 

 2. Gently slide the Battery pack in to the Battery compartment of the 
Oximeter until a slight resistance if encountered. 

 3. With equal force on both sides of the Battery Pack, push the Battery 
Pack into the Battery compartment until the outside of the Battery 
Pack is flush with the rear of the Oximeter. 

 
Caution: If significant resistance in encountered, do not force the Battery 
Pack into the Battery compartment. Ensure the arrow on outside cover 
facing up and the two side tabs towards the top of the pack. 

 4. Tighten the retaining screws on either side of the Battery Pack. Do 
not over tighten the screws. 

 5. With the AC power cord disconnected, press the front panel power 
button and verify the Oximeter will power on with the Battery Pack 
installed 

 6. Reconnect the AC power cord back to the Oximeter. 
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Appendix 

Symbols 

 The following is a summary of all symbols used on the Oximeter and accessories. 
Symbols may occur on the product or on its packaging. Symbols shall be black unless 
otherwise indicated. 

Symbols on Front of Oximeter 

 
AC power indicator / Charge mode enabled (Green circle)  

 
On / Off 

 
Caution 

Symbols on Left Side of Oximeter 

(Near the Oximeter Patient Connections) 

 
Patient connections are Type BF  

 
Warning (Yellow background) 

Symbols on Rear of Oximeter 

 
Caution 

 
Potential Equalization Post (Grounding Terminal) 

 

This symbol appears here instead of on the Oximeter. The first two digits of the 
Oximeter’s serial number indicate the year of manufacture in the 21st century. 

 
The CE Mark and Notified Body Registration Number signify the device has met all 

essential requirements of European Medical Device Directive 93/42/EEC. 

 

Indicates this Oximeter is subject to the Waste Electrical and Electronic Equipment 
Directive in the European Union. 

 Alternating current 

 
Communication port, RS-232 Connector 

 Video port, VGA Connector 

 
Follow instructions for use 
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Symbols on Battery Pack 

 
Caution 

 
Recycling suggested 

 

Indicates this Battery pack contains lead (Pb) and is subject to the Waste Electrical and 
Electronic Equipment Directive in the European Union. 

Symbols on Oximeter Packaging 

 

Symbol used to indicate the minimum and maximum storage and transport 
Temperatures. 

Refer to Storage/Transport Environment on page 50. 

 

Symbol used to indicate the minimum and maximum relative humidity for storage and 
transport. 

Refer to Storage/Transport Environment on page 50. 

 

Symbol used to indicate the minimum and maximum atmospheric pressure for storage 
and transport. 

Refer to Storage/Transport Environment on page 50. 

 
The CE Mark and Notified Body Registration Number signify the device has met all 

essential requirements of European Medical Device Directive 93/42/EEC. 

 
Fragile, handle with care 

 
This end up 

Symbols on Preamp 

 
Follow instructions for use 

 
The CE Mark and Notified Body Registration Number signify the device has met all 

essential requirements of European Medical Device Directive 93/42/EEC. 

 

Indicates this Preamp is subject to the Waste Electrical and Electronic Equipment 
Directive in the European Union. 

 

Do not Discard 

Intended for 
Multiple use 

Found on the Preamp cable 

(Black text & symbol on Green background) 

Symbols on Preamp Packaging  

 
The CE Mark and Notified Body Registration Number signify the device has met all 

essential requirements of European Medical Device Directive 93/42/EEC. 

 

Indicates this Preamp is subject to the Waste Electrical and Electronic Equipment 
Directive in the European Union. 
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Symbols on Sensor Packaging 

 In the U.S. the following Caution applies 

 
Non-Sterile 

 
Storage and transport temperatures 

 
Use only once 

 
PVC Free 

 
Follow instructions for use 

 
Latex free 

 
Do not cut or trim Sensor 

 
Do not apply prolonged pressure to the Sensor 

 
Manufacturer 

 
Lot number 

 
The CE Mark and Notified Body Registration Number signify the device has met all 

essential requirements of European Medical Device Directive 93/42/EEC. 
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Warranty Policy 

 All products are sold by CASMED, under the warranties set forth in the following paragraphs. 
Such warranties are extended only with respect to the purchase of this product directly from 
CASMED or CASMED’s Authorized Distributors as new merchandise and are extended to the 
first buyer thereof, other than for resale. 

 The CASMED FORE-SIGHT ELITE Oximeter is warranted for a period of twelve (12) months. 
All products, if applicable, are warranted to be free from functional defects in materials and 
workmanship and to conform to the description of the product contained in the User Guide, 
published specifications, and accompanying labels and/or inserts, provided that the same is 
properly operated under conditions of normal use in accordance with applicable safety and 
regulatory requirements, and that replacements and repairs are made in accordance with the 
instructions provided by CASMED. 

 The same warranty conditions are made for a period of twelve (12) months with respect to the 
battery. A ninety (90) days warranty is provided for non-disposable accessories such as 
reusable Preamp Cables and other accessories provided by CASMED as part of the original 
purchase. CASMED warrants disposable or single-patient-use products, including Sensors for 
out-of-box failure only. Where the accessory is not a CASMED manufactured product, the 
manufacturer’s own warranty applies. Warranty of accessories purchased separately from 
listed suppliers will be the responsibility of such listed suppliers. Damage to any part through 
misuse, neglect, or accident, or by affixing any accessories or attachments other than 
CASMED manufactured accessories or attachments, is not covered by this warranty. 

 The foregoing warranties shall not apply if the product has been configured, modified, 
adjusted or repaired other than by CASMED or by persons expressly authorized by CASMED, 
or not in accordance with written instructions provided by CASMED, or if the product has 
been subjected to misuse, negligence, or accident. 

 CASMED reserves the right to perform warranty service operations in its own factory, at an 
authorized repair facility, or at the customers’ site. The sole and exclusive obligation of 
CASMED and Buyer’s sole and exclusive remedy under the above warranties, is limited to 
repairing or replacing, free of charge, a product which is reported in writing or via telephone to 
CASMED has a Return Material Authorization (RMA) number assigned and which is returned 
during normal business hours, transporting charges prepaid to: 

  CAS Medical Systems, Inc. 
44 East Industrial Road  
Branford, CT  06405 USA 
 
Telephone: +1 203 488 6056 
Fax: +1 203 488 9438  
E-mail: custsrv@casmed.com 

 CASMED SHALL NOT BE OTHERWISE LIABLE FOR ANY DAMAGES INCLUDING, BUT 
NOT LIMITED TO, INCIDENTAL DAMAGES, CONSEQUENTIAL DAMAGES OR SPECIAL 
DAMAGES. 

 THERE ARE NO EXPRESS OR IMPLIED WARRANTIES WHICH EXTEND BEYOND THE 
WARRANTIES HEREINABOVE SET FORTH. CASMED MAKES NO WARRANTY OF 
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE WITH RESPECT TO 
THE PRODUCT OR PARTS THEREOF. 
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Oximeter Configuration Record  

Serial Number:  

Date of Purchase:  
 

Specifications 

Physical Dimensions and Weight 

H × W × D: (without feet) 10 in (25.4 cm) × 12 in (30.5 cm) × 9 in (22.9 cm) 

Weight: 13.2 lbs (5.9 kg) 

Operating Environment 

Operating temperature: 10°C (50°F) to 40°C (104°F)  

Humidity: 30 to 90% RH, non-condensing 

Altitude: -1,000 ft (106 kPa) to 10,000 ft (68 kPa) 

Oximeters may not meet performance specifications if stored or used outside 
temperature and humidity ranges. When moving an Oximeter from a storage location, 
wait at least one hour prior to use to allow it to adjust to room temperature. 

 
Measurement 

Method: Modified Beer-Lambert Law Near Infrared Spectroscopy 
(NIRS) 

Information output: Absolute saturation of tissue oxygenation (StO2)  

Measurement range: 0 to 100% 

Display resolution: 1% 

Data rates: Acquisition ≤ 100 Hz, numeric display = .5 Hz 

Accuracy:  Cerebral Accuracy not determined < 45%. Oximeter may not be 
accurate at saturations below 45%. 

Large Sensors 45% to 95%: ±3.05% to 1 standard deviation 

 Skeletal 
Muscle 

Accuracy not determined < 45%. Oximeter may not be 
accurate at saturations below 45%. 

Large Sensors 45% to 95%: ±5.17% to 1 standard deviation 
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Patient Alarms 

Adjustable alarms: High, Low limits for Ch1, Ch2, Ch3 & Ch4 

Alarm indicators:  Visual 

 Audible 

 Text in Channel alarm message window 

Audible sound pressure 
 

@ 100% Volume 

High Priority Alarms: 
>56db (Fast A) @ 1m in front of Oximeter 

Medium Priority Alarms: 
<56db (Fast A) @ 1m in front of Oximeter 

Patient Parameter Low (Default 40%) High (Default 90%) 

Range: Ch1, Ch2, Ch3, Ch 4 5 to 90% 10 to 95% 

Low limits cannot be set above the associated high limit. 

High limits cannot be set lower than the associated low limit. 

There is a min of 5% difference between the Low and High limit values at any time. 
 

Display 

Display: LCD display of measurement results, instructions, 
troubleshooting messages, waveforms, and signal 
strength bar.  

Numerics: 1 corresponding to each channel 

  

  

Storage/Transport Environment 

Storage Temperature: -20°C (-4°F) to 60°C (149°F) 

Transport Temperature: -20°C (-4°F) to 60°C (149°F) 

Humidity: 15 to 90% RH, non-condensing 

Altitude: -1,000 ft (106 kPa) to 10,000 ft (68 kPa) 

Power 

External AC power: 100 to 240 VAC, 50/60 Hz, 1.5A Max (1.5A to 0.75A) 
Fuse rating: T3.15AH250V (two provided) 

Chassis leakage current: 100 µA (maximum) 

Heat dissipation: 60 watts (205 BTU/hr) 

Battery: Sealed lead-acid battery 

Charge Time: 6 hours 

Operating Time: 0.5 hour (minimum with new and properly maintained 
battery) 

 
Note: The life of batteries is influenced by actual use, temperature, charging & 
discharging cycles, and mechanical abuse. 
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Serial Interface 

Interface type: Bi-directional serial communication 

Speed: User-programmable 

Signal level: RS-232C 

Data length: 8 bits 

Start bit: 1 bit 

Stop bit: 1 bit 

Parity: None 

Flow control: None 

 

Standards 

Oximeter comply with the following requirements: 

CE marking according to Directive 93/42/EEC 

IEC 60601-1:2005 

IEC 60601-1-2:2007 

IEC 60601-1-6:2010 

IEC 60601-1-8:2006 

ANSI/AAMI ES 60601:2005 

ANSI/AAMI IEC 62366:2007 

CAN/CSA C22.2 #60601-1 

U.S. Patent protected: see www.casmed.com/site-info/patents.cfm 
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Parts  
 Contact our Customer Service department or see our website for the 

latest product information. Refer to Contact Addresses on page 2 for e-
mail and phone number information. 

Oximeter 
Catalog No. Description 

01-06-3000 (1) FORE-SIGHT ELITE Oximeter 

 

        

 

        

Provided (1) FORE-SIGHT ELITE Dual Preamp 

With: (1) FORE-SIGHT ELITE Battery Pack 

 (1) FORE-SIGHT ELITE User Manual (on CD) 

 (1) Hospital Grade AC power cord (country specific) 

 (1) Service Card & Sleeve 

Accessories, Detachable Parts and Materials 
Catalog No. Description 

01-02-0395 Replacement power cord, North America 

01-02-0384 Replacement power cord, U.K. 

01-02-0385 Replacement power cord, Australian 

01-02-0386 Replacement power cord, European 

01-06-3100 FORE-SIGHT ELITE Dual Preamp 

01-06-3011 FORE-SIGHT ELITE USB Flash Drive 

01-06-3014 FORE-SIGHT ELITE Battery Pack 

01-06-3036 FORE-SIGHT ELITE User Manual on CD 

01-07-1110 FORE-SIGHT ELITE St02 Simulator 

01-07-2103 FORE-SIGHT ELITE Large Sensor Carton (20 sensors) 

01-06-0231 Giraffe
® 4 

Dovetail Attachment 

01-06-0232 FORE-SIGHT 3 inch Utility Basket for 01-06-0234, 01-06-0235 or 01-06-0236 Arms 

01-06-0233 FORE-SIGHT 6 inch Utility Basket for 01-06-0234, 01-06-0235 or 01-06-0236 Arms 

01-06-0234 FORE-SIGHT 16 inch Arm Wall Mount 

01-06-0236 FORE-SIGHT 16 inch Arm Pole Mount 

01-06-0238 FORE-SIGHT Roll Stand, with basket & Handle 

01-06-0239 FORE-SIGHT ELITE GCX Mounting Plate Kit 

The following part require the 01-06-0231 Giraffe Dovetail Attachment: 

01-06-0235 8 inch Arm Giraffe Bed Mount 
 

                                                
4
 Giraffe

®
 is a registered trademark of GE Healthcare 
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Philips IntelliVue/VueLink Accessories and Options 

Description - Purchased directly from Philips: 

Philips VueLink Module AUXPLUS PN: M1032A #A05 

Philips Interface Cable PN: M1032A #K6C, M1032-61699 

Philips contact information: 

www.medicalphilips.com Web 

medical@philips.com E-Mail 

 
Catalog No. Description 

01-06-2133 FORE-SIGHT VueLink Extension Cable 

 
Warning: Connection of the Oximeter to a Philips Patient Monitor could result in 
previously unidentified risks to Patients, or Operators and the User should identify, 
analyze, and control such risks. 

 
Warning: Changes in the Oximeter to a Philips Patient Monitor connection including 
changes to configuration, additional or deletion of items and updating or upgrading of 
equipment could introduce new risks that may require new analysis. 

 

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



   

 

 

15.  Sterilization and Shelf Life 
 

 

No part of the FORE-SIGHT Elite™ Absolute Tissue Oximeter system or its 

accessories is sterilized.   
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16.  Biocompatibility  
 

SENSOR BIOCOMPATIBILITY DATA 
 

Note: Conditions of contact per ISO 10993-1: Intact skin for a prolonged period. 

 

All sensor assemblies have been used on subjects during clinical trials.  There are no reported incidents of adverse 

reaction.  The information below represents the large Elite sensor. 

 
Sensor Component Testing  Pass / Fail Documentation Enclosed & Comment 

Clear  

sensor optical 

components 

- CAS arranged lab 

testing May 2012 

 

 

Pass  

 

 

 

Cytotoxicity Report # SDWH-2012-20304; 

Skin Sensitization Report # SDWH-2012-20305 

and 6; 

Skin Irritation Report # SDWH-2012-20307.   

    

Sensor bottom 

surface foam 

adhesive  

Complete skin 

safety testing done 

by adhesive 

manufacturer 3M 

 

Pass 

 

 

3M Product Clinical Data Summary – Product 

Number .  

Two page summary of positive testing results. 

 

In addition, this material has been used on CAS 

predicate devices for 6-years without incident. 

    

Sensor bottom foam 

 

Manufacturer Lab 

testing and 

CASMED Lab 

testing for 

Cytotoxicity 

 

Pass  – Specification # 17-038  pg. 

2 – Primary Skin Irritation; 

CAS Medical Systems, Inc. – Cytotoxicity Test 

Report #05-02163. 

 

In addition, this exact material has been used on 

CAS predicate devices for 6-years without 

incident. 

    

Sensor top cover 

 

Complete skin 

safety testing done 

by vendor DuPont 

Pass DuPont Medical Packaging – Technical Reference 

Guide.  Pg. 14 Biocompatibility. 

    

Sensor tail laminate 

 

Complete skin 

safety testing done 

by vendor 

 

Pass  Company – Biocompatibility 

Data Summary. 

    

Molded connector 

housing – c 

-

 

Complete skin 

safety testing done 

by vendor c 

Pass Biocompatibility Statement and Test 

Reports 

    

Sensor Gasket Complete skin 

safety testing done 

by foam 

manufacturer 3M 

Pass  

 Biocompatibility Report 

 

(b)(4)

(b)(4)

(b)(4)
(b)(4)

(b)(4)

(b)(4)
(b)(4)

(b)(4)

(b)(4)
(b)(4)
(b)(4)

(b)

(b)(4)

(b)(4)
(b)(4)
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Technical Information Sheet 

Effective: February 2007 
Supersedes all previous specifications 
 
Features and Benefits:  
- Hypoallergenic Pressure Sensitive Adhesive  -   ETO & Gamma Compatible 
- Soft & Cushioning -   Good Adhesion to Skin  
- Highly Conformable     -   Opaque Ivory Color 
  
Composition: 
Tape Caliper 22.5 mils (0.6 mm) Polyvinyl Chloride Foam Tape 
Backing 20 mils (0.5 mm) Ivory PVC Closed-cell Foam 
Adhesive Acrylate, designed for medical/surgical applications 
Release Liner 65 lb. Super-calendered Kraft paper, silicone on one side       

(4.0 mil/0.1 mm) 
 
Typical Properties+: 
Adhesion to Steel, 180° Peel 8 ounces/inch width (2.2 N/25 mm width) (227 gm/25 mm width) 
Liner Release 17 gm/inch width (17 gm/25 mm width)  

Visual Defects May include pock marks and pinholes (maximum 0.063 inch /1.6 
mm diameter) - allowed up to 10 per square yard 

+3M test methods are available upon request. 
 

Roll Description: Tape supplied on 3 inch (76 mm) diameter cores. 
Length, Maximum 210 yards (192 m) ± 2% 
Width, Maximum 48 inch (122 cm) ± 1/16 in (1.5 mm) 

 
Splices:  Splices on the tape are intended for continuous processing. 
Roll Width Maximum Number of Splices per Roll 
< 8 inch (20 cm) 3 per 72 yd (66 m) 
 4 per 150 yd (137 m) 
 5 per 210 yd (192 m) 

          Information on the splice frequency in roll widths greater than 8 inch (20 cm) is available upon             
          request. 
 

Packaging and Recommended Storage: 
Product as supplied in original packaging will maintain stated properties for a period of two years 
from date stamped on shipping container when stored at temperatures between 50-80°F (10-27°C) 
and a relative humidity between 40-60 percent.  
 

Please see reverse side for important product, safety and warranty information. 
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3M Medical Specialties 
3M Center, Building 275-5W-05 
St. Paul, MN 55144-1000 USA 
Tel.: 800 228-3957 

 
 
 

 

Product and Safety Information: User is solely responsible for determining the suitability of 3M samples and products for the intended use including any 
necessary safety or toxicity assessment. 3M will provide Material Safety Data Sheets and results of toxicity testing upon request. In every case before using any 
product in full scale production users should conduct their own tests to determine to their own satisfaction whether the product is of acceptable quality and is 
suitable for their particular purposes under their own operating conditions. 
Notice: Nothing contained herein shall be construed to imply the nonexistence of any relevant patents or to constitute a permission, inducement or 
recommendations to practice any invention covered by any patent, without authority from the owners of this patent. 
 
Warranty Information 
All statements, technical information and recommendations herein are based on tests 3M believes to be reliable, but the accuracy or completeness thereof is not 
guaranteed. 3M warrants only that products will meet 3M’s specifications at the time of shipment to the customer. 3M does not offer any other warranty and does 
not warrant the performance, safety or such other characteristics of Products in combination with other materials. 3M specifically DOES NOT warrant Products 
for any intended or unintended uses (whether or not foreseeable); for compatibility or suitability with other components or compatibility with any methods of 
manufacture or conversion. The foregoing warranty is made in lieu of all other warranties, expressed or implied, including the implied warranties of 
merchantability, fitness for a particular purpose and freedom from non-infringement. 
 
Limitation of Remedies: If products are proven not to meet 3M’s specifications, the sole and exclusive remedy available and 3M’s only obligation shall be, at 
3M’s option, to replace such quantity of Products which are proven out of specification or to refund the purchase price paid for Products. 
 
Limitations of Liabilities: The remedies provided herein are exclusive remedies against 3M for any alleged or actual nonconformance to specifications or defect 
or other failure in products or for 3M’s performance of its supply obligations. Under no circumstances is 3M liable for any direct, indirect, incidental, special or 
consequential damages (including lost profits) in any way related to the product under any theory of law including, but not limited to, negligence and strict 
liability. 

Ordering Information 
Call us at Customer Service to place an order: 800-742-1994 (U.S.). Visit our website: www.3M.com/medicalspecialties for product and 
services information, news about conferences we will be attending, new product highlights or to make a direct inquiry. 
To have a sales representative contact you, to request samples or clinical and safety summaries, please contact us at 3M HELPLINE 800-228-
3957 (U.S.) or for international inquiries, please contact your local country representative.  Our 3M Medical Specialties subsidiary contacts are 
listed below. 
 International Locations 
Argentina 
3M Argentina S.A.C.I.F.I.A. 
Tel.: 54-11-4339-2400 
Fax: 54-11-4339-2640 
Australia 
3M Health Care 
Tel: 1 300 363 878 
Fax: 1 800 060 888 

Belgium 
3M Belgium N.V./S.A. 
Tel: 32-2-722-5111 
Fax: 32-2-720-0225 

Brazil 
3M DO Brasil Ltda. 
Tel: 55-19-864-7171 
Fax: 55-19-864-7848 

Canada 
3M Canada 
Tel: 800 364-3577 
Fax: 800 341-4630 

Chile 
3M Chile S.A. 
Tel: (56-2) 4103000 
Fax: (56-2) 4103400 
China 
3M China Ltd. 
Tel: 86-21-6275-3535 
Fax: 86-21-5208-2205 

Colombia 
3M Colombia S.A. 
Tel: 57-1 4108585 
Fax: 57-1 4161677  

Czech Republic 
3M Cesko s.r.o. 
Tel: +420-261 380 111 
Fax: +420-261 380 110 

Denmark 
3M a/s 
Tel:  45-43-48-0100 
Fax: 45-43-96-8596 

Dominican Republic 
3M Dominicana 
Tel: (809) 530-6560 X499 
Fax: (809) 530-2960 

Finland 
Suomen 3M Oy 
Tel.: 358-9-52-521 
Fax: 358-9-512-29-44 

France 
Laboratoires 3M Santé 
Tel:  33-1-3031-8376 
Fax: 33-1-3031-8378 

Germany 
3M Medica 
Tel: 49 2131 14 40 00 
Fax: 49 2131 14 49 99 
Hong Kong 
3M Hong Kong Ltd. 
Tel: (852) 2806 6111 
Fax: (852) 2234 6044 

Hungary 
3M Hungária Kft. 
Tel: (36-1) 270-7777 
Fax: (36-1) 320-0951 

India 
3M India Ltd. 
Tel: 0091-80-2223 1414 
Fax: 0091-80-22231450  

Indonesia 
PT 3M Indonesia 
Tel: (62-21) 520 3401 
Fax: (62-21) 520 3106 

Italy 
3M Italia SPA 
Tel: +39 2 7035-2406 
Fax: +39 2 7035-2484 

Japan 
3M Health Care Ltd. 
Tel: 81-3-3709-8289 
Fax: 81-3-3709-8754 

Kazakhstan  
3M Representation Office  
Tel: +7 3272 509 944 
Fax: +7 3272 509 573 

Korea 
3M Korea Ltd. 
Tel: 82-2-3771-4286  
Fax: 82-2-786-2825 

Malaysia 
3M Malaysia Sdn. Bhd. 
Tel:  6-03-7806 2888  
 Fax: 6-03-7806 2902 

Mexico 
3M México, S.A. de C.V. 
Tel:  +52-55-5270-0400 
Fax: +52-55-5270-0433 

Middle East 
3M Gulf Ltd. 
Tel: 971-4-3670-777 
Fax: 971-4-3670-699 

The Netherlands 
3M Nederland B.V. 
Tel: 31-715-450-450 
Fax: 31-715-450-212 

New Zealand 
3M New Zealand 
Tel: 64-9-444 4760 
Fax: 64-9-443 7885 

Peru  
3M Peru S.A.  
Tel: 511-224-2728 
Fax: 511-224-3171 

Philippines 
3M Philippines 
Tel: (632) 8133781 to 95  
Fax: (632) 8145873 to 74 
 
 
 

Poland 
3M Poland Sp.z o.o. 
Tel: (48 22) 739 60 00 
Fax: (48 22) 739 60 01 

Portugal 
3M Portugal 
Tel: 351-21-3134500 
Fax: 351-21-3134680 

Russia 
3M Russia 
Tel: 7 (495) 784-74-74 
Fax: 7 (495) 784-74-75 

Singapore 
3M Technologies (S) Pte. Ltd. 
Tel:  65-6450-8866 
Fax: 65-6455-2130 
Sri Lanka 
3M Lanka (Pvt.) Ltd. 
Tel: (94) 11 2785701 
Fax: (94) 11 4410083-4 

Spain 
3M España, S.A. 
Tel: 34-91-321-6000 
Fax: 34-91-321-6002 

Sweden 
3M Svenska AB 
Tel: +46-8-92 21 00 
Fax: +46-8-92 24 22 

Switzerland & Eastern Europe 
3M (Schweiz) AG 
Tel: +41 44 724 92 44 
Fax: +41 44 724 94 80 
 

Thailand 
3M Thailand Ltd. 
Tel: (66)2 260 8577 Ext 175 
Fax: (66)2 261 7535 

Taiwan 
3M Taiwan Ltd. 
Tel: 886-2-2704-9011 
Fax: 886-2-2706-0355 

Turkey 
3M Turkey 
Tel: 9 (0212) 3507777 
Fax: 9 (0212) 2821742 

Ukraine   
3M Ukraine 
Tel: +380 44 490 57 77 
Fax: +380 44 490 57 75  

United Kingdom & Ireland 
3M Health Care Ltd. 
Tel: 44-1509-611-611 
Fax: 44-1509-237-288 

Venezuela 
3M Manufacturera Venezuela 
Tel: 58-241-8391911 
Fax: 58-241-8391928 
Viet Nam   
3M Viet Nam Ltd. 
Tel:  84 8 640986 
Fax: 84 8 641024 
 

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Medical Specialties 3M Center 

3M Skin and Wound Care Division St. Paul, MN 55144-1000 

 651 733 1110 


 

PRODUCT CLINICAL DATA SUMMARY 

Effective:  September 2010 
Page 1 of 2 

 
The adhesive used on , as part of another tape construction, has been subjected to the following 
safety evaluations: 

In Vitro Cytotoxicity 
The test was to determine the potential for cytotoxicity based on the requirements of International 
Organization for Standardization (ISO 10993-5): Biological Evaluation of Medical Devices- Part 5:  Tests 
for In Vitro Cytotoxicity.  Triplicate wells were dosed with a 1cm x 1cm portion of the test article.  
Triplicate wells were dosed with a 1 cm length of high density polyethylene as a negative control.  
Triplicate wells were dosed with a similar portion of latex as a positive control.  Each was placed on an 
Agarose surface directly overlaying a sub-confluent monolayer of L-929 mouse fibroblast cells.  After 
incubating at 37 degrees C in the presence of 5% CO2 for 24 hours, the cultures were examined 
macroscopically and microscopically for any abnormal cell morphology and cell lysis.  
The test article showed no evidence of causing any cell lysis or toxicity.  The test article met the 
requirements of the test since the grade was less than a grade 2 (mild reactivity).     
 
   MEM Elution  
An additional in vitro study was conducted to evaluate for potential cytotoxic effects following the 
guidelines of International Organization for Standardization 10993-5: Biological Evaluation of Medical 
Devices, Part 5: Tests for In Vitro Cytotoxicity.  A single preparation of the test article was extracted in 
single strength Minimum Essential Medium at 37 degrees C for 24 hours.  The negative control, reagent 
control and positive control were similarly prepared.  Triplicate monolayers of L-929 mouse fibroblast 
cells were dosed with each extract and incubated at 37 degrees C in the presence of 5% CO2 for 48 hours.  
Following incubation, the monolayers were examined microscopically for abnormal cell morphology and 
cellular degeneration.  The test article extract showed no evidence of causing cell lysis or toxicity.  The 
test article met the requirements of the test since the grade was less than a grade 2 (mild reactivity).  
 
   Primary Skin Irritation 
The test article was evaluated for primary skin irritation in accordance with the guidelines of ISO 10993 
Biological Evaluation of Medical Devices – Part 10:  Tests for Irritation and Delayed-Type 
Hypersensitivity.  Two approximate 25mm x 25mm sections of the test article and control article were 
topically applies to the skin of each of three rabbits and left in place for 24 hours.  The sites were graded 
for erythema and edema at 1, 24, 48, and 72 hours after removal of the single sample application  
There was no erythema and no edema observed on the skin of the animals. The Primary Irritation Index 
for the test article was calculated to be 0.0.  The response of the test article was categorized as negligible.   
 
   Guinea Pig Sensitization 
The test article was evaluated for the potential to elicit delayed dermal contact sensitization in the guinea 
pig based on the requirements of ISO 10993-10, Biological Evaluation of Medical Devices, Part 10: Tests 
for Irritation and Delayed-Type Hypersensitivity.  The test article was occlusively patched to the intact 
skin of ten animals for 6-8 hours, three times a week over a 3 week period. The control article was 
similarly patched to 5 animals.  Following a 2-week recovery period, the ten test and five control animals 
were occlusively patched with the test and control article.  All sites were observed for evidence of dermal 
reactions at 24 and 48 hours after patch removal.   The test article showed no evidence of causing delayed 
dermal contact sensitization in the guinea pig.   3M Study 011344 (all) 
 

 
 

© 3M 2010 All Rights Reserved. 
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In addition, earlier studies using the same adhesive have shown the following results: 

 
Repeated Insult Patch Test (Draize) in Humans 
Protocol reference: Draize: Appraisal of the Safety of Chemicals in Food, Drugs and Cosmetics 
(1965).  Published by the Editorial Committee of the Association of Food and Drug Officials of 
the United States. 
Results:  No allergic contact dermatitis observed. 
 
21-day Cumulative Irritation in Humans 
Protocol reference: Draize: Appraisal of the Safety of Chemicals in Food, Drugs and Cosmetics 
(1965).  Published by the Editorial Committee of the Association of Food and Drug Officials of 
the United States. 
Results:  Consistent with responses characteristic of adhesive materials. 
 

The adhesive used in this product has been shown to be hypoallergenic.  The use of the term 
"hypoallergenic" has come to indicate a product that is non-sensitizing to the general public.  The 
hypoallergenic claim for this product is supported by clinical evaluation using the repeated insult patch 
test in humans, commonly known as the Draize test.  This protocol involves repeated application of 
samples on 200 healthy volunteers for a 2- to 3-week induction period, followed by a 2-week rest period 
and a challenge application.  To be termed hypoallergenic, 3M Medical Specialties products are required 
to show no evidence of sensitization potential under these test conditions. 
 
It is the responsibility of our customers to determine final suitability of our products for their application.   
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18.  Electromagnetic Compatibility and Electrical Safety 
 

PERFORMANCE COMPLIANCE INFORMATION 

 

 

 
Standard, Guidance, 

Validation, or 

Requirement 

Document Title or Test 

Requirement 
Report / Results 

 
NOTE – A listing here indicates full testing 

and compliance with the standard 

AAMI ES60601-1: 

2005 

Medical Electrical Equipment, 

Part 1: General Requirements 

for Basic Safety and Essential 

Performance 

100742469BOX 

Complies with the 

requirements of the standards. 

 

Pass 
CSA C22.2 No. 

60601-1:2008 
Ed: 3.0 Medical Electrical 

Equipment – Part 1: General 
Requirements for Basic Safety and 

Essential Performance 

100742469BOX 

Complies with the 

requirements of the standards. 

 

Pass 
IEC60601-1:2005 ED 3.0 Medical Electrical 

Equipment Part 1: General 

Requirements for Basic Safety and 

Essential Performance. 

100742469BOX 

Complies with the 

requirements of the standards. 

 

Pass 
IEC60601-1-2:2007 Ed 3.0 Medical Electrical 

Equipment – Part 1-2: General 
Requirements for Basic Safety and 

Essential Performance – 

Electromagnetic Compatibility  

100742469BOX-008 

Complies with the requirements 
of the standards. 

 

Pass 

IEC60601-1-6: 2010 Ed 3 Medical Electrical Equipment 
– Part 1-6: General Requirements 

for Safety – Collateral Standard : 

Usability 

100742469BOX 

Complies with the 

requirements of the standards. 

 

Pass 
IEC 62366: 2007 Medical devices – application of 

Usability Engineering to Medical 

Devices 

100742469BOX 

Complies with the 

requirements of the standards. 

 

Pass 
IEC60601-1-8: 2006 Ed 2.0 Part 1-8: General 

Requirements for Basic Safety and 

Essential Performance – General 

Requirements, Test and Guidance 

for Alarm Systems in Medical 
Electrical Equipment and Systems.  

100742469BOX 

Complies with the 

requirements of the standards. 

 

Pass 

 

See Attachment F for Safety and EMC reports. 
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This report is for the exclusive use of Intertek's Client and is provided pursuant to the agreement between Intertek 
and its Client. Intertek's responsibility and liability are limited to the terms and conditions of the agreement. Intertek 
assumes no liability to any party, other than to the Client in accordance with the agreement, for any loss, expense or 
damage occasioned by the use of this report. Only the Client is authorized to permit copying or distribution of this 
report and then only in its entirety. Any use of the Intertek name or one of its marks for the sale or advertisement of 
the tested material, product or service must first be approved in writing by Intertek. The observations and test results 
in this report are relevant only to the sample tested. This report by itself does not imply that the material, product, or 
service is or has ever been under an Intertek certification program. 
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EMC TEST REPORT 
 

Report Number: 100742469BOX-008a 
Project Number: G100742469 

 
Report Issue Date: 11/13/2013 

 
Product Designation: FORE-SIGHT Elite Absolute Tissue Oximeter Part # 01-06-3000 

 
Standards: IEC 60601-1-2 ed3.0 (2007-03) 

 
 
 

 
 
 
 
 

Tested by: Client: 
Intertek Testing Services NA, Inc. 

70 Codman Hill Road 
Boxborough, MA 01719 USA 

CAS Medical Systems, Inc. 
44 East Industrial Road 

Branford, CT 06405 USA 
 
 
 
 
 
 
 

Report prepared by  Report reviewed by 
 

 
Rick Duval / Associate Engineer 

 
Kouma Sinn / Senior Project Engineer 
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6 Radiated Emissions 
 
6.1 Method 
 
Tests are performed in accordance with CISPR 11. 
 
TEST SITE: 10m ALSE 
 
The 10m ALSE is 13m (Length) x 21m (Depth) x 10m (Height) with the effective size in terms of space from the 
tips of the absorber is 12m (Length) x 20m (Depth) x 8.5m (Height). This chamber achieves broadband 
performance using a unique arrangement of hybrid and ferrite tile absorber. This chamber has a built in 3m 
diameter turntable (Embedded type). The metal structure of the table makes electrical connection around the 
entire circumference of the turntable to the ground plane with a metal brush type connection. The turntable is 
located on one end of the chamber and the antennas are mounted 3 and 10 meters away at the other end of 
the chamber on the adjustable an Antenna Mast. The antenna mast is a non-conductive bore sighted type with 
remote control of antenna height and polarization. The Antenna Mast and the turntable can be remotely 
controlled through the controller located in the adjacent Control room. A wooden table 80 cm high is used for 
table-top equipment. 
 
Measurement Uncertainty 
For radiated emissions, labU (3.5 dB at 3m and 3.5 dB at 10m below 1 GHz, and 4.2 dB at 3m above 1 

GHz) < CISPRU (5.2 dB), which is the reference value in CISPR 16-4-2 Table 1, hence the compliance of 
the product is only based on the measured value, and no measurement uncertainty correction is required, 
based on CISPR 22 and CISPR 11 (for 2006 and later revisions) Clause 11. 
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Sample Calculation 
 
The field strength is calculated by adding the Antenna Factor and Cable Factor, and subtracting the 
Amplifier Gain (if any) from the measured reading.  The basic equation with a sample calculation is as 
follows: 
 
FS = RA + AF + CF - AG 
Where   FS = Field Strength in dBV/m 

RA = Receiver Amplitude (including preamplifier) in dBV 
CF = Cable Attenuation Factor in dB 
AF = Antenna Factor in dB 
AG = Amplifier Gain in dB 

 
In the following table(s), the reading shown on the data table reflects the preamplifier gain.  An example 
for the calculations in the following table is as follows. 
 
Assume a receiver reading of 52.0 dBV is obtained.  The antenna factor of  7.4 dB and cable factor of 1.6 
dB is added.  The amplifier gain of 29 dB is subtracted, giving a field strength of 32 dBV/m.  This value in 
dBV/m was converted to its corresponding level in V/m. 
  
RA = 52.0 dBV 
AF =  7.4 dB/m  
CF =  1.6 dB   
AG = 29.0 dB    
FS = 32 dBV/m 
 
To convert from dBV to V or mV the following was used: 
 
UF = 10(NF / 20)  where UF = Net Reading in V 
 NF = Net Reading in dBV 
 
Example: 
 
FS = RA + AF + CF – AG = 52.0 + 7.4 + 1.6 – 29.0 = 32.0 
UF = 10(32 dBV / 20) = 39.8 V/m 
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6.4 Setup Photographs: 
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11-13-2013 100V 60Hz 
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Azimuth Plots 
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Turntable Plot ( 126.495190547 MHz )
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Turntable Plot ( 143.936473132 MHz )
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Azimuth Plots 
 
Turntable Plot ( 40.094589301 MHz )
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Turntable Plot ( 141.192985822 MHz )
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Turntable Plot ( 149.544488838 MHz )
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Azimuth Plots 
 
Turntable Plot ( 65.13026084 MHz )
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Turntable Plot ( 141.450901307 MHz )
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Azimuth Plots 
 
Turntable Plot ( 188.448898289 MHz )
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Turntable Plot ( 198.34949893 MHz )
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Azimuth Plots 
 
Turntable Plot ( 480.07795617 MHz )
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Test Personnel: John R. Cauvel  

  
 

Test Date: 

 
 
8/1/2012 

 John R. Cauvel  
   

11-13-2013 
Supervising/Reviewing 

Engineer: 
(Where Applicable) Vathana Ven  

   

Product Standard: IEC 60601-1-2  Test Levels: CISPR 11 Group 1 Class A 

Input Voltage: 
120V/60Hz, 230V/50Hz, 
100V/60Hz (Worst Case) 

   

Pretest Verification w/ 
Ambient Signals or  

BB Source: Yes, Ambient Signals 

 Ambient Temperature: 21,20 ºC 
 

Relative Humidity: 
 
64,17  % 

 
   

Atmospheric Pressure: 
 
1000,1012 mbars 

 
Deviations, Additions, or Exclusions: None 
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7 AC Mains Conducted Emissions 
 
7.1 Method 
 
Tests are performed in accordance with CISPR 11. 
 
TEST SITE: BUMP OUT (AMAP) and EMC Lab 
 
The AMAP Building and Lab includes general lab space that can be used for testing where a 
shielded/enclosed environment is not required. 
 
Measurement Uncertainty 
For conducted emissions, labU (3.2 dB in worst case) < CISPRU (3.6 dB), which is the reference value in 
CISPR 16-4-2 Table 1, hence the compliance of the product is only based on the measured value, and no 
measurement uncertainty correction is required, based on CISPR 22 and CISPR 11 (for 2006 and later 
revisions) Clause 11. 
 
Sample Calculations 
 
The following is how net line-conducted readings were determined: 
 
NF = RF + LF + CF + AF 
Where NF = Net Reading in dBV 
 RF = Reading from receiver in dBV 
 LF = LISN Correction Factor in dB 
 CF = Cable Correction Factor in dB 
 AF = Attenuator Loss Factor in dB 
  
To convert from dBV to V or mV the following was used: 
 
UF = 10(NF / 20)  where UF = Net Reading in V 
 NF = Net Reading in dBV 
 
Example: 
 
NF  = RF + LF + CF + AF = 28.5 + 0.2 + 0.4 + 20.0 = 49.1 dBV 
UF = 10(49.1 dBV / 20) = 285.1 V/m 
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7.4 Setup Photographs: 
 

 
 

120V 50 & 60Hz 
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Test Personnel: 

 

John R. Cauvel  

  
 

Test Date: 

 
 
8-1-2012 

 Michael Houston   
   

11/12/2013 
Supervising/Reviewing 

Engineer: 
(Where Applicable) Vathana Ven  

   

Product Standard: IEC 60601-1-2  Test Levels: CISPR 11 Group 1 Class A 

Input Voltage: 
120V 60Hz, 230V 50Hz 
100V 50 & 60Hz 

   

Pretest Verification w/ 
Ambient Signals or  

BB Source: Yes, Ambient Signals 

 Ambient Temperature: 21, 23 ºC 
 

Relative Humidity: 
 
64, 40 % 

 
   

Atmospheric Pressure: 
 
1000, 1008 mbars 

 
Deviations, Additions, or Exclusions: None 
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8.4 Setup Photographs: 
 

 
 

11/12/2013 

 
 

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Intertek 
Report Number:  100742469BOX-008a Issued: 11/13/2013
 
 

 
IEC60601-1-2 ed3.0 Non-Lifesupport EMC Report Shell Rev. July 2013 
Client: CAS Medical, Model: FORE-SIGHT Elite 

Page 38 of 81

 

 
8.5 Plots/Data: 
 

230V 50Hz 
Harmonics – Class-A per Ed. 3.0 (2006) (Run time) 

 
EUT: Model 3000 Oximetry Tested by: Gary Ball 
Test category: Class-A per Ed. 3.0 (2006) (European limits) Test Margin: 100 
Test date: 8/1/2012 Start time: 9:32:36 AM End time: 9:42:57 AM 
Test duration (min): 10 Data file name: H-000644.cts_data 
Comment: Comment 
Customer: CAS Medical 
 
Test Result: Pass          Source qualification: Normal 
 
Current & voltage waveforms   
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Test result:  Pass     Worst harmonic was #15 with 23.12% of the limit.  
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Current Test Result Summary (Run time) 
 

EUT: Model 3000 Oximetry Tested by: Gary Ball 
Test category: Class-A per Ed. 3.0 (2006) (European limits) Test Margin: 100 
Test date: 8/1/2012 Start time: 9:32:36 AM End time: 9:42:57 AM 
Test duration (min): 10 Data file name: H-000644.cts_data 
Comment:  Comment 
Customer:  CAS Medical 
 
Test Result: Pass          Source qualification:  Normal 
THC(A): 0.21       I-THD(%): 77.28         POHC(A):  0.015        POHC Limit(A):  0.277          
Highest parameter values during test: 

V_RMS (Volts):  230.26 Frequency(Hz):   50.00 
I_Peak (Amps): 1.038 I_RMS (Amps): 0.355 
I_Fund (Amps): 0.274 Crest Factor: 2.949 
Power (Watts):  27.2 Power Factor: 0.341 

 
Harm# Harms(avg) 100%Limit %of Limit Harms(max) 150%Limit %of Limit Status 
 
 2 0.002 1.080 0.0 0.003 1.620 0.16 Pass 
 3 0.109 2.300 4.7 0.113 3.450 3.27 Pass 
 4 0.002 0.430 0.0 0.002 0.645 0.38 Pass 
 5 0.101 1.140 8.8 0.104 1.710 6.10 Pass 
 6 0.002 0.300 0.0 0.002 0.450 0.52 Pass 
 7 0.090 0.770 11.7 0.093 1.155 8.07 Pass 
 8 0.002 0.230 0.0 0.002 0.345 0.49 Pass 
 9 0.077 0.400 19.3 0.080 0.600 13.25 Pass 
 10 0.001 0.184 0.0 0.001 0.276 0.48 Pass 
 11 0.063 0.330 19.0 0.064 0.495 13.01 Pass 
 12 0.001 0.153 0.0 0.001 0.230 0.49 Pass 
 13 0.049 0.210 23.1 0.050 0.315 15.76 Pass 
 14 0.000 0.131 0.0 0.001 0.197 0.32 Pass 
 15 0.035 0.150 23.1 0.035 0.225 15.67 Pass 
 16 0.000 0.115 0.0 0.001 0.173 0.32 Pass 
 17 0.023 0.132 17.4 0.023 0.199 11.72 Pass 
 18 0.001 0.102 0.0 0.001 0.153 0.67 Pass 
 19 0.013 0.118 11.4 0.014 0.178 7.81 Pass 
 20 0.001 0.092 0.0 0.001 0.138 0.68 Pass 
 21 0.008 0.107 7.1 0.008 0.161 4.85 Pass 
 22 0.000 0.084 0.0 0.001 0.125 0.47 Pass 
 23 0.007 0.098 6.9 0.007 0.147 4.82 Pass 
 24 0.000 0.077 0.0 0.001 0.115 0.54 Pass 
 25 0.007 0.090 7.6 0.007 0.135 5.36 Pass 
 26 0.000 0.071 0.0 0.000 0.106 0.44 Pass 
 27 0.007 0.083 8.6 0.007 0.125 5.84 Pass 
 28 0.000 0.066 0.0 0.000 0.099 0.23 Pass 
 29 0.006 0.078 7.6 0.006 0.116 5.16 Pass 
 30 0.000 0.061 0.0 0.000 0.092 0.30 Pass 
 31 0.004 0.073 0.0 0.004 0.109 3.89 Pass 
 32 0.000 0.058 0.0 0.000 0.086 0.37 Pass 
 33 0.003 0.068 0.0 0.003 0.102 3.17 Pass 
 34 0.000 0.054 0.0 0.000 0.081 0.45 Pass 
 35 0.002 0.064 0.0 0.003 0.096 2.69 Pass 
 36 0.000 0.051 0.0 0.000 0.077 0.65 Pass 
 37 0.003 0.061 0.0 0.003 0.091 3.70 Pass 
 38 0.000 0.048 0.0 0.000 0.073 0.67 Pass 
 39 0.004 0.058 0.0 0.004 0.087 4.52 Pass 
 40 0.000 0.046 0.0 0.000 0.069 0.65 Pass 
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Voltage Source Verification Data (Run time) 
 

EUT: Model 3000 Oximetry Tested by: Gary Ball 
Test category: Class-A per Ed. 3.0 (2006) (European limits) Test Margin: 100 
Test date: 8/1/2012 Start time: 9:32:36 AM End time: 9:42:57 AM 
Test duration (min): 10 Data file name: H-000644.cts_data 
Comment:  Comment 
Customer:  CAS Medical 
 
Test Result: Pass          Source qualification: Normal  
 
Highest parameter values during test: 

Voltage (Vrms):  230.26 Frequency(Hz):   50.00 
I_Peak (Amps): 1.038 I_RMS (Amps): 0.355 
I_Fund (Amps): 0.274 Crest Factor: 2.949 
Power (Watts):  27.2 Power Factor: 0.341 

 
Harm# Harmonics V-rms Limit V-rms % of Limit Status 
 
 2 0.046 0.460 9.94 OK 
 3 0.043 2.072 2.08 OK 
 4 0.012 0.460 2.53 OK 
 5 0.023 0.921 2.47 OK 
 6 0.016 0.460 3.49 OK 
 7 0.056 0.691 8.09 OK 
 8 0.006 0.460 1.27 OK 
 9 0.059 0.460 12.77 OK 
 10 0.006 0.460 1.35 OK 
 11 0.045 0.230 19.39 OK 
 12 0.012 0.230 5.02 OK 
 13 0.053 0.230 23.04 OK 
 14 0.005 0.230 2.08 OK 
 15 0.044 0.230 19.18 OK 
 16 0.003 0.230 1.24 OK 
 17 0.032 0.230 13.87 OK 
 18 0.008 0.230 3.63 OK 
 19 0.027 0.230 11.82 OK 
 20 0.010 0.230 4.15 OK 
 21 0.015 0.230 6.55 OK 
 22 0.003 0.230 1.28 OK 
 23 0.020 0.230 8.89 OK 
 24 0.005 0.230 2.01 OK 
 25 0.011 0.230 4.73 OK 
 26 0.004 0.230 1.80 OK 
 27 0.017 0.230 7.47 OK 
 28 0.003 0.230 1.38 OK 
 29 0.015 0.230 6.66 OK 
 30 0.005 0.230 2.19 OK 
 31 0.003 0.230 1.16 OK 
 32 0.003 0.230 1.21 OK 
 33 0.014 0.230 6.25 OK 
 34 0.004 0.230 1.80 OK 
 35 0.007 0.230 2.98 OK 
 36 0.005 0.230 2.09 OK 
 37 0.008 0.230 3.66 OK 
 38 0.004 0.230 1.67 OK 
 39 0.012 0.230 5.08 OK 
 40 0.008 0.230 3.39 OK 
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100V 50Hz 

Harmonics – Class-A per Ed. 3.2 (2009) (Run time) 
 

EUT: Fore-Sight Elite Tested by: Michael Houston 
Test category: Class-A per Ed. 3.2 (2009) (Japanese limits) Test Margin: 100 
Test date: 11/12/2013 Start time: 11:39:40 AM End time: 11:50:02 AM 
Test duration (min): 10 Data file name: H-000300.cts_data 
Comment: G100742469 PCOR 500488596 - 100V 50Hz 
Customer: CAS Medical Systems 
 
Test Result: Pass          Source qualification: Normal 
 
Current & voltage waveforms   
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Test result:  Pass     Worst harmonic was #9 with 11.21% of the limit.  
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Current Test Result Summary (Run time) 
 

EUT: Fore-Sight Elite Tested by: Michael Houston 
Test category: Class-A per Ed. 3.2 (2009) (Japanese limits) Test Margin: 100 
Test date: 11/12/2013 Start time: 11:39:40 AM End time: 11:50:02 AM 
Test duration (min): 10 Data file name: H-000300.cts_data 
Comment:  G100742469 PCOR 500488596 - 100V 50Hz 
Customer:  CAS Medical Systems 
 
Test Result: Pass          Source qualification:  Normal 
THC(A): 0.36       I-THD(%): 129.00         POHC(A):  0.006        POHC Limit(A):  0.578          
Highest parameter values during test: 

V_RMS (Volts):  100.81 Frequency(Hz):   50.00 
I_Peak (Amps): 1.527 I_RMS (Amps): 0.459 
I_Fund (Amps): 0.280 Crest Factor: 3.335 
Power (Watts):  25.3 Power Factor: 0.548 

 
Harm# Harms(avg) 100%Limit %of Limit Harms(max) 150%Limit %of Limit Status 
 
 2 0.000 2.484 0.0 0.001 3.726 0.01 Pass 
 3 0.231 5.290 4.4 0.231 7.935 2.91 Pass 
 4 0.001 0.989 0.1 0.001 1.484 0.05 Pass 
 5 0.196 2.622 7.5 0.196 3.933 4.98 Pass 
 6 0.001 0.690 0.1 0.001 1.035 0.13 Pass 
 7 0.151 1.771 8.5 0.151 2.657 5.67 Pass 
 8 0.001 0.529 0.1 0.001 0.794 0.11 Pass 
 9 0.103 0.920 11.2 0.103 1.380 7.48 Pass 
 10 0.001 0.423 0.2 0.001 0.635 0.13 Pass 
 11 0.060 0.759 7.9 0.060 1.139 5.31 Pass 
 12 0.001 0.352 0.2 0.001 0.529 0.17 Pass 
 13 0.027 0.483 5.6 0.027 0.725 3.75 Pass 
 14 0.000 0.301 0.1 0.000 0.453 0.09 Pass 
 15 0.006 0.345 1.9 0.007 0.518 1.26 Pass 
 16 0.000 0.265 0.1 0.000 0.398 0.07 Pass 
 17 0.006 0.304 2.0 0.006 0.458 1.36 Pass 
 18 0.000 0.235 0.1 0.000 0.352 0.08 Pass 
 19 0.007 0.272 2.7 0.007 0.409 1.81 Pass 
 20 0.000 0.212 0.0 0.000 0.317 0.04 Pass 
 21 0.005 0.246 1.9 0.005 0.370 1.25 Pass 
 22 0.000 0.192 0.1 0.000 0.288 0.06 Pass 
 23 0.003 0.225 1.3 0.003 0.338 0.90 Pass 
 24 0.000 0.176 0.1 0.000 0.265 0.07 Pass 
 25 0.005 0.207 2.4 0.005 0.311 1.58 Pass 
 26 0.000 0.163 0.1 0.000 0.244 0.10 Pass 
 27 0.006 0.192 2.9 0.006 0.288 1.95 Pass 
 28 0.000 0.152 0.1 0.000 0.228 0.05 Pass 
 29 0.004 0.178 2.3 0.004 0.267 1.57 Pass 
 30 0.000 0.141 0.1 0.000 0.212 0.13 Pass 
 31 0.003 0.167 1.5 0.003 0.251 1.04 Pass 
 32 0.000 0.132 0.1 0.000 0.198 0.07 Pass 
 33 0.003 0.157 1.7 0.003 0.235 1.15 Pass 
 34 0.000 0.124 0.1 0.000 0.186 0.08 Pass 
 35 0.003 0.148 2.2 0.003 0.221 1.46 Pass 
 36 0.000 0.118 0.1 0.000 0.177 0.09 Pass 
 37 0.003 0.140 2.0 0.003 0.209 1.35 Pass 
 38 0.000 0.111 0.1 0.000 0.168 0.07 Pass 
 39 0.002 0.133 1.3 0.002 0.200 0.88 Pass 
 40 0.000 0.106 0.1 0.000 0.159 0.13 Pass 
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Voltage Source Verification Data (Run time) 
 

EUT: Fore-Sight Elite Tested by: Michael Houston 
Test category: Class-A per Ed. 3.2 (2009) (Japanese limits) Test Margin: 100 
Test date: 11/12/2013 Start time: 11:39:40 AM End time: 11:50:02 AM 
Test duration (min): 10 Data file name: H-000300.cts_data 
Comment:  G100742469 PCOR 500488596 - 100V 50Hz 
Customer:  CAS Medical Systems 
 
Test Result: Pass          Source qualification: Normal  
 
Highest parameter values during test: 

Voltage (Vrms):  100.81 Frequency(Hz):   50.00 
I_Peak (Amps): 1.527 I_RMS (Amps): 0.459 
I_Fund (Amps): 0.280 Crest Factor: 3.335 
Power (Watts):  25.3 Power Factor: 0.548 

 
Harm# Harmonics V-rms Limit V-rms % of Limit Status 
 
 2 0.017 0.202 8.64 OK 
 3 0.063 0.907 6.99 OK 
 4 0.009 0.202 4.26 OK 
 5 0.047 0.403 11.78 OK 
 6 0.044 0.202 22.02 OK 
 7 0.040 0.302 13.25 OK 
 8 0.020 0.202 9.71 OK 
 9 0.034 0.202 16.94 OK 
 10 0.009 0.202 4.60 OK 
 11 0.025 0.101 25.20 OK 
 12 0.019 0.101 18.84 OK 
 13 0.013 0.101 12.48 OK 
 14 0.004 0.101 4.04 OK 
 15 0.004 0.101 4.37 OK 
 16 0.005 0.101 4.60 OK 
 17 0.007 0.101 7.07 OK 
 18 0.010 0.101 10.22 OK 
 19 0.006 0.101 5.56 OK 
 20 0.005 0.101 4.92 OK 
 21 0.006 0.101 5.70 OK 
 22 0.004 0.101 3.74 OK 
 23 0.004 0.101 3.64 OK 
 24 0.006 0.101 6.15 OK 
 25 0.003 0.101 2.65 OK 
 26 0.004 0.101 4.28 OK 
 27 0.008 0.101 7.67 OK 
 28 0.003 0.101 3.32 OK 
 29 0.003 0.101 3.43 OK 
 30 0.007 0.101 6.94 OK 
 31 0.004 0.101 4.09 OK 
 32 0.003 0.101 3.22 OK 
 33 0.006 0.101 6.05 OK 
 34 0.002 0.101 1.73 OK 
 35 0.005 0.101 5.14 OK 
 36 0.004 0.101 4.08 OK 
 37 0.005 0.101 4.64 OK 
 38 0.002 0.101 1.52 OK 
 39 0.002 0.101 2.29 OK 
 40 0.005 0.101 4.50 OK 
 

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Intertek 
Report Number:  100742469BOX-008a Issued: 11/13/2013
 
 

 
IEC60601-1-2 ed3.0 Non-Lifesupport EMC Report Shell Rev. July 2013 
Client: CAS Medical, Model: FORE-SIGHT Elite 

Page 44 of 81

 

 
100V 60Hz 

Harmonics – Class-A per Ed. 3.2 (2009)(Run time) 
 

EUT: Fore-Sight Elite Tested by: Michael Houston 
Test category: Class-A per Ed. 3.2 (2009) (Japanese limits) Test Margin: 100 
Test date: 11/12/2013 Start time: 11:27:12 AM End time: 11:37:34 AM 
Test duration (min): 10 Data file name: H-000298.cts_data 
Comment: G100742469 PCOR 500488596 – 100V 60Hz 
Customer: CAS Medical Systems 
 
Test Result: Pass          Source qualification: Normal 
 
Current & voltage waveforms   
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Test result:  Pass     Worst harmonic was #9 with 10.23% of the limit.  
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Current Test Result Summary (Run time) 
 

EUT: Fore-Sight Elite Tested by: Michael Houston 
Test category: Class-A per Ed. 3.2 (2009) (Japanese limits) Test Margin: 100 
Test date: 11/12/2013 Start time: 11:27:12 AM End time: 11:37:34 AM 
Test duration (min): 10 Data file name: H-000298.cts_data 
Comment:  G100742469 PCOR 500488596 
Customer:  CAS Medical Systems 
 
Test Result: Pass          Source qualification:  Normal 
THC(A): 0.35       I-THD(%): 123.03         POHC(A):  0.008        POHC Limit(A):  0.578          
Highest parameter values during test: 

V_RMS (Volts):  100.82 Frequency(Hz):   60.00 
I_Peak (Amps): 1.451 I_RMS (Amps): 0.454 
I_Fund (Amps): 0.285 Crest Factor: 3.219 
Power (Watts):  25.3 Power Factor: 0.555 

 
Harm# Harms(avg) 100%Limit %of Limit Harms(max) 150%Limit %of Limit Status 
 
 2 0.002 2.484 0.1 0.003 3.726 0.07 Pass 
 3 0.229 5.290 4.3 0.230 7.935 2.90 Pass 
 4 0.001 0.989 0.1 0.002 1.484 0.13 Pass 
 5 0.191 2.622 7.3 0.191 3.933 4.87 Pass 
 6 0.001 0.690 0.1 0.001 1.035 0.09 Pass 
 7 0.143 1.771 8.1 0.144 2.657 5.41 Pass 
 8 0.001 0.529 0.2 0.001 0.794 0.17 Pass 
 9 0.094 0.920 10.2 0.094 1.380 6.84 Pass 
 10 0.001 0.423 0.2 0.001 0.635 0.18 Pass 
 11 0.052 0.759 6.8 0.052 1.139 4.55 Pass 
 12 0.001 0.352 0.2 0.001 0.529 0.15 Pass 
 13 0.021 0.483 4.4 0.022 0.725 2.98 Pass 
 14 0.000 0.301 0.1 0.000 0.453 0.11 Pass 
 15 0.009 0.345 2.6 0.009 0.518 1.80 Pass 
 16 0.000 0.265 0.1 0.000 0.398 0.11 Pass 
 17 0.010 0.304 3.4 0.011 0.458 2.31 Pass 
 18 0.000 0.235 0.1 0.000 0.352 0.06 Pass 
 19 0.008 0.272 3.0 0.008 0.409 2.05 Pass 
 20 0.000 0.212 0.1 0.000 0.317 0.08 Pass 
 21 0.004 0.246 1.7 0.004 0.370 1.16 Pass 
 22 0.000 0.192 0.1 0.000 0.288 0.08 Pass 
 23 0.004 0.225 2.0 0.005 0.338 1.34 Pass 
 24 0.000 0.176 0.1 0.000 0.265 0.08 Pass 
 25 0.006 0.207 2.9 0.006 0.311 1.97 Pass 
 26 0.000 0.163 0.1 0.000 0.244 0.13 Pass 
 27 0.005 0.192 2.9 0.006 0.288 1.94 Pass 
 28 0.000 0.152 0.1 0.000 0.228 0.10 Pass 
 29 0.004 0.178 2.0 0.004 0.267 1.37 Pass 
 30 0.000 0.141 0.1 0.000 0.212 0.08 Pass 
 31 0.003 0.167 1.9 0.003 0.251 1.29 Pass 
 32 0.000 0.132 0.1 0.000 0.198 0.13 Pass 
 33 0.004 0.157 2.6 0.004 0.235 1.76 Pass 
 34 0.000 0.124 0.1 0.000 0.186 0.08 Pass 
 35 0.004 0.148 2.6 0.004 0.221 1.75 Pass 
 36 0.000 0.118 0.1 0.000 0.177 0.16 Pass 
 37 0.003 0.140 2.1 0.003 0.209 1.41 Pass 
 38 0.000 0.111 0.1 0.000 0.168 0.12 Pass 
 39 0.002 0.133 1.7 0.002 0.200 1.16 Pass 
 40 0.000 0.106 0.2 0.000 0.159 0.19 Pass 
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Voltage Source Verification Data (Run time) 
 

EUT: Fore-Sight Elite Tested by: Michael Houston 
Test category: Class-A per Ed. 3.2 (2009) (Japanese limits) Test Margin: 100 
Test date: 11/12/2013 Start time: 11:27:12 AM End time: 11:37:34 AM 
Test duration (min): 10 Data file name: H-000298.cts_data 
Comment:  G100742469 PCOR 500488596 
Customer:  CAS Medical Systems 
 
Test Result: Pass          Source qualification: Normal  
 
Highest parameter values during test: 

Voltage (Vrms):  100.82 Frequency(Hz):   60.00 
I_Peak (Amps): 1.451 I_RMS (Amps): 0.454 
I_Fund (Amps): 0.285 Crest Factor: 3.219 
Power (Watts):  25.3 Power Factor: 0.555 

 
Harm# Harmonics V-rms Limit V-rms % of Limit Status 
 
 2 0.119 0.202 58.97 OK 
 3 0.146 0.907 16.15 OK 
 4 0.064 0.202 31.93 OK 
 5 0.082 0.403 20.37 OK 
 6 0.036 0.202 17.94 OK 
 7 0.066 0.302 21.94 OK 
 8 0.040 0.202 19.85 OK 
 9 0.047 0.202 23.46 OK 
 10 0.024 0.202 12.07 OK 
 11 0.035 0.101 34.87 OK 
 12 0.008 0.101 8.25 OK 
 13 0.025 0.101 25.11 OK 
 14 0.013 0.101 12.95 OK 
 15 0.013 0.101 13.11 OK 
 16 0.009 0.101 9.01 OK 
 17 0.016 0.101 16.30 OK 
 18 0.006 0.101 6.23 OK 
 19 0.013 0.101 12.77 OK 
 20 0.007 0.101 7.10 OK 
 21 0.008 0.101 8.28 OK 
 22 0.005 0.101 5.37 OK 
 23 0.010 0.101 10.02 OK 
 24 0.004 0.101 4.10 OK 
 25 0.012 0.101 11.41 OK 
 26 0.006 0.101 5.76 OK 
 27 0.010 0.101 9.77 OK 
 28 0.004 0.101 3.95 OK 
 29 0.006 0.101 6.39 OK 
 30 0.004 0.101 3.92 OK 
 31 0.006 0.101 6.40 OK 
 32 0.004 0.101 3.69 OK 
 33 0.010 0.101 9.84 OK 
 34 0.003 0.101 2.49 OK 
 35 0.007 0.101 7.36 OK 
 36 0.004 0.101 3.77 OK 
 37 0.009 0.101 8.82 OK 
 38 0.002 0.101 2.17 OK 
 39 0.007 0.101 7.31 OK 
 40 0.003 0.101 2.75 OK 
 

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Intertek 
Report Number:  100742469BOX-008a Issued: 11/13/2013
 
 

 
IEC60601-1-2 ed3.0 Non-Lifesupport EMC Report Shell Rev. July 2013 
Client: CAS Medical, Model: FORE-SIGHT Elite 

Page 47 of 81

 

 

Test Personnel: 
 
Gary Ball GB 

  
 

Test Date: 

 
 
08/01/2012 

 Michael Houston   
   

11/12/2013 
Supervising/Reviewing 

Engineer: 
(Where Applicable) N/A 

   

Product Standard: IEC 60601-1-2  Test Levels: See Data 
Input Voltage: 230VAC/50 Hz, 100VAC/60 Hz    

Pretest Verification w/ 
Artifact: Yes 

 Ambient Temperature: 22, 23 ºC 
Relative Humidity: 59, 40 % 

   Atmospheric Pressure: 1001,1008 mbars 

 
Deviations, Additions, or Exclusions: None 
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9.5 Plots/Data: 

 
Flicker Test Summary per EN/IEC61000-3-3 (Run time) 

 
EUT: Model 3000 Oximetry Tested by: Gary Ball 
Test category: All parameters (European limits) Test Margin: 100 
Test date: 8/1/2012 Start time: 9:51:29 AM End time: 11:51:50 AM 
Test duration (min): 120 Data file name: F-000645.cts_data 
Comment: 230VAC 50Hz 
Customer: CAS Medical 
 
Test Result: Pass Status: Test Completed 
 
Psti and limit line   European Limits 

0.25

0.50

0.75

1.00
  

P
st

10:01:49
10:11:49
10:21:49
10:31:49
10:41:49
10:51:49
11:01:49
11:11:49
11:21:49
11:31:49
11:41:49
11:51:49

 
Plt and limit line  

0.1
0.2
0.3
0.4
0.5
0.6

  

P
lt

11:51:49

 
Parameter values recorded during the test: 
Vrms at the end of test (Volt): 230.25 
Highest dt (%): 0.00 Test limit (%): 3.30 Pass 
Time(mS) > dt:   0.0 Test limit (mS): 500.0 Pass 
Highest dc (%): 0.00 Test limit (%): 3.30 Pass 
Highest dmax (%): 0.00 Test limit (%): 4.00 Pass 
Highest Pst (10 min. period):                0.064 Test limit:                1.000 Pass   
Highest Plt (2 hr. period):               0.064 Test limit:                0.650 Pass 
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Test Personnel: Gary Ball GB 

  
Test Date: 

 
08/01/2012 

Supervising/Reviewing 
Engineer: 

(Where Applicable) N/A 

   

Product Standard: IEC 60601-1-2  Test Levels: See Data 
Input Voltage: 230 VAC/50 Hz    

Pretest Verification w/ 
Artifact: Yes 

 Ambient Temperature: 22 ºC 
Relative Humidity: 59 % 

   Atmospheric Pressure: 1001 mbars 

 
Deviations, Additions, or Exclusions: None 
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ESD Locations - Photo #1 

 
ESD Locations - Photo #2 
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ESD Locations - Photo #3 

 
 

ESD Locations - Photo #4 100VAC 60Hz 
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ESD Locations - Photo #5 100VAC 60Hz  
 

 
 

ESD Locations - Photo #6 100VAC 60Hz  
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ESD Locations - Photo #7 100VAC 60Hz  
 

 
 

ESD Locations - Photo #8 100VAC 60Hz 
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11.4 Setup Photographs: 
 

 
 

100V 60Hz 
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14.4 Setup Photographs: 
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100V 60Hz 
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15.4 Setup Photographs: 
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17 Section 5 User Information and Guidance Tables 
 
5.2.1 Instructions for Use 
 
The following statements need to be included in the user’s manual for all equipment and systems: 
 

1) “Medical Electrical Equipment needs special precautions regarding EMC and needs to be 
installed and put into service according to the EMC information provided in the 
Accompanying Documents.” 

2) “Portable and Mobile RF Communications Equipment can affect Medical Electrical 
Equipment.” 

 
5.2.2.1 Technical Description 
 
The following information must be included in the Accompanying Documents provided to the end 
user for all equipment and systems: 
 

a) A list of all cables and maximum lengths of cables (if applicable), transducers and other 
accessories with which the manufacturer claims compliance with the requirements of 
IEC60601-1-2 ed3.0 (2007-03) Sections 6.1 and 6.2. 

b) A warning: “The use of accessories, transducers and/or cables other than those specified, 
with the exception of those sold by the manufacturer as replacement parts for internal 
components, may result in increased emissions or decreased immunity of the equipment 
or system.” 

c) Guidance Table 1 must be provided to the end user. 
d) A warning: “The equipment or system should not be used adjacent to or stacked with 

other equipment and that if adjacent or stacked use is necessary, the equipment or 
system should be observed to verify normal operation in the configuration in which it will 
be used.” 

e) A justification must be provided for each reduced compliance level that is lower than the 
published levels for immunity tests in IEC 60601. The justifications must be based on 
physical, technological or physiological limitations that prevent compliance with the 
published test levels. 

f) Guidance Table 2 must be provided to the end user. 
 
5.2.2.2 Technical Description 
 
The following information must be included in the Accompanying Documents provided to the end 
user for all equipment and systems: 
 

Guidance Tables 4 and 6 must be provided to the end user for equipment and systems 
that are not Life-Supporting.  

 
5.2.2.4 Guidelines to Include 
 
For Equipment and Systems that intentionally apply RF energy for diagnosis or treatment, the 
accompanying documents shall include guidelines for avoiding or identifying and resolving 
adverse electromagnetic effects on other equipment that may result from operation of the 
Equipment or System.  
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5.2.2.5 Accompanying Documents to Include 
 
For Equipment that intentionally receive RF electromagnetic energy for the purpose of their operation, the 
accompanying documents shall include each frequency or frequency band of reception; the preferred 
frequency or frequency band, if applicable, and the bandwidth of the receiving section in those bands. A 
warning that ME Equipment/Systems may be interfered with by other equipment, even if that other 
equipment complies with CISPR Emissions requirements, must also be included. 
 
5.2.2.6 Accompanying Documents to Include 
 
For Equipment that include RF Transmitters, the accompanying documents shall include each frequency 
or frequency band of transmission, the type and frequency characteristics of the modulation and the 
Effective Radiated Power (ERP).      
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Table 1 – Guidance and Manufacturer’s Declaration – Emissions 

All ME Equipment and ME Systems 
 
Guidance and Manufacturer’s Declaration - Emissions 
The is intended for use in the electromagnetic environment specified below. The customer or user 
of the FORE-SIGHT Elite Absolute Tissue Oximeter should ensure that it is used in such an 
environment. 
 
Emissions Test Compliance Electromagnetic Environment – Guidance 
RF Emissions 
CISPR 11 

Group 1 The FORE-SIGHT Elite Absolute Tissue Oximeter 
uses RF energy only for its internal function. 
Therefore, its RF emissions are very low and are not 
likely to cause any interference in nearby electronic 
equipment. 

RF Emissions 
CISPR 11 

Class A  The FORE-SIGHT Elite Absolute Tissue Oximeter is 
suitable for use in all establishments, other than 
domestic, and those directly connected to the public 
low-voltage power supply network that supplies 
buildings used for domestic purposes. 

Harmonics 
IEC 61000-3-2 

Class A 

Flicker 
IEC 61000-3-3 

Complies  
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Table 2 – Guidance and Manufacturer’s Declaration – Immunity 
All ME Equipment and ME Systems 

 
Guidance and Manufacturer’s Declaration – Immunity 
The FORE-SIGHT Elite Absolute Tissue Oximeter is intended for use in the electromagnetic 
environment specified below. The customer or user of the FORE-SIGHT Elite Absolute Tissue 
Oximeter should ensure that it is used in such an environment. 
 
Immunity Test IEC 60601 

Test Level 
Compliance  
Level 

Electromagnetic 
Environment – 
Guidance 

ESD 
IEC 61000-4-2 

Level 3 +/-6kV 
Contact +/- 8kV Air 

Level 3 +/-6kV 
Contact +/- 8kV Air 

Floors should be 
wood, concrete or 
ceramic tile. If floors 
are synthetic, the r/h 
should be at least 
30% 

EFT 
IEC 61000-4-4 

±2kV Mains 
±1kV I/Os 

±2kV Mains 
±1kV I/Os 

Mains power quality 
should be that of a 
typical commercial or 
hospital environment. 

Surge 
IEC 61000-4-5 

±1kV Differential 
±2kV Common 

±1kV Differential 
±2kV Common 

Mains power quality 
should be that of a 
typical commercial or 
hospital environment. 

Voltage Dips/Dropout 
IEC 61000-4-11 

>95% Dip for  
0.5 Cycle 
 
60% Dip for  
5 Cycles 
 
30% Dip for  
25 Cycles 
 
>95% Dip for 
5 Seconds 

>95% Dip for  
0.5 Cycle 
 
60% Dip for  
5 Cycles 
 
30% Dip for  
25 Cycles 
 
>95% Dip for 
5 Seconds 

Mains power quality 
should be that of a 
typical commercial or 
hospital environment. 
If the user of the 
FORE-SIGHT Elite 
Absolute Tissue 
Oximeter requires 
continued operation 
during power mains 
interruptions, it is 
recommended that the 
FORE-SIGHT Elite 
Absolute Tissue 
Oximeter be powered 
from an uninterruptible 
power supply or 
battery. 

Power Frequency 
50/60Hz 
Magnetic Field 
IEC 61000-4-8 

3A/m 3A/m Power frequency 
magnetic fields should 
be that of a typical 
commercial or hospital 
environment. 
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Table 4 – Guidance and Manufacturer’s Declaration – Immunity 
ME Equipment and ME Systems that are NOT Life-supporting 

 
Guidance and Manufacturer’s Declaration – Immunity 
The FORE-SIGHT Elite Absolute Tissue Oximeter is intended for use in the electromagnetic 
environment specified below. The customer or user of the FORE-SIGHT Elite Absolute Tissue 
Oximeter should ensure that it is used in such an environment. 
 
Immunity Test IEC 60601 Test Level Compliance  

Level 
Electromagnetic 
Environment – 
Guidance 

 
 
 
 
 
 
 
 
 
Conducted RF 
IEC 61000-4-6 
 
Radiated RF 
IEC 61000-4-3 

 
 
 
 
 
 
 
 
 
3 Vrms 
150 kHz to 80 MHz 
 
3 V/m 
80 MHz to 2.5 GHz 

 
 
 
 
 
 
 
 
 
(V1)=3Vrms 
 
 
(E1)=3V/m 

Portable and mobile 
communications 
equipment should be 
separated from the 
FORE-SIGHT Elite 
Absolute Tissue 
Oximeter by  no less 
than the distances 
calculated/listed 
below: 
 
D=(3.5/V1)(Sqrt P) 
150kHz to 80MHz 
 
D=(3.5/E1)(Sqrt P)  
80 to 800 MHz 
 
D=(7/E1)(Sqrt P) 
800 MHz to 2.5 GHz 
 
where P is the max 
power in watts and D 
is the recommended 
separation distance in 
meters. 
 
Field strengths from 
fixed transmitters, as 
determined by an 
electromagnetic site 
survey, should be less 
than the compliance 
levels (V1 and E1). 
 
Interference may 
occur in the vicinity of 
equipment containing 
a transmitter. 
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Table 6 – Recommended Separation Distances between portable and mobile RF Communications 
equipment and the FORE-SIGHT Elite Absolute Tissue Oximeter 

ME Equipment and ME Systems that are NOT Life-supporting 
 
Recommended Separations Distances for the FORE-SIGHT Elite Absolute Tissue Oximeter 
The FORE-SIGHT Elite Absolute Tissue Oximeter is intended for use in the electromagnetic 
environment in which radiated disturbances are controlled. The customer or user of the FORE-
SIGHT Elite Absolute Tissue Oximeter can help prevent electromagnetic interference by 
maintaining a minimum distance between portable and mobile RF Communications Equipment 
and the FORE-SIGHT Elite Absolute Tissue Oximeter as recommended below, according to the 
maximum output power of the communications equipment. 
 
Max Output Power 
(Watts) 

Separation (m) 
150kHz to 80MHz 
 
D=(3.5/V1)(Sqrt P) 

Separation (m) 
80 to 800MHz 
 
D=(3.5/E1)(Sqrt P) 

Separation (m) 
800MHz to 2.5GHz 
 
D=(7/E1)(Sqrt P) 

0.01 0.11667 0.11667 0.23333 
0.1 0.36894 0.36894 0.73785 
1 1.1667 1.1667 2.3333 
10 3.6894 3.6894 7.3785 
100 11.667 11.667 23.333 
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 Test Report issued under the responsibility of: 

IEC 60601-1 
Medical electrical equipment 

Part 1: General requirements for basic safety and essential performance  

Report Reference No. ....................... : 100742469BOX-001 

Date of issue ..................................... : 2012, November 15,  

M2: 2013-11-05 

 

Total number of pages ...................... : 22  .....................................................  

  

CB Testing Laboratory ...................... : Intertek Testing Services NA Inc. 

Address ............................................. : 70 Codman Hill Road 

Boxborough, MA 01719 USA 

Applicant’s name .............................. : CAS Medical Systems Inc.  

Address ............................................. : 44 East Industrial Road 
Branford, CT 06405, USA 

Test specification:  

Standard ........................................... : IEC 60601-1: 2005 + CORR. 1 (2006) + CORR. 2 (2007) 

Test procedure .................................. : CB Scheme 

Non-standard test method…………..:  

Test Report Form No. ....................... : IEC60601_1G 

Test Report Form Originator ............. : Underwriters Laboratories Inc. 

Master TRF ....................................... : Dated 2010-11 

Copyright © 2010 IEC System for Conformity Testing and Certification of Electrical Equipment (IECEE), 
Geneva, Switzerland. All rights reserved. 

This publication may be reproduced in whole or in part for non-commercial purposes as long as the IECEE is 
acknowledged as copyright owner and source of the material.  IECEE takes no responsibility for and will not 
assume liability for damages resulting from the reader's interpretation of the reproduced material due to its 
placement and context. 

If this Test Report Form is used by non-IECEE members, the IECEE/IEC logo shall be removed 

This report is not valid as a CB Test Report unless signed by an approved CB Testing Laboratory and 
appended to a CB Test Certificate issued by an NCB in accordance with IECEE 02. 

Test item description......................... : Absolute Tissue Oximeter 

Trade Mark ....................................... : 

 

Manufacturer ..................................... : Same as Applicant 

Model/Type reference ....................... : FORE-SIGHT Elite 

01-06-3000 (US) and 01-06-3005 (OUS) 

Ratings .............................................. : 100-240 V~, 50/60 Hz, 1.5 A Max 
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M2: G100742469 2013-11-05 
 
Modification 2 was created to add Japanese deviations along with  the additional tests results for 10% above 
the nominal 100Vac at both 50Hz and 60Hz 
 
Note: 110Vac inputs were not needed due to the fact that they were completed in the original evaluation 

- New leakages added  (before and after humidity) 
- New dielectrics added (before and after humidity) 
- New temps added 
- Japanese country deviations added 
- Ratings changed from 110Vac to 100Vac (label updated to match) 

 
M1: G100742469 2013-10-28 
 
03-05-0511 03+ Oximeter sensor construction had following changes 
 

• Use alternate 5 mil (0.127 mm) thick FEP film into sensor bottom foam laminate construction for 
insulation;  

• flexible circuit assembly increased sealed edge perimeter to 1 mm and  insulating cover lay 
thickness to 25 µm; also the stiffener behind the photodiodes on flexible circuit changed to non-
conductive FR4 

 
Also the report updates are listed in the following pages 

• Added test list on page 3 
• Added M1 information in product general information on page 7 
• Added alternate Teflon FEP in critical component list on page 9 
• Added oximeter sensor in critical components list on page 10 
• Add test data due to the modification on page 10 to 14 
• Pictures for modified new Oximeter sensor on page 15 
• Added test equipment list page 16 
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B, S1-1, S5-0, S7-1, S12-1 110 60 0.1  

B, S1-1, S5-0, S7-1, S12-0 110 60 0.1  

B, S1-1, S5-0, S7-0, S12-1 110 60 0.1  

B, S1-1, S5-0, S7-0, S12-0 110 60 0.1  

B, S1-0, S5-1, S7-1, S12-1 110 60 0.1  

B, S1-0, S5-1, S7-1, S12-0 110 60 0.1  

B, S1-0, S5-0, S7-1, S12-1 110 60 0.1  

B, S1-0, S5-0, S7-1, S12-0 110 60 0.1  

A, S1-1, S5-1, S7-1, S12-1 110 60 0.9  

A, S1-1, S5-1, S7-1, S12-0 110 60 0.5  

A, S1-1, S5-1, S7-0, S12-1 110 60 0.4  

A, S1-1, S5-1, S7-0, S12-0 110 60 1.0  

A, S1-1, S5-0, S7-1, S12-1 110 60 0.8  

A, S1-1, S5-0, S7-1, S12-0 110 60 0.4  

A, S1-1, S5-0, S7-0, S12-1 110 60 0.3  

A, S1-1, S5-0, S7-0, S12-0 110 60 0.2  

A, S1-0, S5-1, S7-1, S12-1 110 60 0.2  

A, S1-0, S5-1, S7-1, S12-0 110 60 0.2  

A, S1-0, S5-0, S7-1, S12-1 110 60 0.2  

A, S1-0, S5-0, S7-1, S12-0 110 60 0.2  
 

B, S1-1, S5-1, S7-1, S12-1 110 50 0.1  

B, S1-1, S5-1, S7-1, S12-0 110 50 0.1  

B, S1-1, S5-1, S7-0, S12-1 110 50 0.1  

B, S1-1, S5-1, S7-0, S12-0 110 50 0.1  

B, S1-1, S5-0, S7-1, S12-1 110 50 0.1  

B, S1-1, S5-0, S7-1, S12-0 110 50 0.1  

B, S1-1, S5-0, S7-0, S12-1 110 50 0.1  

B, S1-1, S5-0, S7-0, S12-0 110 50 0.1  

B, S1-0, S5-1, S7-1, S12-1 110 50 0.1  

B, S1-0, S5-1, S7-1, S12-0 110 50 0.1  

B, S1-0, S5-0, S7-1, S12-1 110 50 0.1  

B, S1-0, S5-0, S7-1, S12-0 110 50 0.1  

A, S1-1, S5-1, S7-1, S12-1 110 50 0.7  

A, S1-1, S5-1, S7-1, S12-0 110 50 0.6  

A, S1-1, S5-1, S7-0, S12-1 110 50 0.7  

A, S1-1, S5-1, S7-0, S12-0 110 50 0.7  
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ATTACHMENT TO TEST REPORT IEC 60601-1 

JP- JAPAN NATIONAL DIFFERENCES 
Medical electrical equipment, Part 1: General Requirements 

Differences according to  ............... : National standard JIS T0601-1:2012 

Attachment Form No . .................... : JP_ND_IEC60601_1A 

Attachment Originator  ................... : TÜV Rheinland Japan Ltd. 

Master  Attachment  ......................... : 2009-08 

Copyright © 2009 IEC System for Conformity Testing and Certification of Electrical Equipment 
(IECEE), Geneva, Switzerland. All rights reserved.  

― Throughout the report, HAZARD shall be referred 
to as HAZARDOUS SITUATION 

Informative P 

7 ME Equipment Identification, Marking, and Documents ― 

7.4.3 Numeric indications of parameters on ME 
EQUIPMENT expressed in SI units according to JIS 
Z8202 (ISO 31 (IDT))  except the base quantities 
listed in Table 1 expressed in the indicated units 

 P 

7.7.4 Addition: If polyvinyl chloride (JIS C3306) or rubber 
(JIS C3301) insulated  flexible cord is used, the 
conductor may be colored “white” 

Informative P 

7.7.5 Addition: If polyvinyl chloride (JIS C3306) or rubber 
(JIS C3301) insulated  flexible cord is used, 
conductors may be  the color specified in cited 
standards 

Informative P 

8 Protection Against Electrical Hazards from ME Equipment ― 

8.4.2 Energy did not exceed 240 VA for longer than 60 s 
or stored energy available did not exceed 20 J at a 
potential up to 2 V or more (VA or J) ................... : 

 P 

8.8.2 For a), add the following NOTE: 
NOTE – Generally, “distance through insulation” 
means the thickness of insulation. However, for 
example, if a transformer installed into a metal case 
is insulated by filler, the thickness is always not 
uniformly. Therefore, such expression was used. 

Note added P 

8.8.3 During the test of this clause, the state of the power 
switch shall be kept with closed circuit 

 P 

8.9 Creepage Distances and Air Clearances P 

8.9.1.2 Creepage distances and air clearances of this 
clause shall be applied to MOOP 

 P 

8.9.1.3 Creepage distances and air clearances of this 
clause shall be applied to MOOP 

 P 

8.9.1.4 Creepage distances and air clearances of this 
clause shall be applied to MOOP 

 P 

8.9.1.5 Creepage distances and air clearances of this 
clause shall be applied to MOOP and MOPP 

 P 

8.9.1.6 Creepage distances and air clearances of this 
clause shall be applied to MOOP and MOPP 

 P 

8.9.1.7 Creepage distances and air clearances of this  P 
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clause shall be applied to MOOP 

8.9.1.8 Creepage distances and air clearances of this 
clause shall be applied to MOOP 

 P 

8.9.1.9 Creepage distances and air clearances of this 
clause shall be applied to MOOP 

 P 

8.9.1.10 Creepage distances and air clearances of this 
clause shall be applied to MOOP 

 P 

8.9.1.11 Creepage distances and air clearances of this 
clause shall be applied to MOOP 

 P 

8.9.1.12 Creepage distances and air clearances of this 
clause shall be applied to MOOP 

 P 

8.9.1.13 Creepage distances and air clearances of this 
clause shall be applied to MOOP 

 P 

8.9.1.14 Creepage distances and air clearances of this 
clause shall be applied to MOOP 

 P 

8.11.3.2 POWER SUPPLY CORDS are no less robust than 
rubber (JIS C3301), polyvinyl chloride (JIS C3306), 
or cords of which the robustness is equal to or 
more than those are usable. 

Supply cords to be provided 
by end user 

N/A 

 Cords of JIS C 3306 shall not use:  N/A 

 - for polyvinyl chloride insulated flexible cords, if the 
temperature of the above-mentioned external metal 
part exceeds 60 °C 

 N/A 

 - for grade heat-resistant polyvinyl chloride 
insulated flexible cords, if the temperature of the 
above-mentioned external metal part exceeds 75 
°C 

 N/A 

9.2.2.2 In the bottom column of Table 20, replace the 
existing text with the following: 
a  The values in this table are taken from JIS B9711 
(ISO 13854 (IDT)). 

Replaced P 

9.7.5 In the last paragraph, delete “unmarked”. Deleted P 

9.8.4.1 Replace the existing NOTE with the following: 
NOTE  The upper carriage of the human body test 
mass apparatus is formed of wood or a similar 
material. The bottom portion is foam. The resiliency 
or spring factor of the foam (ILD or IFD ratings) has 
not been specified. The foam is cylindrical, rather 
than spherical. 

Replaced P 

10 Protection Against Unwanted and Excessive Radiation Hazards ― 

10.1.1 X-radiation dose-rate was ≤ 36 pA/kg (5 µSv/h) (0.5 
mR/h ≈ 5 µGy/h) 5 cm from surface of ME 
EQUIPMENT including background radiation for ME 
EQUIPMENT not producing therapeutic/diagnostic X-
radiation but producing ionizing radiation  : 

No radiation hazards N/A 

11.1.1 To the existing text of a in the Table 22, add the 
following: 
(For example, the maximum temperature limit of a 
transformer with three insulating materials of Class 
A, Class B and Class E shall be 105 °C of Class A 

 N/A 
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of the lowest limit.) 

13.2.10 In Table 26, replace the existing NOTE with the 
following: 
NOTE  The temperature limits in this table were 
derived from Table B.1 of IEC 60950-1:2001 (in the 
corresponding international standard, IEC 61010-
1:2001 [22]). 

Replaced P 

16 ME Systems ― 

16.1 Non-ME equipment used in the ME system shall be 
in compliance with applicable JIS standards or 
Technical Requirements of the Electrical Appliance 
and Material Safety Act 

Not an ME system N/A 

 Equipment relying only on basic insulation for 
protection against electric shock not used in ME 
system. 

 N/A 

 For measures for ensuring safety, e.g. the case 
combined with a separating transformer with double 
insulation or reinforced insulation, equipment only 
with basic insulation may be used 

 N/A 

16.9.2.1 c) Multiple socket-outlet complied with IEC 60884-1 
or JIS C82821 

 N/A 
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 Test Report issued under the responsibility of: 

IEC 60601-1 
Medical electrical equipment 

Part 1: General requirements for basic safety and essential performance  

Report Reference No. ....................... : 100742469BOX-001 

Date of issue ..................................... : 2012, November 15,  

M1: 2013-10-28 

 

Total number of pages ...................... : 16  .....................................................  

  

CB Testing Laboratory ...................... : Intertek Testing Services NA Inc. 

Address ............................................. : 70 Codman Hill Road 

Boxborough, MA 01719 USA 

Applicant’s name .............................. : CAS Medical Systems Inc.  

Address ............................................. : 44 East Industrial Road 
Branford, CT 06405, USA 

Test specification:  

Standard ........................................... : IEC 60601-1: 2005 + CORR. 1 (2006) + CORR. 2 (2007) 

Test procedure .................................. : CB Scheme 

Non-standard test method…………..:  

Test Report Form No. ....................... : IEC60601_1G 

Test Report Form Originator ............. : Underwriters Laboratories Inc. 

Master TRF ....................................... : Dated 2010-11 

Copyright © 2010 IEC System for Conformity Testing and Certification of Electrical Equipment (IECEE), 
Geneva, Switzerland. All rights reserved. 

This publication may be reproduced in whole or in part for non-commercial purposes as long as the IECEE is 
acknowledged as copyright owner and source of the material.  IECEE takes no responsibility for and will not 
assume liability for damages resulting from the reader's interpretation of the reproduced material due to its 
placement and context. 

If this Test Report Form is used by non-IECEE members, the IECEE/IEC logo shall be removed 

This report is not valid as a CB Test Report unless signed by an approved CB Testing Laboratory and 
appended to a CB Test Certificate issued by an NCB in accordance with IECEE 02. 

Test item description......................... : Absolute Tissue Oximeter 

Trade Mark ....................................... : 

 

Manufacturer ..................................... : Same as Applicant 

Model/Type reference ....................... : FORE-SIGHT Elite 

01-06-3000 (US) and 01-06-3005 (OUS) 

Ratings .............................................. : 110-240 V~, 50/60 Hz, 1.5 A Max 
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C280 on PCB 
Assy # 03-59-
0402 

TDK CD85-
E2GA102MYNS 

Cap, Cer, 
1000pF, 20%, 
250VAC, 
X1/Y1, Radial 
0.394" LS 

IEC/EN 60384-
14 
IEC/EN 60065 
UL 1414 
CSA C22.2 No.0 
& No.1 

UL, VDE, CSA, 
BSI, SEMKO, 
SEV, FIMKO, 
DEMKO, NEMKO, 
IMQ 

C1 on PCB 
assy # 03-59-
0403 

TDK CD85-
E2GA102MYNS 

Cap, Cer, 
1000pF, 20%, 
250VAC, 
X1/Y1, Radial 
0.394" LS 

IEC/EN 60384-
14 
IEC/EN 60065 
UL 1414 
CSA C22.2 No.0 
& No.1 

UL, VDE, CSA, 
BSI, SEMKO, 
SEV, FIMKO, 
DEMKO, NEMKO, 
IMQ 

Coin cell 
battery on 
PCB assy 03-
59-0402 

Panasonic BR1225 Battery, Coin 
Cell, Lithium, 48 
mAh, 12.5 mm 

UL 1642 UL 

U64,U65,U66,
U67 

Silicon 
Laboratories  

Si8640ED-B-IS 
Si8640BD-B-IS 

IC, Digital 
Isolator, Quad 
channel, Wide 
Body SOIC-16, 
RoHS 

IEC 60950-1, 
61010-1, 60601-
1 (reinforced 
insulation) 

UL, CSA, VDE 

 
Fluorocarbon 
Film Tape 

 
 

Performance 
Films 

 
 

 
film 
w/ Silicone 
Adhesive, 
0.0035” Thick 

Tested by 
Intertek met 
5000VAC 
dielectric 
withstand 

- 

Alternate 
 

 
Film Tape 

 
Performance 
Films 

 
 

) 
film 
w/ Silicone 
Adhesive, 
0.005” Thick, 
6500 V/mil 

Tested by 
Intertek met 
5000VAC 
dielectric 
withstand 

- 

   4701-30-25035-34  
0.0035” thick 

Tested by 
Intertek met 
2500VAC 
dielectric 
withstand  

- 

Plastic 
enclosure 

Plastic Design 
International 

Acrylonitrile 
Butadiene Styrene 

Acrylonitrile 
Butadiene 
Styrene 

UL 94 UR 

Metal 
enclosure 

Metalmen Aluminum 5052-
H32 

Aluminum 
5052-H32 

Tested in end 
system  

- 

Sensors CASMEDICAL 03-05-0511 03+ Disposable 
oximeter sensor  

Tested in end 
system 

- 

Mylar Tape  3M™ m 
 

 
 

 
Dielectric 
Strength: 7000 
volts 

UL 94 
Tested by 
Intertek met 4000 
VAC dielectric 
withstand 

UL 

Supplementary information: 
 1) An asterisk indicates a mark which assures the agreed level of surveillance. See Licenses and Certificates of 
Conformity for verification. 

(b)(4) (b)(4)
(b)(4)

(b)(4) (b)(4)

(b)(4)
(b)(4)

(b)(b)(4) (b)(4)

(b)(4) (b)(4) (b)(4)

(b)(4)
(b)(4)

(b)(4)
(b)(4)
(b)(4)
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Oximeter sensor 03-05-0511 03+ 
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Copyright © 2010 IEC System for Conformity Testing and Certification of Electrical Equipment (IECEE), 
Geneva, Switzerland. All rights reserved. 

This publication may be reproduced in whole or in part for non-commercial purposes as long as the IECEE is 
acknowledged as copyright owner and source of the material.  IECEE takes no responsibility for and will not 
assume liability for damages resulting from the reader's interpretation of the reproduced material due to its 
placement and context. 

If this Test Report Form is used by non-IECEE members, the IECEE/IEC logo shall be removed 

This report is not valid as a CB Test Report unless signed by an approved CB Testing Laboratory and 
appended to a CB Test Certificate issued by an NCB in accordance with IECEE 02. 

Test item description ........................ : Absolute Tissue Oximeter 

Trade Mark ....................................... : 
 

Manufacturer .................................... : CAS Medical Systems 

Model/Type reference ...................... : FORE-SIGHT Elite 

01-06-3000 (US) and 01-06-3005 (OUS) 

Ratings ............................................. : 110-240 V~, 50/60 Hz, 1.5 A Max 
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INSULATION DIAGRAM 
(b)(4)
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U 1 MOPP IIIb 250 354 4 2.5 4 4 Sensor 
voltage to the 
enclosure 

 
INSULATION DIAGRAM CONVENTIONS and GUIDANCE: 
 
A measured value must be provided in the value columns for the device under evaluation.  The symbol > 
(greater than sign) must not be used.  Switch-mode power supplies must be re-evaluated in the device under 
evaluation therefore N/A must not be used with a generic statement that the component is certified. 
 
Insulation diagram is a graphical representation of equipment insulation barriers, protective impedance and 
protective earthing. If feasible, use the following conventions to generate the diagram: 

- All isolation barriers are identified by letters between separate parts of diagram, for example separate 
transformer windings, optocouplers, wire insulation, creepage and clearance distances. 
- Parts connected to earth with large dots are protectively earthed.  Other connections to earth are functional 
- Applied parts are extended beyond the equipment enclosure and terminated with an arrow. 
- Parts accessible to the operator only are extended outside of the enclosure, but are not terminated with an 
arrow. 

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



 
Page 11 of 200 Report No.: 100742469BOX-001 

 

IEC 60601-1 

Clause Requirement + Test Result - Remark Verdict 
 

 
TRF No. IEC60601_1G                                                                                                                    Intertek Rev1 

 

4 GENERAL REQUIREMENTS — 

4.1 Requirements of this standard applied in NORMAL 

USE and reasonably foreseeable misuse 
 Pass 

4.2 A RISK MANAGEMENT PROCESS complying with ISO 
14971 was performed  ........................................... : 

Compliance with ISO 14971, 
as required by subclause 4.2, 
has been established by 
performing an inspection 
(desk-top audit) of the Risk 
Management File.  
 

See Appended RM Results 
Table 4.2 

Pass 

4.3 ESSENTIAL PERFORMANCE functions identified 
according to MANUFACTURER’S policy for RISK 

acceptability in RISK MANAGEMENT FILE .................. : 

See Appended Table 4.3 and 
RM Results Table 4.3 

Pass 

 ESSENTIAL PERFORMANCE functions maintained 
following particular tests as applicable 

 Pass 

4.4 EXPECTED SERVICE LIFE stated in RISK 

MANAGEMENT FILE ................................................. : 
21-07-0304 Section 3.2 
Expected Service Life 11 yrs 

Pass 

4.5 Alternative means of addressing particular RISKS 

considered acceptable based on MANUFACTURER’S 

justification that RESIDUAL RISKS resulting from 
application of alternative means equal to or less 
than RESIDUAL RISKS resulting from requirements of 
this standard .......................................................... : 

See Appended RM Results 
Table 4.5 

N/A 

4.6 RISK MANAGEMENT PROCESS identifies parts that can 
come into contact with PATIENT but not defined as 
APPLIED PARTS, subjected to the requirements for 
APPLIED PARTS, except for Clause 7.2.10 .............. : 

See Appended Insulation 
Diagram Table and  
RM Results Table 4.6 

Pass 

4.7 ME EQUIPMENT remained SINGLE FAULT SAFE, or the 
RISK remained acceptable as determined by 
Clause 4.2 .............................................................. : 

See Appended RM Results 
Table 4.7 

Pass  

 Failure of any one component at a time that could 
result in a HAZARDOUS SITUATION, including those in 
13.1, simulated physically or theoretically  ........... : 

See Appended Table 13.2 for 
simulated physical test,  

Pass 

 RISK associated with failure of component during 
EXPECTED SERVICE LIFE of ME EQUIPMENT taken into 
account to evaluate if a component should be 
subjected to failure simulation 

 Pass 

4.8 All components and wiring whose failure could 
result in a HAZARDOUS SITUATION used according to 
their applicable ratings, except as specified, or by 
RISK MANAGEMENT PROCESS ................................... : 

See Appended RM Results 
Table 4.8 

N/A 
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 Reliability of components used as MEANS OF 

PROTECTION assessed for conditions of use in ME 

EQUIPMENT, and they complied with one of the 
following: 

 N/A 

 a) Applicable safety requirements of a relevant IEC 

or ISO standard  
 N/A 

 b) Requirements of this standard applied in the 
absence of a relevant IEC or ISO standard 

 N/A 

4.9 A COMPONENT WITH HIGH-INTEGRITY 

CHARACTERISTICS provided because a fault in a 
particular component can generate an 
unacceptable RISK ................................................. : 

See appended Table 8.10 & 
RM Results Table 4.9 

N/A 

 COMPONENTS WITH HIGH-INTEGRITY 

CHARACTERISTICS selected and evaluated 
consistent with their conditions of use and 
reasonable foreseeable misuse during EXPECTED 

SERVICE LIFE of ME EQUIPMENT by reviewing RISK 

MANAGEMENT FILE  ................................................ : 

See Appended RM Results 
Table 4.9 

N/A 

4.10 Power supply Pass 

4.10.1 ME EQUIPMENT is suitable for connection to a 
SUPPLY MAINS, specified to be connected to a 
separate power supply, can be powered by an 
INTERNAL ELECTRICAL POWER SOURCE, or a 
combination of the three  ....................................... : 

Supply mains or internally 
powered 

Pass 

4.10.2 Maximum rated voltage for ME EQUIPMENT intended 
to be connected to SUPPLY MAINS is 250 V for HAND-
HELD ME EQUIPMENT (V) ........................................... : 

Not hand-held N/A 

 – 250 V d.c. or single-phase a.c., or 500 V 
polyphase a.c. for ME EQUIPMENT and ME SYSTEMS 

with a RATED input ≤ 4 kVA (V) ............................... : 

110-240 VAC Pass 

 – 500 V for all other ME EQUIPMENT and ME SYSTEMS  N/A 

4.11 Power input Pass 

 Steady-state measured input of ME EQUIPMENT or 
ME SYSTEM at RATED voltage and at operating 
settings indicated in instructions for use did not 
exceed marked rating by more than 10% .............. : 

See appended Table 4.11 Pass 

 – Measurements on ME EQUIPMENT or a ME SYSTEM 

marked with one or more RATED voltage ranges 
made at both upper and lower limits of the range : 

See appended Table 4.11 Pass 

 Measurements made at a voltage equal to the 
mean value of the range when each marking of 
RATED input was related to the mean value of 
relevant voltage range  

 N/A 
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 Power input, expressed in volt-amperes, measured 
with a volt-ampere meter or calculated as the 
product of steady state current (measured as 
described above) and supply voltage ................... : 

See appended Table 4.11 Pass 

 

5 GENERAL REQUIREMENTS FOR TESTING ME EQUIPMENT — 

5.1 TYPE TESTS determined in consideration of Clause 
4, in particular 4.2 

 Pass 

 Test not performed when analysis indicated 
condition being tested was adequately evaluated 
by other tests or methods ...................................... : 

See Appended RM Results 
Table 5.1 

N/A 

 Results of RISK ANALYSIS used to determine 
combination(s) of simultaneous faults to be tested 

 Pass 

5.2 TYPE TESTS conducted on one representative 
sample under investigation; multiple samples used 
simultaneously when validity of results was not 
significantly affected .............................................. : 

 Pass 

5.3 a) Tests conducted within the environmental 
conditions specified in technical description  

 Pass 

 Temperature (ºC), Relative Humidity (%)  ............ : 10 °C to 40 °C, 30 to 75% RH, 
non-condensing 

Pass 

 Atmospheric Pressure (kPa) ................................. : 680 hPa to 1060 hPa Pass 

 b) ME EQUIPMENT shielded from other influences 
that might affect the validity of tests 

 Pass 

 c) Test conditions modified and results adjusted 
accordingly when ambient temperature could not 
be maintained  ....................................................... : 

 N/A 

5.4 a) ME EQUIPMENT tested under least favourable 
working conditions specified in instructions for use 
and identified during RISK ANALYSIS, except as 
noted ...................................................................... : 

See Appended RM Results 
Table 5.4a 

Pass 

 b) ME EQUIPMENT with adjustable or controlled 
operating values by anyone other than SERVICE 

PERSONNEL adjusted to values least favourable for 
the relevant test per instructions for use 

 Pass 

 c) When test results influenced by inlet pressure 
and flow or chemical composition of a cooling 
liquid, tests performed within the limits in technical 
description .............................................................. : 

 N/A 

 d) Potable water used for cooling   N/A 

5.5 Supply voltage during tests was the least favorable 
of the voltages specified in 4.10 or voltages 
marked on ME EQUIPMENT (V)  ............................... : 

110-240 V~ 
 

Pass 
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 ME EQUIPMENT marked with a RATED frequency 
range tested at the least favourable frequency 
within the range (Hz) .............................................. : 

50/60 Hz 
 

Pass 

 ME EQUIPMENT with more than one RATED voltage, 
or both a.c./ d.c. tested in conditions (see 5.4) 
related to the least favourable voltage, nature of 
supply, and type of current ..................................... : 

110-240 V~ Pass 

 ME EQUIPMENT tested with alternative ACCESSORIES 

and components specified in ACCOMPANYING 

DOCUMENTS to result in the least favourable 
conditions ................................................................ : 

Accessories found in the IFU Pass 

 ME EQUIPMENT connected to a separate power 
supply as specified in instructions for use 

 Pass 

5.6 When failure occurred or probability of future 
failure detected during sequence of tests, per 
agreement with manufacturer, all tests affecting 
results conducted on a new sample 

 Pass 

 Alternatively, upon repair and modification of the 
sample, only the relevant tests conducted 

 N/A 

5.7 ME EQUIPMENT or parts thereof affected by climatic 
conditions were set up completely, or partially, with 
covers detached and subjected to a humidity 
preconditioning prior to tests of Clauses 8.7.4 and 
8.8.3 .......................................................................... : 

 No covers  N/A 

 Manually detachable parts removed and treated 
concurrently with major parts and manually 
removable ACCESS COVERS were opened and 
detached 

No such parts N/A 

 ME EQUIPMENT heated to a temperature between T 
and T + 4 °C for at least 4 h and placed in a 
humidity chamber with a relative humidity of 93 % 
± 3 % and an ambient within 2 °C of T in the range 
of + 20 °C to + 32 °C for 48 h 

 Pass 

 When RISK MANAGEMENT PROCESS indicated ME 

EQUIPMENT can be exposed to high humidity for 
extended periods (i.e., out-door use), test time 
extended proportionally (h) .................................... : 

See Appended RM Results 
Table 5.7 

N/A 

5.8 Unless stated otherwise, tests in this standard 
sequenced as in Annex B to prevent results of one 
test on a subsequent test 

 Pass 

5.9 Determination of APPLIED PARTS and ACCESSIBLE PARTS Pass 

5.9.1 APPLIED PARTS identified by inspection and 
reference to ACCOMPANYING DOCUMENTS ............... : 

See clause 4.6 Remark Pass 

5.9.2 ACCESSIBLE PARTS Pass 
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5.9.2.1 Accessibility, when necessary, determined using 
standard test finger of Fig 6 applied in a bent or 
straight position  

See Appended Table 5.9.2 Pass 

 Openings preventing entry of test finger of Fig. 6 
mechanically tested with a straight un-jointed test 
finger of the same dimensions with a force of 30 N 

 Pass 

 When the straight un-jointed test finger entered, 
test with the standard test finger (Fig 6) was 
repeated, if necessary, by pushing the finger 
through the opening 

 N/A 

5.9.2.2 Test hook of Fig. 7 inserted in all openings of ME 

EQUIPMENT and pulled with a force of 20 N for 10 s 
 Pass 

 All additional parts that became accessible 
checked using standard test finger and by 
inspection 

 N/A 

5.9.2.3 Conductive parts of actuating mechanisms of 
electrical controls accessible after removal of 
handles, knobs, levers and the like regarded as 
ACCESSIBLE PARTS ................................................. : 

 N/A 

 Conductive parts of actuating mechanisms not 
considered ACCESSIBLE PARTS when removal of 
handles, knobs, etc. required use of a TOOL, and 
inspection of RISK MANAGEMENT FILE indicated the 
relevant part is unlikely to detach unintentionally 
during EXPECTED SERVICE LIFE of ME EQUIPMENT . : 

See Appended RM Results 
Table 5.9.2.3 

N/A 

 

6 CLASSIFICATION OF ME EQUIPMENT AND ME SYSTEMS — 

6.2 CLASS I ME EQUIPMENT, externally powered  Pass 

 CLASS II ME EQUIPMENT, externally powered  N/A 

 INTERNALLY POWERED ME EQUIPMENT  Pass 

 EQUIPMENT with means of connection to a SUPPLY 

MAINS complied with CLASS I or CLASS II ME 

EQUIPMENT requirements when so connected, and 
when not connected to SUPPLY MAINS with 
INTERNALLY POWERED ME EQUIPMENT requirements 

 Pass 

 TYPE B APPLIED PART  N/A 

 TYPE BF APPLIED PART  Pass 

 TYPE CF APPLIED PART  N/A 

 DEFIBRILLATION-PROOF APPLIED PARTS  Pass 

6.3 ENCLOSURES classified according to degree of 
protection against ingress of water and particulate 
matter (IPN1N2) as per IEC 60529 ........................... : 

IPX0 
See RM Results Table 11.6.5.  

N/A 
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6.4 ME EQUIPMENT or its parts intended to be sterilized 
classified according to method(s) of sterilization in 
instructions for use ................................................. :  

No parts intended to be 
sterilized 

N/A 

6.5 ME EQUIPMENT and ME SYSTEMS intended for use in 
an OXYGEN RICH ENVIRONMENT classified for such 
use and complied with 11.2.2 

 N/A 

6.6 CONTINUOUS or Non-CONTINUOUS OPERATION ........ : Continuous Pass 

 

7 ME EQUIPMENT IDENTIFICATION, MARKING, AND DOCUMENTS — 

7.1.1 RISK of poor USABILITY associated with the design 
of ME EQUIPMENT'S identification and marking 
addressed in a USABILITY ENGINEERING PROCESS ... : 

 Pass 

7.1.2 Legibility of Markings Test for Markings specified in 
Clause 7.2-7.6 ...........................................................: 

See Appended Table 7.1.2 Pass 

7.1.3 Required markings can be removed only with a 
TOOL or by appreciable force, are durable and 
remain CLEARLY LEGIBLE during EXPECTED SERVICE 
LIFE of ME EQUIPMENT in NORMAL USE  

 Pass 

 a) After tests, adhesive labels didn’t loosen up or 
curl up at edges and markings complied with 
requirements in Clause 7.1.2 ................................. : 

See appended Tables 7.1.3 
and 8.10 

Pass 

 b) Markings required by 7.2-7.6 remained CLEARLY 
LEGIBLE after marking durability test ....................... : 

See appended Tables 7.1.3 
and 8.10 

Pass 

7.2 Marking on the outside of ME EQUIPMENT or ME EQUIPMENT parts Pass 

7.2.1 At least markings in 7.2.2, 7.2.5, 7.2.6 (not for 
PERMANENTLY INSTALLED ME EQUIPMENT), 7.2.10, 
and 7.2.13 were applied when size of EQUIPMENT, 
its part, an ACCESSORY, or ENCLOSURE did not 
permit application of all required markings  ........... : 

See attached copy of Marking 
Plate  

Pass 

 Remaining markings fully recorded in 
ACCOMPANYING DOCUMENTS .................................... : 

 Pass 

 Markings applied to individual packaging when 
impractical to apply to ME EQUIPMENT 

 Pass 

 A material, component, ACCESSORY, or ME 
EQUIPMENT intended for a single use, or its 
packaging marked “Do Not Reuse” or with symbol 
28 of Table D.1 (ISO 7000-1051, DB:2004-01) ........ : 

 Pass 

7.2.2 MANUFACTURER’s name or trademark marked on 
ME EQUIPMENT and detachable components .......... : 

Components inspected: entire 
unit   

Pass 

 Misidentification does not present an unacceptable 
risk 

See Appended RM Results 
Table 7.2.2 

N/A 

 MODEL OR TYPE REFERENCE also marked, except 
when misidentification would not present an 
unacceptable RISK ................................................. : 

See attached copy of Marking 
Plate 

Pass 
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 Software forming part of a PEMS identified with a 
unique identifier, such as revision level or date of 
release/issue, and identification are available to 
designated persons............................................... : 

Software version displayed on 
startup 

Pass 

7.2.3 Symbol 11 on Table D.1 (ISO 7000-1641, DB: 
2004-01) used, optionally, advice to OPERATOR to 
consult ACCOMPANYING DOCUMENTS 

 N/A 

 Safety sign 10 on Table D.2 (safety sign IEC 
60878 Safety 01) used, advising OPERATOR that 
ACCOMPANYING DOCUMENTS must be consulted 

 

Pass 

7.2.4 ACCESSORIES marked with name or trademark of 
MANUFACTURER or supplier, and with a MODEL or 
TYPE REFERENCE ....................................................................................... :  

Accessories inspected: 
preamps  

Pass 

 Markings applied to individual packaging when not 
practical to apply to ACCESSORIES  

 Pass 

7.2.5 MODEL or TYPE REFERENCE of equipment to be 
connected to ME EQUIPMENT to provide power, is 
marked adjacent to the relevant connection point 
when this connection could result in an 
unacceptable RISK ................................................... : 

See Appended RM Results 
Table 7.2.5 

N/A 

7.2.6 Connection to the Supply Mains Pass 

 Except for PERMANENTLY INSTALLED ME EQUIPMENT, 
marking appearing on the outside of part 
containing SUPPLY MAINS connection and, 
adjacent to connection point  

 Pass 

 For PERMANENTLY INSTALLED ME EQUIPMENT, 
NOMINAL supply voltage or range marked inside or 
outside of ME EQUIPMENT, preferably, adjacent to 
supply connection terminals 

Not permanently installed N/A 

 – RATED supply voltage(s) or RATED voltage range(s) 
with a hyphen (-) between minimum and maximum 
voltages (V, V-V) ..................................................... : 

110-240  Pass 

 Multiple RATED supply voltages or multiple RATED 
supply voltage ranges are separated by (V/V) ....... : 

 N/A 

 – Nature of supply (e.g., No. of phases, except 
single-phase) and type of current ........................... :  

Symbol 1 used Pass 

 Symbols 1-5, Table D.1 (symbols of IEC 60417-
5032, 5032-1, 5032-2, 5031, and 5033, all DB: 
2002-10) used, optionally, for same parameters ... : 

  
Pass 

 – RATED supply frequency or RATED frequency range 
in hertz ..................................................................... : 

50/60 Hz Pass 

 – Symbol 9 of Table D.1 (symbol IEC 60417-5172, 
DB: 2003-02) used for CLASS II ME EQUIPMENT ........ : 

Class I N/A 

7.2.7 RATED input in amps or volt-amps, or in watts when 
power factor exceeds 0.9 (A, VA, W) ................................. : 

1.5 A Pass 
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 RATED input for one or more RATED voltage ranges 
provided for upper and lower limits of the range or 
ranges when the range(s) is/are greater than ± 10 
% of the mean value of specified range (A, VA,W) : 

 N/A 

 Input at mean value of range marked when range 
limits do not differ by more than 10 % from mean 
value (A, VA, W) ...................................................... : 

 N/A 

 Marking includes long-time and most relevant 
momentary volt-ampere ratings when provided, 
each plainly identified and indicated in 
ACCOMPANYING DOCUMENTS (VA) ............................. : 

 N/A 

 Marked input of ME EQUIPMENT provided with means 
for connection of supply conductors of other 
electrical equipment includes RATED and marked 
output of such means (A, VA, W) ........................... : 

 N/A 

7.2.8 Output connectors N/A 

7.2.8.1 See 16.9.2.1 b) for MULTIPLE SOCKET-OUTLETS 
integral with ME EQUIPMENT 

 N/A 

7.2.8.2 Output connectors are marked, except for MULTIPLE 
SOCKET-OUTLETS or connectors intended for 
specified ACCESSORIES or equipment  

 N/A 

 Rated Voltage (V), Rated Current (A) ................... :  N/A 

 Rated Power (W), Output Frequency (Hz) ........... :  N/A 

7.2.9 ME EQUIPMENT or its parts marked with the IP 
environmental Code per IEC 60529 according to 
classification in 6.3 (Table D.3, Code 2) ................. : 

IPX0 N/A 

7.2.10 Degrees of protection against electric shock as 
classified in 6.2 for all APPLIED PARTS marked with 
relevant symbols as follows (not applied to parts 
identified according to 4.6): 

 Pass 

 TYPE B APPLIED PARTS with symbol 19 of Table D.1 
(IEC 60417-5840, DB: 2002-10), not applied in such 
a way as to give the impression of being inscribed 
within a square in order to distinguish it from symbol 
IEC 60417-5333 ...................................................... : 

 N/A 

 TYPE BF APPLIED PARTS with symbol 20 of Table D.1 
(IEC 60417-5333, DB: 2002-10) ............................. :  

 

Pass 

 TYPE CF APPLIED PARTS with symbol 21 of Table D.1 
(IEC 60417-5335, DB: 2002-10) ............................. : 

 N/A 

 DEFIBRILLATION-PROOF APPLIED PARTS marked with 
symbols 25-27 of Table D.1 (IEC 60417-5841, IEC 
60417-5334, or IEC 60417-5336, all DB: 2002-10) : 

  

Pass 
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 Proper symbol marked adjacent to or on connector 
for APPLIED PART, except marked on APPLIED PART 
when there is no connector, or connector used for 
more than one APPLIED PART and different APPLIED 
PARTS with different classifications .......................... : 

 Pass 

 Safety sign 2 of Table D.2 (ISO 7010-W001) placed 
near relevant outlet when protection against effect 
of discharge of a cardiac defibrillator is partly in the 
PATIENT cable ........................................................... : 

 

Pass 

 An explanation indicating protection of ME 
EQUIPMENT against effects of discharge of a cardiac 
defibrillator depends on use of proper cables 
included in instructions for use ................................ : 

 

IFU: 21-22-3000 Rev 00Xe.pdf 

Pg 13 

Pass 

7.2.11 ME EQUIPMENT not marked to the contrary assumed 
to be suitable for CONTINUOUS OPERATION 

 Pass  

 DUTY CYCLE for ME EQUIPMENT intended for non-
CONTINUOUS OPERATION appropriately marked to 
provide maximum “on” and “off” time ...................... : 

No duty cycle  N/A 

7.2.12 Type and full rating of a fuse marked adjacent to 
ACCESSIBLE fuse-holder 

Verified on equipment  Pass 

 Fuse type ................................................................. : T3.15AH250V  Pass 

 Voltage (V) and Current (A) rating ........................ : 250V 3.15A Pass 

 Operating speed (s) and Breaking capacity ......... : T, H Pass 

7.2.13 A safety sign CLEARLY LEGIBLE and visible after 
INSTALLATION in NORMAL USE applied to a prominent 
location of EQUIPMENT that produce physiological 
effects capable of causing HARM to PATIENT or 
OPERATOR not obvious to OPERATOR ....................... : 

 N/A 

 Nature of HAZARD and precautions for avoiding or 
minimizing the associated RISK described in 
instructions for use .................................................. : 

See Appended RM Results 
Table 7.2.13 

N/A 

7.2.14 HIGH VOLTAGE TERMINAL DEVICES on the outside of 
ME EQUIPMENT accessible without the use of a TOOL 
marked with symbol 24 of Table D.1 (symbol IEC 
60417-5036, DB: 2002-10)  

 N/A 

7.2.15 Requirements for cooling provisions marked (e.g., 
supply of water or air) .............................................. : 

 N/A 

7.2.16 ME EQUIPMENT with limited mechanical stability   N/A 

7.2.17 Packaging marked with special handling 
instructions for transport and/or storage ................. :  

No special handling  N/A 

 Permissible environmental conditions for transport 
and storage marked on outside of packaging ........ : 

 Pass 

 Packaging marked with a suitable safety sign 
indicating premature unpacking of ME EQUIPMENT 
could result in an unacceptable RISK ...................... : 

See Appended RM Results 
Table 7.2.17 

N/A 
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 Packaging of sterile ME EQUIPMENT or ACCESSORIES 
marked sterile 

No sterile equipment or 
accessories 

N/A 

7.2.18 RATED maximum supply pressure from an external 
source marked on ME EQUIPMENT adjacent to each 
input connector ........................................................ : 

 N/A 

7.2.19 Symbol 7 of Table D.1 (IEC 60417-5017, DB:2002-
10) marked on FUNCTIONAL EARTH TERMINAL ........... :  

no functional earth  

N/A 

7.2.20 Protective means, required to be removed to use a 
particular function of ME EQUIPMENT with alternate 
applications, marked to indicate the necessity for 
replacement when the function is no longer needed: 

 N/A 

 No marking applied when an interlock provided  N/A 

7.3 Marking on the inside of ME EQUIPMENT or ME EQUIPMENT parts   

7.3.1 Maximum power loading of heating elements or 
lamp-holders designed for use with heating lamps 
marked near or in the heater (W) ............................ : 

No heating elements N/A 

 A marking referring to ACCOMPANYING DOCUMENTS 
provided for heating elements or lamp-holders 
designed for heating lamps that can be changed 
only by SERVICE PERSONNEL using a TOOL 

 N/A 

7.3.2 Symbol 24 of Table D.1 (symbol IEC 60417-5036, 
DB: 2002-10), or safety sign 3 of Table D.2 used to 
mark presence of HIGH VOLTAGE parts .................... : 

 N/A 

7.3.3 Type of battery and mode of insertion when 
applicable is marked ............................................. : 

Custom battery  N/A 

 An identifying marking provided referring to 
instructions in ACCOMPANYING DOCUMENTS for 
batteries intended to be changed only by SERVICE 
PERSONNEL using a TOOL ......................................... : 

Not intended to be charged by 
service personnel  

N/A 

 A warning provided indicating replacement of 
lithium batteries or fuel cells when incorrect 
replacement by inadequately trained personnel 
would result in an unacceptable RISK (e.g., 
excessive temperatures, fire or explosion) ............. : 

No lithium batteries  N/A 

 An identifying marking also provided referring to 
instructions in ACCOMPANYING DOCUMENTS ............. : 

See Appended RM Results 
Table 7.3.3 

N/A 

7.3.4 Fuses, replaceable THERMAL CUT-OUTS and OVER-
CURRENT RELEASES, accessible by use of a TOOL, 
marked by type and full rating at the component or 
by reference to ACCOMPANYING DOCUMENTS 

Fuses marked  Pass 

 Type  ........................................................................ : T3.15AH250V Pass 

 Voltage (V) and Current (A) rating ........................ : 250V 3.15A Pass 

 Operating speed (s) and Breaking capacity ......... : high Pass 
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7.3.5 PROTECTIVE EARTH TERMINAL marked with symbol 6 
of Table D.1 (IEC 60417-5019, DB: 2002-10), 
except for the PROTECTIVE EARTH TERMINAL in an 
APPLIANCE INLET according to IEC 60320-1 

 

Pass 

 Markings on or adjacent to PROTECTIVE EARTH 
TERMINALS not applied to parts requiring removal to 
make the connection, and remained visible after 
connection made 

 Pass 

7.3.6 Symbol 7 of Table D.1 (IEC 60417-5017, DB: 2002 
-10) marked on FUNCTIONAL EARTH TERMINALS 

No functional earth terminals  N/A 

7.3.7 Terminals for supply conductors marked adjacent to 
terminals, except when no HAZARD would result 
when interchanging connections 

See Appended RM Results 
Table 7.3.7 

N/A 

 Terminal markings included in ACCOMPANYING 
DOCUMENTS when ME EQUIPMENT too small to 
accommodate markings 

 N/A 

 Terminals exclusively for neutral supply conductor 
in PERMANENTLY INSTALLED ME EQUIPMENT marked 
with Code 1 of Table D.3 (Code in IEC 60445) 

 N/A 

 Marking for connection to a 3-phase supply, if 
necessary, complies with IEC 60445 

 N/A 

 Markings on or adjacent to electrical connection 
points not applied to parts requiring removal to 
make connection, and remained visible after 
connection made 

 N/A 

7.3.8 “For supply connections, use wiring materials 
suitable for at least X °C” (where X > than max 
temperature measured in terminal box or wiring 
compartment under NORMAL USE), or equivalent, 
marked at the point of supply connections 

 N/A 

 Statement not applied to parts requiring removal to 
make the connection, and CLEARLY LEGIBLE after 
connections made 

 N/A 

7.4 Marking of controls and instruments  Pass 

7.4.1 The “on” & “off” positions of switch to control power 
to ME EQUIPMENT or its parts, including mains switch, 
marked with symbols 12 and 13 of Table D.1 (IEC 
60417-5007, DB: 2002-10, and IEC 60417-5008, 
DB: 2002-10), or 

 N/A 

 – indicated by an adjacent indicator light, or  N/A 

 – indicated by other unambiguous means  N/A 

 The “on/off” positions of push button switch with bi-
stable positions marked with symbol 14 of Table 
D.1 (IEC 60417-5010 DB: 2002-10), and  

 Pass 

 – status indicated by adjacent indicator light  N/A 
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 – status indicated by other unambiguous means  Pass 

 The “on/off” positions of push button switch with 
momentary on position marked with symbol 15 of 
Table D.1 (symbol 60417-5011 DB: 2002-10), or 

 N/A 

 – status indicated by adjacent indicator light  N/A 

 – status indicated by other unambiguous means  N/A 

7.4.2 Different positions of control devices/switches 
indicated by figures, letters, or other visual means  

 Pass 

 Controls provided with an associated indicating 
device when change of setting of a control could 
result in an unacceptable RISK to PATIENT in 
NORMAL USE, or 

See Appended RM Results 
Table 7.4.2 

Pass 

 – an indication of direction in which magnitude of 
the function changes 

 N/A 

7.4.3 Numeric indications of parameters on ME 
EQUIPMENT expressed in SI units according to ISO 
31 except the base quantities listed in Table 1 
expressed in the indicated units  

 Pass 

 ISO 1000 applied for application of SI units, their 
multiples, and certain other units 

 Pass 

 All Markings in Sub-clause 7.4 complied with tests 
and criteria of 7.1.2 and 7.1.3 

See Appended Tables 7.1.2 
and 7.1.3. 

Pass 

7.5 Safety signs Pass 

 Markings used to convey a warning, prohibition or 
mandatory action mitigating a RISK not obvious to 
OPERATOR are safety signs from ISO 7010 

See Appended RM Results 
Table 7.5 

Pass 

 Affirmative statement together with safety sign 
placed in instructions for use if insufficient space 
on ME EQUIPMENT 

 N/A 

 Specified colours in ISO 3864-1 used for safety 
signs ...................................................................... : 

Safety sign 10 Pass 

 Safety notices include appropriate precautions or 
instructions on how to reduce RISK(S) 

 Pass 

 Safety signs including any supplementary text or 
symbols described in instructions for use  

 Pass 

7.6 Symbols Pass 

7.6.1 Meanings of symbols used for marking described 
in instructions for use ............................................ : 

See Appended Instruction for 
Use. 

Pass 

7.6.2 Symbols required by this standard conform to IEC 
or ISO publication referenced  

 Pass 

7.6.3 Symbols used for controls and performance 
conform to the IEC or ISO publication where 
symbols are defined, as applicable 

 Pass 
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7.7 Colours of the insulation of conductors Pass 

7.7.1 PROTECTIVE EARTH CONDUCTOR identified by green 
and yellow insulation 

 Pass 

7.7.2 Insulation on conductors inside ME EQUIPMENT 
forming PROTECTIVE EARTH CONNECTIONS identified 
by green and yellow at least at terminations  

 Pass 

7.7.3 Green and yellow insulation identify only following 
conductors: 

 Pass 

 – PROTECTIVE EARTH CONDUCTORS   Pass 

 – conductors specified in 7.7.2  Pass 

 – POTENTIAL EQUALIZATION CONDUCTORS   Pass 

 – FUNCTIONAL EARTH CONDUCTORS   N/A 

7.7.4 Neutral conductors of POWER SUPPLY CORDS are 
“light blue” specified in IEC 60227-1 or IEC 60245-
1 

Enclosed cord  N/A 

7.7.5 Colours of conductors in POWER SUPPLY CORDS in 
accordance with IEC 60227-1 or IEC 60245-1 

 Pass 

7.8 Indicator lights and controls Pass 

7.8.1 Red indicator lights mean: Warning (i.e., 
immediate response by OPERATOR required) 

 Pass 

 Yellow indicator lights mean: Caution (i.e., prompt 
response by OPERATOR required) 

 Pass 

 Green indicator lights mean: Ready for use  Pass 

 Other colours, if used: Meaning other than red, 
yellow, or green (colour, meaning) ....................... : 

 N/A 

7.8.2 Red used only for emergency control   Pass 

7.9 ACCOMPANYING DOCUMENTS Pass 

7.9.1 ME EQUIPMENT accompanied by documents 
containing at least instructions for use, and a 
technical description  

21-22-3000 Rev 000Xb Pass 

 ACCOMPANYING DOCUMENTS identify ME EQUIPMENT 
by the following, as applicable: 

 Pass 

 – Name or trade-name of MANUFACTURER and an 
address the RESPONSIBLE ORGANIZATION can be 
referred to ................................................................ : 

CAS Medical Systems, Inc. 
44 East Industrial Road 
Branford, CT 06405 
U.S.A. 

Pass 

 – MODEL or TYPE REFERENCE ................................... : FORE-SIGHT ELITE Pass 

 When ACCOMPANYING DOCUMENTS provided 
electronically (e.g., on CDROM), RISK MANAGEMENT 
PROCESS includes instructions as to what is 
required in hard copy or as markings on ME 
EQUIPMENT (for emergency operation) 

See Appended RM Results 
Table 7.9.1 

Pass 
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 ACCOMPANYING DOCUMENTS specify special skills, 
training, and knowledge required of OPERATOR or 
RESPONSIBLE ORGANIZATION and environmental 
restrictions on locations of use  

21-22-3000 Rev 000Xb 
Intended Audience  

Pass 

 ACCOMPANYING DOCUMENTS written at a level 
consistent with education, training, and other needs 
of individuals for whom they are intended 

 Pass 

7.9.2 Instructions for use include the required information Pass 

7.9.2.1 – intended use of ME EQUIPMENT, 21-22-3000 Rev 000Xb 
Indications for Use 

Pass 

 – frequently used functions, and  Pass 

 – known contraindication(s) to use of ME 
EQUIPMENT 

21-22-3000 Rev 000Xb 
Contraindications 

Pass 

 Classifications as in Clause 6, all markings per 
Clause 7.2, and explanation of safety signs and 
symbols marked on ME EQUIPMENT 

21-22-3000 Rev 000Xb 
Oximeter Classifications of 
Electrical Insulation, Symbols 

Pass 

 Instructions for use are in a language acceptable 
to the intended operator 

 Pass 

7.9.2.2 Instructions for use include all warning and safety 
notices 

 Pass 

 Warning statement for CLASS I ME EQUIPMENT 
indicating: “WARNING: To avoid risk of electric 
shock, this equipment must only be connected to a 
supply mains with protective earth” 

IFU: 21-22-3000 Rev 00Xe.pdf 

Pg 13 

Pass 

 Warnings regarding significant RISKS of reciprocal 
interference posed by ME EQUIPMENT during 
specific investigations or treatments 

21-22-3000 Rev 000Xb 
Warnings in Installation and 
Setup 

Pass  

 Information on potential electromagnetic or other 
interference and advice on how to avoid or minimize 
such interference 

21-22-3000 Rev 000Xb 
Manufacturer’s Declaration of 
Conformity 

Pass 

 Warning statement for ME EQUIPMENT supplied with 
an integral MULTIPLE SOCKET-OUTLET indicating, 
“connecting electrical equipment to MSO effectively 
leads to creating an ME SYSTEM, and can result in a 
reduced level of safety” 

 N/A 

 The RESPONSIBLE ORGANIZATION is referred to this 
standard for the requirements applicable to ME 
SYSTEMS  

21-22-3000 Rev 000Xb 
Standards 

Pass 

7.9.2.3 Statement on ME EQUIPMENT for connection to a 
separate power supply indicating “power supply is 
specified as a part of ME EQUIPMENT or combination 
is specified as a ME SYSTEM” 

 N/A 
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7.9.2.4 Warning statement for mains- operated ME 
EQUIPMENT with additional power source not 
automatically maintained in a fully usable condition 
indicating the necessity for periodic checking or 
replacement of power source 

 N/A 

 Warning to remove primary batteries when ME 
EQUIPMENT is not likely to be used for some time 
when leakage from battery would result in an 
unacceptable RISK ................................................ : 

See Appended RM Results 
Table 7.9.2.4 

N/A 

 Specifications of replaceable INTERNAL ELECTRICAL 
POWER SOURCE when provided ............................. : 

No such source power  N/A 

 Warning indicating ME EQUIPMENT must be 
connected to an appropriate power source when 
loss of power source would result in an 
unacceptable RISK ................................................ : 

See Appended RM Results 
Table 7.9.2.4 

N/A 

7.9.2.5 Instructions for use include a description of ME 
EQUIPMENT, its functions, significant physical and 
performance characteristics together with the 
expected positions of OPERATOR, PATIENT, or other 
persons near ME EQUIPMENT in NORMAL USE 

21-22-3000 Rev 000Xb Basic 
Operations 

Pass 

 Information provided on materials and ingredients 
PATIENT or OPERATOR is exposed to when such 
exposure can constitute an unacceptable RISK 

 N/A 

 Restrictions specified on other equipment or 
NETWORK/DATA COUPLINGS, other than those 
forming part of an ME SYSTEM, to which a SIGNAL 
INPUT/OUTPUT PART may be connected  

 Pass 

 APPLIED PARTS specified 21-22-3000 Rev 000Xb 
Symbols 

Pass 

7.9.2.6 Information provided indicating where the 
installation instructions may be found or 
information on qualified personnel who can 
perform the installation 

21-22-3000 Rev 00Xb 
Installation and Setup 

Pass 

7.9.2.7 Instructions provided indicating not to position ME 
EQUIPMENT to make it difficult to operate the 
disconnection device when an APPLIANCE COUPLER 
or separable plug is used as isolation means to 
meet 8.11.1 a) 

IFU: 21-22-3000 Rev 00Xe.pdf 

Pg 14 

Pass 

7.9.2.8 Necessary information provided for OPERATOR to 
bring ME EQUIPMENT into operation including initial 
control settings, and connection to or positioning of 
PATIENT prior to use of ME EQUIPMENT, its parts, or 
ACCESSORIES  

21-22-3000 Rev 00Xb Basic 
Operations 

Pass 
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7.9.2.9 Information provided to operate ME EQUIPMENT 
including explanation of controls, displays and 
signals, sequence of operation, connection of 
detachable parts or ACCESSORIES, replacement of 
material consumed during operation 

21-22-3000 Rev 00Xb Basic 
Operations 

Pass 

 Meanings of figures, symbols, warning statements, 
abbreviations and indicator lights described in 
instructions for use 

21-22-3000 Rev 00Xb 
Symbols, Responding to 
System Conditions  

Pass 

7.9.2.10 A list of all system messages, error messages, 
and fault messages provided with an explanation 
of messages including important causes and 
possible action(s) to be taken to resolve the 
problem indicated by the message 

21-22-3000 Rev 00Xb 
Responding to System 
Conditions 

Pass 

7.9.2.11 Information provided for the OPERATOR to safely 
terminate operation of ME EQUIPMENT 

21-22-3000 Rev 00Xb Stop 
Monitoring Patient 

Pass 

7.9.2.12 Information provided on cleaning, disinfection, and 
sterilization methods, and applicable parameters 
that can be tolerated by ME EQUIPMENT parts or 
ACCESSORIES specified  

21-22-3000 Rev 00Xb 
Cleaning 

Pass 

 Components, ACCESSORIES or ME EQUIPMENT 
marked for single use, except when required by 
MANUFACTURER to be cleaned, disinfected, or 
sterilized prior to use 

Sensors single use Pass 

7.9.2.13 Instructions provided on preventive inspection, 
calibration, maintenance and its frequency  

21-22-3000 Rev 00Xb 
Maintenance  

Pass 

 Information provided for safe performance of 
routine maintenance necessary to ensure 
continued safe use of ME EQUIPMENT 

21-22-3000 Rev 00Xb 
Maintenance 

Pass 

 Parts requiring preventive inspection and 
maintenance to be performed by SERVICE 
PERSONNEL identified including periods of 
application 

IFU: 21-22-3000 Rev 00Xe.pdf 

 

Pass 

 Instructions provided to ensure adequate 
maintenance of ME EQUIPMENT containing 
rechargeable batteries to be maintained by anyone 
other than SERVICE PERSONNEL 

21-22-3000 Rev 00Xb 
Maintenance 

Pass 

7.9.2.14 A list of ACCESSORIES, detachable parts, and 
materials for use with ME EQUIPMENT provided  

IFU: 21-22-3000 Rev 00Xe.pdf 

Pg 49 

Pass 

 Other equipment providing power to ME SYSTEM 
sufficiently described (e.g. part number, RATED 
VOLTAGE, max or min power, protection class, 
intermittent or continuous service)  

 N/A 

7.9.2.15 RISKS associated with disposal of waste products, 
residues, etc., and of ME EQUIPMENT and 
ACCESSORIES at the end of their EXPECTED SERVICE 
LIFE are identified, and instructions provided on 
minimizing these RISKS  .......................................... : 

21-22-3000 Rev 00Xb Device 
Handling  

Pass 
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7.9.2.16 Instructions for use include information specified in 
7.9.3 or identify where it can be found (e.g. in a 
service manual)  

 Pass 

7.9.3 Technical description Pass 

7.9.3.1 All essential data provided for safe operation, 
transport, storage, and measures or conditions 
necessary for installing ME EQUIPMENT, and 
preparing it for use including the following: 

 Pass 

 – information as in clause 7.2 21-22-3000 Rev 00Xb 
Appendix - Symbols 

Pass 

 – permissible environmental conditions of use 
including conditions for transport and storage 

21-22-3000 Rev 00Xb 
Specifications - Operating 
Environment, 
Storage/Transport 
Environment 

Pass 

 – all characteristics of ME EQUIPMENT including 
range(s), accuracy, and precision of displayed 
values or where they can be found 

21-22-3000 Rev 00Xb 
Specifications - Measurement  

Pass 

 – special installation requirements such as max. 
permissible apparent impedance of SUPPLY MAINS 

21-22-3000 Rev 00Xb General 
Information  

Pass 

 – permissible range of values of inlet pressure and 
flow, and chemical composition of cooling liquid 
used for cooling 

 N/A 

 – a description of means of isolating ME EQUIPMENT 
from SUPPLY MAINS, when such means not in ME 
EQUIPMENT  

21-22-3000 Rev 00Xb 
Installation and Setup 
Warnings 

Pass 

 – a description of means for checking oil level in 
partially sealed oil filled ME EQUIPMENT or its parts 
when applicable 

 N/A 

 – a warning statement addressing HAZARDS that 
can result from unauthorized modification of ME 
EQUIPMENT according to following examples 

IFU: 21-22-3000 Rev 00Xe.pdf 

Pg 37 

Pass 

 “WARNING: No modification of this equipment is 
allowed” 

 Pass 

 “WARNING: Do not modify this equipment without 
authorization of the manufacturer” 

 N/A 

 “WARNING: If this equipment is modified, 
appropriate inspection and testing must be 
conducted to ensure continued safe use of 
equipment” 

 N/A 

 Technical description separable from instructions for use contains required 
information, as follows 

N/A 

 – information as in clause 7.2  N/A 
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 – all applicable classifications in Clause 6, warning 
and safety notices, and explanation of safety signs 
marked on ME EQUIPMENT 

 N/A 

 – a brief description of ME EQUIPMENT, how it 
functions, and its significant physical and 
performance characteristics 

 N/A 

 MANUFACTURER’S optional requirements for 
minimum qualifications of SERVICE PERSONNEL 
documented in technical description 

 N/A 

7.9.3.2 The technical description contains the following required information Pass 

 –type and full rating of fuses used in SUPPLY MAINS 
external to PERMANENTLY INSTALLED ME EQUIPMENT, 
when type and rating of fuses are not apparent 
from information on RATED current and mode of 
operation of ME EQUIPMENT ................................... : 

See Appended RM Results 
Table 7.9.3.2 

N/A 

 – a statement for ME EQUIPMENT with a non-
DETACHABLE POWER SUPPLY CORD if POWER SUPPLY 
CORD is replaceable by SERVICE PERSONNEL, and if 
so, instructions for correct connection and 
anchoring to ensure compliance with 8.11.3  

 N/A 

 – instructions for correct replacement of 
interchangeable or detachable parts specified by 
MANUFACTURER as replaceable by SERVICE 
PERSONNEL, and 

 Pass 

 – warnings identifying nature of HAZARD when 
replacement of a component could result in an 
unacceptable RISK, and when replaceable by 
SERVICE PERSONNEL all information necessary to 
safely replace the component 

IFU: 21-22-3000 Rev 00Xe.pdf 

Pg 13 

Pass 

7.9.3.3 Technical description indicates, MANUFACTURER will 
provide circuit diagrams, component part lists, 
descriptions, calibration instructions to assist to 
SERVICE PERSONNEL in parts repair 

IFU: 21-22-3000 Rev 00Xe.pdf 

Pg 37 

Pass 

7.9.3.4 Means used to comply with requirements of 8.11.1 
clearly identified in technical description  

21-22-3000 Rev 00Xb 
Installation and Setup 
Warnings 

Pass 

 

8 PROTECTION AGAINST ELECTRICAL HAZARDS FROM ME EQUIPMENT — 

8.1 Limits specified in Clause 8.4 not exceeded for 
ACCESSIBLE PARTS and APPLIED PARTS in NORMAL or 
SINGLE FAULT CONDITIONS 

 Pass 

 NORMAL CONDITION considered as simultaneous 
occurrence of situations identified in 8.1a) 

 Pass 

 SINGLE FAULT CONDITION considered to include the 
occurrences as specified in Clause 8.1b) .............. : 

See Appended RM Results 
Tables 8.1b(1), (2), (3) 

Pass 
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 ACCESSIBLE PARTS determined according to 5.9  Pass 

 LEAKAGE CURRENTS measured according to 8.7  Pass 

8.2 Requirements related to power sources N/A 

8.2.1 When ME EQUIPMENT specified for connection to a 
separate power source other than SUPPLY MAINS, 
separate power source considered as part of ME 
EQUIPMENT or combination considered as an ME 
SYSTEM 

 N/A 

 Tests performed with ME EQUIPMENT connected to 
separate power supply when one specified  

 N/A 

 When a generic separate power supply specified, 
specification in ACCOMPANYING DOCUMENTS 
examined 

 N/A 

8.2.2 No HAZARDOUS SITUATION other than absence of 
ESSENTIAL PERFORMANCE developed when a 
connection with wrong polarity made for ME 
EQUIPMENT from an external d.c. source 

See Appended RM Results 
Table 8.2.2 

N/A 

 ME EQUIPMENT connected with correct polarity did 
not present an unacceptable RISK 

 N/A 

 Protective devices that can be reset by anyone 
without a TOOL restore correct operation on reset 

 N/A 

8.3 Classification of APPLIED PARTS Pass 

 a) APPLIED PART specified in ACCOMPANYING 
DOCUMENTS as suitable for DIRECT CARDIAC 
APPLICATION is TYPE CF  

 N/A 

 b) An APPLIED PART provided with a PATIENT 
CONNECTION intended to deliver electrical energy or 
an electrophysiological signal to or from PATIENT is 
TYPE BF or CF APPLIED PART 

 Pass 

 c) An APPLIED PART not covered by a) or b) is a 
TYPE B, BF, or CF  

 N/A 

 d) Requirements of a TYPE B APPLIED PART applied 
to a part in 4.6 to be subjected to requirements for 
an APPLIED PART (except marking)  

 N/A 

 Requirements for a TYPE BF or CF APPLIED PART 
applied as in RISK MANAGEMENT PROCESS  

See Appended RM Results 
Table 8.3d 

N/A 

8.4 Limitation of voltage, current or energy Pass 

8.4.1 PATIENT CONNECTIONS intended to deliver Current N/A 

 Limits in 8.4.2 not applied to currents intended to 
flow through body of PATIENT to produce a 
physiological effect during NORMAL USE 

 N/A 

8.4.2 ACCESSIBLE PARTS including APPLIED PARTS Pass 
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 a) Currents from, to, or between PATIENT 
CONNECTIONS did not exceed limits for PATIENT 
LEAKAGE CURRENT and PATIENT AUXILIARY CURRENT 
per Tables 3 and 4 when measured according to 
Clause 8.7.4......................................................... : 

See appended Table 8.7   

Pass 

 b) LEAKAGE CURRENTS from, to, or between 
ACCESSIBLE PARTS did not exceed limits for TOUCH 
CURRENT in Cl. 8.7.3 c) when measured per Clause 
8.7.4 (mA) ............................................................ : 

See appended Table 8.7  Pass 

 c) Limits specified in b) not applied to parts when 
probability of a connection to a PATIENT, directly or 
through body of OPERATOR, is negligible in NORMAL 
USE, and the OPERATOR is appropriately instructed  

See Appended RM Results 
Table 8.4.2c 

N/A 

 – accessible contacts of connectors  N/A 

 – contacts of fuseholders accessible during 
replacement of fuse 

 N/A 

 – contacts of lampholders accessible after removal 
of lamp 

No lampholders N/A 

 – parts inside an ACCESS COVER that can be 
opened without a TOOL, or where a TOOL is needed 
but the instructions for use instruct an OPERATOR 
other than SERVICE PERSONNEL to open the relevant 
ACCESS COVER 

No such access covers  N/A 

 Voltage to earth or to other ACCESSIBLE PARTS did 
not exceed 42.4 V peak a.c. or 60 V d.c. for above 
parts in NORMAL or single fault condition (V a.c. or 
d.c.) ...................................................................... : 

See appended Table 8.4.2  N/A 

 Limit of 60 V d.c applied with no more than 10% 
peak-to-peak ripple, and when ripple larger than 
specified value, 42.4 V peak limit applied (V d.c.) : 

See appended Table 8.4.2 N/A 

 Energy did not exceed 240 VA for longer than 60 s 
or stored energy available did not exceed 20 J at a 
potential up to 2 V (VA or J) ................................ : 

See appended Table 8.4.2 N/A 

 LEAKAGE CURRENT limits referred to in 8.4.2 b) 
applied when voltages higher than limits in 8.4.2 c) 
were present (mA) ............................................... : 

See appended Table 8.4.2 N/A 

 d) Voltage and energy limits specified in c) above 
also applied to the following: 

 N/A 

 – internal parts, other than contacts of plugs, 
connectors and socket-outlets, touchable by test 
pin in Fig 8 inserted through an opening in an 
ENCLOSURE; and 

 N/A 
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 – internal parts touchable by a metal test rod with 
a diameter of 4 mm and a length of 100 mm, 
inserted through any opening on top of ENCLOSURE 
or through any opening provided for adjustment of 
pre-set controls using a TOOL 

 N/A 

 Test pin or the test rod inserted through relevant 
openings with minimal force of no more than 1 N 

 N/A 

 Test rod inserted in every possible position 
through openings provided for adjustment of pre-
set controls that can be adjusted in NORMAL USE, 
with a force of 10 N 

 N/A 

 Test repeated with a TOOL specified in instructions 
for use  

 N/A 

 Test rod freely and vertically suspended through 
openings on top of ENCLOSURE 

 N/A 

 e) Devices used to de-energize parts when an 
ACCESS COVER opened without a TOOL gives 
access to parts at voltages above levels permitted 
by this Clause comply with 8.11.1 for mains 
isolating switches and remain effective in SINGLE 
FAULT CONDITION  

 N/A 

 A TOOL is required when it is possible to prevent 
the devices from operating 

 N/A 

8.4.3 Worst case voltage between pins of plug and 
between either supply pin and ENCLOSURE did not 
exceed 60 V one s after disconnecting the plug of 
ME EQUIPMENT or its parts (V) ............................... : 

See appended Table 8.4.3 Pass 

 A triggering circuit used to ensure disconnection 
occurred at peak of supply voltage waveform 

 Pass 

 When voltage exceeded 60 V, calculated or 
measured stored charge didn’t exceed 45 µC....... : 

See appended Table 8.4.3 N/A 

8.4.4 Residual voltage of conductive parts of capacitive 
circuits, having become accessible after ME 
EQUIPMENT was de-energized after removal of 
ACCESS COVERS, didn’t exceed 60V or calculated 
stored charge didn’t exceed 45µC ......................... : 

See appended Table 8.4.4 N/A 

 A device manually discharging capacitors used 
when automatic discharging was not possible and 
ACCESS COVERS could be removed only with aid of 
a TOOL 

 N/A 

 Capacitor(s) and connected circuitry marked with 
symbol 24 of Table D.1 (IEC 60417-5036, DB: 
2002-10), and manual discharging device 
specified in technical description ......................... : 

 N/A 

8.5 Separation of parts Pass 

8.5.1 MEANS OF PROTECTION (MOP) Pass 
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8.5.1.1 Two MEANS of PROTECTION provided for ME 
EQUIPMENT to prevent APPLIED and other 
ACCESSIBLE PARTS from exceeding limits in 8.4 

 Pass 

 Each MEANS OF PROTECTION categorized as a 
MEANS OF PATIENT PROTECTION or a MEANS OF 
OPERATOR PROTECTION, taking into account Clause 
4.6, and flow chart in Fig A.12 

 Pass 

 Varnishing, enameling, oxidation, and similar 
protective finishes and coatings with sealing 
compounds replasticizing at temperatures 
expected during operation and sterilization 
disregarded as MEANS OF PROTECTION 

 Pass 

 Coatings and other insulation intended as a MEANS 
OF PROTECTION complying with IEC 60950-1:2001 
considered acceptable as a MEANS OF OPERATOR 
PROTECTION but not automatically as a MEANS OF 
PATIENT PROTECTION  

None used a MOP N/A 

 RISK MANAGEMENT PROCESS taken into 
consideration for MEANS OF PATIENT PROTECTION  

 Pass 

 Components and wiring forming a MEANS OF 
PROTECTION comply with 8.10 

 Pass 

 Insulation, CREEPAGE, CLEARANCES, components or 
earth connections not complying with 8.5.1.2 and 
8.5.1.3 not considered as MEANS OF PROTECTION, 
and failure of these parts regarded as NORMAL 
CONDITION 

 Pass 

8.5.1.2 MEANS OF PATIENT PROTECTION (MOPP)  Pass 

 Solid insulation forming a MEANS OF PATIENT 
PROTECTION complied with dielectric strength test 
of Clause 8.8 at test voltage of Table 6 

 Pass 

 CREEPAGE and CLEARANCES forming a MEANS OF 
PATIENT PROTECTION complied with Table 12 

 Pass 

 PROTECTIVE EARTH CONNECTIONS forming a MEANS 
OF PATIENT PROTECTION complied with Cl. 8.6 

 Pass 

 A Y1 capacitor complying with IEC 60384-14 and 
having passed dielectric strength test for two 
MEANS OF PATIENT PROTECTION considered 
equivalent to one MEANS OF PATIENT PROTECTION  

See Appended Tables 8.8.3 
and 8.10  

Pass 

 Two capacitors used in series, each RATED for total 
WORKING VOLTAGE across the pair and have the 
same NOMINAL capacitance  

Not used N/A 

 Voltage Total Working (V) and C Nominal (µF) ............... : 1000pF, 20%, 250VAC, X1/Y1, 
Radial 0.394" LS 

 Pass 

8.5.1.3 MEANS OF OPERATOR PROTECTION (MOOP)  Pass 
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 Solid insulation forming a MEANS OF OPERATOR 
PROTECTION complied with: 

 Pass 

 – dielectric strength test of 8.8 at test voltage of 
Table 6; or 

 Pass 

 – requirements of IEC 60950-1 for INSULATION CO-
ORDINATION 

 Pass 

 CREEPAGE and CLEARANCES forming a MEANS OF 
OPERATOR PROTECTION complied with:  

 Pass 

 – limits of Tables 13 to 16 (inclusive); or  Pass 

 – requirements of IEC 60950-1 for INSULATION CO-
ORDINATION 

 Pass 

 PROTECTIVE EARTH CONNECTIONS forming a MEANS 
OF OPERATOR PROTECTION complied with Cl. 8.6, or  

 Pass 

 – requirements and tests of IEC 60950-1 for 
protective earthing ................................................ : 

 Pass 

 A Y2 capacitor complying with IEC 60384-14 and 
passing dielectric strength test for one MEANS OF 
OPERATOR PROTECTION considered equivalent to 
one MEANS OF OPERATOR PROTECTION ................... : 

See Appended Tables 8.8.3 
and 8.10 

None used  

N/A 

 A Y1 capacitor complying with IEC 60384-14 and 
having passed dielectric strength test for two 
MEANS OF OPERATOR PROTECTION considered 
equivalent to two MEANS OF OPERATOR PROTECTION
 .............................................................................. : 

See Appended Tables 8.8.3 
and 8.10 

 

Pass 

 Two capacitors used in series each RATED for total 
WORKING VOLTAGE across the pair and have the 
same NOMINAL capacitance  

Not used N/A 

 Voltage Total Working (V) and C Nominal (µF) ............... : 1000pF, 20%, 250VAC, 
X1/Y1, Radial 0.394" LS 

Pass 

 Points at which impedances of components, 
CREEPAGE, CLEARANCES, PROTECTIVE EARTH 
CONNECTIONS or insulation, prevent ACCESSIBLE 
PARTS from exceeding limits in 8.4 examined 
whether a failure at any of these points is to be 
regarded as a NORMAL or SINGLE FAULT CONDITION 

No such points  N/A 

 A MEANS OF PROTECTION protecting APPLIED PARTS, 
or parts identified by 4.6 as parts subject to the 
same requirements, considered MEANS OF PATIENT 
PROTECTION .......................................................... : 

 Pass 

 A MEANS OF PROTECTION protecting other parts 
considered MEANS OF OPERATOR PROTECTION ...... : 

 Pass 

8.5.2 Separation of PATIENT CONNECTIONS Pass 
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8.5.2.1 PATIENT CONNECTIONS of F-TYPE APPLIED PART 
separated from all other parts by equivalent to one 
MEANS OF PATIENT PROTECTION for a WORKING 
VOLTAGE equal to maximum MAINS VOLTAGE and 
complied with limit for PATIENT LEAKAGE CURRENT at 
110 % of max. MAINS VOLTAGE  ............................ : 

See appended Table 8.7 

 

Pass 

 

 Separation requirement not applied between 
multiple functions of a single F-TYPE APPLIED PART  

 Pass 

 PATIENT CONNECTIONS treated as one APPLIED PART 
in the absence of electrical separation between 
PATIENT CONNECTIONS of same or another function 

 Pass 

 MANUFACTURER has defined if multiple functions 
are to be considered as all within one APPLIED PART 
or as multiple APPLIED PARTS  ................................. : 

 Pass 

 Classification as TYPE BF, CF, or DEFIBRILLATION-
PROOF applied to one entire APPLIED PART 

BF, defibrillation proof  Pass 

 LEAKAGE CURRENT tests conducted per 8.7.4 ....... : See appended Table 8.7 Pass 

 Dielectric strength test conducted per 8.8.3 ......... : See appended Table 8.8.3 Pass 

 CREEPAGE and CLEARANCES measured per 8.9 and 
Tables 11 to 16 as applicable 

 Pass 

 A protective device connected between PATIENT 
CONNECTIONS of an F-TYPE APPLIED PART and 
ENCLOSURE to protect against excessive voltages 
did not operate below 500 V r.m.s 

 Pass 

8.5.2.2 PATIENT CONNECTIONS of a TYPE B APPLIED PART not 
PROTECTIVELY EARTHED are separated by one 
MEANS OF PATIENT PROTECTION from metal 
ACCESSIBLE PARTS not PROTECTIVELY EARTHED ...... : 

See Appended RM Results 
Table 8.5.2.2 

N/A 

 – except when metal ACCESSIBLE PART is physically 
close to APPLIED PART and can be regarded as a 
part of APPLIED PART; and 

 N/A 

 – RISK that metal ACCESSIBLE PART will make 
contact with a source of voltage or LEAKAGE 
CURRENT above permitted limits is acceptably low 

 N/A 

 LEAKAGE CURRENT tests conducted per 8.7.4 ....... : See appended Table 8.7 N/A 

 Dielectric strength test conducted per 8.8.3 ......... : See appended Table 8.8.3 N/A 

 Relevant CREEPAGE and CLEARANCES measured 
per 8.9 and Tables 11 to 16 as applicable 

 N/A 

 The RISK MANAGEMENT FILE reviewed  N/A 

8.5.2.3 A connector on a PATIENT lead located at the end of the lead remote from PATIENT, 
with conductive part not separated from all PATIENT CONNECTIONS by one MEANS 
OF PATIENT PROTECTION for a WORKING VOLTAGE equal to MAXIMUM MAINS VOLTAGE  

N/A 
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 - cannot be connected to earth or hazardous 
voltage while the PATIENT CONNECTIONS are in 
contact with PATIENT ............................................. : 

No patient leads  N/A 

 – conductive part of connector not separated from 
all PATIENT CONNECTIONS did not come into contact 
with a flat conductive plate of not less than 100 
mm diameter 

 N/A 

 – CLEARANCE between connector pins and a flat 
surface is at least 0.5 mm 

 N/A 

 – conductive part pluggable into a mains socket 
protected from making contact with parts at MAINS 
VOLTAGE by insulation with a CREEPAGE DISTANCE of 
at least 1.0 mm, a 1500 V dielectric strength and 
complying with 8.8.4.1 

 N/A 

 – required test finger did not make electrical 
contact with conductive part when applied against 
access openings with a force of 10 N, except when 
RISK MANAGEMENT PROCESS indicated no 
unacceptable RISK existed from contact with 
objects other than a mains socket or a flat surface : 

See Appended RM Results 
Table 8.5.2.3 

N/A 

8.5.3 MAXIMUM MAINS VOLTAGE Pass 

 – MAXIMUM MAINS VOLTAGE determined to be the 
highest RATED supply voltage for single-phase or 
d.c. SUPPLY MAINS powered ME EQUIPMENT, as well 
as INTERNALLY POWERED ME EQUIPMENT with a 
means of connection to a SUPPLY MAINS (V) ........ : 

240 VAC Pass 

 When less than 100 V, MAXIMUM MAINS VOLTAGE 
was 250 V 

 N/A 

 – MAXIMUM MAINS VOLTAGE was the highest RATED 
phase to neutral supply voltage for poly-phase ME 
EQUIPMENT (V) ...................................................... : 

 N/A 

 – for other INTERNALLY POWERED ME EQUIPMENT, 
maximum mains voltage was 250 V 

35VDC Pass 

8.5.4 WORKING VOLTAGE  N/A 

 – Input supply voltage to ME EQUIPMENT was RATED 
voltage or voltage within RATED range resulting in 
highest measured value (V) ................................. : 

Certified power supply N/A 

 – WORKING VOLTAGE for d.c. voltages with 
superimposed ripple was average value when 
peak-to-peak ripple less than 10% of average 
value or peak voltage when peak-to-peak ripple 
exceeding 10% of average value (V) .................. : 

Certified power supply N/A 

 – WORKING VOLTAGE for each MEANS OF 
PROTECTION forming DOUBLE INSULATION was 
voltage DOUBLE INSULATION, as a whole, subjected 
to (V) .................................................................... : 

See Insulation Diagram and 
Insulation Table 

Certified power supply 

N/A 
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 – Intentional or accidental earthing of PATIENT 
regarded as a NORMAL CONDITION for WORKING 
VOLTAGE involving a PATIENT CONNECTION not 
connected to earth 

Certified power supply N/A 

 – WORKING VOLTAGE between PATIENT 
CONNECTIONS of an F-TYPE APPLIED PART and 
ENCLOSURE was highest voltage appearing across 
insulation in NORMAL USE including earthing of any 
part of APPLIED PART (V) ....................................... : 

Certified power supply N/A 

 – WORKING VOLTAGE for DEFIBRILLATION-PROOF 
APPLIED PARTS determined disregarding possible 
presence of defibrillation voltages 

Certified power supply N/A 

 – WORKING VOLTAGE was equal to resonance 
voltage in case of motors provided with capacitors 
between the point where a winding and a capacitor 
are connected together and a terminal for external 
conductors (V) ..................................................... : 

Certified power supply N/A 

8.5.5 DEFIBRILLATION-PROOF APPLIED PARTS  Pass 

8.5.5.1 Classification “DEFIBRILLATION-PROOF APPLIED PART” 
applied to one APPLIED PART in its entirety, but not 
separate functions of same APPLIED PART  

 Pass 

 Possibility of an OPERATOR receiving a shock from 
such parts taken into consideration in RISK 
MANAGEMENT PROCESS 

21-07-0304 and 21-07-0306 
Hazard 4.1.1.8 

Pass 

 Isolation of PATIENT CONNECTIONS of a 
DEFIBRILLATION-PROOF APPLIED PART from other 
parts of ME EQUIPMENT accomplished as follows: 

 Pass 

 a) No hazardous electrical energies appear during 
a discharge of cardiac defibrillator  ....................... : 

See Appended Table 
8.5.5.1a 

Pass 

 b) ME EQUIPMENT complied with relevant 
requirements of this standard, providing BASIC 
SAFETY and ESSENTIAL PERFORMANCE following 
exposure to defibrillation voltage, and recovery 
time stated in ACCOMPANYING DOCUMENTS ............ : 

See Appended Table 
8.5.5.1b 

Pass 

8.5.5.2 Means provided to limit energy delivered to a 100 
Ω load to at least 90% of energy delivered to this 
load with ME EQUIPMENT disconnected  ................. : 

See Appended Table 8.5.5.2 Pass 

8.6 Protective and functional earthing and potential equalization of ME EQUIPMENT Pass 

8.6.1 Requirements of 8.6.2 to 8.6.8 applied  Pass 

 Parts complying with IEC 60950-1 for protective 
earthing and serving as MEANS OF OPERATOR 
PROTECTION but not PATIENT PROTECTION exempted 
from requirements of 8.6.2 to 8.6.8 

 N/A 
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8.6.2 PROTECTIVE EARTH TERMINAL is suitable for 
connection to an external protective earthing 
system by a PROTECTIVE EARTH CONDUCTOR in a 
POWER SUPPLY CORD and a suitable plug or by a 
FIXED PROTECTIVE EARTH CONDUCTOR ................... : 

 Pass 

 Clamping means of PROTECTIVE EARTH TERMINAL of 
ME EQUIPMENT for FIXED supply conductors or 
POWER SUPPLY CORDS comply with 8.11.4.3, and 
cannot be loosened without TOOL 

 N/A 

 Screws for internal PROTECTIVE EARTH 
CONNECTIONS completely covered or protected 
against accidental loosening from outside .......... : 

 Pass 

 Earth pin of APPLIANCE INLET forming supply 
connection to ME EQUIPMENT regarded as 
PROTECTIVE EARTH TERMINAL 

 Pass 

 PROTECTIVE EARTH TERMINAL not used for 
mechanical connection between different parts of 
ME EQUIPMENT or securing components not related 
to protective or functional earthing 

 Pass 

8.6.3 PROTECTIVE EARTH CONNECTION not used for a 
moving part, except when MANUFACTURER 
demonstrated in RISK MANAGEMENT FILE connection 
will remain reliable during EXPECTED SERVICE LIFE  : 

See Appended RM Results 
Table 8.6.3 

Pass 

8.6.4 a) PROTECTIVE EARTH CONNECTIONS carried fault 
currents reliably and without excessive voltage 
drop 

See appended Table 8.6.4 Pass 

 b) Allowable TOUCH CURRENT and PATIENT LEAKAGE 
CURRENT in SINGLE FAULT CONDITION were not 
exceeded, when impedance of PROTECTIVE EARTH 
CONNECTIONS exceeded values in 8.6.4 a) and 
Table 8.6.4, due to limited current capability of 
relevant circuits ..................................................... : 

See appended Table 8.6.4 & 
Clause 8.7 

 

Pass 

8.6.5 Surface coatings N/A 

 Poorly conducting surface coatings on conductive 
elements removed at the point of contact  

 N/A 

 Coating not removed when requirements for 
impedance and current-carrying capacity met 

 N/A 

8.6.6 Plugs and sockets Pass 

 PROTECTIVE EARTH CONNECTION where connection 
between SUPPLY MAINS and ME EQUIPMENT or 
between separate parts of ME EQUIPMENT made via 
a plug and socket was made before and 
interrupted after supply connections  

 Pass 

 - applied also where interchangeable parts are 
PROTECTIVELY EARTHED 

 N/A 

8.6.7 Terminal for connection of a POTENTIAL EQUALIZATION CONDUCTOR  Pass 
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 – Terminal is accessible to OPERATOR with ME 
EQUIPMENT in any position of NORMAL USE 

 Pass 

 – RISK of accidental disconnection minimized in 
NORMAL USE 

 Pass 

 – Terminal allows conductor to be detached 
without a TOOL 

 Pass 

 – Terminal not used for a PROTECTIVE EARTH 
CONNECTION 

 Pass 

 – Terminal marked with symbol 8 of Table D.1 
(i.e., symbol IEC 60417-5021)  

 Pass 

 – Instructions for use contain information on 
function and use of POTENTIAL EQUALIZATION 
CONDUCTOR together with a reference to 
requirements of this standard 

 Pass 

 POWER SUPPLY CORD does not incorporate a 
POTENTIAL EQUALIZATION CONDUCTOR 

 Pass 

8.6.8 FUNCTIONAL EARTH TERMINAL not used to provide a 
PROTECTIVE EARTH CONNECTION 

No functional earth N/A 

8.6.9 Class II ME EQUIPMENT N/A 

 Third conductor of POWER SUPPLY CORD connected 
to protective earth contact of MAINS PLUG provided 
with CLASS II ME EQUIPMENT with isolated internal 
screens used as functional earth connection to the 
screen’s FUNCTIONAL EARTH TERMINAL, coloured 
green and yellow 

Not Class II N/A 

 Two MEANS OF PROTECTION provided by insulation 
of internal screens and all internal wiring 
connected to them with a related explanation in 
technical description ............................................ : 

 N/A 

8.7 LEAKAGE CURRENTS and PATIENT AUXILIARY CURRENTS Pass 

8.7.1 a) Electrical isolation providing protection against 
electric shock limits currents to values in 8.7.3 .... : 

See appended Tables 8.7  Pass 

 b) Specified values of EARTH LEAKAGE, TOUCH, 
PATIENT LEAKAGE, and PATIENT AUXILIARY CURRENTS 
applied in combination of conditions in appended 
Table 8.7 ............................................................... : 

See appended Tables 8.7 Pass 

8.7.2 Allowable values specified in 8.7.3 applied under 
SINGLE FAULT CONDITIONS of 8.1 b), except  

 Pass 

 – where insulation used in conjunction with a 
PROTECTIVE EARTH CONNECTION, insulation short 
circuited only under conditions in 8.6.4 b) 

 Pass 

 – the only SINGLE FAULT CONDITION for EARTH 
LEAKAGE CURRENT was interruption of one supply 
conductor at a time 

 Pass 
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 – LEAKAGE CURRENTS and PATIENT AUXILIARY 
CURRENT not measured in SINGLE FAULT CONDITION 
of short circuiting of one constituent part of DOUBLE 
INSULATION 

 Pass 

 SINGLE FAULT CONDITIONS not applied at same time 
as special test conditions of MAXIMUM MAINS 
VOLTAGE on APPLIED PARTS and non-PROTECTIVELY 
EARTHED parts of ENCLOSURE 

 Pass 

8.7.3 Allowable Values Pass 

 a) Allowable values in 8.7.3 b), c), and d) 
measured based on, and are relative to currents in 
Fig 12 a), or by a device measuring frequency 
contents of currents as in Fig 12 b ....................... : 

See appended Tables 8.7 Pass 

 b) Allowable values of PATIENT LEAKAGE and 
AUXILIARY CURRENTS are according to Tables 3 & 4, 
and values of a.c. are relative to currents having a 
frequency not less than 0.1Hz .............................. : 

See appended Tables 8.7 Pass 

 c) TOUCH CURRENT did not exceed 100 µA in 
NORMAL CONDITION and 500 µA in SINGLE FAULT 
CONDITION (ITNC, ITSFC) ............................................ : 

See appended Tables 8.7 Pass 

 d) EARTH LEAKAGE CURRENT did not exceed 5 mA in 
NORMAL CONDITION and 10 mA in SINGLE FAULT 
CONDITION (IENC, IESFC) ........................................... :  

See appended Tables 8.7 Pass 

 Higher values of EARTH LEAKAGE CURRENT 
permitted for PERMANENTLY INSTALLED ME 
EQUIPMENT connected to a supply circuit supplying 
only this ME EQUIPMENT according to local 
regulations or IEC 60364-7-710 ........................... : 

See appended Tables 8.7 N/A 

 e) LEAKAGE CURRENTS, regardless of waveform and 
frequency, did not exceed 10 mA r.m.s. in NORMAL 
or in SINGLE FAULT CONDITION (measured with a 
non-frequency-weighted device............................ : 

See appended Tables 8.7 Pass 

8.7.4 LEAKAGE and PATIENT AUXILIARY CURRENTS 
measurements ...................................................... : 

See appended Tables 8.7 Pass 

8.8 Insulation Pass 

8.8.1 Insulation relied on as MEANS OF PROTECTION, 
including REINFORCED INSULATION and insulation 
between parts of opposite polarity of MAINS PART 
on SUPPLY MAINS side of mains fuse or OVER-
CURRENT RELEASE 

 Pass 

 Insulation exempted from test (complies with 
clause 4.8) 

None exempt from testing  N/A 

 Insulation forming MEANS OF OPERATOR PROTECTION 
and complying with IEC 60950-1 for INSULATION 
CO-ORDINATION not tested as in 8.8  

 Pass 

8.8.2 Distance through solid insulation or use of thin sheet material N/A 
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 Solid insulation forming SUPPLEMENTARY or 
REINFORCED INSULATION for a PEAK WORKING 
VOLTAGE greater than 71 V provided with: 

Not used  N/A 

 a) 0.4 mm, min, distance through insulation, or  N/A 

 b) does not form part of an ENCLOSURE and not 
subject to handling or abrasion during NORMAL USE, 
and comprised of: 

 N/A 

 – at least two layers of material, each passed the 
appropriate dielectric strength test, or 

See appended Table 8.8.3 N/A 

 – three layers of material, for which all 
combinations of two layers together passed the 
appropriate dielectric strength test 

See appended Table 8.8.3 N/A 

 Dielectric strength test for one or two layers was 
same as for one MEANS OF PROTECTION for 
SUPPLEMENTARY INSULATION  

 N/A 

 Dielectric strength test for one or two layers was 
same as for two MEANS OF PROTECTION for 
REINFORCED INSULATION 

 N/A 

 BASIC, SUPPLEMENTARY, and REINFORCED 
INSULATION required between windings of wound 
components separated by interleaved insulation 
complying with a) or b), or both, except when 

 N/A 

 c) Wire with solid insulation, other than solvent 
based enamel, complying with a) 

 N/A 

 d) Wire with multi-layer extruded or spirally 
wrapped insulation complying with b) and 
complying with Annex L 

 N/A 

 e) Finished wire with spirally wrapped or multi-
layer extruded insulation, complying with Annex L 

 N/A 

 – BASIC INSULATION: minimum two wrapped layers 
or one extruded layer 

 N/A 

 – SUPPLEMENTARY INSULATION: minimum two 
layers, wrapped or extruded 

 N/A 

 – REINFORCED INSULATION: minimum three layers, 
wrapped or extruded 

 N/A 

 In d) and e), for spirally wrapped insulation with 
CREEPAGE DISTANCES between layers less than in 
Table 12 or 16 (Pollution Degree 1) depending on 
type of insulation, path between layers sealed as a 
cemented joint in 8.9.3.3 and test voltages of TYPE 
TESTS in L.3 equal 1.6 times of normal values 

 N/A 
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 Protection against mechanical stress provided 
where two insulated wires or one bare and one 
insulated wire are in contact inside wound 
component, crossing at an angle between 45° and 
90° and subject to winding tension ...................... :  

 N/A 

 Finished component complied with routine 
dielectric strength tests of 8.8.3 ........................... : 

See appended Table 8.8.3 Pass 

 Tests of Annex L not repeated since material data 
sheets confirm compliance .................................. : 

See Table 8.10 and Material 
Information Attachment  

N/A 

8.8.3 Dielectric Strength Pass 

 Solid insulating materials with a safety function 
withstood dielectric strength test voltages  ........... : 

See appended Table 8.8.3 Pass 

8.8.4 Insulation other than wire insulation Pass 

8.8.4.1 Resistance to heat retained by all insulation and 
insulating partition walls during EXPECTED SERVICE 
LIFE of ME EQUIPMENT 

 Pass 

 ME EQUIPMENT and RISK MANAGEMENT FILE 
examined in conjunction with resistance to 
moisture, dielectric strength, and mechanical 
strength tests ........................................................ : 

See Appended RM Results 
Table 8.8.4.1 

Pass 

 Satisfactory evidence of compliance provided by 
manufacturer for resistance to heat ...................... : 

Test performed  N/A 

 Tests conducted in absence of satisfactory 
evidence for resistance to heat............................. :  

Test performed Pass 

 a) ENCLOSURE and other external parts of 
insulating material, except insulation of flexible 
cords and parts of ceramic material, subjected to 
ball-pressure test using apparatus of Fig 21 

See Table 8.8.4.1 Pass 

 b) Parts of insulating material supporting 
uninsulated parts of MAINS PART subjected to ball-
pressure test in a), except at 125 °C ± 2 ° C or 
ambient indicated in technical description ±2°C 
plus temperature rise determined during test of 
11.1 of relevant part, if higher (°C) ....................... : 

See Table 8.8.4.1 N/A 

 Test not performed on parts of ceramic material, 
insulating parts of commutators, brush-caps, and 
similar, and on coil formers not used as 
REINFORCED INSULATION 

 N/A 

8.8.4.2 Resistance to environmental stress N/A 

 Insulating characteristics and mechanical strength 
of all MEANS OF PROTECTION not likely to be 
impaired by environmental stresses including 
deposition of dirt resulting from wear of parts 
within EQUIPMENT, potentially reducing CREEPAGE 
and CLEARANCES below 8.9 

 N/A 
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 Ceramic and similar materials not tightly sintered, 
and beads alone not used as SUPPLEMENTARY or 
REINFORCED INSULATION 

 N/A 

 Insulating material with embedded heating 
conductors considered as one MEANS OF 
PROTECTION but not two MEANS OF PROTECTION 

 N/A 

 Parts of natural latex rubber aged by suspending 
samples freely in an oxygen cylinder containing 
commercial oxygen to a pressure of 2.1 MPa ± 70 
kPa, with an effective capacity of at least 10 times 
volume of samples 

 N/A 

 There were no cracks visible to naked eyes after 
samples kept in cylinder at 70 °C ± 2 °C for 96h, 
and afterwards, left at room temperature for at 
least 16h 

 N/A 

8.9 CREEPAGE DISTANCES and AIR CLEARANCES Pass 

8.9.1.1 CREEPAGE DISTANCES and AIR CLEARANCES are ≥ to 
values in Tables 11 to 16 (inclusive), except as 
specified in Clauses 8.9.1.2 to 8.9.1.15  

 Pass 

8.9.1.2 Tables 11 to 16 (inclusive) not applied to 
CREEPAGE and CLEARANCES forming MEANS OF 
OPERATOR PROTECTION per IEC 60950-1 for 
INSULATION CO-ORDINATION and used under 
conditions compliance was tested 

Not used  N/A 

8.9.1.3 Specified min CLEARANCE applied as min 
CREEPAGE for CREEPAGE DISTANCES across glass, 
mica, ceramic and other inorganic insulating 
materials with similar tracking characteristics 

 Pass 

8.9.1.4 When min CREEPAGE derived from Tables 11 to 16 
(inclusive) was less than min applicable 
CLEARANCE, value of min CLEARANCE applied as 
min CREEPAGE DISTANCE 

 Pass 

8.9.1.5 ME EQUIPMENT RATED to operate at an altitude of 
2000 m 

 Pass 

 ME EQUIPMENT RATED to operate at an altitude 
specified by MANUFACTURER (m) .......................... : 

 N/A 

 Operating altitude corresponding to actual air 
pressure for ME EQUIPMENT intended for 
pressurized environments (e.g., aircraft) used to 
determine multiplication factor from Table 8, and 
AIR CLEARANCE was multiplied by this factor 

Not pressurized  N/A 

 CREEPAGE DISTANCES not subjected to 
multiplication factors, but were at least as large as 
the resulting value for AIR CLEARANCE 

 Pass 

 

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



 
Page 43 of 200 Report No.: 100742469BOX-001 

 

IEC 60601-1 

Clause Requirement + Test Result - Remark Verdict 
 

 
TRF No. IEC60601_1G                                                                                                                    Intertek Rev1 

8.9.1.6 When WORKING VOLTAGE was between those in 
Tables 11 to 16 (inclusive), CREEPAGE and 
CLEARANCES calculated as follows: 

 Pass 

 – CREEPAGE DISTANCES determined by linear 
interpolation between the nearest two values, and 
the calculated spacing rounded off to the next 
higher 0.1 mm increment (mm) ........................... : 

See Insulation 
Diagram/Table. 

Pass 

 – CLEARANCES for PEAK WORKING VOLTAGES above 
2800 V peak or d.c. determined by linear 
interpolation between the nearest two values, and 
the calculated spacing rounded off to the next 
higher 0.1 mm increment (mm) ........................... : 

See Insulation 
Diagram/Table. 

Pass 

 – for AIR CLEARANCES corresponding to PEAK 
WORKING VOLTAGE up to 2800 V peak or d.c., the 
higher of the two values applied 

 Pass 

 

8.9.1.7 Material groups classified in accordance with 
Table 9 (Material Group) ..................................... : 

See Insulation 
Diagram/Table. 

Pass 

 Material group evaluated using 50 drops of 
solution A based on test data for material 
according to IEC 60112 ....................................... : 

Not evaluated N/A 

 Material of unknown group considered IIIb  Pass 

8.9.1.8 – Pollution degree 1: Micro-environment sealed to 
exclude dust and moisture  

 N/A 

 – Pollution degree 2: Micro-environment with non-
conductive pollution, except occasional 
conductivity caused by condensation 

 Pass 

 – Pollution degree 3: Micro-environment subject to 
conductive pollution, or dry non-conductive 
pollution that could become conductive due to 
expected condensation 

 N/A 

 – Pollution degree 4: Micro-environment where 
continuous conductivity occurs due to conductive 
dust, rain, or other wet conditions 

 N/A 

 Pollution degree 4 not used for insulation providing 
a MEANS OF PROTECTION 

 N/A 

 Where insulation between MAINS PART and earth 
might be compromised, measures such as 
maintenance ensure that micro-environment is 
mitigated to a lower pollution degree 

 N/A 

8.9.1.9 Overvoltage category classification; value of MAINS 
TRANSIENT VOLTAGE determined from overvoltage 
category per IEC60664-1 and NOMINAL a.c. MAINS 
VOLTAGE using Table 10  

 Pass 

 V MT Peak (V)  ...................................................... : 2500 Pass 

 V MN r.m.s (V) ....................................................... : 250 Pass 
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8.9.1.10 AIR CLEARANCE for MAINS PARTS (operating on 
RATED MAINS VOLTAGES up to 300 V) were values 
for r.m.s. or d.c. RATED MAINS VOLTAGE in Table 13 
plus additional CLEARANCE in Table 14 for PEAK 
WORKING VOLTAGE 

Max 250 VAC N/A 

8.9.1.11 SUPPLY MAINS overvoltage category II applied 
according to IEC 60664-1 

 Pass 

 For ME EQUIPMENT intended for overvoltage 
category III, Tables 13 to 15 (inclusive) not used 
for clearance, instead values in the next MAINS 
TRANSIENT VOLTAGE column upwards used 

 N/A 

 When PATIENT protection (Table 12) is required for 
use of ME EQUIPMENT on overvoltage category III 
SUPPLY MAINS, guidance provided on values 
required in the rationale for Cl. 8.9 used 

 N/A 

8.9.1.12 A SECONDARY CIRCUIT derived from a SUPPLY 
MAINS, normally, considered to be overvoltage 
category I according to IEC 60664-1 when the 
MAINS PART is overvoltage category II (Table 15) 

 N/A 

 Table 15 applied to earthed SECONDARY CIRCUIT or 
INTERNALLY POWERED ME EQUIPMENT   

 N/A 

 Requirements for primary circuits in Tables 13 and 
14 used for an unearthed SECONDARY CIRCUIT 
derived from a SUPPLY MAINS 

 Pass 

 Table 15 applied when SECONDARY CIRCUIT was 
separated from MAINS PART by a functionally 
earthed or PROTECTIVELY EARTHED metal screen or 
transients in SECONDARY CIRCUIT were below the 
levels expected for overvoltage category I  

 N/A 

 Table 15 column for circuits not subject to 
transient overvoltages applied to: 

 N/A 

 – d.c. SECONDARY CIRCUITS reliably connected to 
earth and have capacitive filtering limiting peak-to-
peak ripple to 10 % of d.c. voltage, and 

 N/A 

 – circuits in INTERNALLY POWERED ME EQUIPMENT  N/A 

8.9.1.13 For PEAK WORKING VOLTAGES above 1400 V peak 
or d.c. Table 15 not applied since all the following 
conditions were met: 

 N/A 

 – CLEARANCE was at least 5 mm  N/A 

 – insulation complied with dielectric strength test of 
8.8.3 using an a.c. test voltage with an r.m.s. value 
equal to 1.06 times PEAK WORKING VOLTAGE, or  

 N/A 

 – a d.c. test voltage equal to peak value of a.c. test 
voltage with an r.m.s. value equal to 1.06 times 
PEAK WORKING VOLTAGE, and  

 N/A 
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 – CLEARANCE path was partly or entirely through air 
or along the surface of an insulating material of 
material group I 

 N/A 

 Dielectric strength test conducted only across 
part(s) of the path that are through air when 
CLEARANCE path was also partly along surface of a 
non- group I material  

 N/A 

8.9.1.14 Minimum CREEPAGE DISTANCES for two MEANS OF 
OPERATOR PROTECTION obtained by doubling 
values in Table 16 for one MEANS OF OPERATOR 
PROTECTION 

 Pass 

8.9.1.15 CREEPAGE DISTANCES and AIR CLEARANCES for 
DEFIBRILLATION-PROOF APPLIED PARTS are 4 mm or 
more to meet 8.5.5.1 

 Pass 

8.9.2 a) Short circuiting of each single one of CREEPAGE 
DISTANCES and CLEARANCES in turn did not result in 
a HAZARDOUS SITUATION for insulation in MAINS PART 
between parts of opposite polarity, therefore, min 
CREEPAGE and CLEARANCES not applied ................ : 

See appended Table 8.9.2 

Measurements applied 

N/A 

 b) Contribution to CREEPAGE DISTANCES of grooves 
or air gaps less than 1 mm wide limited to widths  

 Pass 

 c) Relative positioning of CLEARANCE providing a 
MEANS OF PROTECTION is such that the relevant 
parts are rigid and located by molding, or there is 
no reduction of a distance below specified value 
by deformation or movement of parts 

 Pass 

 Normal or likely limited movements of relevant 
parts taken into consideration when calculating 
minimum AIR CLEARANCE 

 Pass 

8.9.3 Spaces filled by insulating compound N/A 

8.9.3.1 Only solid insulation requirements applied where 
distances between conductive parts filled with 
insulating compound were such that CLEARANCES 
and CREEPAGE DISTANCES don’t exist 

No spaces filled with 
insulating compound 

N/A 

 Thermal cycling, humidity preconditioning, and 
dielectric strength tests in 8.9.3.2 and 8.9.3.4 or 
8.9.3.3 and 8.9.3.4 conducted  

 N/A 

8.9.3.2 For insulating compound forming solid insulation 
between conductive parts, a single sample 
subjected to thermal cycling PROCEDURE of 8.9.3.4 
followed by humidity preconditioning per 5.7 (for 
48 hours), followed by dielectric strength test 
(clause 8.8.3), test voltage multiplied by 1.6 ........ : 

See appended Table 8.9.3.2 N/A 

 Cracks or voids in insulating compound affecting 
homogeneity of material didn’t occur  

 N/A 
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8.9.3.3 Where insulating compound forms a cemented 
joint with other insulating parts, three samples 
tested for reliability of joint  

 N/A 

 A winding of solvent-based enameled wire 
replaced for the test by a metal foil or by a few 
turns of bare wire placed close to cemented joint, 
and three samples tested as follows: 

 N/A 

 – One sample subjected to thermal cycling 
PROCEDURE of 8.9.3.4, and immediately after the 
last period at highest temperature during thermal 
cycling, it was subjected to dielectric strength test 
of 8.8.3 except at 1.6 times the test voltage  ........ : 

See appended Table 8.9.3.4 N/A 

 – The other two samples subjected to humidity 
preconditioning of 5.7, except for 48 hours only 
followed by a dielectric strength test of 8.8.3 at 1.6 
times the test voltage 

 N/A 

8.9.3.4 One sample containing the cemented joint 
subjected to a sequence of temperature cycling 
tests for 10 times .................................................. : 

See appended Table 8.9.3.4 N/A 

8.10 Components and wiring Pass 

8.10.1 Components of ME EQUIPMENT likely to result in an 
unacceptable RISK by their movements mounted 
securely as indicated in RISK MANAGEMENT FILE .... : 

See Appended RM Results 
Table 8.10.1 

Pass 

8.10.2 Conductors and connectors of ME EQUIPMENT 
adequately secured or insulated to prevent 
accidental detachment in a HAZARDOUS SITUATION 
 .............................................................................. : 

See Appended RM Results 
Table 8.10.2 

Pass 

 Conductors and connectors of ME EQUIPMENT when 
breaking free at their joint are not capable of 
touching circuit points resulting in a HAZARDOUS 
SITUATION as indicated in RISK MANAGEMENT FILE 

 Pass 

 Breaking free of one means of mechanical 
restraint considered a SINGLE FAULT CONDITION 

 Pass 

 Stranded conductors are not solder-coated when 
secured by clamping means to prevent HAZARDOUS 
SITUATIONS due to poor contact 

 Pass 

8.10.3 Flexible cords detachable without a TOOL used to 
interconnect different parts of ME EQUIPMENT 
provided with means for connection to comply with 
requirements for metal ACCESSIBLE PARTS of 8.4 
when a connection is loosened or broken as 
shown by measurement or using test finger  

See Appended Table 5.9.2 N/A 

8.10.4 Cord-connected HAND-HELD parts and cord-connected foot-operated control 
devices 

N/A 
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8.10.4.1 Control devices of ME EQUIPMENT and their 
connection cords contain only conductors and 
components operating at 42.4 V peak a.c., max, or 
60 V d.c. in circuits isolated from MAINS PART by 
two MEANS OF PROTECTION  

 N/A 

 d.c. limit of 60 V applied to d.c. with no more than 
10 % peak-to-peak ripple 

 N/A 

 42.4 V peak limit applied when ripple exceeded 10 
% peak-to-peak limit 

 N/A 

8.10.4.2 Connection and anchorage of a flexible cord to a 
HAND-HELD or foot-operated control device of ME 
EQUIPMENT at both ends of cable to control device 
complied with 8.11.3 when breaking free or 
shorting between conductors could result in a 
HAZARDOUS SITUATION  

 N/A 

 This requirement applied to other HAND-HELD parts 
when disturbance or breaking of one or more of 
connections could result in a HAZARDOUS SITUATION 

 N/A 

8.10.5 Mechanical protection of wiring Pass 

 a) Internal cables and wiring adequately protected 
against contact with a moving part or from friction 
at sharp corners and edges where damage to 
insulation could result in a HAZARDOUS SITUATION . : 

See Appended RM Results 
Table 8.10.5 

Pass 

 b) Wiring, cord forms, or components are not likely 
to be damaged during assembly or during opening 
or closing of ACCESS COVERS where such damage 
could result in a HAZARDOUS SITUATION as shown by 
manual tests and RISK MANAGEMENT FILE 

 Pass 

8.10.6 Guiding rollers of insulated conductors prevent 
bending of movable insulated conductors around a 
radius of less than five times the outer diameter of 
the lead concerned in NORMAL USE  

 N/A 

8.10.7 a) Insulating sleeve that can only be removed by 
breaking or cutting, or secured at both ends, is 
used on internal wiring of when needed .............. : 

See appended Table 8.10 N/A 

 b) Sheath of a flexible cord not used as a MEANS 
OF PROTECTION inside ME EQUIPMENT when it is 
subject to mechanical or thermal stresses beyond 
its RATED characteristics 

 Pass 

 c) Insulated conductors subject to temperatures > 
70 °C in NORMAL USE provided with insulation of 
heat-resistant material when compliance is likely to 
be impaired due to deterioration of insulation ...... : 

See appended Table 8.10 N/A 

8.11 MAINS PARTS, components and layout Pass 
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8.11.1 a) ME EQUIPMENT provided with means of 
electrically isolating its circuits from SUPPLY MAINS 
simultaneously on all poles ................................... : 

See appended Table 8.10 Pass 

 PERMANENTLY INSTALLED ME EQUIPMENT connected 
to a poly-phase SUPPLY MAINS equipped with a 
device not interrupting neutral conductor, provided 
local installation conditions prevent voltage on 
neutral conductor from exceeding limits in 8.4.2 c) 

 N/A 

 b) Means of isolation incorporated in ME 
EQUIPMENT, and external means described in 
technical description  ............................................ : 

See appended Table 8.10 Pass 

 c) A SUPPLY MAINS switch used to comply with 
8.11.1 a) complies with CREEPAGE and CLEARANCES 
in IEC 61058-1 for a MAINS TRANSIENT VOLTAGE of 4 
kV .......................................................................... : 

See appended Table 8.10 N/A 

 d) A SUPPLY MAINS switch not incorporated in a 
POWER SUPPLY CORD or external flexible lead 

 Pass 

 e) Direction of movement of actuator of a SUPPLY 
MAINS switch used to comply with 8.11.1 a) 
complies with IEC 60447 

 N/A 

 f) A suitable plug device such as an APPLIANCE 
COUPLER or a flexible cord with a MAINS PLUG used 
in non-PERMANENTLY INSTALLED ME EQUIPMENT to 
isolate it from SUPPLY MAINS considered to comply 
with 8.11.1 a)  ....................................................... : 

See appended Table 8.10 

 

Pass 

 g) A fuse or a semiconductor device not used as 
an isolating means  

 Pass 

 h) ME EQUIPMENT not provided with a device 
causing disconnection of ME EQUIPMENT from 
SUPPLY MAINS by producing a short circuit resulting 
in operation of an overcurrent protection device 

 Pass 

 i) Parts within ENCLOSURE of ME EQUIPMENT with a 
circuit > 42.4 V peak a.c. or 60 V d.c. that cannot 
be disconnected from its supply by an external 
switch or a plug device accessible at all times is 
protected against touch even after opening 
ENCLOSURE by an additional covering  

 N/A 

 A clear warning notice is marked on outside of ME 
EQUIPMENT to indicate it exceeds allowable touch 
voltage (symbol 10 of Table D.1 is insufficient) 

 N/A 

 For a part that could not be disconnected from 
supply by an external switch or a plug device 
accessible at all times, the required cover or 
warning notice complied with this clause 

 N/A 

 Standard test finger of Fig 6 applied  N/A 
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8.11.2 MULTIPLE SOCKET-OUTLETS integral with ME 
EQUIPMENT complied with 16.2 d), second dash; 
and 16.9.2 

No multiple socket-outlets N/A 

8.11.3 POWER SUPPLY CORDS Pass 

8.11.3.1 MAINS PLUG not fitted with more than one POWER 
SUPPLY CORD 

 Pass 

8.11.3.2 POWER SUPPLY CORDS are no less robust than 
ordinary tough rubber sheathed flexible cord (IEC 
60245-1:2003, Annex A, designation 53) or 
ordinary polyvinyl chloride sheathed flexible cord 
(IEC 60227-1:1993, Annex A, design. 53) ............. : 

See appended Table 8.10 

 

Pass 

 Only polyvinyl chloride insulated POWER SUPPLY 
CORD with appropriate temperature rating used for 
ME EQUIPMENT having external metal parts with a 
temperature > 75 °C touchable by the cord in 
NORMAL USE  ........................................................... : 

See appended Table 8.10 

 

N/A 

8.11.3.3 NOMINAL cross-sectional area of conductors of 
POWER SUPPLY CORDS of ME EQUIPMENT is not less 
than in Table 17 (mm2 Cu) .................................. : 

18 G wire  Pass 

8.11.3.4 APPLIANCE COUPLERS complying with IEC 60320-1 
are considered to comply with 8.11.3.5 and 
8.11.3.6 .................................................................. : 

See appended Table 8.10  Pass 

8.11.3.5 Cord anchorage (for APPLIANCE COUPLERS not complying with IEC 60320-1) N/A 

 a) Conductors of POWER SUPPLY CORD provided 
with strain relieve and insulation protected from 
abrasion at point of entry to ME EQUIPMENT or a 
MAINS CONNECTOR by a cord anchorage 

 N/A 

 b) Cord anchorage of POWER SUPPLY CORD is made 
of and arranged as follows when a total insulation 
failure of POWER SUPPLY CORD caused conductive 
non-PROTECTIVELY EARTHED ACCESSIBLE PARTS to 
exceed limits of 8.4: 

 N/A 

 – insulating material, or  N/A 

 – metal, insulated from conductive ACCESSIBLE 
PARTS non-PROTECTIVELY EARTHED by a MEANS OF 
PROTECTION, or 

 N/A 

 – metal provided with an insulating lining affixed to 
cord anchorage, except when it is a flexible 
bushing forming part of the cord guard in 8.11.3.6, 
and complying with the requirements for one 
MEANS OF PROTECTION 

 N/A 

 c) Cord anchorage prevents cord from being 
clamped by a screw bearing directly on cord 
insulation 

 N/A 
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 d) Screws to be operated when replacing POWER 
SUPPLY CORD do not serve to secure any 
components other than parts of cord anchorage 

 N/A 

 e) Conductors of POWER SUPPLY CORD arranged to 
prevent PROTECTIVE EARTH CONDUCTOR against 
strain as long as phase conductors are in contact 
with their terminals when cord anchorage fails 

 N/A 

 f) Cord anchorage prevents POWER SUPPLY CORD 
from being pushed into ME EQUIPMENT or MAINS 
CONNECTOR 

 N/A 

 Conductors of POWER SUPPLY CORD supplied by 
MANUFACTURER disconnected from terminals or 
from MAINS CONNECTOR and cord subjected 25 
times to a pull applied with no jerks, each time for 
1 s, on sheath of the value in Table 18 ................ : 

See appended Table 
8.11.3.5 

N/A 

 Cord subjected to a torque in Table 18 for 1 min 
immediately after pull tests  

 N/A 

 Cord anchorage did not allow cord sheath to be 
longitudinally displaced by more than 2 mm or 
conductor ends to move over a distance of more 
than 1 mm from their connected position  

 N/A 

 CREEPAGE and CLEARANCES not reduced below 
limits in 8.9 

 N/A 

 It was not possible to push the cord into ME 
EQUIPMENT or MAINS CONNECTOR to an extent the 
cord or internal parts would be damaged 

 N/A 

8.11.3.6 POWER SUPPLY CORDS other than for STATIONARY 
ME EQUIPMENT protected against excessive 
bending at inlet opening of equipment or of MAINS 
CONNECTOR by means of an insulating cord guard 
or by means of an appropriately shaped opening 

 N/A 

 Cord guard complied with test of IEC 60335-
1:2001, Clause 25.14, or 

 N/A 

 ME EQUIPMENT placed such that axis of cord guard 
projected at an angle of 45° with cord free from 
stress, and a mass equal 10 x D2 gram attached to 
the free end of cord (g) ....................................... : 

See appended Table 
8.11.3.6 

N/A 

 Cord guard of temperature-sensitive material 
tested at 23 °C ± 2 °C, and flat cords bent in the 
plane of least resistance 

 N/A 

 Curvature of the cord radius, immediately after 
mass attached, was not less than 1.5 x D .......... : 

See appended Table 
8.11.3.6 

N/A 

8.11.4 MAINS TERMINAL DEVICES N/A 
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8.11.4.1 PERMANENTLY INSTALLED and ME EQUIPMENT with 
non-DETACHABLE POWER SUPPLY CORD replaceable 
by SERVICE PERSONNEL provided with MAINS 
TERMINAL DEVICES ensuring reliable connection 

Detachable power cord N/A 

 Terminals alone are not used to keep conductors 
in position, except when barriers are provided 
such that CREEPAGE and CLEARANCES cannot be 
reduced below 8.9 if any conductor breaks away 

 N/A 

 Terminals of components other than terminal 
blocks complying with requirements of this Clause 
and marked according to 7.3.7 used as terminals 
intended for external conductors  

 N/A 

 Screws and nuts clamping external conductors do 
not serve to secure any other component, except 
they also clamp internal conductors when unlikely 
to be displaced when fitting the supply conductors 

 N/A 

8.11.4.2 Arrangement of MAINS TERMINAL DEVICES N/A 

 a) Terminals provided for connection of external 
cords or POWER SUPPLY CORDS together with 
PROTECTIVE EARTH TERMINAL grouped to provide 
convenient means of connection 

Detachable power cord N/A 

 b) PROTECTIVE EARTH CONDUCTOR connections 
complied with 8.6 

 N/A 

 c) Marking of MAINS TERMINAL DEVICES complied 
with 7.3 

 N/A 

 d) MAINS TERMINAL DEVICES not accessible without 
use of a TOOL 

 N/A 

 e) A MEANS OF PROTECTION are not short circuited 
when one end of a flexible conductor with NOMINAL 
cross-sectional area is stripped 8 mm and a single 
free wire is bent in each possible direction  

 N/A 

8.11.4.3 Internal wiring not subjected to stress and 
CREEPAGE and CLEARANCES not reduced below 8.9 
after fastening and loosening a conductor of 
largest cross-sectional area 10 times 

 N/A 

8.11.4.4 Terminals with clamping means for a rewirable 
flexible cord did not require special preparation of 
conductors and conductors were not damaged and 
did not slip out when clamping means tightened as 
verified by test of 8.11.3.4 

 N/A 

8.11.4.5 Adequate space provided inside ME EQUIPMENT 
designed for FIXED wiring or a re-wirable POWER 
SUPPLY CORD to allow for connection of conductors, 
and covers fitted without damage to conductors or 
their insulation  

 N/A 

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



 
Page 52 of 200 Report No.: 100742469BOX-001 

 

IEC 60601-1 

Clause Requirement + Test Result - Remark Verdict 
 

 
TRF No. IEC60601_1G                                                                                                                    Intertek Rev1 

 Correct connection and positioning of conductors 
before ACCESS COVER was fitted verified by an 
installation test 

 N/A 

8.11.5 Mains fuses and OVER-CURRENT RELEASES Pass 

 A fuse or OVER-CURRENT RELEASE provided in each 
supply lead for CLASS I and CLASS II ME EQUIPMENT 
with a functional earth connection per clause 8.6.9, 
and in at least one supply lead for other single-
phase CLASS II ME EQUIPMENT ................................ : 

See appended Table 8.10 
and Appended RM Results 
Table 8.11.5 

Pass 

 – neutral conductor not fused for PERMANENTLY 
INSTALLED ME EQUIPMENT 

portable N/A 

 – fuses or OVER-CURRENT RELEASES omitted due to 
provision of two MEANS OF PROTECTION between all 
parts of opposite polarity within MAINS PART, and 
between all parts of MAINS PART and earth, and 
such provisions continued within all components 

Not omitted N/A 

 Effect of short-circuit fault conditions in other 
circuits taken into consideration before eliminating 
fuses or OVER-CURRENT RELEASES 

 N/A 

 Protective devices have adequate breaking 
capacity to interrupt the maximum fault current 
including the available short-circuit  ..................... : 

See appended Table 8.10  Pass 

 A fuse or OVER-CURRENT RELEASE not provided in a 
PROTECTIVE EARTH CONDUCTOR  

 Pass 

 Fuses complying with IEC 60127 have high 
breaking capacity (1 500 A) and prospective short-
circuit current > 35 A or 10 times current rating of 
the fuse, whichever is greater 

 Pass 

 Justification for omission of fuses or OVER-
CURRENT RELEASES is in RISK MANAGEMENT FILE 

Fuses provided in the ME 
equipment; No omission of 
the fuses or over current 
releases 

N/A 

8.11.6 Internal wiring of the MAINS PART N/A 

 a) Cross-sectional area of internal wiring in a 
MAINS PART between MAINS TERMINAL DEVICE and 
protective devices is not less than minimum 
required for POWER SUPPLY CORD as in clause 
8.11.3.3 (mm2 Cu) ............................................... : 

Certified power supply N/A 

 b) Cross-sectional area of other wiring in MAINS 
PART and sizes of tracks on printed wiring circuits 
sufficient to prevent fire in case of fault currents .. : 

Certified power supply N/A 

 When necessary, ME EQUIPMENT connected to a 
SUPPLY MAINS with max available short-circuit fault, 
and subsequent simulation of a fault in a single 
insulation in MAINS PART did not result in any of the 
HAZARDOUS SITUATIONS in 13.1.2 

Certified power supply N/A 
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9 PROTECTION AGAINST MECHANICAL HAZARDS OF ME EQUIPMENT AND ME 
SYSTEMS 

— 

9.1 ME EQUIPMENT complies with Clause 4 for design 
and manufacture, and mechanical strength (15.3) 

 Pass 

9.2 HAZARDS associated with moving parts N/A 

9.2.1 When ME EQUIPMENT with moving parts PROPERLY 
INSTALLED, used per ACCOMPANYING DOCUMENTS or 
under foreseeable misuse, RISKS associated with 
moving parts reduced to an acceptable level ....... : 

See Appended RM Results 
Table 9.2.1 

N/A 

 RISK from contact with moving parts reduced to 
an acceptable level using protective measures, 
(access, function, shape of parts, energy, speed 
of motion, and benefits to PATIENT considered) 

 N/A 

 RESIDUAL RISK associated with moving parts 
considered acceptable when exposure was 
needed for ME EQUIPMENT to perform its function  

 N/A 

 Warnings marked on ME EQUIPMENT or included in 
instructions for use when HAZARDS persisted after 
implementing all reasonable protective measures : 

See provided Marking Labels  N/A 

9.2.2 TRAPPING ZONE N/A 

9.2.2.1 ME EQUIPMENT with a TRAPPING ZONE complied 
with one or more of the following as feasible: 

 N/A 

 – Gaps in Clause 9.2.2.2, or  N/A 

 – Safe distances in Clause 9.2.2.3, or  N/A 

 – GUARDS and protective measures in 9.2.2.4, or  N/A 

 – Continuous activation in Clause 9.2.2.5  N/A 

 Control of relevant motion complied with 9.2.2.6 
when implementation of above protective 
measures were inconsistent with INTENDED USE of 
ME EQUIPMENT or ME SYSTEM 

 N/A 

9.2.2.2 A TRAPPING ZONE considered not to present a 
MECHANICAL HAZARD when gaps of TRAPPING ZONE 
complied with dimensions per Table 20 ................ : 

See appended Table 9.2.2.2 N/A 

9.2.2.3 A TRAPPING ZONE considered not to present a 
MECHANICAL HAZARD when distances separating 
OPERATOR, PATIENT, and others from TRAPPING 
ZONES exceeded values in ISO 13852  ................ : 

See appended Table 9.2.2.2 N/A 

 Distances measured from expected positions of 
OPERATOR, PATIENT, and others near EQUIPMENT in 
NORMAL USE or under foreseeable misuse 

 N/A 

9.2.2.4 GUARDS and protective measures N/A 
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9.2.2.4.1 A TRAPPING ZONE considered not to present a 
MECHANICAL HAZARD when GUARDS and protective 
measures were of robust construction, not easy to 
bypass or render non-operational, and did not 
introduce additional unacceptable RISK based on 
results of applicable tests in 15.3 for ENCLOSURES : 

See Appended Table 15.3 N/A 

9.2.2.4.2 FIXED GUARDS held in place by systems that 
cannot be dismantled without a TOOL 

 N/A 

9.2.2.4.3 Movable GUARDS that can be opened without a 
TOOL remained attached when GUARD was open 

See Appended RM Results 
Table 9.2.2.4.3 

N/A 

 – they are associated with an interlock preventing 
relevant moving parts from starting to move while 
TRAPPING ZONE is accessible, and stops 
movement when the GUARD is opened, 

 N/A 

 – absence or failure of one of their components 
prevents starting, and stops moving parts 

 N/A 

 Movable GUARDS complied with all applicable tests 
as confirmed by review of RISK MANAGEMENT FILE  

 N/A 

9.2.2.4.4 Protective measures provided in control system 
prevented moving parts from starting to move 
while in reach of persons ...................................... : 

See Appended RM Results 
Table 9.2.2.4.4 

N/A 

 – protective measures prevented TRAPPING ZONE 
from reach, or, when it was reached, system 
movement stopped once ME EQUIPMENT started to 
move, and in the latter case, no HAZARD or 
damage resulted 

 N/A 

 – when protective measure was in a SINGLE FAULT 
CONDITION, and an unacceptable RISK could arise, 
one or more emergency stopping device(s) 
provided  

 N/A 

 RISK MANAGEMENT FILE reviewed and all conditions 
confirmed 

 N/A 

9.2.2.5 Continuous activation N/A 

 TRAPPING ZONE not considered to present a 
MECHANICAL HAZARD where impractical to make 
TRAPPING ZONE inaccessible when: 

 N/A 

 a) movement was in OPERATOR'S field of view  N/A 

 b) movement of ME EQUIPMENT or its parts was 
possible only by continuous activation of control 
by OPERATOR as long as OPERATOR response to 
deactivate device relied upon to prevent HARM 

 N/A 

 Manually operated movements complied with this 
clause since mass and velocity allowed adequate 
control of positioning without causing an 
unacceptable RISK 

 N/A 

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



 
Page 55 of 200 Report No.: 100742469BOX-001 

 

IEC 60601-1 

Clause Requirement + Test Result - Remark Verdict 
 

 
TRF No. IEC60601_1G                                                                                                                    Intertek Rev1 

 c) when in a SINGLE FAULT CONDITION of 
continuous activation system an unacceptable 
RISK could arise, one or more emergency stopping 
device(s) provided in ME EQUIPMENT  ..................... : 

See Appended RM Results 
Table 9.2.2.5 c) 

N/A 

9.2.2.6 Speed of movement(s) positioning parts of ME 
EQUIPMENT or PATIENT, when contact with ME 
EQUIPMENT could result in a HAZARDOUS SITUATION, 
limited to allow OPERATOR control of positioning 
without resulting in an unacceptable RISK ............. : 

See Appended RM Results 
Table 9.2.2.6 

N/A 

 Over travel (stopping distance) of such movement 
occurring after operation of a control to stop 
movement, did not result in an unacceptable RISK 

 N/A 

9.2.3 Other HAZARDS associated with moving parts N/A 

9.2.3.1 Controls positioned, recessed, or protected by 
other means and could not be accidentally 
actuated to result in unacceptable RISK, except 
when ergonomic considerations for a PATIENT with 
special needs require otherwise  

 N/A 

9.2.3.2 RISK due to over travel (past range limits) of ME 
EQUIPMENT parts reduced to an acceptable level, 
and stops or other means with mechanical 
strength to withstand intended loading in NORMAL 
USE and foreseeable misuse provided limiting 
measure in NORMAL and SINGLE FAULT CONDITION . : 

See appended Table 8.10 and 
Appended RM Results Table 
9.2.3.2 

N/A 

9.2.4 Emergency stopping devices N/A 

 Where necessary to have one or more emergency 
stopping device(s), emergency stopping device 
complied with all the following, except for 
actuating switch capable of interrupting all power : 

See Appended RM Results 
Table 9.2.4 

N/A 

 a) Emergency stopping device reduced RISK to an 
acceptable level 

 N/A 

 b) Proximity and response of OPERATOR to actuate 
emergency stopping device could be relied upon 
to prevent HARM 

 N/A 

 c) Emergency stopping device actuator was 
readily accessible to OPERATOR 

 N/A 

 d) Emergency stopping device(s) are not part of 
normal operation of ME EQUIPMENT 

 N/A 

 e) Emergency switching operation or stopping 
means neither introduced further HAZARD nor 
interfered with operation necessary to remove 
original HAZARD 

 N/A 

 f) Emergency stopping device was able to break 
full load of relevant circuit, including possible 
stalled motor currents and the like 

 N/A 
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 g) Means for stopping of movements operate as a 
result of one single action 

 N/A 

 h) Emergency stopping device provided with an 
actuator in red and easily distinguishable and 
identifiable from other controls 

 N/A 

 i) An actuator interrupting/opening mechanical 
movements marked on or immediately adjacent to 
face of actuator with symbol 18 of Table D.1 
(symbol IEC 60417-5638, DB:2002-10) or “STOP” 

 N/A 

 j) Emergency stopping device, once actuated, 
maintained ME EQUIPMENT in disabled condition 
until a deliberate action, different from that used 
to actuate it, was performed 

 N/A 

 k) Emergency stopping device is suitable for its 
application 

 N/A 

9.2.5 Means provided to permit quick and safe release 
of PATIENT in event of breakdown of ME EQUIPMENT 
or failure of power supply, activation of a 
protective measure, or emergency stopping, and  

See Appended RM Results 
Table 9.2.5 

N/A 

 – Uncontrolled or unintended movement of ME 
EQUIPMENT that could result in an unacceptable 
RISK prevented 

 N/A 

 – Situations where PATIENT is subjected to 
unacceptable RISKS due to proximity of moving 
parts, removal of normal exit routes, or other 
HAZARDS prevented 

 N/A 

 – Measures provided to reduce RISK to an 
acceptable level when after removal of 
counterbalanced parts, other parts of ME 
EQUIPMENT can move in a hazardous way 

 N/A 

9.3 Rough surfaces, sharp corners and edges of ME 
EQUIPMENT that could result in an unacceptable 
RISK avoided or covered  ....................................... : 

See Appended RM Results 
Table 9.3 

Pass 

9.4 Instability HAZARDS Pass 

9.4.1 ME EQUIPMENT, other than FIXED and hand-held, 
for placement on a surface did not overbalance 
(tip over) or move unexpectedly, to the degree 
that it could present an unacceptable RISK to 
PATIENT, or OPERATOR as tested in 9.4.2 to 9.4.4 

 Pass 

9.4.2 Instability – overbalance Pass 

9.4.2.1 ME EQUIPMENT or its parts did not overbalance 
when prepared per ACCOMPANYING DOCUMENTS, or 
when not specified, as in 9.4.2.2, and placed on a 
10° inclined plane from horizontal consisting of a 
hard and flat surface (e.g., concrete floor covered 
with 2 to 4 mm thick vinyl material) ....................... : 

See Appended Table 9.4.2.1 Pass 

9.4.2.2 Instability excluding transport Pass 
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 ME EQUIPMENT or its parts prepared based on  
a) to g), inclusive, did not overbalance when 
placed in different positions of NORMAL USE, 
except transport positions, on a 5° inclined plane 
from horizontal (hard and flat surface)  

See Appended Table 9.4.2.2 Pass 

 A warning provided, stating “Transport only under 
conditions described in instructions for use or 
marked on ME EQUIPMENT with an indication of 
RESIDUAL RISK if ME EQUIPMENT or its parts 
overbalances” when overbalance occurred during 
10° inclined plane test 

Passed at 10° N/A 

9.4.2.3 Instability from horizontal and vertical forces N/A 

 a) ME EQUIPMENT with a mass of 25 kg or more, 
other than FIXED ME EQUIPMENT for use on floor, 
did not overbalance due to pushing or resting 

 N/A 

 Surfaces of ME EQUIPMENT where a RISK of 
overbalancing exists from pushing, leaning, 
resting etc., permanently marked with a CLEARLY 
LEGIBLE warning of the RISK (e.g., safety sign 5 of 
Table D.2, safety sign ISO 7010-P017) 

 N/A 

 ME EQUIPMENT did not overbalance when placed 
on a horizontal plane, and a force of 25% of its 
weight, but not more than 220 N, applied in 
different directions, except a direction with an 
upward component 

 N/A 

 b) ME EQUIPMENT, other than FIXED ME EQUIPMENT, 
for use on the floor or on a table, did not 
overbalance due to sitting or stepping, except 
when a legible warning of this RISK provided on ME 
EQUIPMENT (e.g., safety signs 6 and 7 of Table 
D.2, safety signs ISO 7010-P018, or ISO 7010-
P019 as appropriate) 

 N/A 

 ME EQUIPMENT did not overbalance when placed 
on a horizontal plane, and a constant force of 800 
N applied at the point of maximum moment to 
working surfaces, offering an foothold or sitting 
surface of a min 20 x 20 cm area, and at a height 
≤ 1 m from the floor  .............................................. : 

See Appended Table 9.4.2.3 N/A 

9.4.2.4 Castors and wheels N/A 

9.4.2.4.1 Means used for transportation of MOBILE ME 
EQUIPMENT (e.g., castors or wheels) did not result 
in an unacceptable RISK when MOBILE ME 
EQUIPMENT moved or parked in NORMAL USE 

 N/A 
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9.4.2.4.2 Force required to move MOBILE ME EQUIPMENT 
along a hard and flat horizontal surface did not 
exceed 200 N applied at a height of 1 m above 
floor or highest point on ME EQUIPMENT when < 1 
m high, except when instructions indicated more 
than one person needed (N) ................................. : 

See Appended Table 9.4.2.4.2 N/A 

9.4.2.4.3 MOBILE ME EQUIPMENT exceeding 45 kg configured 
with a SAFE WORKING LOAD, moved 10 times in 
forward direction over a solid vertical plane 
obstruction with wheels impacting the obstruction 
at a speed of 0.4 m/s ± 0.1 m/s for manual or with 
max speed for motor driven MOBILE ME EQUIPMENT
 .............................................................................. : 

See Appended Table 9.4.2.4.3 N/A 

 ME EQUIPMENT went up the obstruction without 
overbalancing or any other unacceptable RISK as 
determined by examination of RISK MANAGEMENT 
FILE, ME EQUIPMENT and its parts ........................... : 

See Appended RM Results 
Table 9.4.2.4.3 

N/A 

 There was no reduction of CREEPAGE and 
CLEARANCES below 8.9, no access to parts 
exceeding limits in 8.4, and no access to moving 
parts capable of causing HARM, and 

 N/A 

 – Assessment criteria in Clause 9 and 11.6 used  N/A 

 – Dielectric strength test of 8.8.3 conducted to 
evaluate integrity of solid SUPPLEMENTARY or 
REINFORCED INSULATION 

 N/A 

 – CREEPAGE DISTANCES and AIR CLEARANCES 
measured compared favourably with min 
distances in clause 8.9  

 N/A 

 Small chips not adversely affecting protection 
against electric shock or moisture, disregarded  

 N/A 

9.4.3 Instability from unwanted lateral movement (including sliding) N/A 

9.4.3.1 a) Brakes of power-driven MOBILE ME EQUIPMENT 
normally activated and could only be released by 
continuous actuation of a control 

 N/A 

 b) MOBILE ME EQUIPMENT provided with locking 
means to prevent unwanted movements of ME 
EQUIPMENT or its parts in transport position 

 N/A 

 c) No unacceptable RISK due to unwanted lateral 
movement resulted when MOBILE ME EQUIPMENT 
placed in its transport position or worst case 
NORMAL USE position with SAFE WORKING LOAD, and 
locking device activated, on a 10° inclined hard 
flat surface with castors in the worst-case position 

 N/A 

 Following initial elastic movement, creepage, and 
pivoting of castors, no further movement of 
MOBILE ME EQUIPMENT > 50 mm (in relation to 
inclined plane) occurred (mm) ............................. :  

See Appended Table 9.4.3.1 N/A 
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 RISK due to any initial movement assessed taking 
into consideration NORMAL USE of ME EQUIPMENT 

 N/A 

9.4.3.2 Instability excluding transport N/A 

 a) Further movement of ME EQUIPMENT (after initial 
elastic movement) was less than 50 mm when 
MOBILE ME EQUIPMENT with a SAFE WORKING LOAD 

positioned on a 5° inclined hard flat surface with 
wheel locked or braking system activated (mm) .. : 

See Appended Table 9.4.3.2 N/A 

 RISK due to initial movements assessed taking 
into consideration NORMAL USE of ME EQUIPMENT 

 N/A 

 b) TRANSPORTABLE or STATIONARY ME EQUIPMENT 
for use on the floor and with a SAFE WORKING LOAD 
prepared as in 9.4.2.2 and placed on a horizontal 
plane with locking device activated and castors, 
when supplied, in their worst –case position 

 N/A 

 Further movement of ME EQUIPMENT (after initial 
elastic movement), was no more than 50 mm 
when a force of 25 % of weight of unit, but less 
than 220 N, applied in different directions, except 
a direction with an upwards component, at 
highest point of ME EQUIPMENT but ≤ 1.5 m from 
floor ...................................................................... : 

See Appended Table 9.4.3.2 N/A 

 RISK due to initial movements assessed taking 
into consideration NORMAL USE of ME EQUIPMENT 

 N/A 

9.4.4 Grips and other handling devices N/A 

 a) ME EQUIPMENT other than PORTABLE EQUIPMENT 
or its part with a mass of over 20 kg requiring 
lifting in NORMAL USE or transport provided with 
suitable handling means, or ACCOMPANYING 
DOCUMENTS specify safe lifting method, except 
when handling is obvious and causing HAZARDS  

 N/A 

 Handles, when supplied, suitably placed to enable 
ME EQUIPMENT or its part to be carried by two or 
more persons and by examination of EQUIPMENT, 
its part, or ACCOMPANYING DOCUMENTS 

 N/A 

 b) PORTABLE ME EQUIPMENT with a mass > 20 kg 
provided with one or more carrying-handles 
suitably placed to enable carrying by two or more 
persons as confirmed by actual carrying 

 N/A 

 c) Carrying handles and grips and their means of 
attachment withstood loading test ....................... : 

See Appended Table 9.4.4 N/A 

9.5 Expelled parts HAZARD Pass 

9.5.1 Suitability of means of protecting against 
unacceptable RISK of expelled parts determined 
by assessment and examination of RISK 
MANAGEMENT FILE .................................................. : 

See Appended RM Results 
Table 9.5.1 

Pass 

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



 
Page 60 of 200 Report No.: 100742469BOX-001 

 

IEC 60601-1 

Clause Requirement + Test Result - Remark Verdict 
 

 
TRF No. IEC60601_1G                                                                                                                    Intertek Rev1 

9.5.2 Cathode ray tube(s) complied with IEC 
60065:2001, Clause 18, or IEC 61965 ................ : 

See appended Table 8.10  N/A 

9.6 Acoustic energy (including infra- and ultrasound) and vibration Pass 

9.6.1 Human exposure to acoustic energy and vibration 
from ME EQUIPMENT doesn’t result in unacceptable 
RISK as confirmed in RISK MANAGEMENT FILE 
including audibility of auditory alarm signals, 
PATIENT sensitivity, and tests of 9.6.2 and 9.6.3 ... : 

See Appended RM Results 
Table 9.6.1 

Pass 

9.6.2 Acoustic energy Pass 

9.6.2.1 PATIENT, OPERATOR, and other persons are not 
exposed to acoustic energy from ME EQUIPMENT in 
NORMAL USE, except for auditory alarm signals 

 Pass 

 – 80 dBA for a cumulative exposure of 24 h over 
a 24 h period (dBA) .............................................. : 

 Pass 

 - 83 dBA (when halving the cumulative exposure 
time) (dBA) ........................................................... : 

 Pass 

 – 140 dB un-weighted sound pressure level for 
impulsive or impact acoustic energy (dB) ................... : 

 Pass 

9.6.2.2 RISK MANAGEMENT FILE examined for RISKS 
associated with infrasound or ultrasound, when 
present, addressed in RISK MANAGEMENT PROCESS 

See Appended RM Results 
Table 9.6.2.2 

N/A 

9.6.3 Hand-transmitted vibration N/A 

 Means provided, except for INTENDED USE 
vibrations, to protect PATIENT and OPERATOR when 
hand-transmitted frequency-weighted r.m.s. 
acceleration generated in NORMAL USE exceeds 
specified values measured at points of hand 
contact with PATIENT or OPERATOR 

No vibration N/A 

 – 2.5 m/s2 for a cumulative time of 8 h during a 24 
h period (m/s2) ...................................................... : 

 N/A 

 – Accelerations for different times, inversely 
proportional to square root of time (m/s2) ............ : 

 N/A 

9.7 Pressure vessels and parts subject to pneumatic and hydraulic pressure N/A 

9.7.1 Requirements of this clause applied to vessels 
and parts of ME EQUIPMENT subject to pressure 
resulting in rupture and unacceptable RISK 

 N/A 

 Parts of a pneumatic or hydraulic system used as 
a support system, comply with 9.8 

 N/A 

9.7.2 Pneumatic and hydraulic parts of ME EQUIPMENT or 
ACCESSORIES met following requirements based 
on examination of RISK MANAGEMENT FILE ............ : 

See Appended RM Results 
Table 9.7.2 

N/A 

 – No unacceptable RISK resulted from loss of 
pressure or loss of vacuum 

 N/A 
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 – No unacceptable RISK resulted from a fluid jet 
caused by leakage or a component failure 

 N/A 

 – Elements of ME EQUIPMENT or an ACCESSORY, 
especially pipes and hoses leading to an 
unacceptable RISK protected against harmful 
external effects 

 N/A 

 – Reservoirs and similar vessels leading to an 
unacceptable RISK are automatically 
depressurized when ME EQUIPMENT is isolated 
from its power supply  

 N/A 

 Means provided for isolation, or local 
depressurizing reservoirs and similar vessels, and 
pressure indication when above not possible  

 N/A 

 – All elements remaining under pressure after 
isolation of ME EQUIPMENT or an ACCESSORY from 
its power supply resulting in an unacceptable RISK 
provided with clearly identified exhaust devices, 
and a warning to depressurize these elements 
before setting or maintenance activity  

 N/A 

9.7.3 Maximum pressure a part of ME EQUIPMENT can be 
subjected to in NORMAL and SINGLE FAULT 
CONDITIONS considered to be highest of following: 

 N/A 

 a) RATED maximum supply pressure from an 
external source 

 N/A 

 b) Pressure setting of a pressure-relief device 
provided as part of assembly 

 N/A 

 c) Max pressure that can develop by a source of 
pressure that is part of assembly, unless pressure 
limited by a pressure-relief device 

 N/A 

9.7.4 Max pressure in NORMAL and SINGLE FAULT 
CONDITIONS did not exceed MAXIMUM PERMISSIBLE 
WORKING PRESSURE for EQUIPMENT part, except as 
allowed in 9.7.7, confirmed by examination of ME 
EQUIPMENT and RISK MANAGEMENT FILE, and by 
functional tests ..................................................... : 

See Appended RM Results 
Table 9.7.4 

N/A 

9.7.5 A pressure vessel withstood a HYDRAULIC TEST 
PRESSURE when pressure was > 50 kPa, and 
product of pressure and volume was more than 
200 kPaI ............................................................... : 

See Appended Table 9.7.5 N/A 

9.7.6 Pressure-control device regulating pressure in ME 
EQUIPMENT with pressure-relief device completed 
100,000 cycles of operation under RATED load and 
prevented pressure from exceeding 90 % of 
setting of pressure-relief device in different 
conditions of NORMAL USE  .................................... : 

See Appended RM Results 
Table 9.7.6 

N/A 
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9.7.7 Pressure-relief device(s) used where MAXIMUM 
PERMISSIBLE WORKING PRESSURE could otherwise 
be exceeded met the following, as confirmed by 
MANUFACTURER’S data, ME EQUIPMENT, RISK 
MANAGEMENT FILE, and functional tests ................ : 

See Appended RM Results 
Table 9.7.7 

N/A 

 a) Connected as close as possible to pressure 
vessel or parts of system it is to protect 

 N/A 

 b) Installed to be readily accessible for inspection, 
maintenance, and repair 

 N/A 

 c) Could be adjusted or rendered inoperative 
without a TOOL 

 N/A 

 d) With discharge opening located and directed 
as to not to release material towards any person 

 N/A 

 e) With discharge opening located and directed 
as to not to deposit material on parts that could 
result in an unacceptable RISK 

 N/A 

 f) Adequate discharge capacity provided to 
ensure that pressure will not exceed MAXIMUM 
PERMISSIBLE WORKING PRESSURE of system it is 
connected to by more than 10 % when failure 
occurs in control of supply pressure 

 N/A 

 g) No shut-off valve provided between a pressure-
relief device and parts it is to protect 

 N/A 

 h) Min number of cycles of operation 100 000, 
except for one-time use devices (bursting disks) 

 N/A 

9.8 HAZARDS associated with support systems N/A 

9.8.1 ME EQUIPMENT parts designed to support loads or 
provide actuating forces when a mechanical fault 
could constitute an unacceptable RISK  ................ : 

See appended Table 8.10 and 
Appended RM Results Table 
9.8.1  

N/A 

 – Construction of support, suspension, or 
actuation system complied with Table 21 and 
TOTAL LOAD 

 N/A 

 – Means of attachment of ACCESSORIES prevent 
possibility of incorrect attachment that could result 
in an unacceptable RISK  

 N/A 

 – RISK ANALYSIS of support systems included 
HAZARDS from static, dynamic, vibration, impact 
and pressure loading, foundation and other 
movements, temperature, environmental, 
manufacture and service conditions 

 N/A 

 – RISK ANALYSIS included effects of failures such 
as excessive deflection, plastic deformation, 
ductile/brittle fracture, fatigue fracture, instability 
(buckling), stress-assisted corrosion cracking, 
wear, material creep and deterioration, and 
residual stresses from manufacturing PROCESSES  

 N/A 
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 – Instructions on attachment of structures to a 
floor, wall, ceiling, included in ACCOMPANYING 
DOCUMENTS making adequate allowances for 
quality of materials used to make the connection 
and list the required materials 

 N/A 

 Additional instructions provided on checking 
adequacy of surface of structure parts will be 
attached to 

 N/A 

9.8.2 Support systems maintain structural integrity 
during EXPECTED SERVICE LIFE, and TENSILE SAFETY 
FACTORS are not less than in Table 21, except 
when an alternative method used to demonstrate 
structural integrity throughout EXPECTED SERVICE 
LIFE, or for a foot rest 

 N/A 

 Compliance with 9.8.1 and 9.8.2 confirmed by 
examination of ME EQUIPMENT, RISK MANAGEMENT 
FILE, specifications and material processing ........ : 

See Appended RM Results 
Table 9.8.2 

N/A 

 When test results were part of information, testing 
consisted of application of a test load to support 
assembly equal to TOTAL LOAD times required 
TENSILE SAFETY FACTOR while support assembly 
under test was in equilibrium after 1 min, or not 
resulted in an unacceptable RISK ......................... : 

See appended Table 8.10  N/A 

9.8.3 Strength of PATIENT or OPERATOR support or suspension systems N/A 

9.8.3.1 ME EQUIPMENT parts supporting or immobilizing 
PATIENTS minimize RISK of physical injuries and 
accidental loosening of secured joints 

See Appended RM Results 
Table 9.8.3.1 

N/A 

 SAFE WORKING LOAD of ME EQUIPMENT or its parts 
supporting or suspending PATIENTS or OPERATORS 
is sum of mass of PATIENTS or mass of OPERATORS 
plus mass of ACCESSORIES supported by ME 
EQUIPMENT or its parts 

 N/A 

 Supporting and suspending parts for adult human 
PATIENTS or OPERATORS designed for a PATIENT or 
OPERATOR with a min mass of 135 kg and 
ACCESSORIES with a min mass of 15 kg, unless 
stated by MANUFACTURER 

 N/A 

 Maximum mass of PATIENT included in SAFE 
WORKING LOAD of ME EQUIPMENT or its parts 
supporting or suspending PATIENTS adapted when 
MANUFACTURER specified applications 

 N/A 

 Max allowable PATIENT mass < 135 kg marked on 
ME EQUIPMENT and stated in ACCOMPANYING 
DOCUMENTS 

 N/A 

 Max allowable PATIENT mass > 135 kg stated in 
ACCOMPANYING DOCUMENTS 

 N/A 
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 Examination of markings, ACCOMPANYING 
DOCUMENTS, and RISK MANAGEMENT FILE confirmed 
compliance  .......................................................... : 

See copy of Marking Label N/A 

9.8.3.2 Part of SAFE WORKING LOAD representing mass of 
PATIENTS or OPERATORS is distributed on 
support/suspension surface representing human 
body as in Fig A.19 

 N/A 

 Part of SAFE WORKING LOAD representing mass of 
ACCESSORIES deployed as in NORMAL USE and, 
when not defined, at worst case position permitted 
by configuration or ACCESSORIES attachment on 
support/suspension parts 

 N/A 

 a) Entire mass of PATIENT or OPERATOR distributed 
over an area of 0.1 m2 on a foot rest temporarily 
supporting a standing PATIENT or OPERATOR ........ : 

See Appended RM Results 
Table 9.8.3.2 a) 

N/A 

 Compliance confirmed by examination of ME 
EQUIPMENT, RISK MANAGEMENT FILE, specifications 
of materials and their processing, and tests ........ :  

See appended Table 8.10  N/A 

 PATIENT support/suspension system positioned 
horizontally in most disadvantageous position in 
NORMAL USE, and a mass 2 x 135 kg or twice 
intended person’s load (the greater used), applied 
to foot rest over an area of 0.1 m2 for 1 min (Kg) : 

See appended Table 9.8.3.2  N/A 

 Damage or deflection resulting in an 
unacceptable RISK did not occur on foot rest and 
its secured joints 

 N/A 

 b) Deflection of a support surface from PATIENT or 
OPERATOR loading on an area of support/ 
suspension where a PATIENT or OPERATOR can sit 
did not result in an unacceptable RISK ................. : 

See Appended RM Results 
Table 9.8.3.2 b) 

N/A 

 Compliance confirmed by examination of ME 
EQUIPMENT, RISK MANAGEMENT FILE, specifications 
of materials and their processing, and by a test .. : 

See appended Table 8.10  N/A 

 PATIENT support/suspension system set in most 
unfavourable NORMAL USE position, and a mass of 
60 % of part of SAFE WORKING LOAD simulating 
PATIENT or OPERATOR, or a min 80 kg, placed on 
support or suspension system with centre of load 
60 mm from outer edge of support or suspension 
system for at least one minute (Kg) ..................... : 

See appended Table 9.8.3.2 N/A 

 Deflection of support/suspension system resulting 
in an unacceptable RISK not occur 

 N/A 

9.8.3.3 Dynamic forces that can be exerted on equipment 
parts supporting or suspending a PATIENT or 
OPERATOR in NORMAL USE did not result in an 
unacceptable RISK as confirmed by following test: 

 N/A 
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 PATIENT support/suspension system set in most 
unfavourable NORMAL USE position, and a mass 
equal to SAFE WORKING LOAD simulating PATIENT or 
OPERATOR dropped from 150 mm above seat area 
on an area of support/ suspension a PATIENT or 
OPERATOR can sit .................................................. : 

See appended Table 9.8.3.3 N/A 

9.8.4 Systems with MECHANICAL PROTECTIVE DEVICES N/A 

9.8.4.1 a) A MECHANICAL PROTECTIVE DEVICE provided 
when a support system or its parts impaired by 
wear have a TENSILE SAFETY FACTOR ≥ to values in 
Table 21, rows 5 and 6, but less than 3 and 4  .... : 

See Appended RM Results 
Table 9.8.4.1 

N/A 

 b) MECHANICAL PROTECTIVE complies with the 
requirements as follows: 

 N/A 

 –  Designed based on TOTAL LOAD, and includes 
effects of SAFE WORKING LOAD when applicable  

 N/A 

 –  Has TENSILE SAFETY FACTORS for all parts not 
less than Table 21, row 7  

 N/A 

 – Activated before travel (movement) produced an 
unacceptable RISK 

 N/A 

 – Takes into account Clauses 9.2.5 and 9.8.4.3  N/A 

 Compliance confirmed by examination of ME 
EQUIPMENT, RISK MANAGEMENT FILE, specifications 
of materials and their processing  ........................ : 

See appended Table 8.10  N/A 

9.8.4.2 Activation of MECHANICAL PROTECTIVE DEVICE is 
made obvious to OPERATOR when ME EQUIPMENT 
can still be used after failure of suspension or 
actuation means and activation of a MECHANICAL 
PROTECTIVE DEVICE (e.g., a secondary cable) 

 N/A 

 MECHANICAL PROTECTIVE DEVICE requires use of a 
TOOL to be reset or replaced 

 N/A 

9.8.4.3 MECHANICAL PROTECTIVE DEVICE intended to function once N/A 

 – Further use of ME EQUIPMENT not possible until 
replacement of MECHANICAL PROTECTIVE DEVICE .. : 

See Appended RM Results 
Table 9.8.4.3 

N/A 

 – ACCOMPANYING DOCUMENTS instruct once 
MECHANICAL PROTECTIVE DEVICE is activated, 
SERVICE PERSONNEL shall be called, and 
MECHANICAL PROTECTIVE DEVICE must be replaced 
before ME EQUIPMENT can be used  

 N/A 

 – ME EQUIPMENT permanently marked with safety 
sign 2 of Table D.2 (i.e., safety sign 7010-W001)  

 N/A 

 – Marking is adjacent to MECHANICAL PROTECTIVE 
DEVICE or its location relative to MECHANICAL 
PROTECTIVE DEVICE is obvious to service personnel  

 N/A 
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 – Compliance confirmed by examination of ME 
EQUIPMENT, ACCOMPANYING DOCUMENTS, RISK 
MANAGEMENT FILE, specifications and processing 
of materials, and following test............................. : 

See appended Table 8.10  N/A 

 A chain, cable, band, spring, belt, jack screw nut, 
pneumatic or hydraulic hose, structural part or the 
like, employed to support a load, defeated by a 
convenient means causing maximum normal load 
to fall from most adverse position permitted by 
construction of ME EQUIPMENT 

 N/A 

 Load included SAFE WORKING LOAD in 9.8.3.1 when 
system was capable of supporting a PATIENT or 
OPERATOR 

 N/A 

 No evidence of damage to MECHANICAL 
PROTECTIVE DEVICE affecting its ability to perform 
its intended function  

 N/A 

9.8.5 Systems without MECHANICAL PROTECTIVE DEVICES N/A 

 Support system parts have TENSILE SAFETY 

FACTORS ≥ to values in Table 21, rows 1 and 2, 
and are not impaired by wear .............................. : 

See Appended RM Results 
Table 9.8.5 

N/A 

 Support system parts impaired by wear, however, 
they have TENSILE SAFETY FACTORS ≥ to values in 
Table 21, rows 3 and 4  

 N/A 

 Examination of ME EQUIPMENT and RISK 
MANAGEMENT FILE confirmed compliance  

 N/A 

 

10 PROTECTION AGAINST UNWANTED AND EXCESSIVE RADIATION HAZARDS — 

10.1 X-Radiation N/A 

10.1.1 X-radiation dose-rate was ≤ 36 pA/kg (5 µSv/h) 
(0.5 mR/h) 5 cm from surface of ME EQUIPMENT 
including background radiation for ME EQUIPMENT 
not producing therapeutic/diagnostic X-radiation 
but producing ionizing radiation  ......................... : 

See Table 10.1.1 N/A 

 Amount of radiation measured by means of an 
ionizing chamber radiation monitor with an 
effective area of 10 cm2 or by other instruments 
producing equal results 

 N/A 

 ME EQUIPMENT operated as in NORMAL USE at most 
unfavourable RATED MAINS VOLTAGE and controls 
adjusted to emit maximum radiation  

 N/A 

 Internal pre-set controls not intended for 
adjustment during EXPECTED SERVICE LIFE of ME 
EQUIPMENT not taken into consideration 

 N/A 
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10.1.2 RISK from unintended X-radiation from ME 
EQUIPMENT producing X-radiation for diagnostic 
and therapeutic purposes addressed in RISK 
MANAGEMENT PROCESS as indicated in RISK 
MANAGEMENT FILE (see IEC 60601-1-3 & 1.3)  ..... : 

See Appended RM Results 
Table 10.1.2 

N/A 

10.2 RISK associated with alpha, beta, gamma, neutron, 
and other particle radiation, when applicable, 
addressed in RISK MANAGEMENT PROCESS as shown 
in RISK MANAGEMENT FILE...................................... : 

See Appended RM Results 
Table 10.2 

N/A 

10.3 RISK associated with microwave radiation, when 
applicable, addressed in RISK MANAGEMENT 
PROCESS as indicated in RISK MANAGEMENT FILE .. : 

See Appended RM Results 
Table 10.3 

N/A 

10.4 Relevant requirements of IEC 60825-1:1993 
applied to lasers, light emitting diodes (LEDs), and 
laser light barriers or similar products 

 N/A 

10.5 RISK associated with visible electromagnetic 
radiation other than emitted by lasers and LEDS, 
when applicable, addressed in RISK MANAGEMENT 
PROCESS as indicated in RISK MANAGEMENT FILE .. : 

See Appended RM Results 
Table 10.5 

N/A 

10.6 RISK associated with infrared radiation other than 
emitted by lasers and LEDS, as applicable, 
addressed in RISK MANAGEMENT PROCESS as 
indicated in RISK MANAGEMENT FILE ...................... : 

See Appended RM Results 
Table 10.6 

N/A 

10.7 RISK associated with ultraviolet radiation other than 
emitted by lasers and LEDS, as applicable, 
addressed in RISK MANAGEMENT PROCESS as 
indicated in RISK MANAGEMENT FILE ...................... : 

See Appended RM Results 
Table 10.7 

N/A 

 

11 PROTECTION AGAINST EXCESSIVE TEMPERATURES AND OTHER HAZARDS — 

11.1 Excessive temperatures in ME EQUIPMENT Pass 

11.1.1 Temperatures on ME EQUIPMENT parts did not 
exceed values in Tables 22 and 23 operating in 
worst-case NORMAL USE at maximum rated ambient 
operating temperature T ...................................... : 

See appended Table 11.1.1 
and appended RM Results 
Table 11.1.1 

Pass 

 Surfaces of test corner did not exceed 90 °C   N/A 

 THERMAL CUT-OUTS did not operate in NORMAL 
CONDITION 

 N/A 

11.1.2 Temperature of APPLIED PARTS Pass 

11.1.2.1 Temperatures, hot or cold surfaces, and when 
appropriate, clinical effects of APPLIED PARTS 
supplying heat to a PATIENT determined and 
documented in RISK MANAGEMENT FILE and 
instructions for use ............................................... : 

See appended Table 11.1.1 
and appended RM Results 
Table 11.1.2.1 

Pass 
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11.1.2.2 APPLIED PARTS not supplying heat to a PATIENT met 
Table 24 with max surface temperatures > 41 °C 
disclosed in instructions for use, and clinical 
effects regarding maturity of PATIENTS, body 
surface, surface pressure, medications taken, as 
shown in RISK MANAGEMENT FILE........................... : 

See appended Table 11.1.1 
and appended RM Results 
Table 11.1.2.2 

Pass 

 Surfaces of APPLIED PARTS cooled below ambient 
temperatures that can also result in HAZARD 
evaluated as part of RISK MANAGEMENT PROCESS 

 N/A 

11.1.3 Measurements not made when engineering 
judgment and rationale by MANUFACTURER 
indicated temperature limits could not exceed, as 
documented in RISK MANAGEMENT FILE ................. : 

See appended Table 11.1.3 
and RM Results Table 11.1.3 

N/A 

 Test corner not used where engineering judgment 
and rationale by MANUFACTURER indicated test 
corner will not impact measurements, as 
documented in RISK MANAGEMENT FILE 

 N/A 

 Probability of occurrence and duration of contact 
for parts likely to be touched and for APPLIED PARTS 
documented in RISK MANAGEMENT FILE 

 Pass 

11.1.4 GUARDS preventing contact with hot or cold 
accessible surfaces removable only with a TOOL 

 N/A 

11.2 Fire prevention Pass 

11.2.1 ENCLOSURE has strength and rigidity necessary to 
prevent a fire caused by reasonably foreseeable 
misuse and met mechanical strength tests for 
ENCLOSURES in 15.3  

 Pass 

11.2.2 Me equipment and me systems used in conjunction with OXYGEN RICH 
ENVIRONMENTS 

N/A 

11.2.2.1 RISK of fire in an OXYGEN RICH ENVIRONMENT 
reduced by means limiting spread of fire under 
NORMAL or SINGLE FAULT CONDITIONS when source 
of ignition in contact with ignitable material  ......... : 

See appended Table 8.10 N/A 

 Requirements of 13.1.1 applied to oxygen 
concentrations up to 25 % at one atmosphere or 
partial pressures up to 27.5 kPa for higher 
atmospheric pressures 

 N/A 

 a) No sources of ignition discovered in an OXYGEN 
RICH ENVIRONMENT in NORMAL and SINGLE FAULT 
CONDITIONS under any of the following conditions . : 

 N/A 

 1) when temperature of material raised to its 
ignition temperature 

 N/A 

 2) when temperatures affected solder or solder 
joints causing loosening, short circuiting, or other 
failures causing sparking or increasing material 
temperature to its ignition temperature 

 N/A 
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 3) when parts affecting safety cracked or changed 
outer shape exposing temperatures higher than 
300°C or sparks due to overheating  

 N/A 

 4) when temperatures of parts or components 
exceeded 300°C, atmosphere was 100 % oxygen, 
contact material solder, and fuel cotton 

 N/A 

 5) when sparks provided adequate energy for 
ignition by exceeding limits of Figs 35 to 37 
(inclusive), atmosphere was 100 % oxygen, 
contact material solder, and fuel cotton 

 N/A 

 Deviations from worst case limits in 4) and 5) 
above based on lower oxygen concentrations or 
less flammable fuels justified and documented in 
RISK MANAGEMENT FILE 

See Appended RM Results 
Table 11.2.2.1 

N/A 

 Alternative test in this clause did not identify 
existence of ignition sources at highest voltage or 
current, respectively .............................................. : 

See appended Table 11.2.2.1 N/A 

 A safe upper limit determined by dividing upper 
limit of voltage or current, respectively, with safety 
margin factor of three ........................................... : 

 N/A 

 b) RESIDUAL RISK of fire in an OXYGEN RICH 
ENVIRONMENT as determined by application of RISK 
MANAGEMENT PROCESS is based on following 
configurations, or in combination  ......................... : 

See Appended RM Results 
Table 11.2.2.1 

N/A 

 1) Electrical components in an OXYGEN RICH 
ENVIRONMENT provided with power supplies having 
limited energy levels lower than those considered 
sufficient for ignition in 11.2.2.1 a) as determined 
by examination, measurement or calculation of 
power, energy, and temperatures in NORMAL and 
SINGLE FAULT CONDITIONS identified in 11.2.3 ........ : 

See appended Tables 4.11, 
11.1.1 to 11.1.2.2, inclusive; 
and Table 13.2 

N/A 

 2) Max oxygen concentration measured until it did 
not exceed 25 % in ventilated compartments with 
parts that can be a source of ignition only in SINGLE 
FAULT CONDITION and can be penetrated by oxygen 
due to an undetected leak (%) ............................. : 

 N/A 

 3) A compartment with parts or components that 
can be a source of ignition only under SINGLE 
FAULT CONDITION separated from another 
compartment containing an OXYGEN RICH 
ENVIRONMENT by sealing all joints and holes for 
cables, shafts, or other purposes 

 N/A 

 Effect of possible leaks and failures under SINGLE 
FAULT CONDITION that could cause ignition 
evaluated using a RISK ASSESSMENT to determine 
maintenance intervals by examination of 
documentation and RISK MANAGEMENT FILE ........... : 

 N/A 
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 4) Fire initiated in ENCLOSURE of electrical 
components in a compartment with OXYGEN RICH 
ENVIRONMENT that can become a source of ignition 
only under SINGLE FAULT CONDITIONS self-
extinguished rapidly and no hazardous amount of 
toxic gases reached PATIENT as determined by 
analysis of gases  ................................................. : 

 N/A 

11.2.2.2 RISK of ignition under least favourable conditions 
did not occur and oxygen concentration did not 
exceed 25% in immediate surroundings due to 
location of external exhaust outlets of an OXYGEN 
RICH ENVIRONMENT when electrical components 
mounted outside of ME EQUIPMENT or ME SYSTEM  

 N/A 

11.2.2.3 Electrical connections within a compartment 
containing an OXYGEN RICH ENVIRONMENT under 
NORMAL USE did not produce sparks due to 
loosening or breaking, except when limited in 
power and energy to values in 11.2.2.1 a) 5) 

 N/A 

 – Screw-attachments protected against loosening 
during use by varnishing, use of spring washers, 
or adequate torques 

 N/A 

 – Soldered, crimped, and pin-and-socket 
connections of cables exiting ENCLOSURE include 
additional mechanical securing means 

 N/A 

11.2.3 SINGLE FAULT CONDITIONS related to OXYGEN RICH ENVIRONMENTS ME EQUIPMENT and 
ME SYSTEMS considered  

N/A 

 – Failure of a ventilation system constructed in 
accordance with 11.2.2.1 b) 2) ............................. : 

 N/A 

 – Failure of a barrier constructed in accordance 
with 11.2.2.1 b) 3) ................................................. : 

 N/A 

 – Failure of a component creating a source of 
ignition (as defined in 11.2.2.1 a) .......................... : 

 N/A 

 – Failure of solid insulation or creepage and 
clearances providing equivalent of at least one 
MEANS OF PATIENT PROTECTION but less than two 
MEANS OF PATIENT PROTECTION that could create a 
source of ignition defined in 11.2.2.1 a) ................ : 

 N/A 

 – Failure of a pneumatic component resulting in 
leakage of oxygen-enriched gas ........................... : 

 N/A 

11.3 Constructional requirements for fire ENCLOSURES of ME EQUIPMENT N/A 

 ME EQUIPMENT met this clause for alternate means 
of compliance with selected HAZARDOUS SITUATIONS 
and fault conditions in 13.1.2 ................................ : 

See Appended RM Results 
Table 11.3 

No fire enclosure claimed metal 
enclosure 

N/A 

 Constructional requirements were met, or  N/A 
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 - constructional requirements specifically analysed 
in RISK MANAGEMENT FILE  ...................................... : 

See Appended RM Results 
Table 11.3 

N/A 

 Justification, when requirement not met ............... :  N/A 

 a) Flammability classification of insulated wire 
within fire ENCLOSURE is FV-1, or better, based on 
IEC 60695 series as determined by examination of 
data on materials 

See appended Table 8.10  N/A 

 Flammability classification of connectors, printed 
circuit boards, and insulating material on which 
components are mounted is FV-2, or better, based 
on IEC 60695-11-10 as decided by examination of 
materials data ....................................................... : 

See appended Table 8.10  N/A 

 If no FV Certification, FV tests based on IEC 
60695-11-10 conducted on 3 samples of complete 
parts (or sections of it), including area with min. 
thickness, ventilation openings  

 N/A 

 b) Fire ENCLOSURE met following:  N/A 

 1) No openings at bottom or, as specified in  
Fig 39, constructed with baffles as in Fig 38, or 
made of perforated metal as in Table 25, or a 
metal screen with a mesh ≤ 2 × 2 mm centre to 
centre and wire diameter of at least 0.45 mm 

 N/A 

 2) No openings on the sides within the area 
included within the inclined line C in Fig 39 

 N/A 

 3) ENCLOSURE, baffles, and flame barriers have 
adequate rigidity and made of appropriate metal or 
of non-metallic materials, except constructions 
based on Table 25 and a mesh; FV-2 or better for 
TRANSPORTABLE ME EQUIPMENT, FV-1 or better for 
fixed EQUIPMENT, or STATIONARY EQUIPMENT per 
IEC 60695-11-10, determined by ENCLOSURE 
examination or flammability classification based on 
11.3a) .................................................................... : 

See appended Table 8.10 N/A 

11.4 ME EQUIPMENT and ME SYSTEMS intended for use with flammable anaesthetics N/A 

 ME EQUIPMENT, ME SYSTEMS and parts described in 
ACCOMPANYING DOCUMENTS for use with flammable 
anaesthetics (CATEGORY AP) or anaesthetics with 
oxidants (CATEGORY APG) comply with Annex G 

 N/A 

11.5 ME EQUIPMENT and ME SYSTEMS intended for use in conjunction with flammable 
agents 

N/A 

 MANUFACTURER’S RISK MANAGEMENT PROCESS 
addresses possibility of fire and associated 
mitigations as confirmed by examination of RISK 
MANAGEMENT FILE .................................................. : 

See Appended RM Results 
Table 11.5 

N/A 
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11.6 Overflow, spillage, leakage, ingress of water or particulate matter, cleaning, 
disinfection, sterilization and compatibility with substances used with the ME 
EQUIPMENT 

Pass 

11.6.1 Sufficient degree of protection provided against 
overflow, spillage, leakage, ingress of water or 
particulate matter, cleaning, disinfection and 
sterilization, and compatibility with substances 
used with ME EQUIPMENT ...................................... : 

See Appended Table 11.6.1 Pass 

11.6.2 Overflow in ME EQUIPMENT   N/A 

 Liquid reservoir liable to overflow in NORMAL USE 
completely filled and 15 % of its capacity poured in 
for over 1 min, and except when restricted, 
TRANSPORTABLE ME EQUIPMENT tilted through an 
angle of 15° in least favourable direction(s), and 
when necessary refilled starting from position of 
NORMAL USE ........................................................... : 

See Appended RM Results 
Table 11.6.2 and Table 11.6.1 

N/A 

 ME EQUIPMENT met dielectric strength and LEAKAGE 
CURRENT tests and uninsulated electrical parts or 
electrical insulation of parts that could result in a 
HAZARDOUS SITUATION were not wet....................... : 

See appended Table 8.7and 
8.8.3 

N/A 

11.6.3 Spillage on ME EQUIPMENT and ME SYSTEM  Pass 

 ME EQUIPMENT and ME SYSTEMS handling liquids in 
NORMAL USE positioned as in 5.4 a) and liquid with 
composition, volume, duration of spill, point of 
contact, and test conditions based on RISK 
MANAGEMENT PROCESS poured steadily on a point 
on top of ME EQUIPMENT ......................................... : 

See Appended RM Results 
Table 11.6.3 and Table 11.6.1 

Pass 

 ME EQUIPMENT met dielectric strength and LEAKAGE 
CURRENT tests and uninsulated electrical parts or 
electrical insulation of parts that could result in a 
HAZARDOUS SITUATION were not wet ...................... : 

See appended Table 8.7and 
8.8.3 

Pass 

11.6.4 Leakage See 13.2.6 N/A 

11.6.5 Ingress of water or particulate matter into ME EQUIPMENT and ME SYSTEMS N/A 

 ME EQUIPMENT with IP Code placed in least 
favourable position of NORMAL USE and subjected 
to tests of IEC 60529 (IP Code) ........................... : 

See Appended RM Results 
Table 11.6.5 and Table 11.6.1 

N/A 

 ME EQUIPMENT met dielectric strength and LEAKAGE 
CURRENT tests and there were no bridging of 
insulation or electrical components that could 
result in a HAZARDOUS SITUATION in NORMAL 
CONDITION or in a SINGLE FAULT CONDITION  

See appended Table 8.7and 
8.8.3 

N/A 

11.6.6 Cleaning and disinfection of ME EQUIPMENT and ME SYSTEMS Pass 

 ME EQUIPMENT/ME SYSTEM and their parts and 
ACCESSORIES cleaned or disinfected once using 
methods specified in instructions for use including 
any cooling or drying period  ................................. : 

See Appended RM Results 
Table 11.6.6 and Table 11.6.1 

Pass 
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 ME EQUIPMENT met dielectric strength and LEAKAGE 
CURRENT tests, with no deterioration resulting in an 
unacceptable RISK present .................................... : 

See appended Table 8.7and 
8.8.3 

Pass 

 Effects of multiple cleanings/disinfections during 
EXPECTED SERVICE LIFE of EQUIPMENT evaluated by 
MANUFACTURER and assurance that no 
unacceptable RISK will occur verified by RISK 
MANAGEMENT FILE review ....................................... : 

See RM Results Table 11.6.6 Pass 

11.6.7 Sterilization of ME EQUIPMENT and ME SYSTEMS N/A 

 ME EQUIPMENT, ME SYSTEMS and their parts or 
ACCESSORIES intended to be sterilized assessed 
and documented according to ISO 11134, ISO 
11135, or ISO 11137 as appropriate .................... : 

See Appended RM Results 
Table 11.6.7 

N/A 

 After the test, ME EQUIPMENT complied with the 
appropriate dielectric strength and LEAKAGE 
CURRENT tests and there was no deterioration 
resulting in an unacceptable RISK ......................... : 

See appended Table 8.7and 
8.8.3, and 11.6.1 

N/A 

11.6.8 RISKS associated with compatibility of substances 
used with ME EQUIPMENT addressed in RISK 
MANAGEMENT PROCESS as confirmed by 
examination of RISK MANAGEMENT FILE .................. : 

See Appended RM Results 
Table 11.6.8 

N/A 

11.7 ME EQUIPMENT, ME SYSTEM, and ACCESSORIES 
coming into direct or indirect contact with biological 
tissues, cells, or body fluids assessed and 
documented per ISO 10993  

 Pass 

11.8 Interruption and restoration of power supply did 
not result in a HAZARDOUS SITUATION, except 
interruption of its intended function 

 Pass 

 

12 ACCURACY OF CONTROLS AND INSTRUMENTS AND PROTECTION AGAINST 
HAZARDOUS OUTPUTS 

— 

12.1 RISKS associated with accuracy of controls and 
instruments stated in RISK MANAGEMENT PROCESS 
confirmed by RISK MANAGEMENT FILE review ......... : 

See Appended RM Results 
Table 12.1 

Pass 

12.2 RISK of poor USABILITY, including identification, 
marking, and documents addressed in a USABILITY 
ENGINEERING PROCESS as confirmed by review of 
provided records .................................................. : 

See Report based on IEC 
60601-1-6 

Pass 

12.3 The need for alarm systems as a means of RISK 
CONTROL and RISKS associated with operation or 
failure of alarm system addressed in RISK 
MANAGEMENT PROCESS  ......................................... : 

See Report based on IEC 
60601-1-8 and appended RM 
Results Table 12.3 

Pass 

12.4 Protection against hazardous output Pass 
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12.4.1 RISKS associated with hazardous output arising 
from intentional exceeding of safety limits 
addressed in RISK MANAGEMENT PROCESS as 
confirmed in RISK MANAGEMENT FILE ....................... : 

See Appended RM Results 
Table 12.4.1 

N/A 

12.4.2 When applicable, need for indication of 
parameters associated with hazardous output 
addressed in RISK MANAGEMENT PROCESS as 
confirmed in RISK MANAGEMENT FILE ....................... : 

See Appended RM Results 
Table 12.4.2 

Pass 

12.4.3 RISKS associated with accidental selection of 
excessive output values for ME EQUIPMENT with a 
multi-purpose unit designed to provide low and 
high-intensity outputs for different treatments 
addressed in RISK MANAGEMENT PROCESS, 
confirmed in RISK MANAGEMENT FILE ..................... : 

See Appended RM Results 
Table 12.4.3 

N/A 

12.4.4 When applicable, RISKS associated with incorrect 
output addressed in RISK MANAGEMENT PROCESS as 
confirmed by review of RISK MANAGEMENT FILE ..... : 

See Appended RM Results 
Table 12.4.4 

N/A 

12.4.5 Diagnostic or therapeutic radiation N/A 

12.4.5.1 Adequate provisions to protect OPERATORS, 
PATIENTS, other persons and sensitive devices in 
vicinity of unwanted or excessive radiation emitted 
by ME EQUIPMENT designed to produce radiation for 
diagnostic/therapeutic purposes 

 N/A 

 Radiation safety ensured by compliance with 
requirements of appropriate standards 

 N/A 

12.4.5.2 RISKS associated with diagnostic X-rays addressed 
in RISK MANAGEMENT PROCESS as confirmed in RISK 
MANAGEMENT FILE ................................................. : 

See appended RM Results 
Table 12.4.5.2 

N/A 

12.4.5.3 RISKS associated with radiotherapy addressed in 
RISK MANAGEMENT PROCESS as confirmed by review 
of RISK MANAGEMENT FILE ...................................... : 

See Appended RM Results 
Table 12.4.5.3 

N/A 

12.4.5.4 RISKS associated with ME EQUIPMENT producing 
diagnostic or therapeutic radiation other than 
diagnostic X-rays and radiotherapy addressed in 
RISK MANAGEMENT PROCESS as confirmed by 
examination of RISK MANAGEMENT FILE ................. : 

See Appended RM Results 
Table 12.4.5.4 

N/A 

12.4.6 When applicable, RISKS associated with diagnostic 
or therapeutic acoustic pressure addressed in RISK 
MANAGEMENT PROCESS as confirmed in RISK 
MANAGEMENT FILE ................................................. : 

See Appended RM Results 
Table 12.4.6 

N/A 

 

13 HAZARDOUS SITUATIONS AND FAULT CONDITIONS — 

13.1 Specific HAZARDOUS SITUATIONS Pass 

13.1.1 None of HAZARDOUS SITUATIONS in 13.1.2-13.1.4, 
inclusive, occurred when SINGLE FAULT CONDITIONS 
applied, one at a time, as in 4.7 and 13.2  

 Pass 

13.1.2 Emissions, deformation of ENCLOSURE or exceeding maximum temperature Pass 
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 – Emission of flames, molten metal, poisonous or 
ignitable substance in hazardous quantities did not 
occur 

 Pass 

 – Deformation of ENCLOSURE impairing compliance 
with 15.3.1 did not occur 

 Pass 

 – Temperatures of APPLIED PARTS did not exceed 
allowable values in Table 24 when measured as in 
11.1.3 .................................................................... : 

See appended Tables 11.1.1, 
11.1.2.1, and 11.1.2.2 

Pass 

 – Temperatures of ME EQUIPMENT parts that are not 
APPLIED PARTS likely to be touched did not exceed 
values in Table 23 when measured and adjusted 
as in 11.1.3 ........................................................... : 

See appended Tables 11.1.1, 
11.1.2.1, and 11.1.2.2 

Pass 

 –Allowable values for “other components and 
materials” in Table 22 times 1.5 minus 12.5 °C 
were not exceeded 

 Pass 

 Limits for windings in Tables 26, 27, and 31 not 
exceeded 

 N/A 

 Table 22 not exceeded in all other cases  Pass 

 Temperatures measured according to 11.1.3  Pass 

 SINGLE FAULT CONDITIONS in 4.7, 8.1 b), 8.7.2, and 
13.2.2 relative to emission of flames, molten metal, 
or ignitable substances, not applied to parts and 
components where: 

 Pass 

 –  Supply circuit was unable to supply 15 W one 
minute after 15 W drawn from supply circuit, or 

See appended Table 13.1.2 N/A 

 – Parts and components completely contained 
within a fire ENCLOSURE complying with 11.3 as 
verified by review of design documentation 

 N/A 

 After tests of this Clause, settings of THERMAL CUT-
OUTS and OVER-CURRENT RELEASES did not change 
sufficiently to affect their safety function 

 N/A 

13.1.3 – limits for LEAKAGE CURRENT in SINGLE FAULT 
CONDITION based on 8.7.3 did not exceed ............. : 

See appended Table 8.7  Pass 

 – voltage limits for ACCESSIBLE PARTS including 
APPLIED PARTS in 8.4.2 did not exceed .................. : 

See appended Table 8.7 Pass 

13.1.4 ME EQUIPMENT complied with the requirements of 
9.1 to 9.8 for specific MECHANICAL HAZARDS 

 Pass 

13. 2 SINGLE FAULT CONDITIONS Pass 

13.2.1 During application of SINGLE FAULT CONDITIONS in 
13.2.2 -13.2.13, inclusive, NORMAL CONDITIONS in 
8.1 a) applied in least favourable combination ..... : 

See appended Table 13.2 N/A 

13.2.2 – 
13.2.12 

ME EQUIPMENT complied with 13.2.2 -13.2.12 ....... : See appended Table 13.2 and 
RM Results Table 13.2.6 

Pass 
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13.2.13 ME EQUIPMENT remained safe after tests of 
13.2.13.2 to 13.2.13.4 (inclusive), and cooling down 
to room temperature 

 N/A 

 ME EQUIPMENT examined for compliance or 
appropriate tests such as dielectric strength of 
motor insulation according to 8.8.3 conducted 

 N/A 

 For insulation of thermoplastic materials relied upon 
as a MEANS OF PROTECTION (see 8.8), the ball-
pressure test specified in 8.8.4.1 a) performed at a 
temperature 25 °C higher than temperature of 
insulation measured during tests of 13.2.13.2 to 
13.2.13.4 (inclusive). 

 N/A 

13.2.13.2 ME EQUIPMENT with heating elements N/A 

 a 1) thermostatically controlled ME EQUIPMENT with 
heating elements for building-in, or for unattended 
operation, or with a capacitor not protected by a 
fuse connected in parallel with THERMOSTAT 
contacts met tests of 13.2.13.2 b) & 13.2.13.2 c) 

 N/A 

 a 2) ME EQUIPMENT with heating elements RATED for 
non-CONTINUOUS OPERATION met tests of 13.2.13.2 
b) and 13.2.13.2 c) 

 N/A 

 a 3) other ME EQUIPMENT with heating elements 
met test of 13.2.13.2 b) 

 N/A 

 When more than one test was applicable to same 
ME EQUIPMENT, tests performed consecutively 

 N/A 

 Heating period stopped when a heating element or 
an intentionally weak part of a non-SELF-RESETTING 
THERMAL CUT-OUT ruptured, or current interrupted 
before THERMAL STABILITY without possibility of 
automatic restoration  

 N/A 

 Test repeated on a second sample when 
interruption was due to rupture of a heating 
element or an intentionally weak part 

 N/A 

 Both samples met 13.1.2, and open circuiting of a 
heating element or an intentionally weak part in 
second sample not considered a failure by itself 

 N/A 

 b) ME EQUIPMENT with heating elements tested per 
11.1without adequate heat discharge, and supply 
voltage set at 90 or 110 % of RATED supply 
voltage, least favourable of the two (V) ............... : 

 N/A 

 Operating period stopped when a non-SELF-
RESETTING THERMAL CUT-OUT operated, or current 
interrupted without possibility of automatic 
restoration before THERMAL STABILITY 

 N/A 
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 ME EQUIPMENT switched off as soon as THERMAL 
STABILITY established and allowed to cool to room 
temperature when current not interrupted 

 N/A 

 Test duration was equal to RATED operating time 
for non-CONTINUOUS OPERATION 

 N/A 

 c) Heating parts of ME EQUIPMENT tested with ME 
EQUIPMENT operated in NORMAL CONDITION at 110 
% of RATED supply voltage and as in 11.1, and 

 N/A 

 1) Controls limiting temperature in NORMAL 
CONDITION disabled, except THERMAL CUT-OUTS 

 N/A 

 2) When more than one control provided, they 
were disabled in turn 

 N/A 

 3) ME EQUIPMENT operated at RATED DUTY CYCLE 
until THERMAL STABILITY achieved, regardless of 
RATED operating time 

 N/A 

13.2.13.3 ME EQUIPMENT with motors N/A 

 a 1) For the motor part of the ME EQUIPMENT, 
compliance checked by tests of 13.2.8- 13.2.10, 
13.2.13.3 b), 13.2.13.3 c), and 13.2.13.4, as 
applicable 

 N/A 

 To determine compliance with 13.2.9 and 13.2.10 
motors in circuits running at 42.4 V peak a.c./ 60 V 
d.c. or less are covered with a single layer of 
cheesecloth which did not ignite during the test 

 N/A 

 a 2) Tests on ME EQUIPMENT containing heating 
parts conducted at prescribed voltage with motor & 
heating parts operated simultaneously to produce 
the least favourable condition 

 N/A 

 a 3) Tests performed consecutively when more 
tests were applicable to the same ME EQUIPMENT 

 N/A 

 b) Motor met running overload protection test of 
this clause when: 

 N/A 

 1) it is intended to be remotely or automatically 
controlled by a single control device with no 
redundant protection, or 

 N/A 

 2) it is likely to be subjected to CONTINUOUS 
OPERATION while unattended 

 N/A 

 Motor winding temperature determined during 
each steady period and maximum value did not 
exceed Table 27 (Insulation Class, Maximum 
temperature measured °C) .................................. : 

 N/A 

 Motor removed from ME EQUIPMENT and tested 
separately when load could not be changed in 
appropriate steps  

 N/A 
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 Running overload test for motors operating at 42.4 
V peak a.c./60 V d.c. or less performed only when 
examination and review of design indicated 
possibility of an overload  

 N/A 

 Test not conducted where electronic drive circuits 
maintained a substantially constant drive current 

 N/A 

 Test not conducted based on other justifications 
(justification) ......................................................... : 

 N/A 

 c) ME EQUIPMENT with 3-phase motors operated 
with normal load, connected to a 3-phase SUPPLY 
MAINS with one phase disconnected, and periods of 
operation per 13.2.10 

 N/A 

13.2.13.4 ME EQUIPMENT RATED for NON-CONTINUOUS OPERATION N/A 

 ME EQUIPMENT (other than HAND-HELD) operated 
under normal load and at RATED voltage or at 
upper limit of RATED voltage range until increase in 
temperature was ≤ 5 °C in one hour, or a 
protective device operated 

 N/A 

 When a load-reducing device operated in NORMAL 
USE, test continued with ME EQUIPMENT running idle 

 N/A 

 Motor winding temperatures did not exceed values 
in 13.2.10 ............................................................. : 

 N/A 

 Insulation Class .................................................... :  N/A 

 Maximum temperature measured (°C) ................ :  N/A 

 

14 PROGRAMMABLE ELECTRICAL MEDICAL SYSTEMS (PEMS) — 

14.1 Requirements of this clause not applied to PESS 
when it provided no BASIC SAFETY or ESSENTIAL 
PERFORMANCE, or 

 N/A 

 - when application of ISO 14971 showed that 
failure of PESS does not lead to unacceptable RISK
 .............................................................................. : 

See Appended RM Results 
Table 14.1 

N/A 

 Every PROCESS has been followed throughout the 
PEMS DEVELOPMENT LIFE-CYCLE and a RECORD of 
PROCESS has been made available as confirmed 
by RISK MANAGEMENT FILE REVIEW and assessment 
of PROCESSES cited in this Clause 

 Pass 

 MANUFACTURER considered the need for additional 
RISK CONTROL measures when unable to follow all 
PROCESSES identified in Clause 14 for each 
constituent component of PEMS as confirmed by 
RISK MANAGEMENT FILE review and assessment of 
PROCESSES cited in this Clause 

No OTS or subsystems of non-
medical origin used 

N/A 
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 Assessment of PROCESSES cited in this Clause 
made by internal audits 

audit Quality Systems 
Procedure QSP2016 – Internal 
Quality Audits 
QSP2016.pdf 
 
2012 Internal Audit Summary. 
Notice process step 8 for risk 
management 
2012 Internal Audit 
Schedule.pdf 
 
audit checklist which includes 
risk management and its 
application to PEMS 
Risk Management Audit 
Checklist.docx 

Pass 

14.2 Documents produced from application of Clause 
14 are maintained and form a part of RISK 
MANAGEMENT FILE in addition to RECORDS and 
documents required by ISO 14971 ....................... : 

21-07-0303rev03.pdf 

Item5.5 

Pass 

14.3 RISK MANAGEMENT plan required by 3.5 of ISO 
14971 includes reference to PEMS VALIDATION plan  

 Pass 

14.4 A PEMS DEVELOPMENT LIFE-CYCLE including a set of 
defined milestones has been documented  

Gemini Design Schedule 21-
07-0300 
Gemini SW Life Cycle 
documents; 21-07-0333, 21-
07-0334, 21-07-0335, 21-07-
0336 

Pass 

 At each milestone, activities to be completed, and 
VERIFICATION methods to be applied to activities 
have been defined 

Gemini Design Schedule 21-
07-0300 
Gemini SW Life Cycle 
documents; 21-07-0333, 21-
07-0334, 21-07-0335, 21-07-
0336 

Pass 

 Each activity including its inputs and outputs 
defined, and each milestone identifies RISK 
MANAGEMENT activities that must be completed 
before that milestone 

Gemini Design Schedule 21-
07-0300 
Gemini SW Life Cycle 
documents; 21-07-0333, 21-
07-0334, 21-07-0335, 21-07-
0336 

Pass 

 PEMS DEVELOPMENT LIFE-CYCLE tailored for a 
specific development by making plans detailing 
activities, milestones, and schedules 

Gemini Design Schedule 21-
07-0300 

Pass 

 PEMS DEVELOPMENT LIFE-CYCLE includes 
documentation requirements 

Gemini Design Schedule 21-
07-0300 
Gemini SW Life Cycle 
documents; 21-07-0333, 21-
07-0334, 21-07-0335, 21-07-
0336 

Pass 
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14.5 A documented system for problem resolution 
within and between all phases and activities of 
PEMS DEVELOPMENT LIFE-CYCLE has been 
developed and maintained where appropriate 

QSP4002 Software Life Cycle 
Procedure Section 5.4.2 

QSP4007, Design Verification 
and Validation 

Gemini SW Life Cycle 
documents; 21-07-0333, 21-
07-0334, 21-07-0335, 21-07-
0336 

Pass 

 Problem resolution system meets the prescribed 
criteria depending on type of product: 

 Pass 

 – it is documented as a part of PEMS DEVELOPMENT 
LIFE-CYCLE 

 Pass 

 – it allows reporting of potential or existing 
problems affecting BASIC SAFETY or ESSENTIAL 
PERFORMANCE 

 Pass 

 – it includes an assessment of each problem for 
associated RISKS 

 Pass 

 – it identifies criteria that must be met for the issue 
to be closed 

 Pass 

 – it identifies the action to be taken to resolve each 
problem 

 Pass 

14.6 RISK MANAGEMENT PROCESS Pass 

14.6.1 MANUFACTURER considered HAZARDS associated 
with software and hardware aspects of PEMS 
including NETWORK/DATA COUPLING, components of 
third-party origin, legacy subsystems when 
compiling list of known or foreseeable HAZARDS  

See Appended RM Results 
Table 14.6.1 

Pass 

 In addition to the material in ISO 14971, Annex D, 
list of possible sources for HAZARDS associated 
with PEMS includes specified causes  

 Pass 

 – failure of NETWORK/DATA COUPLING to provide 
characteristics necessary for PEMS to achieve its 
BASIC SAFETY or ESSENTIAL PERFORMANCE 

No network/data coupling N/A 

 – undesired feedback [physical and data] (such as 
unsolicited/ out of range/ inconsistent input or input 
from electromagnetic interference) 

 Pass 

 – unavailable data  Pass 

 – lack of integrity of data  Pass 

 – incorrect data  Pass 

 – incorrect timing of data  Pass 

 – unintended interactions within & among PESS  Pass 

 – unknown aspects or quality of third-party 
software 

No third party software used N/A 
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 – unknown aspects or quality of third-party PESS No third party PESS N/A 

 – lack of data security, particularly vulnerability to 
tampering, unintended interaction with other 
programs and viruses 

No interaction with other 
programs 

N/A 

14.6.2 Suitably validated tools and PROCEDURES assuring 
each RISK CONTROL measure reduces identified 
RISK(S) satisfactorily provided in addition to PEMS 
requirements in Clause 6.1 of ISO 14971 ............. : 

See Appended RM Results 
Table 14.6.2 

Pass 

14.7 A documented requirement specification for PEMS 
and each of its subsystems (e.g. for a PESS) which 
includes ESSENTIAL PERFORMANCE and RISK 
CONTROL measures implemented by that system or 
subsystem .............................................................. : 

See Appended RM Results 
Table 14.7 

Pass 
 
 

14.8 An architecture satisfying the requirement is 
specified for PEMS and each of subsystems .......... : 

See Appended RM Results 
Table 14.8 

Pass 

 The architecture specification makes use of 
considers the specified items to reduce RISK to an 
acceptable level, where appropriate: 

 Pass 

 a) COMPONENTS WITH HIGH-INTEGRITY 
CHARACTERISTICS 

No high-integrity components N/A 

 b) fail-safe functions  Pass 

 c) redundancy  Pass 

 d) diversity;  Pass 

 e) partitioning of functionality  Pass 

 f) defensive design potentially limiting hazardous 
effects by restricting available output power or by 
introducing means to limit travel of actuators 

 Pass 

 g) allocation of RISK CONTROL measures to 
subsystems and components of PEMS 

 Pass 

 h) failure modes of components and their effects;  Pass 

 i) common cause failures  Pass 

 j) systematic failures  Pass 

 k) test interval duration and diagnostic coverage  Pass  

 l) maintainability  Pass 

 m) protection from reasonably foreseeable misuse  Pass 

 n) NETWORK/DATA COUPLING specification, when 
applicable 

No Network/Data coupling 
implementation 

N/A 

14.9 Design is broken up into subsystems, each with a 
design and test specification where appropriate, 
and descriptive data on design environment 
included in RISK MANAGEMENT FILE......................... : 

See Appended RM Results 
Table 14.9 

Pass 
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14.10 A VERIFICATION plan containing the specified 
information used to verify and document functions 
implementing BASIC SAFETY, ESSENTIAL 
PERFORMANCE, or RISK CONTROL measures ........... : 

See Appended RM Results 
Table 14.10 

Pass  

 – milestone(s) when VERIFICATION is to be 
performed for each function 

 Pass 

 – selection and documentation of VERIFICATION 
strategies, activities, techniques, and appropriate 
level of independence of the personnel performing 
the VERIFICATION 

 Pass 

 – selection and utilization of VERIFICATION tools  Pass 

 – coverage criteria for VERIFICATION  Pass 

14.11 A PEMS VALIDATION plan containing validation of 
BASIC SAFETY & ESSENTIAL PERFORMANCE and 
requiring checks for unintended functioning of 
PEMS to perform and document PEMS VALIDATION 

See Appended RM Results 
Table 14.11 

Pass 

 The person with overall responsibility for PEMS 
VALIDATION is independent of design team, and no 
member of a design team is responsible for PEMS 
VALIDATION of their own design 

 Pass 

 All professional relationships of members of PEMS 
VALIDATION team with members of design team 
documented in RISK MANAGEMENT FILE providing 
methods & results of PEMS VALIDATION  

 Pass 

14.12 Continued validity of previous design 
documentation assessed under a documented 
modification/change PROCEDURE 

This design is not a result of 
an earlier design 

N/A 

14.13 Technical description includes the following 
information when PEMS is to be connected to other 
equipment outside control of PEMS MANUFACTURER 
by NETWORK/DATA COUPLING .................................. : 

See Appended RM Results 
Table 14.13 
device not intended to connect 
to Network/Data coupling 

N/A 

 a) characteristics of NETWORK/DATA COUPLING 
necessary for PEMS to achieve its INTENDED USE 

 N/A 

 b) list of HAZARDOUS SITUATIONS resulting from a 
failure of NETWORK/DATA COUPLING to provide the 
specified characteristics addressed in RMF and ... 

 N/A 

 Listed in technical description  N/A 

 c) instructions to RESPONSIBLE ORGANIZATION 
containing required information and warnings 

 N/A 

 – connection of PEMS to a NETWORK/DATA COUPLING 
that includes other equipment could result in 
previously unidentified RISKS and RESPONSIBLE 
ORGANIZATION shall identify, analyze, and control 
such RISKS 

 N/A 
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 – subsequent changes to NETWORK/DATA COUPLING 
introducing new RISKS and requiring new analysis; 
and changes to NETWORK/DATA COUPLING include: 

 N/A 

 – The technical description shall instruct the 
responsible organization that changes to the 
network/data coupling include… 

 N/A 

 – connection of additional items to NETWORK/DATA 
COUPLING 

 N/A 

 – disconnecting items from NETWORK/DATA 
COUPLING 

 N/A 

 – update of equipment connected to 
NETWORK/DATA COUPLING 

 N/A 

 – upgrade of equipment connected to 
NETWORK/DATA COUPLING 

 N/A 

 

15 CONSTRUCTION OF ME EQUIPMENT — 

15.1 RISKS associated with arrangement of controls and 
indicators of ME EQUIPMENT addressed in RISK 
MANAGEMENT PROCESS, as confirmed by 
examination of RISK MANAGEMENT FILE  ................. : 

See Appended RM Results 
Table 15.1 

Pass 

15.2 Parts of ME EQUIPMENT subject to mechanical wear, 
electrical, environmental degradation or ageing 
resulting in unacceptable RISK when unchecked for 
a long period, are accessible for inspection, 
replacement, and maintenance 

 Pass 

 Inspection, servicing, replacement, and adjustment 
of parts of ME EQUIPMENT can easily be done 
without damage to or interference with adjacent 
parts or wiring 

 Pass 

 

15.3 Mechanical strength Pass 

15.3.1 Mold stress relief, push, impact, drop, and rough 
handling tests did not result in unacceptable RISK 
and ME EQUIPMENT displayed adequate mechanical 
strength 

 Pass 

 

15.3.2 Push test conducted by subjecting external parts 
of ENCLOSURE to a steady force of 250 N ± 10 N for 
5 s applied to a circular (30mm) plane surface, 
except bottom of ENCLOSURE of an ME EQUIPMENT 
>18 kg, using a suitable test tool  ......................... : 

See Appended Table 15.3 and 
RM Results Table 15.3.2  

Pass 

 No damage resulting in an unacceptable RISK 
sustained as determined by examination of RISK 
MANAGEMENT FILE 

 Pass 
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15.3.3 Impact test conducted by subjecting a complete 
ENCLOSURE or its largest non-reinforced area, 
except for HAND-HELD ME EQUIPMENT and parts, to a 
free falling 500 g ± 25 g solid smooth steel ball, 
approx. 50 mm in diameter from a height of 1.3 m
 .............................................................................. : 

See Appended Table 15.3 and 
RM Results Table 15.3.3 

Pass 

 Test not applied to flat panel displays, platen glass 
of ME EQUIPMENT, or cathode ray tubes  

 Pass 

 No damage resulting in an unacceptable RISK 
sustained as shown in RISK MANAGEMENT FILE 

 Pass 

15.3.4 Drop test Pass 

15.3.4.1 Sample of HAND-HELD ME EQUIPMENT and HAND-
HELD part with SAFE WORKING LOAD allowed to fall 
freely once from each of 3 different positions as in 
NORMAL USE from height specified in 
ACCOMPANYING DOCUMENTS, or from 1 m onto a 50 
mm ± 5 mm thick hardwood board lying flat on a 
concrete or rigid base ........................................... : 

See Appended Table 15.3 Pass 

 No unacceptable RISK resulted   Pass 

15.3.4.2 Sample of PORTABLE ME EQUIPMENT and PORTABLE 
part with SAFE WORKING LOAD lifted to a height as in 
Table 29 above a 50 ± 5 mm thick hardwood 
board lying flat on a concrete floor or rigid base, 
dropped 3 times from each orientation in NORMAL 
USE (cm) ............................................................... : 

See Appended Table 15.3 and 
RM Table 15.3.4.2 

Pass 

 No damage resulting in an unacceptable RISK 
sustained as determined by examination of sample 
and RISK MANAGEMENT FILE 

 Pass 

15.3.5 Each sample of MOBILE ME EQUIPMENT and MOBILE 
part with SAFE WORKING LOAD and in most adverse 
condition in NORMAL USE passed Rough Handling 
tests ...................................................................... : 

See Appended Table 15.3 and 
RM Results Table 15.3.5 

N/A 

 a) Ascending step shock test conducted on the 
sample by pushing it 3 times in its normal direction 
of travel at 0.4 m/s ± 0.1 m/s against an ascending 
hardwood step obstruction without the sample 
going over the obstruction 

 N/A 

 b) Descending step shock test conducted on the 
sample by pushing it 3 times in its normal direction 
of travel at 0.4 m/s ± 0.1 m/s in order to fall over a 
vertical step affixed flat on a rigid base with 
direction of movement perpendicular to face of the 
step until full descent achieved 

 N/A 
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 c) Door frame shock test conducted on the sample 
by moving it 3 times in its normal direction of travel 
at 0.4 m/s ± 0.1 m/s, or for motor driven 
EQUIPMENT, at maximum possible speed against a 
hardwood vertical obstacle higher than EQUIPMENT 
contact point(s) 

 N/A 

 No damage resulting in an unacceptable RISK 
sustained as determined by examination of sample 
and RISK MANAGEMENT FILE 

 N/A 

15.3.6 Examination of ENCLOSURE made from molded or 
formed thermoplastic material indicated that 
material distortion due to release of internal 
stresses by molding or forming operations will not 
result in an unacceptable RISK 

 Pass 

 

 Mold-stress relief test conducted by placing one 
sample of complete ME EQUIPMENT, ENCLOSURE or 
a portion of larger ENCLOSURE, for 7 hours in a 
circulating air oven at 10°C over the max 
temperature measured on ENCLOSURE in 11.1.3, 
but no less than 70 °C ........................................... : 

 Pass 

 No damage resulting in an unacceptable RISK   Pass 

15.3.7 INTENDED USE, EXPECTED SERVICE LIFE, and 
conditions for transport and storage were taken 
into consideration for selection and treatment of 
materials used in construction of ME EQUIPMENT  

 Pass 

 Based on review of EQUIPMENT, ACCOMPANYING 
DOCUMENTS, specifications and processing of 
materials, and MANUFACTURER’S relevant tests or 
calculations, corrosion, ageing, mechanical wear, 
degradation of biological materials due to bacteria, 
plants, animals and the like, will not result in an 
unacceptable RISK  

 Pass 

15.4 ME EQUIPMENT components and general assembly Pass 

15.4.1 Incorrect connection of accessible connectors, 
removable without a TOOL, prevented where an 
unacceptable RISK exists, in particular .................. : 

See Appended RM Results 
Table 15.4.1 

N/A 

 a) Plugs for connection of PATIENT leads cannot be 
connected to other outlets on same ME EQUIPMENT 
intended for other functions, except when RISK 
MANAGEMENT FILE provides proof that no 
unacceptable RISK could result ............................. : 

Unique connection design N/A 

 b) Medical gas connections on ME EQUIPMENT for 
different gases to be operated in NORMAL USE are 
not interchangeable as verified by review of RISK 
MANAGEMENT FILE .................................................. : 

 N/A 

15.4.2 Temperature and overload control devices N/A 

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



 
Page 86 of 200 Report No.: 100742469BOX-001 

 

IEC 60601-1 

Clause Requirement + Test Result - Remark Verdict 
 

 
TRF No. IEC60601_1G                                                                                                                    Intertek Rev1 

15.4.2.1 a) THERMAL CUT-OUTS and OVER-CURRENT 
RELEASES with automatic resetting not used in ME 
EQUIPMENT when their use could result in a 
HAZARDOUS SITUATION by resetting action as 
verified by review of RISK MANAGEMENT FILE  ......... : 

See Appended RM Results 
Table 15.4.2.1 a) 

N/A 

 b) THERMAL CUT-OUTS with a safety function to be 
reset by a soldering operation affecting operating 
value not fitted in ME EQUIPMENT as verified by 
examination of design and RISK MANAGEMENT FILE : 

See Appended RM Results 
Table 15.4.2.1 b) 

N/A 

 c) An independent non-SELF-RESETTING THERMAL 
CUT-OUT is, additionally, provided where a failure of 
a THERMOSTAT could constitute a HAZARD as 
verified by examination of design and RISK 
MANAGEMENT FILE .................................................. : 

See Appended RM Results 
Table 15.4.2.1 c) 

N/A 

 d) Based on design and RISK MANAGEMENT FILE 
review, loss of function of ME EQUIPMENT due to 
operation of THERMAL CUT-OUT or OVER CURRENT 
RELEASE doesn’t result in a HAZARDOUS SITUATION  

See Appended RM Results 
Table 15.4.2.1 d) 

N/A 

 e) Capacitors or other spark-suppression devices 
not connected between contacts of THERMAL CUT-
OUTS 

 N/A 

 f) Use of THERMAL CUT-OUTS or OVER-CURRENT 
RELEASES do not affect safety of ME EQUIPMENT as 
verified by following tests: 

 N/A 

 Positive temperature coefficient devices (PTC’s) 
complied with IEC 60730-1: 1999, clauses 15, 17, 
J.15, and J.17 as applicable 

 N/A 

 ME EQUIPMENT containing THERMAL CUT-OUTS and 
OVER-CURRENT RELEASES operated under the 
conditions of Clause 13 ........................................ : 

See appended Table 13.2 N/A 

 SELF-RESETTING THERMAL CUT-OUTS and OVER-
CURRENT RELEASES including circuits performing 
equivalent functions (other than PTC's) Certified 
according to appropriate standards .......................  

 N/A 

 In the absence of Certification in accordance with 
IEC standards, SELF-RESETTING THERMAL CUT-OUTS 
and OVER-CURRENT RELEASES including circuits 
performing equivalent functions (other than PTC's) 
operated 200 times  

 N/A 

 Manual reset THERMAL CUT-OUTS and OVER-
CURRENT RELEASES Certified in accordance with 
appropriate IEC standards 

 N/A 

 When certification based on IEC standards, or 
data from MANUFACTURER demonstrating reliability 
of component to perform its safety-related function 
is not available, manual reset THERMAL CUT-OUTS 
and OVER-CURRENT RELEASES operated 10 times  

 N/A 
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 Thermal protective devices tested separately from 
ME EQUIPMENT when engineering judgment 
indicated test results would not be impacted 

 N/A 

 g) Protective device, provided on ME EQUIPMENT 
incorporating a fluid filled container with heating 
means, operated when heater switched on with 
container empty and prevented an unacceptable 
RISK due to overheating 

 N/A 

 h) ME EQUIPMENT with tubular heating elements 
provided with protection against overheating in 
both leads where a conductive connection to earth 
could result in overheating as verified by review of 
design and RISK MANAGEMENT FILE ........................ : 

See Appended RM Results 
Table 15.4.2.1 h) 

N/A 

15.4.2.2 Temperature settings clearly indicated when 
means provided to vary setting of THERMOSTATS  

 N/A 

15.4.3 Batteries Pass 

15.4.3.1 Battery housings from which gases can escape 
during charging or discharging likely to result in a 
HAZARD ventilated to minimize RISK of accumulation 
and ignition as verified by review of design and 
RISK MANAGEMENT FILE ........................................... : 

See Appended RM Results 
Table 15.4.3.1 

Pass 

 Battery compartments prevent accidental short 
circuiting of battery when this could result in a 
HAZARDOUS SITUATION as verified by examination of 
design and RISK MANAGEMENT FILE 

 Pass 

15.4.3.2 Means provided to prevent incorrect connection of 
polarity when a HAZARDOUS SITUATION may develop 
by incorrect connection or replacement of a battery
 .............................................................................. : 

See Appended RM Results 
Table 15.4.3.2 

Pass 

15.4.3.3 Overcharging of battery prevented by virtue of 
design when it could result in an unacceptable 
RISK as verified by review of design  ..................... : 

See Appended RM Results 
Table 15.4.3.3 

Pass 

15.4.3.4 Lithium batteries that could become a HAZARD 
complied with appropriate tests of IEC 60086-4 

See Appended RM Results 
Table 15.4.3.4 

N/A 

 Tests of IEC 60086-4 waived on the lithium battery 
based on examination of design  

 N/A 

15.4.3.5 A properly RATED protective device provided within 
INTERNAL ELECTRICAL POWER SOURCE to protect 
against fire caused by excessive currents when (in 
case of a short circuit) layout of internal wiring, 
cross-sectional area, rating of connected 
components can result in a fire  ............................ : 

See Appended RM Results 
Table 15.4.3.5 

Pass 

 Protective device has adequate breaking capacity 
to interrupt the maximum fault current 

 Pass 

 Justification for OVER-CURRENT RELEASES or FUSE 
exclusion is included in RISK MANAGEMENT FILE 

Fuses not omitted N/A 
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15.4.4 Indicator lights provided to indicate ME EQUIPMENT 
is ready for NORMAL USE, except when apparent to 
OPERATOR from normal operating position, and 
marking of 7.4.1 are insufficient for this purpose .. : 

See Appended RM Results 
Table 15.4.4 

N/A 

 An additional indicator light provided on ME 
EQUIPMENT with a stand-by state or a warm-up 
state exceeding 15 s, except when apparent to 
OPERATOR from normal operating position 

 N/A 

 Indicator lights provided on ME EQUIPMENT 
incorporating non-luminous heaters to indicate 
heaters are operational when a HAZARDOUS 
SITUATION could exist, except when apparent to 
OPERATOR from normal operating position 

 N/A 

 Requirement not applied to heated stylus-pens for 
recording purposes 

 N/A 

 Indicator lights provided on ME EQUIPMENT to 
indicate an output exists where an accidental or 
prolonged operation of output circuit could 
constitute a HAZARDOUS SITUATION 

 Pass 

 Colours of indicator lights complied with 7.8.1  Pass 

 Charging mode visibly indicated in ME EQUIPMENT 
incorporating a means for charging an INTERNAL 
ELECTRICAL POWER SOURCE 

 Pass 

15.4.5 RISKS associated with pre-set controls addressed 
in RISK MANAGEMENT PROCESS when applicable as 
verified by review of RISK MANAGEMENT FILE .......... : 

See Appended RM Results 
Table 15.4.5 

N/A 

15.4.6 Actuating parts of controls of ME EQUIPMENT N/A 

15.4.6.1 a) Actuating parts cannot be pulled off or loosened 
up during NORMAL USE 

 N/A 

 b) Indication of scales (e.g., “on” “off” positions, 
etc.) always corresponds to position of controls 
with adjustment that can result in a HAZARDOUS 
SITUATION for PATIENT or OPERATOR while ME 
EQUIPMENT is in use 

 N/A 

 c) Incorrect connection of indicating device to 
relevant component prevented by adequate 
construction when it could be separated without 
use of a TOOL 

 N/A 

 When torque values per Table 30 applied between 
control knob and shaft of rotating controls for not 
less than 2 s, 10 times in each direction, knobs did 
not rotate  .............................................................. : 

See appended Table 15.4.6 N/A 
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 Tests conducted by applying an axial force of 60 N 
for electrical components and 100 N for other 
components for 1 min when an axial pull was 
required in NORMAL USE with no unacceptable RISK 
 .............................................................................. : 

See appended Table 15.4.6 N/A 

15.4.6.2 Stops of adequate mechanical strength provided 
on rotating/ movable parts of controls of ME 
EQUIPMENT where necessary to prevent an 
unexpected change from max to min, or vice-
versa, of the controlled parameter when this could 
cause a HAZARDOUS SITUATION .............................. : 

See appended Table 15.4.6 N/A 

 Torque values in Table 30 applied 10 times in 
each direction to rotating controls for 2 sec .......... : 

See appended Table 15.4.6 N/A 

 Application of an axial force of 60 N for electrical 
components and 100 N for other components to 
rotating or movable parts of controls for 1 min 
when an axial pull was required in NORMAL USE  ... : 

See appended Table 15.4.6 N/A 

15.4.7 Cord-connected HAND-HELD and foot-operated control devices  N/A 

15.4.7.1 a) HAND-HELD control devices of ME EQUIPMENT 
complied with 15.3.4.1 

 N/A 

 b) Foot-operated control device supported an 
actuating force of 1350 N for 1 min applied over an 
area of 30 mm diameter in its position of NORMAL 
USE with no damage to device causing an 
unacceptable RISK ................................................. : 

 N/A 

15.4.7.2 Control device of HAND-HELD and foot-operated 
control devices turned in all possible abnormal 
positions and placed on a flat surface  ................. : 

 N/A 

 No unacceptable RISK caused by changing control 
setting when accidentally placed in an abnormal 
position  

 N/A 

15.4.7.3 a) Foot-operated control device is at least IPX1 & 
complies with tests of IEC 60529 (IP Code) .......... : 

See appended Table 11.6.1 
 

N/A 

 b) ENCLOSURE of foot operated control devices 
containing electrical circuits is at least IPX6 and 
complies with IEC 60529 if in NORMAL USE liquids 
are likely to be found (IP Code) ............................. : 

See appended Table 11.6.1 
and RM Results Table 15.4.7.3 
b) 
 

N/A 

 Probability of occurrence estimated as part of RISK 
MANAGEMENT PROCESS 

 N/A 

15.4.8 Aluminum wires less than 16 mm2 in cross-
sectional area are not used  

 Pass 

15.4.9 a) Oil container in PORTABLE ME EQUIPMENT allows 
for expansion of oil and is adequately sealed to 
prevent loss of oil in any position  

 N/A 

 b) Oil containers in MOBILE ME EQUIPMENT sealed to 
prevent loss of oil during transport  

 N/A 

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



 
Page 90 of 200 Report No.: 100742469BOX-001 

 

IEC 60601-1 

Clause Requirement + Test Result - Remark Verdict 
 

 
TRF No. IEC60601_1G                                                                                                                    Intertek Rev1 

 A pressure-release device operating during 
NORMAL USE is, optionally, provided 

 N/A 

 c) Partially sealed oil-filled ME EQUIPMENT and its 
parts provided with means for checking the oil level 
to detect leakage  

 N/A 

 ME EQUIPMENT and technical description examined, 
and manual tests conducted to confirm compliance 
with above requirements 

 N/A 

15.5 MAINS SUPPLY TRANSFORMERS OF ME EQUIPMENT and transformers providing 
separation in accordance with 8.5 

N/A 

15.5.1 Overheating N/A 

15.5.1.1 Transformers of ME EQUIPMENT are protected 
against overheating in the event of short circuit or 
overload of output windings and comply with this 
Clause and tests of 15.5.1.2 – 3 ........................... : 

See appended Tables 15.5.1.2 
and 15.5.1.3 

N/A 

 During tests, windings did not open, no HAZARDOUS 
SITUATION occurred, and maximum temperatures of 
windings did not exceed values in Table 31  

 N/A 

 Dielectric strength test of 8.8.3 conducted on 
transformer after short circuit and overload tests  : 

See appended Table 15.5.2 N/A 

15.5.1.2 Transformer output winding short circuited, and 
test continued until protective device operated or 
THERMAL STABILITY achieved  ................................. : 

See appended Table 15.5.1.2 N/A 

 Short circuit applied directly across output 
windings for transformers not tested according to 
5X frequency and 5X voltage test of 15.5.2 

 N/A 

15.5.1.3 Multiple overload tests conducted on windings with 
more than one protective device to evaluate worst-
case NORMAL USE loading and protection .............. : 

See appended Table 15.5.1.3 N/A 

15.5.2 Transformer windings provided with adequate 
insulation to prevent internal short-circuits that 
could cause overheating which could result in a 
HAZARDOUS SITUATION 

 N/A 

 Dielectric strength tests were conducted in 
accordance with requirements of this clause with 
no breakdown of insulation system and no 
detectable deterioration of transformer  ................ : 

See appended Table 15.5.2 N/A 

15.5.3 Transformers forming MEANS OF PROTECTION as 
required by 8.5 comply with IEC 61558-1:1997, 
Clause 5.12 ........................................................... : 

See appended Table 8.10 N/A 

 

16 ME SYSTEMS  — 

16.1 After installation or subsequent modification, ME 
SYSTEM didn’t result in an unacceptable RISK 

See Appended RM Results 
Table 16.1 

N/A 
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 Only HAZARDS arising from combining various 
equipment to form a ME SYSTEM considered  

 N/A 

 – ME SYSTEM provides the level of safety within the 
PATIENT ENVIRONMENT equivalent to ME EQUIPMENT 
complying with this standard  

 N/A 

 – ME SYSTEM provides the level of safety outside 
PATIENT ENVIRONMENT equivalent to equipment 
complying with their respective IEC or ISO safety 
standards 

 N/A 

 – tests performed in NORMAL CONDITION, except as 
specified 

 N/A 

 – tests performed under operating conditions 
specified by MANUFACTURER of ME SYSTEM 

 N/A 

 Safety tests previously conducted on individual 
equipment of ME SYSTEM according to relevant 
standards not repeated 

 N/A 

 RISK MANAGEMENT methods, optionally, used by 
MANUFACTURER of an ME SYSTEM reconfigurable by 
RESPONSIBLE ORGANIZATION or OPERATOR to 
determine configurations with highest RISKS and 
measures to ensure any configuration of ME 
SYSTEM will not present unacceptable RISKS  

 N/A 

 Non-ME EQUIPMENT used in ME SYSTEM complied 
with applicable IEC or ISO safety standards  

 N/A 

 Equipment relying only on BASIC INSULATION for 
protection against electric shock not used in ME 
SYSTEM  

 N/A 

16.2 ACCOMPANYING DOCUMENTS of an ME SYSTEM N/A 

 Documents containing all data necessary for ME 
SYSTEM to be used as intended by MANUFACTURER 
including a contact address accompany ME SYSTEM 
or modified ME SYSTEM 

 N/A 

 ACCOMPANYING DOCUMENTS regarded as a part of 
ME SYSTEM 

 N/A 

 ACCOMPANYING DOCUMENTS are, optionally, 
provided in electronic format (e.g. electronic file 
format or CD ROM) and ME SYSTEM is capable of 
displaying or printing these documents 

 N/A 

 a) ACCOMPANYING DOCUMENTS provided for each 
item of ME EQUIPMENT supplied by MANUFACTURER  

 N/A 

 b) ACCOMPANYING DOCUMENTS provided for each 
item of non-ME EQUIPMENT supplied by 
MANUFACTURER 

 N/A 

 c) the required information is provided:  N/A 
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 – specifications, instructions for use as intended by 
MANUFACTURER, and a list of all items forming the 
ME SYSTEM 

 N/A 

 – instructions for installation, assembly, and 
modification of ME SYSTEM to ensure continued 
compliance with this standard 

 N/A 

 – instructions for cleaning and, when applicable, 
disinfecting and sterilizing each item of equipment 
or equipment part forming part of the ME SYSTEM  

 N/A 

 – additional safety measures to be applied during 
installation of ME SYSTEM 

 N/A 

 – identification of parts of ME SYSTEM suitable for 
use within the PATIENT ENVIRONMENT 

 N/A 

 – additional measures to be applied during 
preventive maintenance 

 N/A 

 – a warning forbidding placement of MULTIPLE 
SOCKET-OUTLET, when provided and it is a separate 
item, on the floor  

 N/A 

 – a warning indicating an additional MULTIPLE 
SOCKET-OUTLET or extension cord not to be 
connected to ME SYSTEM 

 N/A 

 – a warning to connect only items that have been 
specified as part of ME SYSTEM or specified as 
being compatible with ME SYSTEM 

 N/A 

 – maximum permissible load for any MULTIPLE 
SOCKET-OUTLET(S) used with ME SYSTEM 

 N/A 

 – instructions indicating MULTIPLE SOCKET-OUTLETS 
provided with the ME SYSTEM to be used only for 
supplying power to equipment intended to form 
part of ME SYSTEM 

 N/A 

 – an explanation indicating RISKS of connecting 
non-ME EQUIPMENT supplied as a part of ME SYSTEM 
directly to wall outlet when non-ME EQUIPMENT is 
intended to be supplied via a MULTIPLE SOCKET-
OUTLET with a separating transformer 

 N/A 

 – an explanation indicating RISKS of connecting any 
equipment supplied as a part of ME SYSTEM to 
MULTIPLE SOCKET-OUTLET 

 N/A 

 – permissible environmental conditions of use for 
ME SYSTEM including conditions for transport and 
storage 

 N/A 

 – instructions to OPERATOR not to, simultaneously, 
touch parts referred to in 16.4 and PATIENT  

 N/A 

 d) the following instructions provided for use by 
RESPONSIBLE ORGANIZATION: 

 N/A 
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 – adjustment, cleaning, sterilization, and 
disinfection PROCEDURES  

 N/A 

 – assembly of ME SYSTEMS and modifications 
during actual service life shall be evaluated based 
on the requirements of this standard 

 N/A 

16.3 Instructions for use of ME EQUIPMENT intended to 
receive its power from other equipment in an ME 
SYSTEM, describe the other equipment to ensure 
compliance with these requirements  

 N/A 

16.4 Parts of non-ME EQUIPMENT in PATIENT ENVIRONMENT 
subject to contact by OPERATOR during 
maintenance, calibration, after removal of covers, 
connectors, etc., without use of a TOOL operated at 
a voltage ≤ voltage in 8.4.2 c) supplied from a 
source separated from SUPPLY MAINS by two MEANS 
OF OPERATOR PROTECTION  

 N/A 

16.5 Safety measures incorporating a SEPARATION 
DEVICE applied when FUNCTIONAL CONNECTION 
between ME EQUIPMENT and other items of an ME 
SYSTEM or other systems can cause allowable 
values of LEAKAGE CURRENT to exceed 

 N/A 

 SEPARATION DEVICE has dielectric strength, 
CREEPAGE and CLEARANCES required for one MEANS 
OF OPERATOR PROTECTION appropriate for highest 
voltage occurring across SEPARATION DEVICE during 
a fault condition 

 N/A 

 WORKING VOLTAGE was highest voltage across 
SEPARATION DEVICE during a fault condition, but not 
less than MAXIMUM MAINS VOLTAGE (V).................. : 

 N/A 

16.6 LEAKAGE CURRENTS N/A 

16.6.1 TOUCH CURRENT in NORMAL CONDITION, from or 
between parts of ME SYSTEM within the PATIENT 
ENVIRONMENT, did not exceed 100 µA ................... : 

See appended Table 16.6.1 N/A 

 TOUCH CURRENT did not exceed 500 µA in event of 
interruption of any non-PERMANENTLY INSTALLED 
PROTECTIVE EARTH CONDUCTOR, from or between 
parts of ME SYSTEM within PATIENT ENVIRONMENT  . : 

See appended Table 16.6.1 N/A 

16.6.2 Current in PROTECTIVE EARTH CONDUCTOR of 
MULTIPLE SOCKET-OUTLET did not exceed 5 mA ..... : 

 N/A 

16.6.3 PATIENT LEAKAGE CURRENT and total PATIENT 
LEAKAGE CURRENT of ME SYSTEM in NORMAL 
CONDITION did not exceed values specified for ME 
EQUIPMENT in Tables 3 and 4  ............................... : 

See appended Tables 8.7 and 
16.6.1 

N/A 

 Measurements made using a device as in clause 
8.7.4.4 

 N/A 
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16.7 ME SYSTEM complied with applicable requirements 
of Clause 9 when a MECHANICAL HAZARD existed .. : 

See applicable appended 
Tables in section 9 

N/A 

16.8 Interruption and restoration of relevant power 
connections of ME SYSTEM one at a time and all 
connections simultaneously did not result in a 
HAZARDOUS SITUATION other than interruption of its 
intended function 

 N/A 

16.9 ME SYSTEM connections and wiring N/A 

16.9.1 Incorrect connection of accessible connectors, 
removable without a TOOL, prevented where a 
HAZARDOUS SITUATION could otherwise exist ......... : 

See Appended RM Results 
Table 16.9.1 

N/A 

 – Connectors complied with Clause 15.4.1  N/A 

 – Plugs for connection of PATIENT leads could not 
be connected to other outlets of the same ME 
SYSTEM likely to be located in PATIENT 
ENVIRONMENT, except when examination of 
connectors and interchanging them proved no 
HAZARDOUS SITUATION could result  

 N/A 

16.9.2 MAINS PARTS, components and layout  N/A 

16.9.2.1 a) – MULTIPLE SOCKET-OUTLET only allows 
connection using a TOOL, or 

 N/A 

 – MULTIPLE SOCKET-OUTLET is of a type that cannot 
accept MAINS PLUGS of any of the kinds specified in 
IEC/TR 60083, or 

 N/A 

 – MULTIPLE SOCKET-OUTLET is supplied via a 
separating transformer  

 N/A 

 b) – MULTIPLE SOCKET-OUTLET marked with safety 
sign 2 of Table D.2 (i.e., safety sign ISO 7010-
W001) visible in NORMAL USE, and 

 N/A 

 – marked either individually or in combinations, 
with the maximum allowed  continuous output in 
amperes or volt-amperes, or 

 N/A 

 – marked to indicate the equipment or equipment 
parts it may safely be attached to 

 N/A 

 – MULTIPLE SOCKET-OUTLET is a separate item or an 
integral part of ME EQUIPMENT or non-ME EQUIPMENT 

 N/A 

 c) MULTIPLE SOCKET-OUTLET complied with IEC 
60884-1 and the following requirements: 

 N/A 

 – CREEPAGE and CLEARANCES complied with 8.9  N/A 

 – It is CLASS I, and PROTECTIVE EARTH CONDUCTOR is 
connected to earthing contacts in socket-outlets 

 N/A 
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 – PROTECTIVE EARTH TERMINALS and PROTECTIVE 
EARTH CONNECTIONS comply with 8.6, except total 
impedance for ME SYSTEM was up to 400 mΩ, or 
higher when conditions of 8.6.4 b) met (mΩ) ...... : 

 N/A 

 – ENCLOSURE complied with 8.4.2 d)  N/A 

 – MAINS TERMINAL DEVICES and wiring complied with 
8.11.4, when applicable 

 N/A 

 – RATINGS of components are not in conflict with 
conditions of use  .................................................. : 

See appended Table 8.10 N/A 

 – Electrical terminals and connectors of MULTIPLE 
SOCKET-OUTLETS prevent incorrect connection of 
accessible connectors removable without a TOOL 

 N/A 

 – POWER SUPPLY CORD complied with 8.11.3   N/A 

 d) Additional requirements applied when MULTIPLE 
SOCKET-OUTLET combined with a separating 
transformer: 

 N/A 

 – Separating transformer complied with IEC 
61558-2-1, except requirements of maximum 
RATED output power of 1 kVA and degree of 
protection IPX4 were not applied .......................... : 

See appended Table 8.10 N/A 

 – Separating transformer is CLASS I   N/A 

 – Degree of protection against ingress of water 
specified as in IEC 60529  

 N/A 

 – Separating transformer assembly marked 
according to 7.2 and 7.3 

 N/A 

 – MULTIPLE SOCKET-OUTLET permanently connected 
to separating transformer, or socket-outlet of 
separating transformer assembly cannot accept 
MAINS PLUGS as identified in IEC/TR 60083 

 N/A 

16.9.2.2 Removal of any single item of equipment in ME 
SYSTEM will not interrupt the protective earthing of 
any other part without simultaneous disconnection 
of electrical supply to that part 

 N/A 

 Additional PROTECTIVE EARTH CONDUCTORS can be 
detachable only by use of a TOOL 

 N/A 

16.9.2.3 Conductors connecting different items within an ME 
SYSTEM protected against mechanical damage 

 N/A 

 

17 ELECTROMAGNETIC COMPATIBILITY OF ME EQUIPMENT AND ME SYSTEMS — 

 RISKS associated with items addressed in RISK 
MANAGEMENT PROCESS as confirmed by review..... : 

See Appended RM Results 
Table 17 

Pass 
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 – electromagnetic phenomena at locations where 
ME EQUIPMENT or ME SYSTEM is to be used as stated 
in ACCOMPANYING DOCUMENTS ............................... : 

 Pass 

 – introduction of electromagnetic phenomena into 
environment by ME EQUIPMENT or ME SYSTEM that 
might degrade performance of other devices, 
electrical equipment, and systems 

 Pass 

 

ANNEX G PROTECTION AGAINST HAZARDS OF IGNITION OF FLAMMABLE 
ANESTHETIC MIXTURES 

— 

G.2 Locations and basic requirements N/A 

G.2.1 Parts of CATEGORY APG ME EQUIPMENT in which a 
FLAMMABLE ANESTHETIC MIXTURE WITH AIR occurs are 
CATEGORY AP or APG ME EQUIPMENT and complied 
with G.3, G.4, and G.5 

Not Category AP or APG 
equipment 

N/A 

G.2.2 FLAMMABLE AESTHETIC MIXTURE WITH AIR occurring 
due to a leakage or discharge of a FLAMMABLE 
AESTHETIC MIXTURE WITH OXYGEN or NITROUS OXIDE 
from an ENCLOSURE considered 5 to 25 cm from 
point of occurrence  

 N/A 

G.2.3 A FLAMMABLE AESTHETIC MIXTURE WITH OXYGEN or 
NITROUS OXIDE contained in a completely / partly 
enclosed ME EQUIPMENT part and in PATIENT’S 
respiratory tract 5 cm from an ENCLOSURE part 
where leakage or discharge occurs 

Not used with anesthetic 
mixture 

N/A 

G.2.4 ME EQUIPMENT or parts thereof specified for use 
with FLAMMABLE AESTHETIC MIXTURE WITH AIR (in a 
location as in G.2.2) are CATEGORY AP or APG ME 
EQUIPMENT and complied with G.4 and G.5 

 N/A 

G.2.5 ME EQUIPMENT or parts thereof for use with 
FLAMMABLE AESTHETIC MIXTURE WITH OXYGEN OR 
NITROUS OXIDE (location per G.2.2) are CATEGORY 
APG ME EQUIPMENT and comply with G.4 and G.6 

 N/A 

 ME EQUIPMENT in G.2.3 to G.2.5 met appropriate 
tests of G.3-G.5 conducted after tests of 11.6.6 
and 11.6.7 

 N/A 

G.3 Marking, ACCOMPANYING DOCUMENTS N/A 

G.3.1 CATEGORY APG ME EQUIPMENT prominently marked. 
with a green-coloured band ≥ 2 cm wide with 
letters “APG” according to symbol 23 in Table D.1 : 

See copies of Marking Labels 

Not Category APG equipment 

N/A 

 Length of green-coloured band is ≥ 4 cm, and size 
of marking is as large as possible for particular 
case  

 N/A 

 When above marking not possible, relevant 
information included in instructions for use .......... : 

 N/A 
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 Marking complied with tests and criteria of 7.1.2 
and 7.1.3 

 N/A 

G.3.2 CATEGORY AP ME EQUIPMENT prominently marked, 
with a green-coloured circle ≥ 2 cm in diameter, 
with characters “AP” according to symbol 22 in 
Table D.1 .............................................................. : 

See copies of Marking Labels 

Not AP equipment 

N/A 

 Marking is as large as possible for the particular 
case 

 N/A 

 When above marking not possible, the relevant 
information included in instructions for use .......... : 

 N/A 

 Marking complied with tests and criteria of 7.1.2 
and 7.1.3 

 N/A 

G.3.3 The marking according to G.3.2 and G.3.3 placed 
on major part of ME EQUIPMENT for CATEGORY AP or 
APG parts, and not repeated on detachable parts 
that can only be used with the marked EQUIPMENT 

 N/A 

G.3.4 ACCOMPANYING DOCUMENTS contain an indication 
enabling the RESPONSIBLE ORGANIZATION to 
distinguish between CATEGORY AP and APG parts 

 N/A 

G.3.5 Marking clearly indicates which parts are 
CATEGORY AP or APG when only certain ME 
EQUIPMENT parts are CATEGORY AP or APG 

 N/A 

G.4 Common requirements for CATEGORY AP and CATEGORY APG ME EQUIPMENT N/A 

G.4.1 a) CREEPAGE and CLEARANCES between points of 
POWER SUPPLY CORD connection are according to 
Table 12 for one MEANS OF PATIENT PROTECTION 

Not Category AP or APG 
equipment 

N/A 

 b) Connections, except those in circuits described 
in G.5.3 and G.6.3, protected against accidental 
disconnection in NORMAL USE or connection and 
disconnection can be performed only with a TOOL 

 N/A 

 c) CATEGORY AP and APG not provided with a 
DETACHABLE POWER SUPPLY CORD, except when 
circuit complied with G.5.3 and G.6.3 

 N/A 

G.4.2 Construction details N/A 

 a) Opening of an ENCLOSURE providing protection 
against penetration of gases or vapours into ME 
EQUIPMENT or its parts possible only with a TOOL 

 N/A 

 b) ENCLOSURE complies with requirements to 
minimize arcing and sparking due to penetration of 
foreign objects ....................................................... : 

See appended Table 8.10 N/A 

 – no openings on top covers of ENCLOSURE, except 
for openings for controls covered by control knobs 

 N/A 
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 – openings in side-covers prevented penetration of 
a solid cylindrical test rod of 4 mm in diameter 
applied in all possible directions without 
appreciable force 

 N/A 

 – openings in base plates prevented penetration of 
a solid cylindrical test rod of 12 mm in diameter 
applied in all directions without appreciable force 

 N/A 

 c) Short circuiting conductor(s) to a conductive part 
without presence of explosive gasses where 
insulation may contact a part containing a 
FLAMMABLE AESTHETIC MIXTURE WITH OXYGEN or 
NITROUS OXIDE, ignitable gases alone, or oxygen, 
did not result in loss of integrity of the part, an 
unacceptable temperature, or other HAZARD 

 N/A 

G.4.3 a) Electrostatic charges prevented on CATEGORY AP 
and APG ME EQUIPMENT by a combination of 
appropriate measures 

Not Category AP or APG 
equipment 

N/A 

 – Use of antistatic materials with a limited electrical 
resistance as specified in G.4.3 b) ........................ : 

See appended Table 8.10 N/A 

 – Provision of electrically conductive paths from ME 
EQUIPMENT or its parts to a conductive floor, 
protective earth or potential equalization system, or 
via wheels to an antistatic floor of medical room 

 N/A 

 b) Electrical resistance limits of aesthetic tubing, 
mattresses and pads, castor tires, and other 
antistatic material complied with ISO 2882 based 
on measurements according to ISO 1853, ISO 
2878 and ISO 23529 ............................................. : 

 N/A 

G.4.4 Corona cannot be produced by components or 
parts of ME EQUIPMENT operating at more than 2000 
V a.c. or 2400 V d.c. and not included in 
ENCLOSURES complying with G.5.4 or G.5.5  

 N/A 

G.5 Requirements and tests for CATEGORY AP ME EQUIPMENT, parts and components N/A 

G.5.1 ME EQUIPMENT, its parts or components do not 
ignite FLAMMABLE AESTHETIC MIXTURES WITH AIR 
under NORMAL USE and CONDITIONS based on 
compliance with G.5.2 to G.5.5 (inclusive) 

Not Category AP equipment N/A 

 Alternatively, ME EQUIPMENT, its parts, and 
components complied with requirements of IEC 
60079-0 for pressurized ENCLOSURES (IEC 60079-
2); for sand-filled ENCLOSURES, IEC 60079-5; or for 
oil immersed equipment, IEC 60079-6; and with 
this standard excluding G.5.2 to G.5.5 ................. : 

 N/A 
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G.5.2 ME EQUIPMENT, its parts, and components in 
contact with gas mixtures in NORMAL USE and 
CONDITIONS not producing sparks and not resulting 
in surface temperatures above 150 °C in case of 
restricted or 200 °C in case of unrestricted vertical 
air circulation measured at 25 °C comply with 
G.5.1 ..................................................................... : 

 N/A 

G.5.3 ME EQUIPMENT, its parts, and components 
producing sparks in NORMAL USE and CONDITION 
complied with temperature requirements of G.5.2, 
and Umax and Imax occurring in their circuits, and 
complied as follows: 

 N/A 

 Measured Umax ≤ UzR with IzR as in Fig. G.1 ......... :  N/A 

 Measured Umax ≤ Uc with Cmax as in Fig. G.2  ....... :  N/A 

 Measured Imax ≤ IzR with UzR as in Fig G.1  .......... :  N/A 

 Measured Imax ≤ IzL with Lmax and a Umax ≤ 24 V as 
in Fig G.3 ............................................................. : 

 N/A 

 – Combinations of currents and corresponding 
voltages within the limitations IzR.UzR ≤ 50 W 
extrapolated from Fig G.1 

 N/A 

 No extrapolation made for voltages above 42 V  N/A 

 – Combinations of capacitances and 
corresponding voltages within limitations of C/2U2 
≤ 1.2 mJ extrapolated from Fig G.2  

 N/A 

 No extrapolation made for voltages above 242V  N/A 

 Umax, additionally, determined using actual 
resistance R when the equivalent resistance R was 
less than 8000 Ω 

 N/A 

 – Combinations of currents and corresponding 
inductances within limitations L/2I2 ≤ 0.3 mJ 
extrapolated from Fig G.3  

 N/A 

 No extrapolation made for inductances larger than 
900 mH  

 N/A 

 – Umax was the highest supply voltage occurring in 
circuit under investigation with sparking contact 
open, taking into consideration MAINS VOLTAGE 
variations in 4.10 

 N/A 

 – Imax was the highest current flowing in circuit 
under investigation with sparking contact closed, 
taking into consideration MAINS VOLTAGE variations 
required in 4.10 

 N/A 

 – Cmax and Lmax taken as values occurring at the 
component under investigation producing sparks  

 N/A 

 – Peak value considered when a.c. supplied   N/A 
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 – An equivalent circuit calculated to determine 
equivalent max capacitance, inductance, and 
equivalent Umax and Imax, either as d.c. or a.c. peak 
values in case of a complicated circuit ................. : 

 N/A 

 Temperature measurements made according to 
11.1, and Umax, Imax, R, Lmax , and Cmax determined 
with application of Figs G.1-G.3 ........................... :  

 N/A 

 Alternatively, compliance was verified by 
examination of design data .................................. : 

 N/A 

G.5.4 External ventilation with internal overpressure N/A 

 ME EQUIPMENT, its parts, and components enclosed 
in an ENCLOSURE with external ventilation by means 
of internal overpressure complied with the following 
requirements: 

 N/A 

 a) FLAMMABLE AESTHETIC MIXTURES WITH AIR that 
might have penetrated into ENCLOSURE of ME 
EQUIPMENT or part removed by ventilation before 
EQUIPMENT energized, and penetration of such 
mixtures during operation was prevented by 
maintenance of overpressure by means of air 
without flammable gases, or by physiologically 
acceptable inert gas (e.g., nitrogen) 

 N/A 

 b) Overpressure inside ENCLOSURE was 75 Pa, 
min., in NORMAL CONDITION (Pa) ........................... : 

 N/A 

 Overpressure maintained at the site of potential 
ignition even when air or inert gas could escape 
through openings in ENCLOSURE necessary for 
normal operation of ME EQUIPMENT or its parts 

 N/A 

 ME EQUIPMENT could be energized only after the 
required minimum overpressure was present long 
enough to ventilate the ENCLOSURE so that the 
displaced volume of air or inert gas was at least 
five times the volume of ENCLOSURE 

 N/A 

 ME EQUIPMENT energized at will or repeatedly when 
overpressure was continuously present 

 N/A 

 c) Ignition sources de-energized automatically by 
means used where G.4 does not apply, or 
complied with G.5 when during operation 
overpressure dropped below 50 Pa (Pa) ............. : 

 N/A 

 d) External surface of ENCLOSURE in which internal 
overpressure was maintained did not exceed 150 
°C in 25 °C ambient under NORMAL USE and 
CONDITION (°C) ...................................................... : 

 N/A 

G.5.5 ENCLOSURES with restricted breathing N/A 
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 ME EQUIPMENT, its parts, and components enclosed 
in an ENCLOSURE with restricted breathing complied 
with the following: 

No restricted breathing  N/A 

 a) A FLAMMABLE AESTHETIC MIXTURE WITH AIR did not 
form inside ENCLOSURE with restricted breathing 
when it was surrounded by a FLAMMABLE AESTHETIC 
MIXTURE WITH AIR of a high concentration for at 
least 30 min without any pressure difference inside 
ENCLOSURE 

 N/A 

 b) Gasket or sealing material used to maintain 
tightness complied with aging test B-b of IEC 
60068-2-2, Clause 15, at 70 °C ± 2 °C and 96 h .. : 

 N/A 

 c) Gas-tightness of ENCLOSURE containing inlets for 
flexible cords maintained when the cords were 
stressed by bending or pulling 

 N/A 

 Cords are fitted with adequate anchorages to limit 
stresses  

 N/A 

 After the test in G.5.4 b), an internal overpressure 
of 400 Pa was created and 30 pulls of the value in 
Table G.1 applied to each flexible cord in axial 
direction of cord inlet and in the least favourable 
direction for 1 s 

 N/A 

 Overpressure not reduced below 200 Pa  N/A 

 Tests waived when examination of ENCLOSURE 
indicated it is completely sealed or gas-tight 
without a doubt (100 % degree of certainty) 

 N/A 

 Operating temperature of external surface of 
ENCLOSURE was ≤ 150 °C in 25 °C (°C) ............... : 

 N/A 

 Steady state operating temperature of ENCLOSURE 
also measured (°C) .............................................. : 

 N/A 

G.6 CATEGORY APG ME EQUIPMENT, parts and components thereof N/A 

G.6.1 ME EQUIPMENT, its parts, and components did not 
ignite FLAMMABLE AESTHETIC MIXTURE WITH OXYGEN 
OR NITROUS OXIDE under NORMAL USE and SINGLE 
FAULT CONDITION 

Not Category APG equipment N/A 

 ME EQUIPMENT, its parts, and components not 
complying with G.6.3 subjected to a CONTINUOUS 
OPERATION test after attaining thermal steady state 
(max. 3 h) over a period of 10 min in a 12.2 % ± 
0.4 ether by volume/oxygen mixture  

 N/A 
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G.6.2 Parts and components of CATEGORY APG ME 
EQUIPMENT operating in a FLAMMABLE AESTHETIC 
MIXTURE WITH OXYGEN OR NITROUS OXIDE supplied 
from a source isolated from earth by insulation 
equal to one MEANS OF PATIENT PROTECTION and 
from electrical parts by insulation twice the MEANS 
OF PATIENT PROTECTION ......................................... : 

 N/A 

G.6.3 Test of G.6.1 waived when the following 
requirements were met in NORMAL USE and under 
NORMAL and SINGLE FAULT CONDITIONS .................. : 

 N/A 

 a) no sparks produced and temperatures did not 
exceed 90 °C, or  

 N/A 

 b) a temperature limit of 90 °C not exceeded, 
sparks produced in NORMAL USE, and SINGLE FAULT 
CONDITIONS, except Umax and Imax occurring in their 
circuits complied with requirements, taking Cmax 
and Lmax into consideration: 

 N/A 

 Measured Umax ≤ UzR with IzR as in Fig. G.4  ........ :  N/A 

 Measured Umax ≤ UzC with Cmax as in Fig. G.5 ...... :  N/A 

 Measured Imax ≤ IzR with UzR as in Fig G.4  .......... :  N/A 

 Measured Imax ≤ IzL with Lmax and a Umax ≤ 24 V as 
in Fig G.6  ............................................................ : 

 N/A 

 – Extrapolation from Figs G.4, G.5, and G.6 was 
limited to areas indicated 

 N/A 

 – Umax was the highest no-load voltage occurring in 
the circuit under investigation, taking into 
consideration mains voltage variations as in 4.10 

 N/A 

 – Imax was the highest current flowing in the circuit 
under investigation, taking into account MAINS 
VOLTAGE variations as in 4.10 

 N/A 

 – Cmax and Lmax are values occurring in relevant 
circuit 

 N/A 

 – Umax additionally determined with actual 
resistance R when equivalent resistance R in Fig 
G.5 was less than 8000 Ω 

 N/A 

 – Peak value taken into consideration when a.c. 
supplied 

 N/A 

 – An equivalent circuit calculated to determine max 
capacitance, inductance, and Umax and Imax, either 
as d.c. or a.c. peak values in case of a complicated 
circuit  .................................................................... : 

 N/A 
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 – When energy produced in an inductance or 
capacitance in a circuit is limited by voltage or 
current-limiting devices, two independent 
components applied, to obtain the required 
limitation even when a first fault (short or open 
circuit) in one of these components 

 N/A 

 Above requirement not applied to transformers 
complying with this standard  

 N/A 

 Above requirement not applied to wire-wound 
current-limiting resistors provided with a protection 
against unwinding of the wire in case of rupture 

 N/A 

 Compliance verified by examination of CATEGORY 
APG ME EQUIPMENT, parts, and components , or 

 N/A 

 Temperature measurements made in accordance 
with 11.1, or  

 N/A 

 Umax, Imax, R, Lmax and Cmax determined together 
with application of Figs G.4-G.6 ........................... : 

 N/A 

 Alternatively, compliance verified by comparison 
with design data ................................................... : 

 N/A 

G.6.4 ME EQUIPMENT, its parts, and components heating 
a FLAMMABLE AESTHETIC MIXTURE WITH OXYGEN OR 
NITROUS OXIDE provided with a non-SELF-RESETTING 
THERMAL CUT-OUT and complied with 15.4.2.1 ....... : 

 N/A 

 Current-carrying part of heating element is not in 
direct contact with FLAMMABLE AESTHETIC MIXTURE 
WITH OXYGEN OR NITROUS OXIDE 

 N/A 

G.7 Test apparatus for flammable mixtures N/A 

 Test apparatus used was in accordance with this 
Clause and Fig G.7 

No flammable mixtures N/A 

 

ANNEX L INSULATED WINDING WIRES FOR USE WITHOUT INTERLEAVED 
INSULATION 

— 

L.1 BASIC, SUPPLEMENTARY, DOUBLE, and REINFORCED 
INSULATION in wound components without 
interleaved insulation complied with this Annex 
covering round winding wires between 0.05 mm 
and 5.00 mm diameters 

No insulated windings wires 
for use without interleaved 
insulation  

N/A 

L.2 Wire construction N/A 

 Overlap of layers when wire is insulated with two or 
more spirally wrapped layers of tape is adequate to 
ensure continued overlap during manufacture of 
wound component 

 N/A 

 Layers of spirally wrapped wire insulation are 
sufficiently secured to maintain the overlap 

 N/A 
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L.3 Type Test N/A 

 The wire subjected to tests of L.3.1 to L.3.4 at a 
temperature and a relative humidity specified  

 N/A 

 Temperature (°C) ................................................. :  N/A 

 Humidity (%) ........................................................ :  N/A 

L.3.1 Dielectric strength N/A 

 Dielectric strength test of Clause 8.8.3 for the 
appropriate type and number of MOP(s) conducted 
by preparing the sample according to IEC 60851-
5:1996, Clause 4.4.1 for a twisted pair with test 
voltages at least twice Tables 6 & 7, but not less 
than below with no breakdown: 

 N/A 

 – 3000 V for BASIC and SUPPLEMENTARY INSULATION 
(V) ........................................................................ : 

 N/A 

 – 6000 V for REINFORCED INSULATION (V) ............. :  N/A 

L.3.2 Flexibility and adherence N/A 

 Sample subjected to flexibility and adherence test 
8 of IEC 60851-3:1996, clause 5.1.1, using 
mandrel diameters of Table L.1  

 N/A 

 Sample examined according to IEC 60851-3: 1997, 
clause 5.1.1.4, followed by dielectric test of clause 
8.8.3, except test voltage applied between wire 
and mandrel with no breakdown 

 N/A 

 Test voltage was at least the voltage in Tables 6 
and 7but not less than the following: 

 N/A 

 – 1500 V for BASIC and SUPPLEMENTARY INSULATION 
(V) ........................................................................ : 

 N/A 

 – 3000 V for REINFORCED INSULATION (V) ............. :  N/A 

 Tension applied to wire during winding on mandrel 
calculated from the wire diameter equivalent to 118 
MPa ± 11.8 MPa  ................................................. : 

 N/A 

L.3.3 Heat Shock N/A 

 Sample subjected to heat shock test 9 of IEC 
60851-6:1996, followed by dielectric strength test 
of clause 8.8.3, except test voltage applied 
between the wire and mandrel 

 N/A 

 Test voltage was at least the voltage in Tables 6 
and 7, but not less than the following: 

 N/A 

 – 1500 V for BASIC and SUPPLEMENTARY INSULATION 
(V) ........................................................................ : 

 N/A 

 – 3000 V for REINFORCED INSULATION (V) ............. :  N/A 

 Oven temperature based on Table L.2 (°C) ........ :  — 
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 Mandrel diameter and tension applied as in clause 
L.3.2, (MPa; N/mm2) ............................................ : 

 N/A 

 Dielectric strength test conducted at room 
temperature after removal from the oven 

 N/A 

L.3.4 Retention of electric strength after bending N/A 

 Five samples prepared as in L.3.2 subjected to 
dielectric strength and bending tests  

 N/A 

 Test voltage was at least the voltage in Tables 6 
and 7, but not less than the following: 

 N/A 

 – 1500 V for BASIC and SUPPLEMENTARY INSULATION 
(V) ........................................................................ : 

 N/A 

 – 3000 V for REINFORCED INSULATION (V) ............. :  N/A 

 Test voltage applied between the shot and 
conductor. 

 N/A 

 Mandrel diameter and tension applied as in L.3.2, 
(MPa; N/mm2) ...................................................... : 

 N/A 

L.4 Tests during manufacture N/A 

L.4.1 Production line dielectric strength tests conducted 
by the manufacture according to L.4.2 and L.4.3 : 

 N/A 

L.4.2 Test voltage for routine testing (100 % testing) is at 
least the voltage in Tables 6 and 7 but not less 
than the following: 

 N/A 

 – 1500 V r.m.s. or 2100 V peak for BASIC and 
SUPPLEMENTARY INSULATION (V) ............................ : 

 N/A 

 – 3000 V r.m.s. or 4200 V peak for REINFORCED 
INSULATION (V) ...................................................... : 

 N/A 

L.4.3 Sampling tests conducted using twisted pair 
samples (IEC 60851-5:1996, clause 4.4.1) 

 N/A 

 Minimum breakdown test voltage at least twice the 
voltage in Tables 6 and 7 but not less than: 

 N/A 

 – 3000 V r.m.s. or 4200 V peak for BASIC and 
SUPPLEMENTARY INSULATION 

 N/A 

 – 6000 V r.m.s. or 8400 V peak for REINFORCED 
INSULATION 

 N/A 
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together 

9 Ethernet Sensors tied 
together 

- 156.5 Pass 

9 Port A Sensors tied 
together 

+ 125.2 Pass 

9 Port A Sensors tied 
together 

- 156.5 Pass 

9 Port B Sensors tied 
together 

+ 93.9 Pass 

9 Port B Sensors tied 
together 

- 187.8 Pass 

9 USB Sensors tied 
together 

+ 93.9 Pass 

9 USB Sensors tied 
together 

- 62.6 Pass 

9 USB front Sensors tied 
together 

+ 93.9 Pass 

9 USB front Sensors tied 
together 

- 62.6 Pass 

10 Foil underneath 
equipment 

Sensor 1 rest tied to 
ground 

+ 125.2 Pass 

10 Foil underneath 
equipment 

Sensor 1 rest tied to 
ground 

- 219.1 Pass 

10 Foil on enclosure Sensor 1 rest tied to 
ground 

+ 250.4 Pass 

10 Foil on enclosure Sensor 1 rest tied to 
ground 

- 156.5 Pass 

10 Monitor SIP SOP Sensor 1 rest tied to 
ground 

+ 62.6 Pass 

10 Monitor SIP SOP Sensor 1 rest tied to 
ground 

- 219.2 Pass 

10 Ethernet Sensor 1 rest tied to 
ground 

+ 62.6 Pass 

10 Ethernet Sensor 1 rest tied to 
ground 

- 125.2 Pass 

10 Port A Sensor 1 rest tied to 
ground 

+ 281.7 Pass 

10 Port A Sensor 1 rest tied to 
ground 

- 219.1 Pass 

10 Port B Sensor 1 rest tied to 
ground 

+ 93.9 Pass 

10 Port B Sensor 1 rest tied to 
ground 

- 156.5 Pass 

10 USB Sensor 1 rest tied to 
ground 

+ 250.4 Pass 

10 USB Sensor 1 rest tied to 
ground 

- 125.2 Pass 

10 USB front Sensor 1 rest tied to 
ground 

+ 93.9 Pass 
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10 USB front Sensor 1 rest tied to 
ground 

- 125.2 Pass 

10 Foil underneath 
equipment 

Sensor 2 rest tied to 
ground 

+ 93.9 Pass 

10 Foil underneath 
equipment 

Sensor 2 rest tied to 
ground 

- 156.5 Pass 

10 Foil on enclosure Sensor 2 rest tied to 
ground 

+ 125.2 Pass 

10 Foil on enclosure Sensor 2 rest tied to 
ground 

- 250.4 Pass 

10 Monitor SIP SOP Sensor 2 rest tied to 
ground 

+ 125.2 Pass 

10 Monitor SIP SOP Sensor 2 rest tied to 
ground 

- 125.3 Pass 

10 Ethernet Sensor 2 rest tied to 
ground 

+ 125.2 Pass 

10 Ethernet Sensor 2 rest tied to 
ground 

- 219.1 Pass 

10 Port A Sensor 2 rest tied to 
ground 

+ 125.2 Pass 

10 Port A Sensor 2 rest tied to 
ground 

- 156.5 Pass 

10 Port B Sensor 2 rest tied to 
ground 

+ 187.8 Pass 

10 Port B Sensor 2 rest tied to 
ground 

- 93.9 Pass 

10 USB Sensor 2 rest tied to 
ground 

+ 187.8 Pass 

10 USB Sensor 2 rest tied to 
ground 

- 187.9 Pass 

10 USB front Sensor 2 rest tied to 
ground 

+ 219.1 Pass 

10 USB front Sensor 2 rest tied to 
ground 

- 219.1 Pass 

10 Foil underneath 
equipment 

Sensor 3 rest tied to 
ground 

+ 125.2 Pass 

10 Foil underneath 
equipment 

Sensor 3 rest tied to 
ground 

- 313.0 Pass 

10 Foil on enclosure Sensor 3 rest tied to 
ground 

+ 187.8 Pass 

10 Foil on enclosure Sensor 3 rest tied to 
ground 

- 219.1 Pass 

10 Monitor SIP SOP Sensor 3 rest tied to 
ground 

+ 187.8 Pass 

10 Monitor SIP SOP Sensor 3 rest tied to 
ground 

- 187.8 Pass 

10 Ethernet Sensor 3 rest tied to 
ground 

+ 125.1 Pass 

10 Ethernet Sensor 3 rest tied to 
ground 

- 187.7 Pass 

10 Port A Sensor 3 rest tied to 
ground 

+ 156.4 Pass 
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10 Port A Sensor 3 rest tied to 
ground 

- 125.2 Pass 

10 Port B Sensor 3 rest tied to 
ground 

+ 125.2 Pass 

10 Port B Sensor 3 rest tied to 
ground 

- 156.4 Pass 

10 USB Sensor 3 rest tied to 
ground 

+ 125.2 Pass 

10 USB Sensor 3 rest tied to 
ground 

- 156.5 Pass 

10 USB front Sensor 3 rest tied to 
ground 

+ 93.8 Pass 

10 USB front Sensor 3 rest tied to 
ground 

- 125.1 Pass 

10 Foil underneath 
equipment 

Sensor 4rest tied to 
ground 

+ 156.5 Pass 

10 Foil underneath 
equipment 

Sensor 4 rest tied to 
ground 

- 125.2 Pass 

10 Foil on enclosure Sensor 4 rest tied to 
ground 

+ 187.7 Pass 

10 Foil on enclosure Sensor 4 rest tied to 
ground 

- 219.0 Pass 

10 Monitor SIP SOP Sensor 4 rest tied to 
ground 

+ 156.4 Pass 

10 Monitor SIP SOP Sensor 4 rest tied to 
ground 

- 125.1 Pass 

10 Ethernet Sensor 4 rest tied to 
ground 

+ 125.1 Pass 

10 Ethernet Sensor 4 rest tied to 
ground 

- 125.2 Pass 

10 Port A Sensor 4 rest tied to 
ground 

+ 125.2 Pass 

10 Port A Sensor 4 rest tied to 
ground 

- 156.4 Pass 

10 Port B Sensor 4 rest tied to 
ground 

+ 125.2 Pass 

10 Port B Sensor 4 rest tied to 
ground 

- 125.1 Pass 

10 USB Sensor 4 rest tied to 
ground 

+ 125.1 Pass 

10 USB Sensor 4 rest tied to 
ground 

- 219.2 Pass 

10 USB front Sensor 4 rest tied to 
ground 

+ 187.8 Pass 

10 USB front Sensor 4 rest tied to 
ground 

- 156.4 Pass 

Supplementary information: 
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Secondary to Metal 
Enclosure 

BI 240 - 1500 No 

Preamp connector to 
preamp enclosure 

BI 240 - 1500 No 

Sensor connection to 
Preamp enclosure 

BI 240 - 1500 No 

Sensor to Sensor 
connector 

BI 240 - 1500 No 

Sensor connection to 
Metal Enclosure 

BI 240 - 1500 No 

Primary to Plastic 
Enclosure 

RI 240 - 4000 No 

Sensor Connection to 
Primary 

BI 240 - 1500 No 

Supplementary information: 
1 Alternatively, per the Table (i.e., __dc), a d.c. test voltage equal to the peak value of the a.c. test voltage 
used. 
2 A) Immediately after humidity treatment of 5.7, ME EQUIPMENT de-energized, B) after required sterilization 
PROCEDURE, ME EQUIPMENT de-energized, C) after reaching steady state operating temperature as during 
heating test of 11.1.1, and D) after relevant tests of 11.6 (i.e., overflow, spillage, leakage, ingress of water, 
cleaning, disinfection, and sterilization). 
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Elite 3 Power Supply, Transformer 
Primary 

155 
52.1 

- 

Elite 4 Power Supply, Transformer 
Secondary 

155 
50.3 

- 

Elite 6 Power Supply, C6 105 45.4 - 

Elite 7 Power Supply, Mains Wire 
Connector  

75 
33.5 

- 

Elite 8 Line filter 75 27.7 - 

Elite 9 Appliance inlet 40 25.9 - 

Elite 10 Battery 104 27.2 - 

Elite 11 TGS110 70 29.5 - 

Elite 12 Button Battery 80 30.8 - 

Elite 13 Relay  85 42.4 - 

Elite 14 Screen  48 26.4 - 

Elite 15 Preamp Enclosure 48 26.3 - 

Elite 17 Sensor 1 41 25.6 - 

Elite 18 Sensor 2 41 24.4 - 

Elite 19 Sensor 3 41 24.7 - 

Elite 20 Sensor 4 41 24.5 - 

      

Supplementary information: 
1 Maximum allowable temperature on surfaces of test corner is 90 °C 
2 Max temperature determined in accordance with 11.1.3e) 
3 When thermocouples used to determine temperature of windings, limits of Table 22 reduced by 10 °C. 
4 Supply voltage: 

- ME EQUIPMENT with heating elements - 110 % of the maximum RATED voltage; 
-  Motor operated ME EQUIPMENT -  least favourable voltage between 90 % of the minimum RATED 
and 110 % of 
   the maximum RATED voltage. ME EQUIPMENT operated under normal load and normal DUTY 
CYCLE. 

       - Combined heating and motor operated and other ME EQUIPMENT - tested both at 110 % of the 
maximum 

RATED voltage and at 90 % of the minimum RATED voltage. 

5 APPLIED PARTS intended to supply heat to a PATIENT - See RISK MANAGEMENT FILE containing temperatures and 
clinical effects. Also, see instructions for use. 

 

11.1.1 TABLE: Excessive temperatures in ME EQUIPMENT  Pass 

Model No. .................................................... : FORE-SIGHT Elite 

Test ambient  (°C)  ...................................... : 25.6 

Test supply voltage/frequency (V/Hz)4 ....... : 264VAC/ 50HZ 
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External view  

 

 
Preamp cable  
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Back view of sensor  
 

 
Front view of sensor  

 

 
Internal View  
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Control board side A 

 

 
Control board side B 
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Logic Board 

 

 
Power supply
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ATTACHMENT TO TEST REPORT IEC 60601-1 

US NATIONAL DIFFERENCES 
Medical electrical equipment, Part 1: General Requirements 

Differences according to  ............... : National standard ANSI/AAMI ES60601-1: 2005 

Attachment Form No . .................... : US_ND_IEC60601_1E 

Attachment Originator  ................... : Underwriters Laboratories Inc.  

Master Attachment  ......................... : 2009-08 

Copyright © 2009 IEC System for Con formity Testing and Certification of Electrical Equipment 
(IECEE), Geneva, Switzerland. All rights reserved.  

4.8 b Replacement: where there was no relevant 
IEC/ISO standard, the relevant US ANSI standard 
applied 

  
Pass 

 - when no relevant US ANSI standard existed, the 
requirements of this standard applied 

 Pass 

4.10.2 Replacement: Rated voltage not exceeding 250V 
dc or single phase ac. or 600V poly-phase ac for 
ME EQUIPMENT and ME SYSTEMS up to 4kVA 

240V Pass 

 Rated voltage not exceeding 600 V for all other ME 
EQUIPMENT and ME SYSTEMS 

 Pass 

8.2 Addition: All FIXED ME EQUIPMENT & PERMANENTLY 
INSTALLED ME EQUIPMENT are CLASS I ME EQUIPMENT 

 N/A 

8.7.3 d EARTH LEAKAGE CURRENT values are not higher than 
the stated values  

 Pass 

  5 mA in NORMAL CONDITION  Pass 

  10 mA in SINGLE FAULT CONDITION  Pass 

8.11 Addition: PERMANENTLY CONNECTED ME EQUIPMENT 
provided with field wiring provision in accordance 
with NEC 

Not permanent N/A 

 Installation of connecting cords between EQUIPMENT 
parts comply with NEC  

No connection cord N/A 

 Cable used as external interconnection between units Pass 

 1) Exposed to abuse: Type SJT, SJTO, SJO, ST, 
SO, STO, or equivalent, or similar multiple-
conductor appliance-wiring material, 

SJT Pass 

 2) Not exposed to abuse: The cable was as in item 
1) above, or 

 N/A 

 i) Type SPT-2, SP-2, or SPE-2, or equivalent  N/A 

 ii) Type SVr, SVRO, SVE, or equivalent or similar 
multiple-conductor appliance wiring material, 

 N/A 
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 iii) An assembly of insulated wires each with a 
nominal insulation thickness of 0.8 mm (1/32 inch) 
or more,  

 Pass 

 - enclosed in acceptable insulating tubing having a 
nominal wall thickness of 0.8 mm (1/32 inch) or 
more 

 Pass 

 Receptacles provided as part of ME EQUIPMENT and 
ME SYSTEMS for use in the patient care areas of 
pediatric wards, rooms, or areas are Listed tamper 
resistant  

No recepticals N/A 

 - or employ a Listed tamper resistant cover in 
accordance with NEC 

 N/A 

8.11.3.2 Addition: The flexible cord is a type acceptable for 
the particular application,  

 Pass 

 - and it is acceptable for use at a voltage not less 
than the rated voltage of the appliance 

 Pass 

 - and has an ampacity as in NEC, not less than the 
current rating of the appliance 

 Pass 
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 any voltage above 750 V, 1 050 V peak, as defined 
in the Canadian Electrical Code (CEC), Part I 

 N/A 

 

4 General requirements   Pass 

4.8 Components of ME EQUIPMENT  Pass 

 a) the applicable safety requirements of a relevant 
CSA, IEC, or ISO standard; or 

 Pass 

 NOTE 1: For the components, it is not necessary to 
carry out identical or equivalent tests already 
performed to check compliance with the component 
standard. 

 Pass 

 b) where there is no relevant CSA, IEC, or ISO 
standard, the requirements of this standard have to 
be applied 

 Pass 

 NOTE 2: If there are neither requirements in this 
standard nor in a CSA, IEC, or ISO standard, any 
other applicable source (e.g., standards for other 
types of devices, national standards) could be used 
to demonstrate compliance with the RISK 
MANAGEMENT PROCESS. 

 Pass 

4.10.2 SUPPLY MAINS for ME EQUIPMENT and ME 
SYSTEMS 

 Pass 

 and shall be in accordance with the Canadian 
Electrical Code (CEC), Part I, CSA C22.1: 

 Pass 

7 ME EQUIPMENT identification, marking and 
documents  

 Pass 

7.7.1 to 
7.7.5 

and shall be in accordance with the Canadian 
Electrical Code (CEC), Part I, CSA C22.1 

 Pass 

 A PROTECTIVE EARTH CONDUCTOR or a 
PROTECTIVE EARTH CONNECTION or insulation 
shall be identified by either green or green and 
yellow colour. Colours of neutral and POWER 
SUPPLY CORD conductors shall be in accordance 
with the Canadian Electrical Code (CEC), Part I, 
CSA C22.2 No. 21, and CSA C22.2 No. 
49………….: 

 Pass 

8 Protection against electrical HAZARDS from ME 
EQUIPMENT 

 Pass 

8.7.3  Allowable values   Pass 

 Allowable values shall be in accordance with the 
Canadian Electrical Code (CEC), Part I, CSA C22.1. 

 Pass 
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8.11.3 POWER SUPPLY CORDS  Pass 

8.11.3.2 Types   Pass 

 a) The MAINS PLUG of non-PERMANENTLY 
INSTALLED EQUIPMENT shall be 

 Pass 

 i) if molded-on type, hospital grade mains plug 
complying with CSA C22.2 No. 21;………………..…: 

 N/A 

 ii) hospital grade disassembly attachment plug type 
complying with CSA C22.2 No. 42; or………………..: 

 Pass 

 iii) Class II equipment having fuses on the line 
side/sides and neutral and may use a non-polarized 
attachment plug or a polarized attachment plug — 
CSA configuration type 1-15P shall be required and 
shall meet all applicable requirements in CSA C22.2 
No. 21 and CSA C22.2 No. 42. Where a polarized 
attachment plug is used, the POWER SUPPLY 
CORD shall be connected to the wiring of the 
EQUIPMENT on the ungrounded side of the line 
when any of the following devices are used in the 
primary circuit:……: 

 N/A 

  1- the centre contact of an Edison base 
 lampholder; 

 N/A 

  2- a single pole switch;  N/A 

  3- an automatic control with a marked off 
 position; 

 N/A 

  4- a solitary fuse/fuse holder; or  N/A 

  5- any other single pole overcurrent 
 protective device 

 N/A 

 b) Detachable POWER SUPPLY CORD for non-
PERMANENTLY INSTALLED EQUIPMENT (cord-
connected equipment) shall be of a type that 

 Pass 

 i) can be shown to be unlikely to become detached 
accidentally, unless it can be shown that detachment 
will not constitute a safety HAZARD to a PATIENT or 
OPERATOR; 

 Pass 

 ii) can be shown that the impedance of the earth 
(ground) circuit contacts will not constitute a safety 
HAZARD to a PATIENT or OPERATOR; and 

 Pass 
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 iii) has a terminal configuration or other 
constructional feature that will minimize the 
possibility of its replacement by a detachable 
POWER SUPPLY CORD which could create a 
HAZARDOUS SITUATION 

 Pass 

 c) A detachable POWER SUPPLY CORD shall  Pass 

 i) comply with the applicable requirements of CSA 
C22.2 No. 21; and………………………………………: 

 Pass 

 ii) not be smaller than No. 18 AWG, and the 
mechanical serviceability shall be not less than…….: 

 Pass 

  1) Type SJ or equivalent for mobile or 
 exposed to abuse ME EQUIPMENT; 
and…..: 

Not mobile equipment  N/A 

  2) Type SV or equivalent for ME 
 EQUIPMENT not exposed to abuse (or Type 
 HPN if required because of temperature)…..: 

 Pass 

 NOTE 1A: See CSA C22.2 No. 49 for requirements 
on the cord types mentioned in Sub-item 2). 

 Pass 

 d) Power supply cords shall meet the requirements 
of the Canadian Electrical Code, Part I, as 
applicable………………………………………………..: 

 Pass 

 Connecting cords between equipment parts shall 
meet the requirements of the Canadian Electrical 
Code, Part I, as 
applicable……………………………..: 

 Pass 

8.11.5 Mains fuses and OVER-CURRENT RELEASES   Pass 

 Mains fuses and OVER-CURRENT RELEASES 
shall be in accordance with the Canadian Electrical 
Code (CEC), Part I, CSA 
C22.1………………………………: 

 Pass 

9 Protection against MECHANICAL HAZARDS of 
ME EQUIPMENT and ME SYSTEMS  

 N/A 

9.7.5 Pressure vessels   N/A 

 Pressure vessels shall comply with the requirements 
of CSA B51, as applicable……………………………..: 

No Pressure  N/A 

9.7.7 Pressure-relief device  N/A 

 A pressure-relief device shall also comply as 
applicable to the requirements of ASME PTC 25 or 
equivalent Canadian 
requirements……………………: 

 N/A 
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15 Construction of ME EQUIPMENT  --- 

15.4.1 Construction of connectors  N/A 

 bA) The point of connection of gas cylinders to 
EQUIPMENT shall be gas specific and clearly 
identified so that errors are avoided when a 
replacement is made. Medical gas inlet connectors 
on EQUIPMENT shall be 

No gas connections N/A 

 i) gas specific, yoke type, or nut and nipple type 
valve connections complying with CGA V-1 for 
pressures over 1 380 kPa (200 psi); or………………: 

 N/A 

 ii) DISS type complying with CGA V-5 for pressures 
1 380 kPa (200 psi) or less and configured to permit 
the supply of medical gases from low-pressure 
connecting assemblies complying with CAN/CSA-
Z5359…………………………………………………….: 

 N/A 

 NOTE 1A: Users of this standard should consult the 
CSA Z305 series of standards, CAN/CSA-Z9170-1, 
CAN/CSA-Z9170-2, CAN/CSA-Z10524, and 
CAN/CSA-Z15002 for further information regarding 
inlet connectors; ISO 407 for requirements 
addressing yoke-type valve connections; and ISO 32 
for colour coding. 

 N/A 
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15.4.8 Internal wiring of ME EQUIPMENT   Pass 

 Internal wiring of ME EQUIPMENT shall be in 
accordance with the Canadian Electrical Code 
(CEC), Part I, CSA 
C22.1………………………………: 

 Pass 

16 ME SYSTEMS  N/A 

16.1 General requirements for the ME SYSTEMS  Not an ME SYSTEM  N/A 

 An ME SYSTEM shall provide  N/A 

 - within the PATIENT ENVIRONMENT, the level of 
safety equivalent to ME EQUIPMENT complying with 
this standard; and 

 N/A 

 - outside the PATIENT ENVIRONMENT, the level of 
safety equivalent to equipment complying with their 
respective CSA, IEC, or ISO safety standards 

 N/A 

 Non-ME EQUIPMENT, when used in an ME 
SYSTEM, shall comply with CSA, IEC, or ISO safety 
standards that are relevant to that equipment. 

 N/A 

16.9.2.1 MULTIPLE SOCKET OUTLET   N/A 

 c) The MULTIPLE SOCKET-OUTLET shall comply 
with the requirements of CSA C22.2 No. 42, CSA 
C22.2 No. 49, and the following requirements………: 

 N/A 

 - The separating transformer shall comply with the 
requirements of CAN/CSA-E61558-2-1 with a rated 
output not exceeding 

 N/A 

 - 1 kVA for single-phase transformers; and  N/A 

 - 5 kVA for polyphase transformers  

The separating transformer shall also have a degree 
of protection not exceeding IPX4. 

 N/A 
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TRF No. IEC60601_1G                                                                                                                    Intertek Rev1 

ATTACHMENT TO TEST REPORT IEC 60601-1 3rd edition  
CH - SWITZERLAND NATIONAL DIFFERENCES to 

SN EN 60601-1:06 
 

 SWITZERLAND NATIONAL DIFFERENCES — 

4 Ordinance on environmentally hazardous substances 
SR 814.081, Annex 1.7, 
Mercury - Annex 1.7 of SR 814.81 applies for mercury. 
Switches containing mercury such as thermostats, 
relays and level controllers are not allowed. 
Ordinance on chemical hazardous risk reduction SR 
814.81, Annex 2.15 
Batteries 
Annex 2.15 of SR 814.81 applies for batteries 
containing cadmium and mercury. 
Note: Ordinance relating to environmentally hazardous 
substances, SR 814.013 
of 1986-06-09  is not longer in force and superseded 
by SR 814.81 of 2009-02-01 (ChemRRV).   

 Pass 

 Supply cords of portable electrical appliances having a 
rated current 
not exceeding 10 A shall be provided with a plug 
complying with  IEC 60884-1(3.ed.) + am1, SEV 1011 
and one of the following dimension sheets: 
- SEV 6533-2:2009 Plug type 11, L + N, 250V 10A 
- SEV 6534-2:2009 Plug type 12, L + N + PE, 250V 
10A 
- SEV 6532-2:2009 Plug type 15, 3L + N + PE, 
250/400V 10A 
Supply cords of portable electrical appliances having a 
rated current 
not exceeding 16 A shall be provided with a plug 
complying with IEC 60884-1(3.ed.) +  am1, 
SEV 1011 and one of the following dimension sheets: 
- SEV 5933-2:2009 Plug type 21 L + N, 250 V, 16A 
- SEV 5934-2:2009 Plug type 23 L + N + PE, 250 V, 
16A 
- SEV 5932-2:2009 Plug type 25 3L + N + PE, 
250/400V 16A 
NOTE 16 A plugs are not often used in Swiss 
domestic installation system. 
See TRF template regulatory requirements 
Switzerland on IECEE Website R.R. TRF templates. 

 Pass 
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TRF No. IEC60601_1G                                                                                                                    Intertek Rev1 

ATTACHMENT TO TEST REPORT IEC 60601-1 
EN DIFFERENCES 

Medical electrical equipment, Part 1: General Requirements 

Differences according to ................... : National standard EN 60601-1:2005 

Attachment Form No. ....................... : EN_ND_IEC60601_1E 

Attachment Originator ....................... : Underwriters Laboratories Inc.  

Master Attachment............................ : 2009-08 

Copyright © 2009 IEC System for Conformity Testing and Certification of Electrical Equipment 
(IECEE), Geneva, Switzerland. All rights reserved.  

Annex ZA 
(normative) 

Normative references to international publications 
with their corresponding  
European publications 

 
The following referenced documents are 
indispensable for the application of this document. 
For dated references, only the edition cited applies. 
For undated references, the latest edition of the 
referenced document (including any amendments) 
applies. 
 
NOTE When an international publication has been 
modified by common modifications, indicated by 
(mod), the relevant EN/HD applies. 
 

 Pass 

Annex ZZ 
(informative) 

Coverage of Essential Requirements 
of EC Directives 

 
This European Standard has been prepared under 
a mandate given to CENELEC by the European 
Commission and the European Free Trade 
Association and within its scope the standard 
covers all relevant essential requirements as given 
in Annex I of the EC Directives 90/385/EEC and 
93/42/EEC. 
Compliance with this standard provides one means 
of conformity with the specified essential 
requirements of the Directives concerned. 
 
WARNING: Other requirements and other EC 
Directives may be applicable to the products falling 
within the scope of this standard. 

 Pass 
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19.  Performance Testing - Bench 
 

 

 

See Clinical Section. 
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20.  Performance Testing – Animal 
 

 

 

Not Applicable 
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21.  Performance Testing - Clinical 
 

 

The clinical case for supporting cerebral use of the FORE-SIGHT Elite Absolute Tissue 

Oximeter Monitor in found in the document: 

 

Validation of the CAS Medical System’s FORE-SIGHT Elite™ Absolute Tissue 

Oximeter for Somatic Tissue Oxygen Saturation (StO2%) in Adult and 

Transitional Adolescent Subjects 

 

See Attachment G 

 

Note: The author of this section uses the term(s): 

 

 FORE-SIGHT II Elite; 

 FORE-SIGHT II; 

 FS2, and  

 Second Generation FORE-SIGHT 

 

In each case this refers to the FORE-SIGHT Elite™ Absolute Tissue Oximeter 
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Validation of the CAS Medical System’s FORE-SIGHT Elite™ Absolute Tissue Oximeter for 
Somatic Tissue Oxygen Saturation (StO2%) in Adult and Transitional Adolescent Subjects 

 
November 17, 2013 

 
1. INTRODUCTION 
 
1.1 Primary Objective of this 510(K) Application 
 
This is an expanded regulatory clearance of the next generation FORE-SIGHT monitor called the 
FORE-SIGHT Elite Absolute Tissue Oximeter (a.k.a FORE-SIGHT II Elite to avoid confusion with 
the first generation FORE-SIGHT monitor) to be indicated for tissue oxygen saturation (StO2%) 
measurements of adult and transitional adolescent subjects using the FORE-SIGHT II Elite Large 
sensor. 
 
The initial regulatory clearance (K123700) of the FORE-SIGHT Elite Absolute Tissue Oximeter was 
indicated for Cerebral tissue oxygen saturation (StO2%) measurements of adult and transitional 
adolescent subjects using the FORE-SIGHT II Elite Large sensor.  This application expands the 
indication for use with Body or Somatic StO2 data validation of the FORE-SIGHT II Elite using the 
same Large sensor model for adults and transitional adolescents, for measurement of regional 
hemoglobin oxygen saturation of blood under the sensor. 
 
Data from the Medium and Small sensors for all populations, including cerebral and somatic, will be 
presented in future 510(K) applications. 
 
1.2 Proposed Indications for Use 
The noninvasive FORE-SIGHT ELITE Absolute Tissue Oximeter is intended for use as an adjunct 
monitor of absolute regional hemoglobin oxygen saturation of blood under the sensors in individuals 
at risk for reduced flow or no-flow ischemic states and is indicated for use as follows: When used with 
Large Sensors, the FORE-SIGHT ELITE Oximeter is indicated for use on adults and transitional 
adolescents ≥40 Kg. 
 
 
1.3. NIRS Principles –Light Interrogation of Tissues 
Referring to Figures 1 & 2, light enters the body from a NIRS sensor light source placed on the skin.  
Individual photons travel on different paths because of the high light scattering characteristics of 
tissue; a small amount of photons reach the NIRS sensor’s far light detector placed FORE-
SIGHT Large sensor) away from the light source.  The sensor also has a near detector to detect light 
primarily from overlying tissues for compensation of possible overlying tissue interference.  The 
FORE-SIGHT algorithm calculates tissue oxygen saturation (StO2) by measuring light absorption due 
to oxy- and deoxy-hemoglobin at five different LED light sources at wavelengths (680, 730, 770, 805, 
and 870 nm).  The FORE-SIGHT algorithm also compensates for background tissue light absorption 
and scattering, as well as skin pigmentation effects. 
 
 

(b) (6)

(b)(4)
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1.5  Primary predicate devices:  FORE-SIGHT Elite Tissue Oximeter (K123700) and Nonin 
Model 7600 Equanox (K102715) 
From FORE-SIGHT 510(k) K051257 and the latest K112820, the IFUs are as follows: 
 
FORE-SIGHT Elite Cleared Indications for Use for Adults from K123700 
The noninvasive FORE-SIGHT Elite Absolute Tissue Oximeter is intended for use as an 
adjunct monitor of absolute regional hemoglobin oxygen saturation of blood under the 
sensors in individuals at risk for reduced flow or no-flow ischemic states and is indicated 
as follows: 
 
When used with Large sensors, the FORE-SIGHT Oximeter is indicated for use on the 
brain of adults and transitional adolescents ≥ 40 Kg. 
 

 
 
Nonin Model 7600 Equanox Cleared Indications for Use from K102715 
Nonin’s non-invasive Model 7600 4-Channel Regional Oximeter System is intended for 
use as an absolute real-time adjunct monitor of regional hemoglobin oxygen saturation 
of blood underneath the sensor.  It is intended for spot-checking or continuous 
monitoring of adult or pediatric patients weighting greater than 88 pounds (>40kg).  It is 
intended for use in environments including the operating room, surgical recovery, 
critical care, emergency room, long-term care and mobile environments. 
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Figure 4:  Arterial and venous supply to various organs with their respective hemoglobin 
oxygen saturation values (modified from Reinhart K in Lewis Pfeiffer (editors) : Practical 
Applications of Fiber Optics in Critical Care Monitoring, Springer Verlag Berlin – Heidelberg – New 
York 1990, pp 11-23.)5. The liver (or hepatic) venous oxygen saturation tends to be lower than the 
intestine/mesenteric portal vein oxygen saturation since the portal vein supplies low oxygenated blood 
to the liver.  
 

 

CV 
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2. METHODS 
2.1. HUMAN PROTOCOLS TO VALIDATE FORE-SIGHT SENSORS 
 
2.2.  Protocol Title:  
Validation of the Second Generation of CAS Medical’s FORE-SIGHT II Elite Near Infrared 
Spectroscopy (NIRS) Cerebral & Somatic Tissue Oxygen Saturation Sensors on Adult Subjects. 

 

2.3  Purpose of the Study:  
Primary Objectives: 

1. To validate that the second generation FORE-SIGHT II Elite sensor accurately measures Body 
or Somatic tissue oxygen saturation (StO2) in healthy adults and transitional adolescent adults 
when comparing to co-oximetry measurements of invasively drawn blood to expand the usage 
of FORE-SIGHT II Elite StO2 measurements for the body.  The Cerebral tissue validation of 
the FORE-SIGHT II Elite monitor and sensor model used in this 510K application was already 
cleared by the FDA (K123700). 
A similar procedure for body/somatic/tissue under sensor StO2 measurements were used in 
predicate 510Ks: K094030 (FORE-SIGHT first generation), K112820 (FORE-SIGHT first 
generation), and K102715 (Nonin Equanox).   
 

Transitional Adolescent considerations:  Transitional adolescent adults (age 18-21) have been 
enrolled in the predicate FORE-SIGHT adult validation data submitted in previous 510(k) K123700.  
Based on this previous data, no special considerations are needed for transitional adolescents when 
validating the FORE-SIGHT II Elite monitor. 
 
 

2.4  Background & Significance:  
Near-infrared spectroscopy (NIRS) can be used to non-invasively estimate cerebral and somatic tissue 
oxygen saturation (StO2). For brain, NIR light easily passes through skull bone and absorption of NIR 
light by brain tissue is dependent upon chromophores (light absorbing tissue) within the path of the 
transmitted light.  The same is true for somatic except there is no bone in the sensor’s light path.  In 
both brain and somatic tissues the only significant chromophore is hemoglobin, which is present 
within both arterioles and venules. Pulse oximetry only estimates arterial oxygen saturation whereas 
StO2 represents tissue oxygen saturation of the smaller blood vessels.  Several continuous wave (CW) 
cerebral oximeters have obtained FDA 510k clearance and are currently commercially available in the 
USA, including the CAS Medical FORE-SIGHT device. The device has been used extensively in the 
clinical area of anesthesia and several recent studies have demonstrated the benefit of monitoring StO2 
in patients undergoing different surgical procedures. 
 
The FORE-SIGHT sensor is applied to the forehead or somatic locations, preferable at larger muscle 
masses. The emitter and sensor are separated by a distance of  for the Large sensor. The path of 
NIR light is not a straight path but instead curved (‘banana-shaped’). Of the light emitted 
approximately 80% is dispersed by scatter, the remaining 20% is absorbed by chromophores, such as 
oxy- and deoxyhemoglobin. The development of the second generation sensor represents the 
continued efforts to improve the quality of signal processing when tissue is interrogated by NIRS. 
 
  

(b)(4)
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2.5  Design & Procedures:  
This study evaluates the performance of the CAS Medical FORE-SIGHT II Elite in healthy volunteers 
during a controlled hypoxia sequence at steady-state ETCO2 levels to measure body/somatic tissue 
StO2.  This protocol is very similar to validating cerebral StO2 except the venous reference is drawn 
from a catheter placed in the vena cava (as opposed to jugular bulb for cerebral) to obtain SvO2. 
 
Somatic StO2 Validation 
 
Sequence 1:  Two CAS Medical FORE-SIGHT II Elite Large sensors will be placed on Flank skeletal 
muscle on the left or right side of the spine and on the quadriceps (Quad) muscle on the right or left 
leg. The monitor’s values will be compared to the calculated whole body oxygen saturation derived 
from co-oximeter measured arterial and central venous (blood from the vena cava) oxygen saturations 
during the sequential desaturation study.  The positions of the sensors will be alternately placed on 
left or right sides of the Flank and Quad so that half of the subjects will have left side StO2 
measurements and the other half of the subjects will have right side StO2 measurements, depending if 
the subject number was odd or even.   
 

Sequence FORE-
SIGHT II 
Elite Sensor 
type 

Stepped 
hypoxia 
phases 

Invasive blood 
draws for co-
oximetry 
reference

Inter-Sensor body location 
variability test- 
Alternating sensor location 
on left & right of the body

1 FORE-
SIGHT II 
Elite Large 
sensors 

YES YES YES 

 
Different combinations of FORE-SIGHT II Elite monitors and preamp cables, were used with 
different subjects to avoid monitor bias.  Sensors are single use in design, so different sensors were 
used on each subject. 
 
The level of oxygen within the blood will be reduced in a controlled manner by altering the inspired 
oxygen concentration (FiO2) to achieve arterial oxygen saturation plateaus between 100% and 70%, 
measured by a finger pulse oximeter on the finger. 
 
Each subject will be studied individually.  An attending anesthesiologist will be present for each 
individual study.  The anesthesiologist will continuously monitor subject’s safety and manage the 
conduct of the study protocol.  The subject’s tolerance of the study procedures will be continually 
assessed and the study will be terminated by subject request or clinical discretion. 
 
Subjects will include healthy adult volunteers who will be compensated for their participation.  
Written informed consent will be obtained from each subject prior to the initiation of any pre-study 
examination.  Each subject will receive a screening health examination. Subjects will be required to 
fast from solid foods for 6 hours and from liquids for 2 hours prior to the study treatment in 
accordance with ASA guidelines. The duration of the entire clinical study is not expected to exceed 6 
months, including subject recruitment, individual subject studies, and data analysis.   
 
First, the controlled hypoxia evaluation will be conducted.  The level of oxygen within the blood will 
be reduced in a controlled manner by the RespirAct® sequential gas delivery system (consisting of 
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gas tanks, gas blender, facemask and control laptop with continuously displayed O2 and CO2) which 
permits control of the both the ETO2 and ET CO2 to reach target values.  The measured ETO2 and 
ETCO2 equate with arterial O2 and CO2 (PaO2 and PaCO2 respectively). The attained PaO2 then 
determines the SpO2. One (1) Room Air and Eight (8) ETO2 plateaus will be targeted, with resulting 
eight SpO2 plateaus between 70 – 100%.  Measurements and blood samples will be taken at each 
plateau.  ECG, pulse, blood pressure, SpO2, ETCO2, and ET O2 will be monitored throughout the 
study. 
 
Prior to discharge, the subject will be given written instructions on how to contact the study doctor in 
the event of any concerns or adverse events.  Within 48 hours of discharge, the study doctor or 
designee will contact the subject by phone to confirm the subject’s well being and enquire to the 
presence of any unexpected symptoms.  Following contact, the subject’s participation in the study will 
be completed.   
 
Figure 5: Stepped Hypoxia Sequence Protocol 
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2.6  Selection of Subjects: 
Advertisements will be posted around campus to recruit healthy volunteers to participate. Subject 
must pass study eligibility requirements prior to beginning any study treatment.   

 
Inclusion Criteria: 

1. 18 to 50 years of age, inclusive. Note transitional adolescent 18-21 year old subjects will be 
recruited as well. 

2. Weight ≥ 40 kg and BMI of 18 to 30, inclusive 
3. Does not take anticoagulants or platelet inhibitors on a regular schedule 
4. Has not ingested an anticoagulant or platelet inhibitor in the 24 hour period prior to the study 
5. SpO2 ≥ 95% on room air 
6. Able to tolerate breathing mask apparatus 
7. Expected to be able to tolerate controlled hypoxia to the levels called for in this protocol with 

minimal medical risk 
8. Is not a resident or fellow in the Anesthesia department where study is being conducted 
9. Is not an employee of sponsor company 
10. Written informed consent form signed and dated by the subject 

 
Exclusion Criteria: 
 
Subjects with any of the conditions listed below are NOT eligible for study participation. 

1. Female with positive pregnancy test  
2. Beard or history of or anatomy suggestive of difficult airway 
3. Hemoglobin concentration outside normal range for the clinical site 
4. Platelet count outside normal range for the clinical site 
5. History of cigarette smoking or currently a cigarette smoker 
6. Current drug or alcohol abuse 
7. History of high blood pressure or blood pressure > 140/90 at screening examination  
8. Significant history of cardiac or pulmonary disease 
9. Known allergy to lidocaine or heparin 
10. History of sleep apnea 
11. History of gastroesophageal reflux 
12. ECG not within normal limits 
13. History of hemoglobinopathy or coagulation abnormality, including and not limited to: sickle 

cell disease and/or thalassemia 
14. May be placed at undue medical risk by any procedures in this protocol (e.g. arterial 

cannulation or hypoxia) 
15. Any other condition that may, in the opinion of the investigator, increase the risk to the subject 

   

2.7  Subject’s Capacity to Give Legally Effective Consent: 
All subjects will be healthy volunteers with capacity to give consent. Subjects will be excluded if they 
do not possess the capacity to give consent. No legally authorized representatives will be used. 
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2.8  Risk/Benefit Assessment: 
Risks and discomforts will be minimized through careful monitoring of the tests and procedures 
performed during this study to maximize safety and minimize the risks to the subject.  All tests and 
procedures will be performed by appropriately trained staff.  The CAS Medical FORE-SIGHT 
monitors are non-invasive devices that pose minimal risk.  FORE-SIGHT employs infrared light to 
measure hemoglobin saturation. The trial may be stopped for safety purposes if risks associated with 
the use of the study device are identified. This study presents minimal risk in healthy volunteers.  
Controlled hypoxia will be induced by decreasing the ETO2 in a stepwise manner.  Published studies, 
conducted under similar conditions to those defined for this study, demonstrate that healthy subjects 
tolerate the mild hypoxia well and without untoward effects. This study employs methods similar to 
the standard protocols recommended by the FDA for testing pulse and cerebral oximeters in healthy 
volunteers.   

As a result of participation in this study, subjects are at risk for the following:   
 

 If the subject is highly allergic to the lidocaine, there is a risk of allergic reaction and the 
subject could possibly have a reaction that is severe enough to cause cardiac arrest and/or 
respiratory arrest.  

 The other risks of this study are discomfort, tachycardia (fast heart rate), dizziness, nausea and 
vomiting, and the possibility of fainting (from getting needle sticks and/or breathing low 
oxygen).  Subjects will receive standard treatment for these effects if they occur.   

 Risks associated with drawing blood from the arm include momentary discomfort and/or 
bruising.  Infection, excess bleeding, clotting, or fainting are also possible, although unlikely. 

 Light headedness, headache, drowsiness, fainting, tachycardia, and hyperventilation (fast 
breathing rate) are the risks from breathing air for several minutes that is low in oxygen.  The 
normal oxygen saturation for healthy individuals is greater than 96%.  In a commercial 
airliner, the cabin pressure is set to an altitude (height) of 8,000 feet and the oxygen saturation 
is typically between 90 – 95%.  The Federal Aviation Agency allows pilots in unpressurized 
airplanes to fly as high as 14,500 feet for as long as 30 minutes without supplemental oxygen.  
Healthy volunteers can usually tolerate an oxygen saturation of 70% and will not lose 
consciousness (being awake and aware) until the oxygen saturation is below 55%. This type of 
testing with the subject breathing air that is low in oxygen has been performed in other 
research studies down to an oxygen saturation of 60% without any known serious side effects.  
Each subject will be observed and monitored closely throughout the study by the study doctor. 

 The risks of placement of the arterial catheter are bleeding, bruising, and infection, which are 
all rare.  The radial and ulnar arteries are the two major blood vessels supplying the hand.  If 
the color does not return immediately after release of the ulnar artery, the test is positive for 
potential difficulties of blood flow to the hand if a radial arterial line was present.  In the event 
this occurs, the subject will not be allowed to continue to participate.  The risks of placement 
of the radial and ulnar catheters are bleeding, bruising, infection, radial artery aneurysm 
(swelling) and loss of hand, all of which are rare.   

 The risks of inserting and using any central venous (jugular vein for example) catheter 
placements include, but are not limited to the following:  

o Risks that do not need regimen or can be treated with medications: pain, allergic 
reaction to the local anesthetic, catheter migration (catheter movement from the 
insertion place), phlebitis (inflamed vein), nerve injury, infection, sepsis (bloodstream 
infection), trauma at the insertion site (redness, bleeding, blood clot, hematoma), fever, 
and catheter-related difficulties (insertion difficulty, leakage, blocked lines).   
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o Risks that can require surgical interventions: bleeding, hematoma (blood mass under 
the skin), air embolism (air bubble blocking the vein), accidental puncture of the 
carotid artery (supplies oxygenated blood to head and neck), hemomediastinum (blood 
in the space between organs in the chest), catheter embolism (catheter blocking the 
vein), thrombosis (blood clot in the vein), vessel perforation (puncture of the blood 
vessel), vascular damage (injury to blood vessel), pneumothorax (air in the chest), 
hydromediastinum (fluid in the space between organs in the chest) and hydrothorax 
(fluid in the lung membrane). 

o These complications can usually be resolved without long term problems.  However, 
on rare occasions, some of these complications may result in permanent complications, 
stroke or death. In the unlikely event that such an event were to occur, the subject 
would be cared for by a team of health care providers including a fully trained 
anesthesiologist.  

 The risks associated with a skull and chest x-ray are exposure to radiation. In this study, 
subjects will receive about the same amount of radiation as an individual would get from 
living in a high altitude city such as Denver for 4 weeks, or taking 8 airplane flights from New 
York to Los Angeles.   

 
2.9 Data Analysis & Statistical Considerations: 
 

2.9.1  Body/Somatic Tissue Oximetry Primary Invasive Reference Measurement:  As previously 
described, the FORE-SIGHT II Elite Tissue Oximeter’s cerebral tissue oxygen saturation (StO2) 
readings will be compared to the established weighted co-oximetry reference will be calculated and 
presented (REF CX)  from the following equation: 

REF CX = (0.7 x SvO2 ) + (0.3 x SaO2 ) 

where SvO2  and SaO2 are the functional oxygen saturations from the blood samples drawn 
simultaneously from a central venous location (vena cava) and systemic arterial catheters, 
respectively, and measured using  a co-oximeter.  A similar procedure was used in predicate 510Ks: 
K094030 (FORE-SIGHT first generation), K112820 (FORE-SIGHT first generation), K123700 
(FORE-SIGHT II), and K102715 (Nonin Equanox).   
 

2.9.2 Sample Size Justification   
This 510(k) application: 432 data points were obtained from 24 subjects where 9 data points were 
obtained per sensor (2 sensors used) per subject from FORE-SIGHT II Elite sensors on the Flank and 
Quadriceps muscle tissues.   
 
As a reference, the number of subjects and number of data points obtained from the two Equanox 
sensors 8000CA (K090807) and 8004CA (K102715)16 were compared to FORE-SIGHT II Elite 
cerebral and somatic applications.  Table 7 below demonstrates the comparable sample sizes of the 
FORE-SIGHT II Elite and Equanox data sets.  
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Table 2:  Comparison of sample size FORE-SIGHT II Elite and Equanox. 
Model & 
Sensor 

Number of 
Subjects 

Number of 
FiO2 Plateaus 
(co-oximetry 

measurements)

Number of data 
points 

510(K) 

FORE-SIGHT 
II Elite Somatic 

24 216 432  (2 sensors)* 
This 

application 
FORE-SIGHT 
II Elite Cerebral 

25 225 225  (1 sensor) K123700 

Equanox 
8000CA 
Cerebral 

18 218 218  (1 sensor)16 K090807 

Equanox 
8004CA 
Cerebral 

23 219 219  (1 sensor)16 K102715 

FORE-SIGHT I  17 233 457 (2 sensors)** K051257 

 *NOTE: Two sensors doubles number of data points per FiO2 
plateau.  **Data was also represented by left and right hemisphere 
sensor data, in which 16 subjects had 224 total data points for each 

side, while 1 subject had one sensor (contributing 9 co-oximetry 
measurements). 

 
 
2.9.3  Comparison of FORE-SIGHT II Elite to Co-oximetry Reference REF CX 

Agreement between FORE-SIGHT II Elite and REF CX:  We will use five methods to evaluate 
the agreement between FORE-SIGHT II Elite StO2 data vs. the reference REF CX data. The methods 
will include:  
(1) Scatter plot of the FORE-SIGHT II Elite StO2 data vs. the reference REF CX data: visual 
inspection of whether the plot falls closely on the 45 degree line with the origin;  
(2) Bland Altman plot (Bland and Altman, 1986)6: a straightforward and an intuitive approach to 
assess agreement by plotting the differences against the averages between two measurements;  
(3) An advanced subject dependent data analysis using Deming regression (Linnet, 1993)7: similar to 
the traditional linear regression analysis but corrects the estimates of intercept and slope when both 
the FORE-SIGHT II Elite, and the REF CX data are subject to random errors;  
(4) Traditional linear regression using Random Coefficients Model as a secondary analysis; and  
(5) Concordance correlation coefficient (CCC) analysis (Lin, 1989)8: similar to the Pearson’s 
correlation coefficient analysis but consists of a measure of precision multiplied by a measure of 
accuracy.  Results between (3) Deming regression and (4) traditional linear regression will also allow 
visual comparison to demonstrate consistency and similarity of the two methods to compensate for 
any possible weaknesses of the two methods.  Estimates of the regression coefficients (slope and 
intercept) and CCC will be presented with the 95% confidence intervals.  
  
Regression Analysis Considerations:   Because each subject has 9 data points per sensor (18 data 
points total), the data is not independent.  Therefore the analysis will be more complex as follows. 
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Deming regression assumes the reference (REF CX) is subject to measurement error.  From previous 
510K submissions, the FDA favors the use of Deming regression.  A Deming regression line will be 
fitted for each subject resulting in 24 regression lines with slope and intercept for the 24 subjects. 
Initial Q statistic analysis showed that the estimated standard errors for the regression coefficients are 
not homogeneous as some subjects have larger variation than others due to subject effect (not pure 
instrumental random error). This factor is taken into account when we will "pool" the estimates of 
intercepts and slopes together. Specifically, in Step 1, the Deming regression coefficients will be 
determined for each subject, and then their standard errors will be determined based on the Jackknife 
method (Linnet 1990)9 (Linnet 1998)10. In Step 2, the "Meta Analysis" technique will be used to pool 
these estimates together to generate a weighted average intercept and a weighted average slope (Laird 
and DerSimonian 1986)11. The pooled analysis will consider that subjects are random samples from a 
general population. 
  
Random Coefficients Model is one traditional method of linear regression for subject dependent 
data.  It assumes that each subject has his/her trajectory or inherent trend of the repeated 
measurements. The inherent trajectories are “high” or “low” with different steepness across subjects, 
suggesting that the subject-specific intercept and slope (Fitzmaurice, Laird, and Ware, 2004)12.   
The difference between Deming regression and the typical linear regression is that traditional linear 
regression does not assume that the reference (REF CX) is subject to measurement error.  
  
CCC Calculation:  The concordance correlation coefficient (CCC) will be used to demonstrate 
agreement for continuous data. It can be used in the context of multiple repeated measurements per 
subject, and thus is valid for this study. (Carrasco and Jover, 2003)13 
 
 
2.9.4 Validation of Regression and CCC Analysis Methods Used 
 
Bootstrap Validation:  The regression methods (Deming regression and Random Coefficients 
Model) and CCC calculation will be validated by two bootstrapping methods, Bootstrap I and 
Bootstrap II.  The Bootstrap 95% confidence interval (CI) method will be computed two different 
ways: “Normal” – normal approximation; and “Bias Corr” – bias-corrected percentile method. 
 
Bootstrap I:  Individual subject data will be bootstrapped without doing any moving block 
bootstrapping for repeated measurements within subjects.  Sherman and le Cessie14  present an ‘all 
block bootstrap’ by resampling blocks of individual subjects. They argued that, by bootstrapping 
these blocks, the correlation structure within each block could be maintained and the bootstrap 
intervals could be produced in an automatic way so that the correlation structure can be left 
unspecified. 
 
Bootstrap II:  We will do a second bootstrap method which does double bootstrapping for panel data 
(i.e., bootstrap for both subjects and time series data) based on Davison and Hinkley 15. For this 
method, we will bootstrap individual subjects first and then bootstrap observations within individual 
subjects using the moving block method with block size 3 and overlap size 2.  This is determined 
from the dataset, where there were 9 observations per subject where the desire block size is n**(1/3) 
which is 9**(1/3)~2 or 315. 
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2.10  Data & Safety Monitoring:  
All clinically significant adverse events will be reported to the Sponsor on the adverse event (AE) 
case report form (CRF). Standard of care should be implemented whenever an AE occurs to treat 
and/or resolve the AE and to monitor the subject. Any subject who is withdrawn from the study due to 
an AE shall be followed until the outcome is resolved or, in case of permanent impairment, until the 
event stabilizes and the overall clinical outcome has been ascertained. 
 
An anesthesiologist will be present for the each study.  An anesthesiologist will perform cannulation 
of the radial artery and the jugular vein.  Insertion of a vena cava catheter and a radial artery catheter 
are low-risk procedures when performed by experienced personnel and are widely used for patient 
monitoring in a variety of clinical settings.  The risks associated with jugular vein cannulation include 
infection, hematoma, and inadvertent injury to nearby structures such as the carotid artery.  The latter 
complication will be minimized by using ultrasound image guidance for insertion of the catheter and 
x-ray confirmation of catheter placement. The risks associated with radial artery cannulation include 
infection, hematoma, and impaired blood supply to the hand.  The latter complication will be 
minimized by using ultrasound scanning to ensure the adequacy of collateral flow before catheter 
insertion and by continuous oxygen saturation measurement in the hand after catheter insertion.  
 
At the completion of the 48 hour follow-up call, a report will be generated detailing the following: 

1. Cardiovascular parameters: continuous arterial systolic & diastolic blood (SBP/DBP) pressure 
and heart rate (HR). 

2. Respiratory parameter: continuous SpO2. 
3. Blood oxygen parameters: intermittent arterial and jugular venous oxygen saturations (PaO2 / 

PjvO2) generated from blood gas co-oximeter analyzer (samples taken at each plateau). 
4. Any adverse events reported by the PI. 

 
Adverse events related to desaturation are most likely to present on the study day while the subject is 
present with the research lab. Any further adverse events are most likely to be related to arterial and 
jugular catheter placement and will be reported by the subject when contacted by telephone by the 
study staff within 48 hours of the study day.  
 
Note that there were no adverse events reported at the completion of this study. 
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3. RESULTS:   
 
3.1 Table 3:  Subject Demographics Data - Race Information: 8 White (Caucasian), 14 Black 
(African American), & 2 Asian subjects.  Gender Information: 15 Male & 9 Female. Weight Range: 
51.0 to 96.5 kg.  Age range: 19 to 40 years.  FORE-SIGHT II Elite Large sensors placed on Flank and 
Quad (quadraceps) for all subjects at alternating left and right positions depending if the subject 
number was odd or even.   
 

Subject  Race  Gender  Age  Weight(Kg)  Height(m) 

1  W  F  28  62.8  1.72 

2  W  M  26  85.9  1.78 

3  W  M  40  94.9  1.81 

4  AS  M  19  81.2  1.75 

5  W  F  20  66.5  1.72 

6  BK  M  32  96.5  1.85 

7  BK  M  27  96.4  1.96 

8  BK  M  40  86.0  1.73 

9  BK  M  35  90.8  1.78 

10  BK  M  26  94.7  1.89 

11  BK  F  38  67.7  1.56 

12  BK  M  32  87.3  1.74 

13  BK  M  24  95.6  1.81 

14  BK  F  26  51.0  1.58 

15  BK  F  19  56.0  1.57 

16  BK  M  24  89.6  1.74 

17  W  F  39  70.8  1.75 

18  BK  F  26  69.1  1.64 

19  W  M  22  74.9  1.86 

20  BK  M  29  81.0  1.88 

21  BK  F  19  60.3  1.59 

22  W  M  20  77.6  1.84 

23  W  M  19  84.1  1.90 

24  AS  F  19  64.9  1.76 

W=White(Caucasian); AS=Asian; & BK=Black(African American) 
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3.2  Body/Somatic FORE-SIGHT II Elite vs Co-Oximetry Reference (REF CX): Scatterplots 
and Bland-Altman. 

Figures 6-7: Comparison of FORE-SIGHT II Elite to Co-Oximetry Reference (REF CX) : Scatter-
plot and Bland-Altman plot for all Somatic measurement data collected 
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Figure 8: Comparison of FORE-SIGHT II Elite to Co-Oximetry Reference (REF CX) : Scatter-plot 
and Bland-Altman with Somatic StO2 measurements of Flank and Quad data indicated. 
 

 
 
Figure 9: Comparison of FORE-SIGHT II Elite to Co-Oximetry Reference (REF CX) : Scatter-plot 
with Somatic StO2 measurements of Light/Medium and Dark subject skin tones. 
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3.2.1  FORE-SIGHT II Elite Somatic Tissue StO2 Bias & Precision Results Comments:  Results 
from the Scatterplot and Bland-Altman analysis (Figures 6-7) shows that FORE-SIGHT II Elite StO2 
Somatic tissue measurements demonstrated an overall bias ± precision (1 standard deviation) of 0.24 
± 5.17% compared to the co-oximetry reference REF CX.  Figure 8 is the same scatterplot of Figure 
6 but identifies the Flank and Quad StO2 measurements.  FORE-SIGHT II Elite StO2 Somatic tissue 
measurements from the Flank muscle tissue sensor demonstrated an overall bias ± precision (1 
standard deviation) of -0.97 ± 4.29%, while the Quad muscle tissue sensor demonstrated an overall 
bias ± precision (1 standard deviation) of 1.45 ± 5.67%.  See Section 3.3 for Regression analysis and 
Bootstrap validation. 
 
 
3.2.2 FORE-SIGHT II Elite Somatic Tissue StO2 Measurement Performance by Skin Tone 
Groups 
 
The Light/Medium skin tone group consisted of White (Caucasian) and Asian subjects and the Dark 
skin tone group consisted of Black (African Americans).  The bias and precision (1 standard 
deviation) of FORE-SIGHT II Elite StO2 vs REF CX for two skin tone groups (light/medium and 
dark skin tones) as demonstrated by Table 6 and by observation in the scatterplot (Figure 9) clearly 
show consistent performance of FORE-SIGHT II Elite Somatic StO2 measurements across different 
skin tone types. 
 
Table 4:  Bias and precision of FORE-SIGHT II Elite StO2 vs REF CX for the two skin tone groups 
(light/medium and dark skin tones). 
 
Skin Tone 
Groups 

Subjects (n) Data points (n) Bias Precision (1sd) 

ALL 24 432 0.24 5.17 
Light/Medium 10 180 0.33 4.92 
Dark 14 252 0.18 5.35 
Comparison of Light/ Medium tone vs Dark tone was not statistically significant (P = 0.76 
two-tailed, t-test for means). 
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3.3.3 Regression and Bootstrap Validation Result Comments:  The Deming Regression results 
demonstrate that the 95% confidence intervals (CI) include the desired regression coefficients of 
slope=1 and intercept=0 with a CCC = 0.861 for ALL DATA (Table 5) combined as well as Flank 
(Table 6) and Quad (Table 7) StO2 measurements separated.  The two bootstrap validations methods 
Bootstrap I and Bootstrap II results also were very similar to the original Deming Regression results, 
as well to each other.  The consistency of the results from the Deming Regression and corresponding 
bootstrap validation methods demonstrate the robustness of the analysis. 

While the Deming Regression is the preferred regression method to analyze these results due to 
possible error in the reference measurement REF CX, the Random Coefficients Model was also used 
for regression analysis as a secondary analysis.  The Random Coefficients Model results demonstrate 
that the 95% confidence intervals (CI) very nearly include the desired regression coefficients of 
slope=1 (>0.99 in most cases) and intercept=0 for ALL DATA (Table 5) combined as well as Flank 
(Table 6) and Quad (Table 7) StO2 measurements separated.  The two bootstrap validations methods 
Bootstrap I and Bootstrap II results also were very similar to the original Random Coefficients Model 
results, as well to each other.  Because the Random Coefficients Model does not consider errors in the 
reference measurement REF CX, which could cause some deviation of the slope and intercept, this 
analysis is secondary to the Deming Regression results.  
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3.4 Combination of Body /Somatic and Cerebral StO2 data to support proposed IFU 

Figures 10 & 11 shows the combined FORE-SIGHT II Elite Somatic StO2 data (this application) 
with Cerebral StO2 (See K123700) to support our proposed IFU (See Section 1.5) displayed as a 
scatterplot and Bland-Altman plot.  There were a total of 657 data points from 49 enrolled subjects 
(24 somatic and 25 cerebral subjects).  Overall bias and precision was 0.11 ± 4.56% (1sd). 
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3.5 Conclusion 
 
The results show that FORE-SIGHT II Elite Tissue Oximeter Body/Somatic (This application) and 
Cerebral (K123700) StO2 measurements demonstrate a very high correlation, Deming Regression fit, 
and good accuracy compared to the Co-Oximetry Reference (REF CX) when using Large sensors for 
adult and transitional adolescent subjects ≥ 40 kg.  
 
Table 8:  Summary of Results for FORE-SIGHT II Elite Large sensors to support proposed IFU 
 
FORE-SIGHT II Elite 
Large sensor StO2 
measurement validation 
summary 

Bias ± Precision 
(1 standard 
deviation) from 
Bland-Altman 

Number of 
subjects 
studied 

Subject 
Population 

Reference 
Document 

Body/Somatic FORE-
SIGHT II Elite StO2 vs 
REF CX 

0.24 ± 5.17% 24 Adults & 
Transitional 
Adolescents 
≥ 40kg 

This 
Application 

Cerebral FORE-SIGHT II 
Elite StO2 vs REF CX 

-0.14 ± 3.05% 25 Adults & 
Transitional 
Adolescents 
≥ 40kg 

K123700 

Body/Somatic & Cerebral 
FORE-SIGHT II Elite StO2 
vs REF CX 

0.11 ± 4.56% 49 Adults & 
Transitional 
Adolescents 
≥ 40kg 

This 
Application 
combined 

with 
K123700 
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22.  Risk Analysis 
 

 

Risk Analysis Documentation has been updated for the changes in this submission.  

 

 21-07-0306 FORE-SIGHT Elite Risk Analysis 

 21-07-0307 FORE-SIGHT Elite Risk Management Summary Report 

 

See Attachment H 
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Add 4.3.5.5 User cuts/trims the sensor to allow it to fit on patient w/other sensors causing the integrity 
of the isolation layer to be compromised exposing the patient to excessive leakage current and/or 
damage to the system to during defibrillation.

Remove reference to FORE-SIGHT ELITE Warning Guide 21-03-0332 & Quick Reference Guide 21-

Updated 4.5.5.11 & 4.10.1.1 for fluid ingress
Remove Age/Weight feature, update RMF documentation
Remove sections: 4.5.1.2, 4.5.5.3, 4.5.6.4, 4.5.10.1 & 4.6.1.2
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Updated per ITS ISO 14971 Checklist review of FORE-SIGHT project
Updated to add 4.1.1.8 for defib. hazard to operator and expanded description of ac accessories (sectio  

Change "Poorly assembled…" to "Improperly assembled…" for numerous Risks
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Haz ID: Change "Electronic copy" of User Manual to "Paper copy"
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CAS MEDICAL
SYSTEMS, Inc.

RISK ANALYSIS 
GEMINI / FORE-SIGHT ELITE

Doc No: 21-07-0306
Rev: 03

IEC 60601-1-8:2010 Medical electrical equipment - Part 1-8: General requirements test and guidance for alarm systems in medical electrical 
equipment

ISO 14971:2007 Medical devices: Application of risk management to medical devices

Project Gemini shall be divided into 3 Phases: Phase 1-Adult, Phase 2-Pediatric & Phase-3 Neonatal. The Risk Analysis shall attempt to 
capture all the Risks associated with Phase 1 design. The Risk Analysis will be updated with more actuate Phase 2 & 3 Hazard information 
becomes available.

1.1 Purpose

1.2 PHASE DESIGN

IEC 60601-1 2nd edition Medical Electronic Equipment, Part 1: General Requirements for Safety
Standards:

2. REFERENCE DOCUMENTS

The document describes the Risk Analysis for the Gemini Project (Product name: FORE-SIGHT® ELITE Absolute Tissue Oximeter). The 
Gemini Oximeter is a medical device comprised of a Color 10.4” display, user interface controls (touchscreen) and hardware to support the 
acquisition of a patient’s tissue oxygen concentration. The term Gemini refers to the Eng Project Name, where the term FORE-SIGHT 
ELITE refers to the Product Name & may be interchangeably.

VaP/VaR 120020, Gemini / FORE-SIGHT ELITE Fluid Ingress Verification Plan

Risk acceptability criteria are based upon: ANSI/AAMI ESES60601-1: 2005, CAN/CSAC22.2, No. 60601-1: 2008, CENELEC EN, 60601-1: 
2006, - IEC 60601-1: 2005, IEC 60601-1-8: 2006, IEC 60601-1-6:2010, ISO 14971: 2007, ISO 14971: 2000 (If CB is required), FDA, Health 
Canada, Medical Device Directive and IEC60825-1:2007.

1.1 Scope
This document describes the risk analysis as it applies to the FORE-SIGHT ELITE Absolute Tissue Monitor, Model 3000 Series sensors 
and accessories.

The product’s Life Cycle Phases for which each element of plan is applicable are identified as:
* Product Realization; 
* Design Controls;
* Production and Distribution, and

ANSI/AAMI/IEC 62304:2005 Medical Device Software – Software Life Cycle Processes

IEC 60601-1:2005 3rd edition General Requirements for Safety

1.  INTRODUCTION

21-07-0308, Gemini Usability Specifications & Requirements

QSP1026, Risk Management

VaP/VaR 120019 , Gemini / FORE-SIGHT ELITE Software PEMS Validation

21-07-0314, Gemini Large Sensor Specifications

21-07-0301, Gemini Project Design Plan

Mfg PS 03-58-3000 Process Sheet for 03-58-3000 Series Gemini Oximeter

Change Control Sheet (CCS) 03-58-0500 for Mfg PS 03-58-0500 Series Gemini Sensors

21-03-0336, FORE-SIGHT ELITE Large Sensor Multilanguage DFU (Directions for Use)
21-22-3000, FORE-SIGHT ELITE Absolute Tissue Oximeter User Manual (English)

VaP/VaR 120018, Gemini/ FORE-SIGHT ELITE RMF Implementation of Mitigation Validation Plan

21-07-0303, Gemini Risk Management Plan
21-07-0306, Gemini Risk Analysis
21-07-0307, Gemini Risk Management Summary Report

Council Directive 93/42/EEC Concerning Medical Devices

QSM1001, Quality System Manual

* Post Market Surveillance.

This analysis defines the Risk Management concepts and their documentation due to the requirement to meet the 3rd Edition of the 
general safety standard (60601-1:2005) as it becomes mandatory beginning in 2012.  This analysis also addresses a product software 
update to expand the indications for use for additional tissue claims as well as the inclusion of a Video Output function.  The analysis forms 
one part of the Risk Management process as defined in QSP1026, Risk Management Procedure.

CAS Medical Systems, Inc:

21-07-0302, Gemini Product Specification

Mfg PS 03-58-3008 Process Sheet for 03-58-3008 Gemini Preamp
Mfg PS 03-58-0500 Process Sheet for 03-58-0500 Series Gemini Sensors

Change Control Sheet (CCS) 03-58-3000 for Mfg PS 03-58-3000 Series Gemini Oximeter
Change Control Sheet (CCS) 03-58-3008 for Mfg PS 03-58-3008 Gemini Preamp

21-07-0321, Gemini Residual Risk(s) Judged Acceptable and the Disclosure Process                         
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3.4  Risk Evaluation (Residual)

3.  RISK ANALYSIS

3.2  Risk Evaluation (Initial)

3.2.1.1 Estimation is based on available information and data, but where the likelihood of the occurrence of harm cannot be estimated, a 
listing of possible consequences shall be prepared.
3.2.1.2  The likelihood of risk for the Gemini hazards shall be estimated quantitatively using the procedure outlined in QSP1026 Risk 
Management.

a. � Insignificant Risk (IR) - A negligible risk is an acceptable risk not requiring further risk control or other action;

c.  Information for safety

3.3  Risk Control Measures

3.2.1 For each Gemini hazard that is identified there shall be a risk estimation, which is based on the likelihood of that hazard and the 
severity of the consequence of that hazard.

b. � Investigate Further Risk Reduction (IFRR) - A tolerable risk if the cost of risk reduction would exceed the improved gain;

3.2.2  The severity of risk for the Gemini hazards identified will use the qualitative descriptors outlined in QSP1026 Risk Management.
3.2.3 From the risk estimation table defined in QSP1026 Risk Management the Gemini risks shall be evaluated into three broad classes:

3.1.3  The formal Risk Analysis procedure shall indicate the Initial Risk Evaluation, Risk Control Measures and the Residual Risk based on 
the Risk Control Measures using the format outlined in QSP1026 Risk Management.

3.1.1 For each Gemini Hazard identified in CAS 21-07-0304, Gemini Hazard Identification, there shall be a Risk Analysis performed.
3.1.2  For each category of Hazards, the foreseeable sequence of events, hazardous situations and the Harm shall be listed. Each Hazard 
shall be identified present under Normal and/or Fault conditions. The associated Risk to Patient, User, Bystander, Service or Environment 
shall also be indicated.

3.1 Hazard Identification to Risk Analysis procedure

3.4.3 Refer to 21-07-0321, Gemini Residual Risk(s) Judged Acceptable and the Disclosure Process

c. � Unacceptable Risk (UR) - An intolerable risk is so severe that a system in which they exist would not be tolerated.

3.3.1  Risks identified for the Gemini shall be controlled so that the estimated risk for each identified hazard is made acceptable. 
3.3.2  A risk is acceptable if the risk is less than or equal to the maximum tolerable risk and the risk is made as low as reasonably 
practicable. Controls, directed at the cause, can be applied to either or both, likelihood & severity.

3.3.3 One or more of the following Risk Control measures shall be employed (refer to QSP1026 Risk Management):
a. Inherently safety by design
b.  Protective measures in the device or Mfg process

3.4.1  Identified risks for the Gemini shall be re-evaluated based upon the estimated or actual effectiveness of the Risk Control measures. 

3.2.1.3   Estimation of the likelihood of harm from the Gemini may employ these approaches:
a)  Use of relevant historical data;
b)  Prediction of probabilities using analytical or simulation techniques;
c)  Use of expert judgment.

3.4.2  Residual risks, their acceptability, and effectiveness of controls used, shall be documented in the Risk Management File
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Category
Hazard

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

 
Fault

No
No

Yes
Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

 
Fault

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

 
Fault

No
No
No

Disclosure

4. LIST OF IDENTIFED HAZARDS AND ASSOCIATED RISKS
4.1 Energy Hazards & Contributing Factors

IFRR
Verification of Effectiveness

4.1.1 Electricity
4.1.1.1 Improperly assembled or damaged (from fall or impact with hard object) monitor creates a 
broken electrical connection in Medical Device causing an electrical potential on the monitor case 
resulting in shock or affecting heart rhythm.

Identification

R
sk

 C
on

tro
 M

ea
su

re
s

Approved VaR
Approved PS
Approved VaR

None - Statement(s) in DFU have been deemed sufficient

None - Statement(s) in DFU have been deemed sufficient

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 
DFU contains warning regarding proper operation, 
handling and service of medical device

IEC 60601-1 Compliance
Review of daily Sensor Visual 
Inspection reports
Approved VaR

NSAM modules use 15 VDC, Chassis leakage 
current < 5 mA, patient leakage current < Table 3 of 
IEC60601-1, No exposed or access to AC 
components, Medical grade power supply, Fused 
power entry module w/fuses accessible w/o line cord, 
Sensor patient contact area, housing electrical 
components, use non-conductive plastic material, 2 
points of cable retention for AC signals

VaR 120018, 120019 
CCS 03-58-3000
VaR 120018, 120019 

Designed to meet IEC 60601-1
100% visual inspection & testing of 
Sensors
VaR 120018, 120019 

Probability

Initial Risk
Probability Hazard
Severity

Risk Evaluation
3 Serious

IFRR
Identification

DFU helps mitigate Risk

R
sk

 C
on

tro
 M

ea
su

re
s

IR

Type Description
Inherently Safe by Design

Risk Evaluation
Initial Risk

Inherently Safe by Design

Residual Risk
Risk Evaluation

Protective measures in device or 
Mfg Process

2 Remote
4 Critical

Usability Risk
SW Risk Controls

Verification of Implementation

1 Improbable

Conditions

Information for Safety

Severity

Hazard

Designed to meet IEC 60601-1
100% visual inspection & testing of 
Sensors
VaR 120018, 120019 

NSAM modules use 15 VDC, Chassis leakage 
current < 5 mA, patient leakage current < Table 3 of 
IEC60601-1, No exposed or access to AC 
components, Medical grade power supply, Fused 
power entry module w/fuses accessible w/o line cord, 
Sensor patient contact area, housing electrical 
components, use non-conductive plastic material 

4.1.1.2 Improperly assembled or damaged (from fall or impact with hard object) monitor creates a 
broken electrical connection in Medical Device or patient cable allowing human contact resulting in 
electrical burn or associated injury.

2 Remote

Information for Safety

Verification of ImplementationType Description Verification of Effectiveness

2 Minor

Conditions

DFU helps mitigate Risk

Probability
Severity

Risk Evaluation

1 Improbable
2 Minor

IR

Approved VaR

Protective measures in device or 
Mfg Process

Approved VaR
Approved PS

Probability
Severity

4.1.1.3 Broken battery connections allows shorting of battery terminals in Medical Device allowing for 
high DC currents resulting in shock or affecting heart rhythm.

Information for Safety

IEC 60601-1 Compliance
Review of daily Sensor Visual 
Inspection reports
Approved VaR

DFU contains warnings regarding proper operation, 
handling and service of medical device

VaR 120018, 120019 

Severity

VaR 120018, 120019 
CCS 03-58-3000

Approved VaR
Approved PS

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 

Usability Risk

Initial Risk

Residual Risk SW Risk Controls

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk

R
sk

 C
on

tro
 

M
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re

s

Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process

N/A

Battery wire harness connections are fully insulated & 
double crimped, Battery wires length design that is 
wire breaks at connection cannot reach other battery 
terminal

VaR 120018, 120019 Approved VaR

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 

VaR 120018, 120019 
CCS 03-58-3000

Probability 2 Remote Hazard
3 Serious Identification

Risk Evaluation IFRR Conditions

N/A
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Hazardous 
Situation

Risk to: Service

 
Fault

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander
 

Fault

No
No
No

Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander
 

Fault

No
No
No

Disclosure

Verification of Implementation Verification of Effectiveness

2 Remote Hazard
Severity 3 Serious

Identification
Risk Evaluation IFRR

None - Statement(s) in DFU have been deemed sufficient

Initial Risk

4.1.1.6 Unintended movement of cables and wire that could damage the wire's insulation causing 
short circuit resulting in shock or affecting heart rhythm.

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk

Battery wire harness are color coded (red-Pos., 
Black-Neg.), Battery only fits into battery enclosure 
one way, Battery board only fits into battery enclosure 
one way, length of battery terminals cannot be reach 
wrong terminals and battery & and connected battery 
board only fits inside battery enclosure one way

VaR 120018, 120019 

Residual Risk
Probability

Conditions

Severity 2 Minor SW Risk Controls
Risk Evaluation IR DFU helps mitigate Risk

VaR 120018, 120019 
CCS 03-58-3000

Approved VaR
Approved PS

N/A

Initial Risk

R
sk

 C
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 M
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s

Inherently Safe by Design

Protective measures in device or 
Mfg Process

Approved VaR

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 

R
sk

 C
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tro
 M

ea
su
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s

Type Description

Information for Safety

Approved VaR
Approved PS

DFU indicates batteries within Battery enclosure are 
not user replaceable and Battery pack should only be 
serviced by qualified Service personnel

IFRR Conditions

4.1.1.4 Mis-connected battery connections allows shorting of battery terminals allowing for high DC 
currents resulting in shock or affecting heart rhythm.

Probability

VaR 120018, 120019 
CCS 03-58-3000

Identification
Risk Evaluation

2 Remote Hazard
Severity 3 Serious

Information for Safety

4.1.1.5 Unintended movement of cable and wires that could cause connections to loosen or accidental 
short circuit that results in shock or affecting heart rhythm.

N/A

All wire harness connections are fully insulated & 
double crimped, cable connections have locking 
mechanism to retain connector to header, Wire 
harnesses are captured with tie wraps to limit 
movement, shrink wrap tubing is applied to solder 
terminals

VaR 120018, 120019 Approved VaR

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 

VaR 120018, 120019 
CCS 03-58-3000

Approved VaR
Approved PS

N/A

Probability 2 Remote Hazard
Severity 3 Serious Identification

Risk Evaluation IFRR Conditions

Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process

Usability Risk1 Improbable

Initial Risk
Probability

Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process

Information for Safety

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk
N/A

All wire harnesses that pass through or are in close 
proximity to metal edges are protected by a chaffing 
guard or the wires are bundled together with a tie 
wraps, wire harnesses have a limited service loop to 
limit movement,  circuits protected by fuses

VaR 120018, 120019 Approved VaR

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 

R
sk
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on

tro
 M
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su

re
s Type
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Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

 
Fault

No
No
No

Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Bystander

 
Fault

No
No
Yes

Disclosure

Hazard

Hazardous 
Situation

Risk to: Patient, User, 
Service, Bystander

 
Fault

No
Yes
Yes

Disclosure

Approved VP

R
sk
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on

tro
 

M
ea

su
re

s

Type Description Verification of Implementation Verification of Effectiveness

Approved VaR
Approved PS

Information for Safety DFU includes warning not to touch patient during 
defibrillation, "Safety Symbol - Follow Instructions for 
Use” is used.

VaR 120018, 120019 Approved VaR

DFU helps mitigate RiskIR

1 Improbable

Probability 1 Improbable Usability Risk

4.1.2 Heat
4.1.2.1 Improperly assembled or damaged (from fall or impact with hard object) monitor creates a 
broken electrical connection causing heat to be generated in Medical Device resulting in thermal injury 
(burns) at contact site.

Inherently Safe by Design

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor; Mfg PS 03-58-3008 Process Sheet for 
Gemini Preamp.

Approved VaR
Approved PS

VaR 120018, 120019 
CCS 03-58-3000
CCS 03-58-3008

N/A

None - Statement(s) in DFU have been deemed sufficient

All devices that produce heat are not in contact with 
the housing; dual means to secure wires; Sensors 
LEDs produce little or no heat; Max LED power is 
limited to 100 mW (50 �Sec), Error message is 
indicated on display when excessive power is 
attempted to be delivered to LEDs output & LEDs 
turned off; 

Identification

Usability Risk
SW Risk Controls

2 Remote

2 Minor

Protective measures in device or 
Mfg Process

Risk Evaluation

Information for Safety

Probability

Hazard

Severity
Risk Evaluation

IR

Applied parts and cables have minimum 500V double 
or re-enforced isolation, 1500V basic isolation & 
5000V total isolation.

Residual Risk
Probability 1 Improbable

Initial Risk
Probability 2 Remote Hazard

VaR 120018, 120019 Approved VaR

Initial Risk
Probability 2 Remote Hazard
Severity 3 Serious Identification

Risk Evaluation IFRR Conditions

R
sk

 C
on

tro
 M

ea
su

re
s Type Description Verification of Implementation Verification of Effectiveness

Inherently Safe by Design

Information for Safety

Wire harnesses have a limited service loop to limit 
movement during assembly and re-assembly, all wire 
harnesses that pass through or are in close proximity 
to metal edges are protected by a chaffing guard or 
the wires are bundled together with a tie wrap, 
circuits protected by fuses

VaR 120018, 120019 

4.1.1.7 Unintended movement of cable and wires during assembly (e.g. pinched cables) that could 
damage to the wire's insulation causing short circuit resulting in shock or affecting heart rhythm.

Risk Evaluation IR DFU helps mitigate Risk
N/A

Approved VaR

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 

VaR 120018, 120019 
CCS 03-58-3000

2 Minor SW Risk Controls
Risk Evaluation

Type

Probability

Protective measures in device or 
Mfg Process

VaR 120018, 120019 

Severity 3 Serious
IFRR

Verification of Effectiveness
Approved VaR

Approved VP
Approved PS

DFU helps mitigate Risk

Protective measures in device or 
Mfg Process

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 

VaR 120018, 120019 
CCS 03-58-3000

4.1.1.8 Applied parts accidentally contacted during the application of defibrillation causing possible 
serious injury or death.

Severity 2 Minor SW Risk Controls
Usability Risk

Severity 3 Serious Identification
Risk Evaluation IFRR Conditions

Residual Risk

Residual Risk

DFU states that user should check Sensor before 
use & Sensor site periodically.

VaR 120018, 120019 

Severity

Initial Risk
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Description Verification of Implementation
Inherently Safe by Design

Conditions

Statement(s) in DFU includes risk disclosure
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Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander, 
Environment

 
Fault

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

Normal
Fault

No
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

 
Fault

No
Yes
Yes

Disclosure

Initial Risk Identification

Verification of Implementation

DFU helps mitigate Risk
2 Minor

Statement(s) in DFU includes risk disclosure

None - Statement(s) in DFU have been deemed sufficient

SW Risk Controls

IFRR

Usability Risk

R
sk

 C
on

tro
 M

ea
su

re
s Sensors use LEDs that produces little or no heat; 

Power to LEDs output is limited (current & duty 
cycle); Current limiting preamp.

1 Improbable
2 Minor

IR

Residual Risk
IR DFU helps mitigate Risk

None - Statement(s) in DFU have been deemed sufficient

Initial Risk

Probability

Approved VaR

DFU helps mitigate Risk

Mfg PS 03-58-0500 Process Sheet for Gemini 
Sensors; Temp measurement in Sensor will shut off 
LEDS if max Temp exceeded.

CCS 03-58-0500
VaR 120018, 120019 

Approved PS
Approved VaR

Information for Safety DFU defines inspection of medical device & 
accessories prior to use; DFU indicates not to use 
damaged medical device or accessories.

VaR 120018, 120019 Approved VaR

Designed to meet IEC 60601-1
VaR 120018, 120019 

IEC 60601-1 Compliance
Approved VaR

Protective measures in device or 
Mfg Process

Conditions

SW Risk Controls

Residual Risk
IR

Protective measures in device or 
Mfg Process
Information for Safety

Hazard
Severity

3 Serious

Usability Risk

VaR 120018, 120019 

2 Remote

PCBs, Connectors and all internal wire is UL 
approved with 94V0 rating, Widespread use of the 
product has met the Expected Service Life without 
any problems related to thermal failure, Medical 
Device monitors internal temperature and shuts down 
when max temp reached (less than wire rating)

Risk Evaluation

2 Remote

Probability

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor; Mfg PS 03-58-3008 Process Sheet for 
Gemini Preamp; Mfg PS 03-58-0500 Process Sheet 
for Gemini Sensors.

3 Serious Identification

1 Improbable

Risk Evaluation

Probability

Conditions

4.1.2.2 Improperly assembled or damaged (from fall or impact with hard object) monitor creates a 
broken electrical connection allowing arcing in Medical Device causing fire or explosion in presence of 
flammable anesthetic gas resulting in injury or death.

Risk Evaluation

DFU defines warning for explosion hazard in 
presence of flammable anesthetics,  "Safety Symbol - 
Follow Instructions for Use” is used.

Verification of EffectivenessType Description

4.1.2.4 Thermal failure of wire and other insulation used to provide resistance to heat over the 
expected service life, leading to short circuiting, excessive heat or fire resulting in serious injury or 
death.

Verification of Implementation
Inherently Safe by Design

CCS 03-58-3000
CCS 03-58-3008
CCS 03-58-0500

R
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Information for Safety

Severity

All devices that produce heat are not in contact with 
the housing; dual means to secure wires, Sensors 
LEDs  produce little or no heat; Power to LEDs 
output is limited; Current limiting preamp.

IFRR

Probability

Probability 1 Improbable Usability Risk
Severity

Risk Evaluation Conditions

Probability Hazard

4.1.2.3 Sensor LED design, damaged (from fall or impact with hard object) monitor or a Software 
issue that allows excessive current to drive LEDs causing localized tissue injury (burn).

Severity
Risk Evaluation

Residual Risk

Protective measures in device or 
Mfg Process
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Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Severity

Approved VaRVaR 120018, 120019 

Initial Risk
2 Remote Hazard

Severity

Approved PS

Type Description
Inherently Safe by Design

Designed to meet IEC 60601-1
VaR 120018, 120019 

IEC 60601-1 Compliance
Approved VaR

N/A

DFU defines inspection of medical device and 
accessories prior to use, DFU indicates not to use 
damaged medical device

VaR 120018, 120019 Approved VaR

2 Minor SW Risk Controls

Verification of Effectiveness
Risk Evaluation IFRR

3 Serious Identification
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Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander
 
Fault

No
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

Normal
 

No
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

 
Fault

No
Yes
Yes

Disclosure

Information for Safety

1 Improbable

4.1.2.5 Thermal failure of plastic bezel before end of expected service life of Medical Device creates 
an exposed electrical connection allowing for personal contact resulting in electrical shock.

4.1.2.6 Applied Sensor raises the temperature under the Sensor to > 41.0°C resulting in thermal tissue 
injury (heat) at Sensor site.

Usability Risk
Severity

3 Serious Identification
Risk Evaluation IFRR

Approved VaR

Conditions

DFU defines inspection of medical device and 
accessories prior to use, DFU indicates not to use 
damaged medical device

Severity

4.1.2.7 Batteries are subjected to over-charging that produces excessive heat that increases the 
ambient temperature causing device readings to be incorrect resulting in a lack, delay or over 
treatment of patient.

Protective measures in device or 
Mfg Process

None - Statement(s) in DFU have been deemed sufficient

None - Statement(s) in DFU have been deemed sufficient

2 Minor SW Risk Controls

Probability

Conditions
SeverityInitial Risk

Probability 2 Remote Hazard

2 Remote Hazard
Severity 3 Serious Identification

Risk Evaluation IFRR

SW Risk Controls
Risk Evaluation IR DFU helps mitigate Risk

R
sk
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M
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Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Residual Risk

R
sk

 C
on

tro
 M

ea
su

re
s Type Description Verification of Implementation Verification of Effectiveness

Inherently Safe by Design

Protective measures in device or 
Mfg Process
Information for Safety

Plastic enclosure uses 94V0 plastic from UL 
approved molder, Medical Device monitors internal 
temperature and shuts down when max temp 
reached

Designed to meet IEC 60601-1
VaR 120018, 120019 

IEC 60601-1 Compliance
Approved VaR

N/A

VaR 120018, 120019 

LED output creates little or no additional heat at 
sensor site, Sensor footprint is small

Designed to meet IEC 60601-1
VaR 120018, 120019 

IEC 60601-1 Compliance
Approved VaR

N/A

2 Minor

DFU defines max Operating temp as 41°C minus the 
max rise in temp under a Sensor

VaR 120018, 120019 Approved VaR

Initial Risk
Probability

Residual Risk
Probability 1 Improbable Usability Risk

Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk

None - Statement(s) in DFU have been deemed sufficient

Initial Risk
Probability 2 Remote Hazard
Severity 3 Serious Identification

Risk Evaluation IFRR Conditions

Risk Evaluation IR DFU helps mitigate Risk

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 

VaR 120018, 120019 
CCS 03-58-3000

Approved VaR
Approved PS

DFU indicates proper procedures for charging & 
maintaining batteries

VaR 120018, 120019 Approved VaR

R
sk
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 M
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su

re
s Type Description Verification of Implementation Verification of Effectiveness

Inherently Safe by Design

Protective measures in device or 
Mfg Process
Information for Safety

Charge circuit limits amount of current to batteries, 
Current limiting fuse, SW monitors internal device 
temp-shuts down if temp exceeds max limit, Charge 
circuit shuts off charger if fault detected

Battery Design documents, 
Battery inspection & charge Work 
Procedure
VaR 120018, 120019 

Approved BOM
Approved WP
Approved VaR

Residual Risk
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Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

 
Fault

No
No
Yes

Disclosure

Hazard

Hazardous 
Situation

Risk to: Patient, User, 
Bystander

Normal
 

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

Normal
 

No
No
Yes

Disclosure

Statement(s) in DFU includes risk disclosure

None - Statement(s) in DFU have been deemed sufficient

Verification of Implementation
Inherently Safe by Design

Rubber feet on unit; 4 meter Preamp allows routing 
away from travel areas; low center of gravity in 
enclosure.

3 Serious

R
sk

 C
on

tro
 M

ea
su

re
s

Residual Risk SW Risk Controls

Hazard
Severity

DFU describes proper installation & operating 
procedures\Statement(s) in DFU includes risk 
disclosure,  "Safety Symbol - Follow Instructions for 
Use” is used.

VaR 120018, 120019 

Conditions
Identification

Protective measures in device or 
Mfg Process

N/A

Risk Evaluation

4.1.3 Unintended motion
4.1.3.1 Medical Device is pulled by hanging connected cable(s) causing the Medical Device to 
move/fall resulting in contact injury, contusions, broken bones, etc.

R
sk

 C
on

tro
 M

ea
su

re
s

Initial Risk

Information for Safety

DFU helps mitigate Risk

DFU helps mitigate Risk

IR
Residual Risk

Probability
Severity

Risk Evaluation

1 Improbable
2 Minor

Preamp clip use to retain Sensor/preamp at patient’s 
location; medical grade adhesive w/only moderate 
retention capabilities; Limited retention force between 
sensor & Preamp connection.

VaR 120018, 120019 

Protective measures in device or 
Mfg Process

N/A

Description

2 Remote

Approved VaR

Identification
Risk Evaluation Conditions

2 Minor
IFRR

4.1.3.2 Patient with Sensor attached & Medical Device moves in opposing directions causing Sensor 
to pull off patient resulting in tissue injury at Sensor site.

Type

SW Risk Controls

Severity
Probability

Type

4.1.2.8 Internal power source in inadequately protected against excessive current draw due to short 
circuit that may cause a fire resulting in thermal injury.

1 Improbable

Risk Evaluation

Probability

Initial Risk
Hazard

Verification of Implementation
Inherently Safe by Design

IR

Approved VaR

Approved VaR

Probability

Usability Risk

Approved VaR

Information for Safety

Usability Risk

Description

Initial Risk
Probability 2 Remote Hazard
Severity 3 Serious Identification

Risk Evaluation IFRR Conditions

Severity

R
sk

 C
on

tro
 M

ea
su

re
s Type Description Verification of Implementation Verification of Effectiveness

Inherently Safe by Design

Protective measures in device or 
Mfg Process
Information for Safety

Power Entry Module fuse min rating based on power 
supply max current requirements, Slow blow fuse 
used to allow for momentary high current inrush on 
power up: T3.15AH250V

Fuse rating & specifications
VaR 120018, 120019 

Approved BOM
Approved VaR

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 

VaR 120018, 120019 
CCS 03-58-3000

Approved VaR
Approved PS

DFU indicates proper rating for replacement fuse and 
the proper procedures for changing fuses

VaR 120018, 120019 
CCS 03-58-3000

Approved VaR

DFU describes proper installation & operating 
procedures.

VaR 120018, 120019 

Residual Risk

2 Minor

Verification of Effectiveness

IFRR
Verification of Effectiveness

VaR 120018, 120019 

Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk
None - Statement(s) in DFU have been deemed sufficient

2 Remote
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Hazardous 
Situation

Risk to: Patient

Normal
 

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

Normal
Fault

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

Normal
Fault

No
No
Yes

Disclosure

Statement(s) in DFU includes risk disclosure        

Statement(s) in DFU includes risk disclosure

Risk Evaluation

R
sk

 C
on

tro
 

M
ea

su
re

s

Probability
Severity

Risk Evaluation DFU helps mitigate Risk

1 Improbable

Risk Evaluation

Protective measures in device or 
Mfg Process

N/A

Visual inspection, Sensor Design

Severity

Residual Risk

Probability Hazard
Severity

2 Remote

VaR 120018, 120019 

Verification of Implementation

IFRR

Information for Safety DFU describes that cables should be secured to 
prevent them from being entangled, "Safety Symbol - 
Follow Instructions for Use” is used.

Protective measures in device or 
Mfg Process

VaR 120018, 120019 

1 Negligible

Usability Risk

Probability

Type

Initial Risk

R
sk

 C
on

tro
 M

ea
su

re
s

R
sk

 C
on

tro
 M

ea
su

re
s

Hazard
Severity

4.1.3.3 Sensor or Preamp cable(s) become entangled around head or extremities resulting in 
suffocation or circulation injury.

2 Remote

Probability
Severity

Risk Evaluation

2 Minor Identification

Identification

Type Description Verification of Implementation
Inherently Safe by Design

Information for Safety

Approved VaR

Designed to meet IEC 60601-1, 
21.6 Mobile Equipment 24.1 
Stability

Conditions

4.1.3.4 Medical Device on mobile/transport device (e.g. roll stand) has wheels that contacts an object 
or is system is subjected to rough handling causing the device to tip and fall over resulting contact 
injury (contusions, broken bones, etc.)    

N/A

IR

Design of Roll Stand has wide 5-arm base with large 
swivel casters; low center of gravity & mechanical 
method of securing monitor to Roll Stand.

Verification of Effectiveness
Designed to meet  IEC 60601-1, 
21.6 Mobile Equipment 24.1 
Stability

IR

Initial Risk 4 Critical
IFRR

1 Improbable
2 Minor

Verification of Effectiveness
Inherently Safe by Design Shape of Sensors & direction off side of head & away 

from patient's face & neck.

SW Risk Controls

2 Remote

Probability

Protective measures in device or 
Mfg Process

Identification

Residual Risk
Probability
Severity

Risk Evaluation

Description

4.1.3.5 Failure of fixed mount (e.g., swing arm), or locking pin for mount not being engaged or 
unapproved mount, with Medical Device attached, causing device to fall resulting in contusions, 
broken bones, etc. type injuries at contact site.

Residual Risk

VaR 120018, 120019 

IEC 60601-1 Compliance

Approved VaR

Usability Risk

Weekly Sensor Cell defect report, 
Customer complaint numbers

Description Verification of Implementation
Design of Wall Mount has x4 safety factor for weight; 
mechanical method of securing arm to Wall Mount 
(or pole mount) & mechanical method of securing 
monitor to Roll Stand.

Initial Risk

Statement(s) in DFU includes risk disclosure

Conditions

2 Minor

Verification of Effectiveness

Usability Risk
SW Risk Controls

Hazard

Risk Evaluation IFRR

1 Improbable
1 Negligible

IR

Type
Conditions

Information for Safety DFU describes proper installation and operating 
procedures, Instructions for use of Wall Mount with 
monitor from Wall Mount vendor describes 
installation procedure,  "Safety Symbol - Follow 
Instructions for Use” is used.

SW Risk Controls

IEC 60601-1 Compliance

Approved VaR

DFU helps mitigate Risk

DFU helps mitigate Risk

DFU describes proper installation and operating 
procedures, Instructions for use of Roll Stand with 
monitor from Roll Stand vendor describes installation 
procedure, "Safety Symbol - Follow Instructions for 
Use” is used.

Inherently Safe by Design

N/A
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Hazardous 
Situation

Risk to: Patient

Normal
 

No
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

Normal
 

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

Normal
 

No
No
Yes

Disclosure

Statement(s) in DFU includes risk disclosure

None - Statement(s) in DFU have been deemed sufficient

Residual Risk
IR

Probability

Conditions

1 Improbable

Severity Identification
Risk Evaluation

Usability Risk
Severity

Probability

Usability Risk
SW Risk Controls

Usability Risk
SW Risk Controls

2 Minor

HazardProbability 2 Remote

Hazard

Inherently Safe by Design

Approved VaR

1 Improbable

DFU helps mitigate Risk

4.1.3.8 Patient moves or is moved to position Sensor underneath the body which can lead to the 
Sensor being pressed against the patient and resulting in injury to the tissue.

2 Remote

R
sk

 C
on

tro
 M

ea
su

re
s

Verification of Effectiveness

Initial Risk

Conditions
Identification

Hazard

Protective measures in device or 
Mfg Process

4 Critical

None - Statement(s) in DFU have been deemed sufficient

VaR 120018, 120019 

N/A

Initial Risk

Information for Safety DFU describes the proper application of the Sensor & 
to check Sensor site every 8 hours.

VaR 120018, 120019 

Weekly Sensor Cell defect report 
Customer complaint numbers
Approved VaR

VaR 120018, 120019 

4.1.3.6 Patient moves/turns or loss of adhesion due to perspiration or inadequate placement causing 
Sensor to move from original position causing sensor to cover nose or mouth resulting in suffocation 
or injury.

R
sk

 C
on

tro
 M

ea
su

re
s Patient connected vital signs monitor should alert 

user to changes in physiological values; Standard 
Hospital practice for periodic patient surveillance; 
Ambient light detection to alert User; Limited 
retention force between sensor & Preamp 
connection.

DFU describes the proper application of the Sensor & 
to check Sensor site every 8 hours,  "Safety Symbol - 
Follow Instructions for Use” is used.

2 Remote

Visual inspection, Sensor Design, 
Sampling of Hospital Practices 
using Tissue Oximeters, VaR 
120018, 120019 

Verification of ImplementationType
IFRR

Description

Preamp clip use to retain Sensor/preamp at patient’s 
location; Limited retention force between sensor & 
Preamp connection; Medical grade adhesive 
w/moderate retention capabilities; Standard Hospital 
practice for periodic patient surveillance. 

VaR 120018, 120019 , Sampling of 
Hospital Practices using Tissue 
Oximeters

Verification of Effectiveness

2 Minor
IFRR

4.1.3.7 Preamp cable accidently pulled while the Sensor is attached to patient causing Sensor to pull 
off patient resulting in tissue injury at Sensor site.

Severity

Verification of Implementation

DFU helps mitigate Risk

Protective measures in device or 
Mfg Process

Inherently Safe by Design

Information for Safety

Risk Evaluation

Severity 2 Minor Identification
Risk Evaluation IFRR Conditions

R
sk

 C
on

tro
 

M
ea

su
re

s

Type Description Verification of Implementation Verification of Effectiveness

Residual Risk

DFU describes the proper application of the Sensor, 
not to allow patient to lie on sensor and to check 
Sensor site every 8 hours

VaR 120018, 120019 Approved VaR

Approved VaR

1 Negligible

Protective measures in device or 
Mfg Process
Information for Safety

Risk Evaluation IR DFU helps mitigate Risk

Residual Risk
Probability
Severity

Risk Evaluation

Approved VaR

1 Improbable

IR
1 Negligible

SW Risk Controls

Sensor construction attempts to minimize pressure 
points on top of sensor

Approved VaR

N/A

Probability
Severity

Risk Evaluation

Description

Inherently Safe by Design

Initial Risk
Probability

Type

N/A
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CAS MEDICAL
SYSTEMS, Inc.

RISK ANALYSIS 
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Doc No: 21-07-0306
Rev: 03

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

Normal
Fault

No
No
Yes

Disclosure

Hazard

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

Normal
Fault

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

Normal
Fault

No
No
Yes

Disclosure

Severity 1 Negligible SW Risk Controls

Description

Severity

VaR 120018, 120019 
CCS 03-58-3000

Approved VaR
Approved PS

DFU indicates proper procedures for charging & 
maintaining batteries, DFU indicates not to use 
device in presence of flammable gases

VaR 120018, 120019 

Conditions

Statement(s) in DFU includes risk disclosure

All wire harness connections are fully insulated & 
double crimped, cable connections have locking 
mechanism to retain connector to header, Wire 
harnesses are captured with spiral wrap to limit 
movement, shrink wrap tubing is applied to solder 
terminals

VaR 120018, 120019 Approved VaR

VaR 120018, 120019 
CCS 03-58-3000

Approved VaR
Approved PS

DFU defines inspection of medical device and 
accessories prior to use, DFU indicates not to use 
damaged medical device, "Safety Symbol - Follow 
Instructions for Use” is used.

VaR 120018, 120019 Approved VaR

Information for Safety

Severity 1 Negligible SW Risk Controls

1 Improbable Usability Risk

R
sk

 C
on

tro
 M

ea
su

re
s

Type

Risk Evaluation IR DFU helps mitigate Risk

Conditions

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 

Initial Risk

4.1.4.2 Discharging, charging or overcharging internal batteries vent gas that could ignite causing fire 
or explosion resulting in serious injury.

Severity 2 Minor Identification
Risk Evaluation

Protective measures in device or 
Mfg Process

Conditions

None - Statement(s) in DFU have been deemed sufficient

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 

IR DFU helps mitigate Risk

DFU indicates proper procedures for charging & 
maintaining batteries

Approved VaR

Numerous chassis vent holes along with exhaust fan 
allow for air exchange, Normal charge circuit limits 
amount of current to batteries, Current limiting fuse, 
Charge circuit shuts charger off if fault detected, 
Battery vent regulate amount of gas released

Hazard

IFRR

Probability 2 Remote

2 Minor

Identification

Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Residual Risk
Probability

IFRR

1 Improbable Usability Risk

Protective measures in device or 
Mfg Process

Information for Safety

Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Verification of Implementation Verification of Effectiveness

Risk Evaluation

4.1.4 Pressure
4.1.4.1 Good Batteries charging at a high rate or defective Batteries charging at a normal rate produce 
excessive internal pressure causing battery to fail resulting in battery burn type injury at contact site.

Hazard

Approved VaR
Approved PS
Approved VaRVaR 120018, 120019 

CCS 03-58-3000

VaR 120018, 120019 
CCS 03-58-3000

Probability 2 Remote Hazard
Severity 2 Minor

Initial Risk
Probability 2 Remote

Battery Design documents, 
Battery inspection & charge Work 
Procedure
VaR 120018, 120019 

Risk Evaluation
Identification

SW Risk Controls

4.1.3.9 Medical Device on mobile/transport device (e.g. roll stand) has wheels that contacts an object 
or is system is subjected to rough handling causing the device to tip and fall over causing connections 
to loosen or accidental short circuit that results in shock or affecting heart rhythm.

Battery Design documents, 
Battery inspection & charge Work 
Procedure
VaR 120018, 120019 

1 Negligible
Risk Evaluation IR DFU helps mitigate Risk

None - Statement(s) in DFU have been deemed sufficient

R
sk

 C
on

tro
 M

ea
su

re
s

Type Description
Approved BOM
Approved WP
Approved VaR

Mfg PS 03-58-3000 Process Sheet for  Gemini 
Monitor 

Residual Risk
Probability 1 Improbable Usability Risk
Severity

Protective measures in device or 
Mfg Process
Information for Safety

Batteries use relief valve devices to exhaust internal 
pressure, Numerous chassis venting holes & Fan 
allow for air exchange normal charge circuit limits 
amount of current to batteries, Current limiting fuse, 
Charge circuit shuts off charger if fault detected

Approved BOM
Approved WP
Approved VaR

Residual Risk
Probability

Initial Risk
Risk Evaluation IFRR

R
sk

 C
on

tro
 M

ea
su

re
s Type Description

Inherently Safe by Design
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Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

 
Fault

No
No
Yes

Disclosure

Hazard

Hazardous 
Situation

Risk to: Patient, User, 
Service, Bystander

Normal
Fault

No
No
No

Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Service, Bystander

Normal
 

No
No
No

Disclosure

3 Serious Identification
Risk Evaluation

Usability Risk

DFU helps mitigate Risk

Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR

Initial Risk
Probability 2 Remote

Protective measures in device or 
Mfg Process
Information for Safety

Protective measures in device or 
Mfg Process

N/A

IR DFU helps mitigate Risk

4.1.5.2 Speaker is allowed to generate excessive loud tones resulting in minor hearing injury.

Verification of Effectiveness

R
sk

 C
on

tro
 

M
ea

su
re

s

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor.

CCS 03-58-3000

IFRR Conditions

Probability

Type Description

IFRR

Severity

None - Statement(s) in DFU have been deemed sufficient

2 Remote Hazard

Conditions

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor R

sk
 C

on
tro

 
M

ea
su

re
s

Risk Evaluation

4.1.4.3 Batteries are subjected to over-charging that produce excessive internal pressure causing 
battery to fail releasing battery fluid resulting in battery burn (acid) type injury at contact site.

Identification

Approved PS

Information for Safety

Probability

4.1.5 Acoustic Pressure
4.1.5.1 Normal components or improperly assembled/damaged (from fall or impact with hard object) 
Medical Device causing excessive loud sounds to be generated resulting in minor hearing injury.

Hazard

Severity

Inherently Safe by Design

Severity 2 Minor Identification

N/A

2 Minor

2 Remote

Severity

Unit contains Speaker that produces audible tones 
(max volume) < 50 dB at 1 meter with user in normal 
position

VaR 120018, 120019 Approved VaR

VaR 120018, 120019 
CCS 03-58-3000

Approved VaR
Approved PS

N/A

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 

Hazard

VaR 120018, 120019 
CCS 03-58-3000

Initial Risk

Conditions

Risk Evaluation

1 Improbable

R
sk

 C
on

tro
 

M
ea
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re

s

Type Description Verification of Implementation

Inherently Safe by Design Unit contains mechanical parts (fan) that produces < 
31 dB at 1 meter under normal temperature.

Designed to meet IEC 60601-1-2
VaR 120018, 120019 

IEC 60601-1 Compliance
Approved VaR

2 Minor SW Risk Controls

Risk Evaluation IFRR

N/A

Residual Risk

Residual Risk
Probability

Verification of Implementation Verification of Effectiveness

Approved VaR

Charge circuit limits amount of current to batteries, 
Current limiting fuse for battery charge, Charge 
circuit shuts charger off if fault detected

Battery Design documents, 
Battery inspection & charge Work 
Procedure
VaR 120018, 120019 

Residual Risk
Probability 1 Improbable Usability Risk
Severity 1 Negligible SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk

Approved VaR
Approved PS

Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process
Information for Safety DFU indicates proper procedures for charging & 

maintaining batteries
VaR 120018, 120019 
CCS 03-58-3000

Approved BOM
Approved WP
Approved VaR

Initial Risk
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Hazard

Hazardous 
Situation

Risk to: Patient, User, 
Service, Bystander

Normal
Fault

No
No
No

Disclosure

Hazard

Hazardous 
Situation

Risk to: Patient, User, 
Service, Bystander

Normal
 

No
No
Yes

Disclosure

Category
Hazard

Hazardous 
Situation

Risk to: Patient, User, 
Service

 
Fault

No
No
Yes

Disclosure

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

DFU helps mitigate Risk

Hazard

Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process
Information for Safety

Statement(s) in DFU includes risk disclosure

Approved VaR

IFRR Conditions
Type Description Verification of Implementation

2 Minor
DFU helps mitigate Risk

N/A

Risk Evaluation IR

Conditions

Incoming inspection reports

1 Improbable

Probability

4.1.7 Magnetic fields

Protective measures in device or 
Mfg Process

Statement(s) in DFU includes risk disclosure

Unit speaker & NSAM modules designed for minimal 
magnetic field emissions
Power Supply and associated components UL listed

2 Remote Hazard

Risk Evaluation
3 Serious Identification

VaR 120018, 120019 
CCS 03-58-3000

DFU provides warning statement regarding ESU 
interference,  "Safety Symbol - Follow Instructions for 
Use” is used.

Approved VaR
Approved PS

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 
N/A

VaR 120018, 120019 

Severity

Verification of EffectivenessType Description Verification of Implementation
Inherently Safe by Design

IR

Severity 3 Serious

VaR 120018, 120019 Small component to system mass ration, use of 
thread lock & mechanical locks to secure threaded 
fasteners

Probability

Product produced with clean, new materials.

Usability Risk
Severity

Risk Evaluation

Identification
Risk Evaluation IFRR

Approved VaR

R
sk

 C
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Residual Risk

Information for Safety

4.1.7.1 Electromagnetic components (e.g. ESU device) produce excessive magnetic fields causing 
device readings to be incorrect resulting in a lack, delay or over treatment of patient.

Type Description

SW Risk Controls

Inherently Safe by Design

Protective measures in device or 
Mfg Process
Information for Safety

Residual Risk
Probability 1 Improbable Usability Risk
Severity SW Risk Controls

Risk Evaluation IR

VaR 120018, 120019 

IEC 60601-1-2 compliance
Approved VaR

Designed to meet IEC 60601-1-2
VaR 120018, 120019 

Approved VaR

N/A

Identification
Conditions

Initial Risk

Severity
Risk Evaluation

4.2.1.1 Contaminated individual contacts the Medical Device or Accessories causing contamination to 
remain on device resulting in a bio-contamination illness.

4.2.1 Bio-contamination

DFU includes procedure for proper cleaning, Sensor 
packaging labeling indicates single patient use, DFU 
indicates risk of cross contamination/infection from 
used sensors, DFU indicates disposal should follow 
local institute policies, "Safety Symbol - Follow 
Instructions for Use” is used.

4.1.6 Vibration
4.1.6.1 Medical Device damaged in rugged environment allowing loss of mechanical integrity causing 
shape edges and pinch points to exist resulting in cut/laceration type injury.

4.2 Biological Hazards & Contributing Factors

2 Remote
4 Critical

Approved bio-report
Approved VaR

Review of Incoming reports

DFU helps mitigate Risk

Probability

R
sk
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M
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Initial Risk

2 Minor

IFRR

Device & accessories are designed for easy cleaning 
& disinfecting; Sensor are designed for single patient 
use; Standard Hospital practice for decontamination 
and/or safe disposal of contaminated equipment.

Biocompatibility report is available 
& correct, VaR 120018, 120019 , 
Sampling of Hospital Practices 
using Tissue Oximeters

Initial Risk
Probability 2 Remote Hazard

R
sk
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tro
 M
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su

re
s Verification of Effectiveness
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Hazard
Hazardous 
Situation

Risk to: Patient, User, 
Service

 
Fault

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

 
Fault

No
No
Yes

Disclosure

Hazard

Hazardous 
Situation

Risk to: Patient, User, 
Service

Normal
Fault

No
No
Yes

Disclosure None - Statement(s) in DFU have been deemed sufficient

Residual Risk

Information for Safety

Approved VaR
Approved PS
Approved VaR

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 

Risk Evaluation

Protective measures in device or 
Mfg Process

VaR 120018, 120019 
CCS 03-58-3000

DFU indicates proper procedures for charging & 
maintaining batteries

VaR 120018, 120019 
CCS 03-58-3000

IR
None - Statement(s) in DFU have been deemed sufficient

Usability Risk
Severity 2 Minor SW Risk Controls

Initial Risk

Initial Risk

Residual Risk
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s Type Description Verification of Implementation Verification of Effectiveness

Inherently Safe by Design

Residual Risk

R
sk

 C
on

tro
 M

ea
su

re
s

SW Risk Controls

DFU helps mitigate Risk

Approved VaR

Approved VaR

Battery Design documents, 
Battery inspection & charge Work 
Procedure
VaR 120018, 120019 

Severity

VaR 120018, 120019 , Sampling of 
Hospital Practices using Tissue 
Oximeters

Protective measures in device or 
Mfg Process

Probability

Hazard

DFU helps mitigate Risk

Smooth Sensor surface, no sharp edges on Sensor; 
medical grade adhesive w/only moderate retention 
capabilities; Sensor design bends to conform to 
tissue shape; Standard Hospital practice for periodic 
patient surveillance.

4.2.3 Toxicity

Review of Incoming reports

Batteries use relief valve devices to exhaust internal 
pressure, Numerous venting holes always allows 
some air flow, normal charge circuit limits amount of 
current to batteries, Current limiting fuse, Charge 
circuit shuts charger off if fault detected

Approved BOM
Approved WP
Approved VaR

1 Improbable

Probability 2 Remote

IFRR
IdentificationSeverity

Description

Protective measures in device or 
Mfg Process

Product produced with clean; new materials; no 
Latex.

Inherently Safe by Design

Conditions

VaR 120018, 120019 

Severity
Usability Risk

Incoming inspection reports

Severity 4 Critical Identification

4.2.3.1 Good Batteries charging at a high rate or defective Batteries charging at a normal rate may 
produce excessive internal pressure causing battery to fail resulting in injury by exposure to battery 
acid.

Probability

Risk Evaluation

SW Risk Controls

Verification of Effectiveness
Risk Evaluation

2 Minor

Verification of Implementation

None - Statement(s) in DFU have been deemed sufficient

4.2.2.1 Prolonged contact by sensitive individuals with Medical Device or Accessories cause a bio-
incompatibility condition resulting in illness.

2 Remote

Type Description Verification of Implementation

Probability Usability Risk

Approved VaR

Biocompatibility report is available 
& correct, VaR 120018, 120019 , 
Sampling of Hospital Practices 
using Tissue Oximeters

CAS Manufactured products include written 
procedure for proper cleaning & disposal; non-latex 
label on Sensor package.

2 Remote

Verification of Effectiveness

Approved bio-report
Approved VaR

Review of Incoming reports

Initial Risk Severity

Probability 1 Improbable

VaR 120018, 120019 

Conditions

Information for Safety

Risk Evaluation

Hazard

1 Improbable
2 Minor

IR

4.2.2.2 Physiological change in patient (e.g., swelling under Sensor) that makes tissue change size 
rigid Sensor components remain in place causing mechanical pressure resulting in tissue injury at 
sensor site.

IR DFU helps mitigate Risk

Inherently Safe by Design

Risk Evaluation

All patient contacts (e.g., Sensor, etc.) are not made 
without Latex & are tested for biocompatibility; 
Standard Hospital practice for periodic patient 
surveillance.
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Type

2 Minor

Product produced with clean; new materials. Incoming inspection reports

Information for Safety DFU states that user should check Sensor site 
periodically.

IFRR Conditions

Risk Evaluation

Identification4 Critical
IFRR

4.2.2 Bio-incompatibility 

HazardProbability

CAS Medical Proprietary Confidential - Do Not Copy 16 of 43

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



CAS MEDICAL
SYSTEMS, Inc.

RISK ANALYSIS 
GEMINI / FORE-SIGHT ELITE

Doc No: 21-07-0306
Rev: 03

Hazard

Hazardous 
Situation

Risk to: Patient, User, 
Service

Normal
 

No
No
Yes

Disclosure

Hazard
Hazardous 
Situation

Risk to: Patient, User, 
Service

 
Fault

No
No
Yes

Disclosure

Hazard
Hazardous 
Situation

Risk to: Patient, User, 
Service

Normal
 

No
No
Yes

Disclosure

Initial Risk
Probability 2 Remote

Approved Service Procedure
Approved VaR

Product produced with clean, new materials,

Patient cable/Sensor, headband and all patient 
contacts designed using historically hypo-allergenic 
material

Biocompatibility report
VaR 120018, 120019 

Incoming inspection reports
VaR 120018, 120019 

DFU indicates to examine of Sensor application 
surrounding area, non-latex label on Sensor 
packaging

VaR 120018, 120019 

IR

R
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Type Description Verification of Implementation Verification of Effectiveness

Residual Risk
Probability 1 Improbable Usability Risk

DFU helps mitigate Risk

Conditions

Severity 2 Minor SW Risk Controls

Inherently Safe by Design

Protective measures in device or 
Mfg Process
Information for Safety

Hazard
Severity 4 Critical Identification

Risk Evaluation IFRR

Approved VaR

Statement(s) in DFU includes risk disclosure

Severity
Risk Evaluation

4.2.5.1  Improperly cleaned or disinfected Medical Device or Accessories may allow biologic or caustic 
contaminants to be transferred between individuals resulting in illness or injury.

4.2.5 Re- and/or cross-infection

Risk Evaluation
None - Statement(s) in DFU have been deemed sufficient

Approved bio-report
Approved VaR

Review of Incoming reports
Approved VaR

4.2.4 Allergenicity
4.2.4.1 Sensitive individuals repeatedly contact Medical Device or Accessories causing an allergic 
reaction or allergic illness.

SW Risk Controls

Usability Risk
Residual Risk

Probability

Risk Evaluation
Severity

1 Improbable
2 Minor

IR

Risk Evaluation
2 Minor

IR
Residual Risk

4.2.6.1 Medical Device or Accessories are incapable of being cleaned or disinfected causing in re- and 
/ or cross-infection / contamination resulting in illness.

4.2.6 Inability to maintain hygienic safety

1 Improbable

DFU helps mitigate Risk

Conditions

Statement(s) in DFU includes risk disclosure

SW Risk Controls
DFU helps mitigate Risk

Verification of Effectiveness

Protective measures in device or 
Mfg Process

Usability RiskProbability
Severity

Initial Risk
Probability

Risk Evaluation

Inherently Safe by Design Medical device, Preamp & Sensor are designed with 
smooth surfaces & minimal areas that cannot be 
readily cleaned or disinfected; Sensor are designed 
for single patient use; Standard Hospital practice for 
decontamination and/or safe disposal of 
contaminated equipment.
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Type Description Verification of Implementation
VaR 120018, 120019 , Sampling of 
Hospital Practices using Tissue 
Oximeters

Incoming inspection reports

DFU defines the cleaning procedure for the medical 
device, and accessories, DFU defines single use for 
Sensor, "Safety Symbol - Follow Instructions for Use” 
is used.

Hazard
Severity Identification

Information for Safety VaR 120018, 120019 

Approved VaR

Review of Incoming reports

Approved VaR

2 Remote
4 Critical

IFRR

Product produced with clean, new materials.

IFRR

Review of Incoming reports

2 Remote
Identification

R
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s

Type Description

Initial Risk
Probability

Protective measures in device or 
Mfg Process
Information for Safety DFU includes procedure for proper cleaning, DFU 

Sensor packaging labeling indicates single patient 
use, DFU indicates risk of cross 
Contamination/infection from used sensors, DFU 
indicates disposal should follow local institute 
policies, "Safety Symbol - Follow Instructions for 
Use” is used.

Verification of Implementation
Inherently Safe by Design Service personnel are provided with a procedure to 

safely handle returned goods; Sensor is designed for 
single patient use; Standard hospital practice is for 
decontamination and/or safe disposal of 
contaminated equipment.

VaR 120018, 120019 

Service Procedure SVC1000, VaR 
120018, 120019 , Sampling of 
Hospital Practices using Tissue 
Oximeters

Conditions

Product produced with clean, new materials. Incoming inspection reports

Hazard

Verification of Effectiveness

Approved VaR

4 Critical
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Category
Hazard

Hazardous 
Situation

Risk to: Patient

 
Fault

No
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

 
Fault

No
No
Yes

Disclosure

Hazard

Hazardous 
Situation

Risk to: Patient, 
Bystander

 
Fault

No
No
Yes

Disclosure

SW Risk Controls

Inherently Safe by Design

Information for Safety DFU indicates that if measurements are in doubt, 
alternate means to assess the patient’s condition 
should be used, DFU provides warning statement 
regarding EMC,  "Safety Symbol - Follow Instructions 
for Use” is used.

VaR 120018, 120019 

Medical Grade Power Supply; metal chassis; 
shielded Preamp & Sensor wires.

Risk Evaluation

Type

4.3.1.2  Electromagnetic components (ESU device) produce excessive magnetic fields causing device 
readings to be incorrect resulting in a lack, delay or over treatment of patient.

Designed to meet IEC 60601-1
VaR 120018, 120019 
Sampling of Hospital Practices 
using Tissue Oximeters

1 Improbable

IEC 60601-1 Compliance
Approved VaR
Compile Customer surveys
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Information for Safety

2 Minor
IR

IFRR

2 Minor
IR

2 Remote

DFU provides warning statement regarding EMC, 
"Safety Symbol - Follow Instructions for Use” is used.

VaR 120018, 120019 

Verification of Implementation
Inherently Safe by Design

Statement(s) in DFU includes risk disclosure

Statement(s) in DFU includes risk disclosure

Description

Protective measures in device or 
Mfg Process

N/A

3 Serious

Residual Risk

DFU helps mitigate Risk

DFU helps mitigate Risk

Usability Risk

Medical Grade Power Supply, Metal chassis; 
shielded Preamp & Sensor wires, Data filter attempts 
to eliminate noise signals, Value captured & not 
updated during noisy periods, sustained noisy 
conditions will blank numeric & recover when noise is 
removed.

Information for Safety

IR
Severity

Approved VaR

DFU indicates not to operate device in the presence 
of strong electromagnetic fields, DFU provides 
warning statement regarding EMC,  "Safety Symbol - 
Follow Instructions for Use” is used.

VaR 120018, 120019 

N/A

SW Risk Controls

Verification of Effectiveness

2 Remote

Usability Risk
Residual Risk

Probability
Severity

Risk Evaluation

1 Improbable

IEC 60601-1 Compliance
Approved VaR

Approved VaR

Initial Risk
Probability Hazard
Severity

Conditions

Initial Risk

Designed to meet IEC 60601-1
VaR 120018, 120019 

Identification

Severity Identification
Conditions

4.3.1.1 Medical Device is inoperable due to susceptibility of electromagnetic fields (EMC) from other 
devices causing device readings to be incorrect resulting in a lack, delay or over treatment of patient.

4.3.1 Susceptibility to electromagnetic interference

IFRR

2 Remote
3 Serious
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Type Description Verification of Implementation
Inherently Safe by Design

Protective measures in device or 
Mfg Process

Probability

Risk Evaluation

Hazard

4.3 Environmental Hazards & Contributing Factors

IFRR

Verification of Effectiveness

4.3.2.1 Improperly assembled or damaged (from fall or impact with hard object) devices allows 
excessive emission of electromagnetic fields (EMC) causing other device readings to be incorrect 
resulting in a lack, delay or over treatment of patient.

4.3.2 Emission of electromagnetic interference

Approved VaR

Verification of Effectiveness

Protective measures in device or 
Mfg Process

N/A

Verification of Implementation

2 Minor

Risk Evaluation

Usability Risk

IEC 60601-1 Compliance
Approved VaR

Medical Grade Power Supply, Metal chassis, 
shielded Preamp & Sensor wires, Standard Hospital 
practice for proper patient monitoring procedures, 
Data filter attempts to eliminate noise signals, Value 
captured & not updated during noisy periods, 
sustained noisy conditions will blank numeric & 
recover when noise is removed.

Probability
Severity
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Type Description

Conditions
Initial Risk

Probability Hazard
Severity Identification

Risk Evaluation

Statement(s) in DFU includes risk disclosure

3 Serious

Risk Evaluation

Designed to meet IEC 60601-1
VaR 120018, 120019 

DFU helps mitigate Risk
Residual Risk

Probability
SW Risk Controls

1 Improbable
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Hazard

Hazardous 
Situation

Risk to: Patient

Normal
Fault

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

 
Fault

No
No
Yes

Disclosure

Hazard

Hazardous 
Situation

Risk to: Patient

Normal
Fault

No
Yes
Yes

Disclosure

DFU describes power supply troubleshooting guide, 
DFU indicates to charge batteries when Device is not 
in use

VaR 120018, 120019 Approved VaR

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk

Battery backup to operate for a minimum of 1 5 hrs 
when fully charged, batteries charged whenever unit 
connected to AC

Designed to meet IEC 60601-1
VaR 120018, 120019 

IEC 60601-1 Compliance
Approved VaR

N/A

Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process
Information for Safety

Description

Probability

Protective measures in device or 
Mfg Process

2 Minor
Usability Risk

IR

Hazard

4.3.4.1 Medical Device is inoperable due to extreme temperature, humidity or atmospheric pressure 
causing device readings to be incorrect resulting in a lack, delay or over treatment of patient.

Type Description

Probability
Severity

3 Serious

2 Remote

None - Statement(s) in DFU have been deemed sufficient

VaR 120018, 120019 Information for Safety DFU defines operating & storage temperatures for 
the medical device & accessories; Shipping label 
defines storage temperatures for the medical device.

Residual Risk
Probability
Severity

Risk Evaluation Conditions
Verification of Effectiveness

Risk Evaluation
SW Risk Controls

IFRR

1 Improbable
2 Minor

IR

Usability Risk

Approved VaR

Approved VaR

Initial Risk
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Type Description Verification of Implementation
Inherently Safe by Design Medical device design to operate in broadly accepted 

range of environmental conditions; SW monitors 
internal temp & adjusts fan speed accordingly; 
detects inoperable fan; shut device down if max temp 
exceeded.

VaR 120018, 120019 

Protective measures in device or 
Mfg Process

N/A

SW Risk Controls

Conditions

Probability

Identification

DFU helps mitigate Risk

DFU helps mitigate Risk

1 Improbable

4.3.4 Storage or operation outside the prescribed environmental conditions

4.3.3.2 Medical Device is inoperable due to loss of external AC supply causing loss of device readings 
resulting in a lack, delay or over treatment of patient.

None - Statement(s) in DFU have been deemed sufficient
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Type

DFU describes power supply troubleshooting guide. VaR 120018, 120019 

Initial Risk

4.3.3 Inadequate supply of power

2 Remote

Inherently Safe by Design

4.3.3.1 Medical Device is inoperable due to low external AC supply causing device readings to be 
incorrect resulting in a lack, delay or over treatment of patient.

Verification of Implementation

Hazard
Severity

IEC 60601-1 Compliance
Approved VaR

Residual Risk

Conditions

Medical Grade Power Supply; battery backup to 
operate for a min of 0.5 hrs when fully charged, 
batteries charged whenever connected to AC.

Designed to meet IEC 60601-1
VaR 120018, 120019 

Risk Evaluation

Information for Safety

N/A

Verification of Effectiveness

Probability
Severity

Verification of Implementation
Risk Evaluation IFRR

Initial Risk
2 Remote Hazard

Severity 3 Serious Identification

None - Statement(s) in DFU have been deemed sufficient

Identification
Risk Evaluation IFRR
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Approved VaR

3 Serious
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Hazard

Hazardous 
Situation

Risk to: Patient, User, 
Service, Bystander

 
Fault

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Service, Bystander

 
Fault

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient, User

Normal
 

No
No
Yes

Disclosure None - Statement(s) in DFU have been deemed sufficient

Probability Usability Risk

Approved VaR

1 Negligible

Protective measures in device or 
Mfg Process

R
sk

 C
on

tro
 M

ea
su

re
s

Severity

1 Improbable

Information for Safety

2 Minor

Type

Identification

Description

Information for Safety

IR

Verification of Effectiveness

Hazard

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor; Mfg PS 03-58-3008 Process Sheet for 
Gemini Preamp; Mfg PS 03-58-0500 Process Sheet 
for Gemini Sensors.

VaR 120018, 120019 Approved VaR

IFRR

Approved VaR

2 Remote

Risk Evaluation Conditions

CCS 03-58-3000 
CCS 03-58-3008
CCS 03-58-0500 

IR

Severity

SW Risk Controls

Approved PS

Approved VaR

Severity SW Risk Controls
Risk Evaluation

IR

CCS 03-58-0500 Approved PS

2 Minor

SW Risk Controls

4.3.5.1 Improperly assembled or damaged (from fall or impact with hard object) Medical Device 
housing or Sensor can cause electrical burns or exposure to high electrical currents resulting in injury.

4.3.5 Mechanical damage

2 Remote

1 Negligible

Hazard

CCS 03-58-3000
CCS 03-58-3008
CCS 03-58-0500

Probability

DFU helps mitigate Risk

IFRR Conditions

Mfg PS 03-58-0500 Process Sheet for Gemini 
Sensor.

None - Statement(s) in DFU have been deemed sufficient

VaR 120018, 120019 

DFU defines inspection of medical device & 
accessories prior to use; DFU indicates not to use 
damaged medical device or accessories.

Residual Risk

Inherently Safe by Design

Residual Risk

Verification of Implementation Verification of Effectiveness

DFU helps mitigate Risk

Severity

Identification
Risk Evaluation

Statement(s) in DFU includes risk disclosure

Initial Risk

Verification of Effectiveness

DFU defines inspection of medical device and 
accessories prior to use, DFU includes warning not to 
touch patient during defibrillation, DFU indicates not 
to use damaged medical device or accessories,  
"Safety Symbol - Follow Instructions for Use” is used.

VaR 120018, 120019 

Risk Evaluation DFU helps mitigate Risk

Information for Safety

Probability

Usability Risk1 Improbable

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor; Mfg PS 03-58-3008 Process Sheet for 
Gemini Preamp; Mfg PS 03-58-0500 Process Sheet 
for Gemini Sensors.

Enclosure & accessories designed to meet 
mechanical requirements of standard.

VaR 120018, 120019 

Protective measures in device or 
Mfg Process

Initial Risk

Type Description

Usability Risk
Residual Risk

DFU defines inspection of medical device & 
accessories prior to use; DFU indicates not to use 
damaged medical device or accessories.

Hazard

Probability

Identification

4.3.5.3 Sensor flex circuit damaged by repeated bending back upon itself causing circuit to break & 
expose sharp/pointed edges & circuit contacts resulting in electrical shock and/or cut/laceration type 
injury.

Probability 2 Remote
Severity 3 Serious

Approved VaR

Approved PS

IFRR
Severity 4 Critical

Approved VaR

Risk Evaluation Conditions

Probability

4.3.5.2 Improperly assembled or damaged (from fall or impact with hard object) Medical Device 
housing or Sensor causing shape edges & pinch points to exist resulting in cut/laceration type injury.

Medical device & accessories are designed to have 
no sharp edges.

VaR 120018, 120019 
Type Description Verification of Implementation

Inherently Safe by Design

Protective measures in device or 
Mfg Process

1 Improbable

Inherently Safe by Design Sensor flex circuit capable of being bent/folder back 
upon itself a min of >10 times before breaking; 
Sensors use 15 VDC, Chassis leakage current < 300 
�A; patient leakage current < 10 �A; flex circuits 
conformal coated; protective flex cover on top & 
bottom.

VaR 120018, 120019 
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Verification of Implementation

Initial Risk
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Risk Evaluation
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Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

Normal
Fault

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Bystander

Normal
 

No
No
Yes

Disclosure

Hazard

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander, 
Environment

 
Fault

No
No
Yes

Disclosure

Conditions
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Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design Sensor designed with wide foam edge, Isolation tape 

areas not along edge of sensor
VaR 120018, 120019 Approved VaR

Protective measures in device or 
Mfg Process

Mfg PS 03-58-0500 Process Sheet for Gemini 
Sensor.

CCS 03-58-0500 Approved PS

Information for Safety Sensor DFU includes an appropriate "do not cut" 
symbol (e.g., scissor with a slash through it)

VaR 120018, 120019 Approved VaR

Probability

Approved VaR

Residual Risk
Probability 1 Improbable

4.3.5.5 User cuts/trims the sensor to allow it to fit on patient w/other sensors causing the integrity of 
the isolation layer to be compromised exposing the patient to excessive leakage current and/or 
damage to the system to during defibrillation.

Initial Risk
Probability 2 Remote

Product produced with clean, new materials.

2 Remote

Severity 1 Negligible SW Risk Controls
Risk Evaluation IR DFU helps mitigate Risk

None - Statement(s) in DFU have been deemed sufficient

Protective measures in device or 
Mfg Process

Usability Risk

DFU helps mitigate Risk

Approved VaR

2 Minor
IR

Probability
Severity

Verification of Implementation

Information for Safety

Hazard
Severity 3 Serious Identification

Risk Evaluation IFRR

Usability Risk

Residual Risk
1 Improbable Usability Risk

Severity 2 Minor SW Risk Controls
Risk Evaluation

4 Critical
IFRR

IFRR Conditions

IR DFU helps mitigate Risk
None - Statement(s) in DFU have been deemed sufficient

3 Serious Identification
Risk Evaluation

Probability

4.3.6.1  Contaminated Medical Device or Accessories are improperly disposed causing re- and/or 
cross-infection / contamination resulting in illness.

4.3.6 Contamination due to waste products and/or Medical Device disposal

Approved VaR

Type

Approved VaR

All patient contacts (e.g., Sensor, etc.) are tested for 
biocompatibility; Standard Hospital practice for safe 
disposal of contaminated equipment.

Biocompatibility report is available 
& correct, VaR 120018, 120019 , 
Sampling of Hospital Practices 
using Tissue Oximeters

Verification of Effectiveness

SW Risk Controls

Review of Incoming reports

Mfg PS 03-58-0500 Process Sheet for Gemini 
Sensor.

DFU defines the safe disposal procedure medical 
device and accessories, "Safety Symbol - Follow 
Instructions for Use” is used.

VaR 120018, 120019 

Conditions

Incoming inspection reports

Hazard
Severity

CCS 03-58-0500

Inherently Safe by Design

Verification of Implementation Verification of Effectiveness

Statement(s) in DFU includes risk disclosure

Approved PS

Information for Safety DFU defines inspection of medical device & 
accessories prior to use; DFU indicates not to use 
damaged medical device or accessories.

VaR 120018, 120019 

Inherently Safe by Design Cross hatch ribs in handle, tongue and groove seam 
between top and lower handle assembles, 4 points of 
attachment (screws) to retain handle, Increased wall 
thickness of handle assemblies, Handles tested to x4 
load rating

VaR 120018, 120019 

Protective measures in device or 
Mfg Process

2 Remote

Residual Risk

4.3.5.4 Mechanical damage to device handle due to fall or impact with hard object, causing unit to fall 
while attempting to be moved.

Initial Risk

R
sk

 C
on

tro
 M

ea
su

re
s

Type Description
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1 Improbable

Risk Evaluation

Risk Evaluation
Initial Risk

Probability Hazard
Severity Identification

Description
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Category
Hazard

Hazardous 
Situation

Risk to: Patient

 
Fault

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

 
Fault

No
Yes
Yes

Disclosure

Category
Hazard

Hazardous 
Situation

Risk to: Patient

Normal
Fault

Yes
Yes
Yes

Disclosure

None - Statement(s) in DFU have been deemed sufficient

2 Remote

Protective measures in device or 
Mfg Process

Probability
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VaR 120018, 120019 

Protective measures in device or 
Mfg Process

R
sk

 C
on

tro
 

M
ea

su
re

s

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR

Body location for Sensor prominently indicated on 
display; Sensor body location saved.

DFU helps mitigate Risk

Approved VaR

Initial Risk
Probability

Probability 1 Improbable

VaR 120018, 120019 

3 Serious

Residual Risk

Conditions

Hazard

Approved PS

4.4.1.1 Sensor LEDs output becomes out of specification allowing device readings to be incorrect 
resulting in a lack, delay or over treatment of patient.

Identification

Initial Risk

Residual Risk

R
sk
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 M
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re
s

Type
Conditions

Risk Evaluation
Initial Risk

2 Minor

Risk Evaluation

VaR 120018, 120019 

IFRR

Probability

IR

Verification of Implementation Verification of Effectiveness

CCS 03-58-3000

VaR 120018, 120019 

Risk Evaluation IR DFU helps mitigate Risk

Severity

Approved VaR

DFU indicates that if measurements are in doubt; 
alternate means to assess the patient’s condition 
should be used.

VaR 120018, 120019 

4.5.1.1  Medical Device used on an inappropriate type patient or in an inappropriate manner allowing 
device readings to be incorrect resulting in a lack, delay or over treatment of patient.

Description

Description

Identification
2 Remote
3 Serious

IFRR

Approved VaR
Type Description

Cal values stored within Sensor memory, Values 
need to inputted by NSAM, Checksum of Cal values 
must be correct in order for Sensors to be used and 
error message generated

VaR 120018, 120019 Inherently Safe by Design

Usability Risk

Usability Risk

4.4.1.2 Sensor LEDs calibration values invalid allowing device readings to be incorrect resulting in a 
lack, delay or over treatment of patient.

Information for Safety DFU indicates that if measurements are in doubt; 
alternate means to assess the patient’s condition 
should be used, DFU describes the Sensor Fault 
error message

2 Remote Hazard
Severity

DFU helps mitigate Risk

Mfg PS 03-58-0500 Process Sheet for Gemini 
Sensors

Verification of Implementation

Approved VaR

None - Statement(s) in DFU have been deemed sufficient

Information for Safety

Severity 2 Minor SW Risk Controls

Verification of Implementation Verification of Effectiveness

Risk Evaluation

Approved VaR

Type
Inherently Safe by Design

Conditions

Hazard
Severity

1 Improbable

Protective measures in device or 
Mfg Process

N/A

Inherently Safe by Design Near-infrared light (690nm-880nm) LEDS are 
specified to be low drift, tight tolerance on LED 
wavelengths, Max Output Power 100 mW, Pulse time 
50 us, Repetition rate < 10 Hz

CCS 03-58-3000 Approved PS

4.4 Hazards resulting from the incorrect output of energy and substances

3 Serious Identification
IFRR

None - Statement(s) in DFU have been deemed sufficient

Information for Safety DFU indicates that if measurements are in doubt; 
alternate means to assess the patient’s condition 
should be used.

Risk Evaluation

4.5 Hazards related to the use of the Medical Device & contributing factors
4.5.1 Inadequate labeling or operating instructions or over-complicated instructions

SW Risk Controls

4.4.1 Radiation

Verification of Effectiveness

Severity
Probability

Approved VaR

Mfg PS 03-58-0500 Process Sheet for Gemini 
Sensors
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Hazardous 
Situation

Risk to: Patient

Normal
Fault

Yes
Yes
Yes

Disclosure

Hazard
Hazardous 
Situation

Risk to: Patient

Normal
Fault

Yes
Yes
Yes

Disclosure

Hazard

Hazardous 
Situation

Risk to: Patient

Normal
Fault

Yes
Yes
Yes

Disclosure

Severity 2 Minor SW Risk Controls
Risk Evaluation IR DFU helps mitigate Risk

Sensor on body location prominently indicated on 
display, a Tissue Perfusion Index (TPI) shall be 
displayed on the main screen for each channel and 
values described under a Help menu. Any icons or 
abbreviations used are consistence with medical 
industry standards

VaR 120018, 120019 Approved VaR

N/A

DFU indicates that if measurements are in doubt, 
alternate means to assess the patient’s condition 
should be used, DFU indicates to read before 
operating device

VaR 120018, 120019 Approved VaR

Initial Risk

Residual Risk

R
sk

 C
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tro
 M

ea
su

re
s

Probability

Information for Safety

Identification
Probability 2 Remote Hazard
Severity 3 Serious

1 Improbable

Conditions
Type

IFRR

Approved VaR

1 Improbable

Risk Evaluation

Usability Risk

Conditions

4.5.3.1 Medical Device used on an inappropriate type patient or in an inappropriate manner allowing 
device readings to be incorrect resulting in a lack, delay or over treatment of patient.

Residual Risk

Protective measures in device or 
Mfg Process

None - Statement(s) in DFU have been deemed sufficient

DFU indicates that if measurements are in doubt 
alternate means to assess the patient’s condition 
should be used.

Type

DFU helps mitigate Risk

Verification of Implementation

1 Improbable

None - Statement(s) in DFU have been deemed sufficient

Approved VaR

IR
Residual Risk

Probability

N/A

VaR 120018, 120019 

Identification
Risk Evaluation

Description

Severity
Risk Evaluation

Verification of Effectiveness

Severity 3 Serious

Approved VaR

IFRR

SW Risk Controls

SW Risk Controls

Probability

Probability
Severity 2 Minor

IR

2 Remote

DFU helps mitigate Risk

Approved VaRInformation for Safety DFU defines the approved accessories to be used 
with the medical device; DFU indicates that if 
measurements are in doubt; alternate means to 
assess the patient’s condition should be used; 
Medical device shipped with correct accessories.

VaR 120018, 120019 

VaR 120018, 120019 

Protective measures in device or 
Mfg Process

2 Minor

Information for Safety

Usability Risk

Hazard

Verification of EffectivenessDescription Verification of Implementation
Inherently Safe by Design Preamp & Sensors connections are unique to 

Gemini; Software detection of connection to an 
approved accessory or external medical device.

4.5.1.2 Improperly designed medical device labeling leads to an incorrect interpretation and lack of 
understanding resulting in a lack, delay or over treatment of patient.

4.5.2 Inadequate specifications of accessories to be used with Medical Device or incompatibility with other Medical 
4.5.2.1 Medical Device used with inappropriate accessory allowing device readings to be incorrect 
resulting in a lack, delay or over treatment of patient.

2 Remote

None - Statement(s) in DFU have been deemed sufficient

Severity

Usability Risk

Risk Evaluation Conditions
Type Description Verification of Implementation

Identification

Inherently Safe by Design Sensor on body location prominently indicated on 
display; Sensor body location saved.

VaR 120018, 120019 

Hazard

3 Serious

N/A

Inherently Safe by Design

Protective measures in device or 
Mfg Process

IFRR

Risk Evaluation

Initial Risk

Verification of Effectiveness
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Initial Risk
Probability

4.5.3 Inadequate specifications of pre-use checks or specifications of service or maintenance
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Hazard
Hazardous 
Situation

Risk to: Patient

 
Fault

Yes
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

Normal
Fault

Yes
Yes
Yes

Disclosure

Hazard

Hazardous 
Situation

Risk to: Patient

 
Fault

Yes
Yes
Yes

Disclosure

4.5.4.2 Medical Device used on an inappropriate type patient or in an inappropriate manner allowing 
device readings to be incorrect resulting in a lack, delay or over treatment of patient.

2 Remote
3 Serious

DFU helps mitigate Risk

DFU helps mitigate Risk

Risk Evaluation

Type
Conditions

Conditions

Description

SW Risk Controls

Usability Risk

IR

Risk Evaluation

Verification of Effectiveness

VaR 120018, 120019 

Inherently Safe by Design

IR

2 Remote

N/A

SW Risk Controls

Verification of Effectiveness

Identification

Verification of Effectiveness

4.5.4 Used by unskilled/untrained personnel

Risk Evaluation

Usability Risk

VaR 120018, 120019 

Description

Statement(s) in DFU includes risk disclosure

Inherently Safe by Design

Identification

None - Statement(s) in DFU have been deemed sufficient

None - Statement(s) in DFU have been deemed sufficient

Standard Hospital practice for proper patient 
monitoring procedures; TPI displayed on the main 
screen for each channel & value.

Protective measures in device or 
Mfg Process

Approved VaR

1 Improbable

Identification

Approved VaR

1 Improbable

4.5.4.1 Medical Device used by unskilled/untrained person allowing device readings to be incorrect 
resulting in a lack, delay or over treatment of patient.

Verification of Implementation

R
sk
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s

Residual Risk
Probability
Severity

Risk Evaluation

Residual Risk
Probability
Severity

Standard Hospital practice for proper patient 
monitoring procedures; TPI displayed on the main 
screen for each channel & value.

Protective measures in device or 
Mfg Process
Information for Safety

Initial Risk Severity

Severity

Sampling of Hospital Practices 
using Tissue Oximeters
VaR 120018, 120019 

N/A

IFRR

DFU helps mitigate Risk

Inherently Safe by Design Body location of Sensor prominently indicated on 
display; Sensor body location saved.

Risk Evaluation

1 Improbable
2 Minor

DFU indicates that only trained personnel should 
operate the medical device; DFU indicates that if 
measurements are in doubt; alternate means to 
assess the patient’s condition should be used; Label 
stating US Federal law restricts this device to sale on 
or by the order of a physician.

Probability Hazard
3 Serious

2 Minor

DFU indicates that only trained personnel should 
operate medical device; DFU indicates that if 
measurements are in doubt; alternate means to 
assess the patient’s condition should be used; US 
Federal law restricts this device to sale on or by 
order of a physician.

Approved VaR

Approved VaR

Verification of Implementation

4.5.5 Reasonable foreseeable misuse
4.5.5.1 Medical Device used by unskilled/untrained person allowing device readings to be incorrect 
resulting in a lack, delay or over treatment of patient.

2 Remote
3 Serious

IFRR

Protective measures in device or 
Mfg Process

VaR 120018, 120019 

Approved VaR
Type

Information for Safety

Usability Risk

N/A

Probability
Severity

Risk Evaluation
Residual Risk
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ea
su

re
s

Type Description

Initial Risk
Probability Hazard

Verification of Implementation

Sampling of Hospital Practices 
using Tissue Oximeters
VaR 120018, 120019 

2 Minor
IR

SW Risk Controls

R
sk

 C
on
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s

Initial Risk
Probability Hazard
Severity

Information for Safety DFU indicates that only trained personnel should 
operate medical device, DFU indicates proper 
method to enter the Sensor body location, DFU 
indicates that if measurements are in doubt, alternate 
means to assess the patient’s condition should be 
used, DFU indicates medical device should not be 
used in the presence of anesthetic gas, DFU 
provides warning statement regarding EMC, US 
Federal law restricts this device to sale on or by the 
order of a physician, "Safety Symbol - Follow 
Instructions for Use” is used.

VaR 120018, 120019 

Conditions

IFRR

Approved VaR
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Hazardous 
Situation

Risk to: Patient

 
Fault

Yes
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

Normal
 

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

Normal
 

No
No
Yes

Disclosure

Severity 3 Serious Identification

Residual Risk

Approved VaR

Risk Evaluation

Verification of Effectiveness
Inherently Safe by Design

Initial Risk
Probability

Initial Risk

R
sk

 C
on

tro
 M

ea
su

re
s

2 Remote

Probability

R
sk

 C
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tro
 M
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s

N/A

VaR 120018, 120019 

Severity

Type

SW Risk Controls

Risk Evaluation IFRR Conditions

4.5.5.3 Sensor remains on Patient & Patient is placed in MRI device that produces excessive 
magnetic fields causing sensor components to heat up resulting in localize tissue damage (burn).

Identification

DFU helps mitigate Risk

4.5.5.2 Medical Device used with an inappropriate Sensor allowing device readings to be incorrect 
resulting in a lack, delay or over treatment of patient.

2 Remote
3 Serious

IFRR

Inherently Safe by Design
Verification of Effectiveness

DFU helps mitigate Risk

None - Statement(s) in DFU have been deemed sufficient

None - Statement(s) in DFU have been deemed sufficient

R
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SeverityResidual Risk

Initial Risk
Probability 2 Remote Hazard

Protective measures in device or 
Mfg Process

Verification of EffectivenessDescription

Hazard

Inherently Safe by Design VaR 120018, 120019 
Verification of Implementation

2 Minor

Type

Risk Evaluation

VaR 120018, 120019 Approved VaR

Usability Risk
Severity

IR

Information for Safety

Approved VaR

DFU defines the approved Sensors to be used with 
medical device; DFU indicates: Proper method to 
enter the Sensor body location; Appropriate 
procedure for Sensor attachment to patient; Only 
trained personnel should operate medical device, If 
measurements are in doubt alternate means to 
assess patient’s condition should be used; Device 
label indicates US Federal law restricts this device to 
sale on or by order of a physician.

Risk Evaluation

DFU helps mitigate Risk

Identification

2 Minor SW Risk Controls

4.5.5.4 ESU device used too close to Sensor allowing current to pass through sensor components 
causing the components to heat up resulting in localized tissue injury (burn).

Information for Safety

Type

DFU indicates that special precautions may be 
required if the device is placed close to a strong 
transmitter such as X-ray equipment, MRI devices, 
etc , The "Safety Symbol - Follow Instructions for 
Use” is used.

Severity 3 Serious

Probability

Protective measures in device or 
Mfg Process

N/A

Active LED area of Sensor is very small, and limits 
the tissue area exposure; Standard Hospital practice 
for proper patient monitoring procedures.

Description

Active LED area of Sensor is very small, and limits 
the tissue area exposure; Standard Hospital practice 
for proper patient monitoring procedures; Dielectric 
isolation strength for sensor design; Mfg PS 03-58-
0500 Process Sheet for Gemini Sensors.

Residual Risk

IR

Conditions

None - Statement(s) in DFU have been deemed sufficient

Description Verification of Implementation

VaR 120018, 120019 , Sampling of 
Hospital Practices using Tissue 
Oximeters

Approved VaR

Protective measures in device or 
Mfg Process

N/A

Usability Risk

Hazard

1 ImprobableProbability

Information for Safety DFU indicates Recommended distance from an 
applied Sensor for proper use of ESU equipment; 
Read before operating device.

VaR 120018, 120019 , Sampling of 
Hospital Practices using Tissue 
Oximeters. CCS 03-58-0500

Approved VaR

Severity

1 Improbable

Verification of Implementation
Risk Evaluation IFRR

VaR 120018, 120019 Approved VaR

Probability 1 Improbable Usability Risk
2 Minor SW Risk Controls

Conditions

Sensor connections are unique to Gemini; Sensor on 
body location prominently indicated on display; 
Sensor body location saved; LEDs will not turn on if 
incorrect Sensor attached.

Risk Evaluation IR
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Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

 
Fault

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

 
Fault

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient, User

 
Fault

No
No
Yes

Disclosure

Residual Risk
Probability

4.5.5.7 Sensor, preamp, or monitor used near and attracted to MRI magnet causing damage to 
equipment, physical injury to nearby personnel or patient due to unintended motion, or injury to patient 
due to pull on Sensor/cabling.

2 Remote Hazard
Severity

Type Description Verification of Implementation Verification of Effectiveness

2 Minor
DFU helps mitigate Risk

VaR 120018, 120019 
CCS 03-58-3000

Usability Risk
Severity

Statement(s) in DFU includes risk disclosure

Probability 1 Improbable

4 Critical Identification
Risk Evaluation

Information for Safety

Protective measures in device or 
Mfg Process

4.5.5.6 Improperly assembled or damaged (from fall or impact with hard object) Medical Device 
housing or Sensor causing shape edges and pinch points to exist resulting in cut/laceration type injury.

Initial Risk
Probability 2 Remote Hazard
Severity 2 Minor Identification

Risk Evaluation IFRR Conditions

Statement(s) in DFU includes risk disclosure

Conditions

R
sk

 C
on

tro
 M

ea
su

re
s Type Description Verification of Implementation Verification of Effectiveness

Inherently Safe by Design

DFU helps mitigate Risk

Enclosure and Sensor designed to meet mechanical 
requirements of standard

Designed to meet IEC 60601-1
VaR 120018, 120019 

VaR 120018, 120019 
CCS 03-58-3000

Approved VaR
Approved PS

DFU defines inspection of medical device & 
accessories prior to use, DFU indicates not to use 
damaged medical device or accessories, "Safety 
Symbol - Follow Instructions for Use” is used.

VaR 120018, 120019 
CCS 03-58-3000

Approved VaR

Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process

Information for Safety

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

2 Minor
IFRR Conditions

4.5.5.5 Improperly assembled or damaged (from fall or impact with hard object) Medical Device 
housing or Sensor can cause electrical burns or exposure to high electrical currents resulting in injury.

IR

1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Type

R
sk
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M
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Initial Risk
Probability 2 Remote Hazard
Severity

Residual Risk

R
sk
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M
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s

N/A
N/A

Medical device or patient cable/Sensor are designed 
to have no sharp edges

Designed to meet IEC 60601-1
VaR 120018, 120019 

IEC 60601-1 Compliance
Approved VaR

Approved VaR

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 

VaR 120018, 120019 
CCS 03-58-3000

Approved VaR
Approved PS

DFU defines inspection of medical device and 
accessories prior to use, DFU indicates not to use 
damaged medical device or accessories

Probability

Identification
Risk Evaluation

DFU indicates that special precautions may be 
required if the device is placed close to a strong 
transmitter such as X-ray equipment, MRI devices, 
etc , "Safety Symbol - Follow Instructions for Use” is 
used.

VaR 120018, 120019 Approved VaR

Risk Evaluation IR

IEC 60601-1 Compliance
Approved VaR

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 

Risk Evaluation IR DFU helps mitigate Risk
None - Statement(s) in DFU have been deemed sufficient

Description

Inherently Safe by Design
Protective measures in device or 
Mfg Process

SW Risk Controls
Risk Evaluation

Initial Risk
IFRR

Information for Safety
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Hazardous 
Situation

Risk to: Patient

Normal
Fault

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

Normal
Fault

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

 
Fault

No
No
Yes

Disclosure

2 Remote Hazard

Initial Risk
Probability 2 Remote Hazard

Approved VaR

Type

SW Risk ControlsResidual Risk 1 Negligible

VaR 120018, 120019 Approved VaR

4.5.5.10 During normal operations, liquids (8 oz. of water) may be spilled on top of the monitor, in one 
event lasting < 15 sec and wet internal parts that can cause exposure to high electrical currents 
resulting in injury.

Approved PS

Information for Safety DFU defines inspection of medical device & 
accessories prior to use; DFU indicates not to use 
damaged medical device or accessories.

R
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M
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s

Type Description Verification of Implementation

Residual Risk
Probability 1 Improbable Usability Risk
Severity 1 Negligible SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk

R
sk
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s

Type Description Verification of Implementation Verification of Effectiveness

Initial Risk
Probability

Risk Evaluation IFRR Conditions

VaR 120018, 120019 

SW Risk Controls
Risk Evaluation IR DFU helps mitigate Risk

Statement(s) in DFU includes risk disclosure

N/A

Identification
Risk Evaluation IFRR Conditions

Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process
Information for Safety

N/A

4.5.5.8 Sensor, preamp, or monitor stored in acceptable environment (temp & humidity) and is used 
before acclimated to acceptable operating environment allowing device readings to be incorrect 
resulting in a lack, delay or over treatment of patient.

Severity 3 Serious Identification

DFU indicates to allow device to adjust to the current 
operating environment, "Safety Symbol - Follow 
Instructions for Use” is used.

Approved VaR

Cross hatch ribs in handle, tongue and groove seam 
between top and lower handle assembles, 4 points of 
attachment (screws) to retain handle, Increased wall 
thickness of handle assemblies, Handles tested to x4 
load rating

2 Minor

Inherently Safe by Design

4.5.5.9 Mechanical damage to device handle due to fall or impact with hard object, causing unit to fall 
while attempting to be moved.

Probability 2 Remote

Description

Hazard
Severity 2 Minor

Usability Risk
Severity

IEC 60601-1 Compliance
Approved VaR

Initial Risk

Verification of Implementation

Protective measures in device or 
Mfg Process

Mfg PS 03-58-0500 Process Sheet for Gemini 
Sensor.
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Residual Risk
Probability 1 Improbable

Probability 1 Improbable Usability Risk
Severity

CCS 03-58-0500

Verification of Effectiveness
Inherently Safe by Design Medical Grade Power Supplies; No direct opening 

near AC components; Baffled framework on bottom 
of chassis allows for fluid egress.

Designed to meet IEC 60601-1
VaR 120020

None - Statement(s) in DFU have been deemed sufficient

VaR 120018, 120019 Approved VaR

Severity 3 Serious Identification
Risk Evaluation IFRR Conditions

Information for Safety DFU directs user to keep all fluids away from device 
and to thoroughly dry device (min 1 hr) in event 
device gets wet, DFU indicates proper cleaning 
procedure when using cleaning solutions, "Safety 
Symbol - Follow Instructions for Use” is used.

VaR 120018, 120019 

Statement(s) in DFU includes risk disclosure

Protective measures in device or 
Mfg Process

N/A

Risk Evaluation IR DFU helps mitigate Risk
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Hazardous 
Situation

Risk to: Patient

Normal
 

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

Normal
 

No
No
Yes

Disclosure

Hazard
Hazardous 
Situation

Risk to: Patient

Normal
 

No
No
Yes

Disclosure

Information for Safety DFU directs user to thoroughly dry device in event 
device gets wet (min 1 hr), DFU indicates proper 
cleaning procedure when using cleaning solutions, 
"Safety Symbol - Follow Instructions for Use” is used.

VaR 120018, 120019 Approved VaR

Residual Risk
Probability 1 Improbable Usability Risk
Severity 1 Negligible SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk
Statement(s) in DFU includes risk disclosure

Initial Risk
Probability 2 Remote Hazard
Severity 3 Serious Identification

Risk Evaluation IFRR Conditions

R
sk

 C
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tro
 M

ea
su

re
s Type Description Verification of Implementation Verification of Effectiveness

Inherently Safe by Design NSAM modules use 15 VDC, housing electrical 
components use non-conductive plastic material

Designed to meet IEC 60601-1
VaR 120020

IEC 60601-1 Compliance
Approved VaR

Protective measures in device or 
Mfg Process

N/A

IEC 60601-1 Compliance
Approved VaR

Protective measures in device or 
Mfg Process

N/A

Information for Safety DFU directs user to thoroughly dry device in event 
device gets wet (min 1 hr), DFU indicates proper 
cleaning procedure when using cleaning solutions, 
"Safety Symbol - Follow Instructions for Use” is used.

Initial Risk
Probability 2 Remote Hazard

4.5.5.11 During normal operations, liquids (1 liter of water) may be spilled on the preamp housing, in 
one event lasting < 30 sec and wet internal parts that can cause exposure to high electrical currents 

 n njury
Severity 3 Serious Identification

VaR 120018, 120019 Approved VaR
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Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design NSAM modules use 15 VDC, housing electrical 

components use non-conductive plastic material, 
Cable openings use rubber grommets to limit fluid 
ingress

Designed to meet IEC 60601-1
VaR 120020

R
sk
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 M
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s

Residual Risk
Probability 1 Improbable Usability Risk
Severity 1 Negligible SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk
Statement(s) in DFU includes risk disclosure

4.5.5.12 During normal operations, liquids (12 cc of water, 4cc/hr) may be dripped on the preamp 
housing, over a 4 hour period and wet internal parts that can cause exposure to high electrical 
currents resulting in injury.

Protective measures in device or 
Mfg Process

DFU & labeling define the procedure for attachment 
of the Sensor to the patient; DFU indicates that if 
measurements are in doubt alternate means to 
assess patient’s condition should be used.

1 Improbable Usability Risk

3 Serious

Probability
Residual Risk

Risk Evaluation IR

Approved VaR

None - Statement(s) in DFU have been deemed sufficient

Approved VaR

SW Risk Controls

Verification of Effectiveness

Identification
Risk Evaluation Conditions

Inherently Safe by Design A Tissue Perfusion Index (TPI) shall be displayed on 
the main screen for each channel & value.

DFU helps mitigate Risk

2 Remote
Initial Risk

Probability

Verification of Implementation
IFRR

Severity

VaR 120018, 120019 

Severity

VaR 120018, 120019 

N/A

Type Description

Information for Safety

Hazard

2 Minor

4.5.6 Incorrect measurement & other metrological aspects
4.5.6.1 Sensor positioned improperly over wrong body location allowing device readings to be 
incorrect resulting in a lack, delay or over treatment of patient.

Risk Evaluation IFRR Conditions
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Hazardous 
Situation

Risk to: Patient

Normal
 

Yes
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

 
Fault

No
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

Normal
 

No
Yes
Yes

Disclosure

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk
None - Statement(s) in DFU have been deemed sufficient

2 Remote Hazard
Severity 2 Minor Identification

Risk Evaluation IFRR Conditions

R
sk

 C
on

tro
 M

ea
su

re
s Type Description Verification of Implementation Verification of Effectiveness

Inherently Safe by Design Sensor off warning/alarm messages and/or StO2 
invalidation when raw input levels too low, 
measurement values not in physiological range, or 
spectral characteristics not representative of tissue.

VaR 120018, 120019 Approved VaR

Protective measures in device or 
Mfg Process

N/A

Information for Safety DFU indicates that if measurements are in doubt 
alternate means to assess the patient’s condition 
should be used.

VaR 120018, 120019 Approved VaR

4.5.6.4 Display of valid StO2 values from a non-human tissue site.

Initial Risk
Probability

Usability Risk

Residual Risk

Identification

R
sk

 C
on

tro
 M

ea
su

re
s

Information for Safety

Inherently Safe by Design

Severity

Approved VaR

VaR 120018, 120019 

Protective measures in device or 
Mfg Process

Hazard

Error message displayed; LEDs will not turn on if 
incorrect Sensor attached.

Initial Risk

2 Minor

Approved VaR

Approved VaR

Severity

DFU defines the approved Sensors to be used with 
the medical device; DFU & Labeling define the 
procedure for attachment of the Sensor to the 
patient; DFU indicates that if measurements are in 
doubt alternate means to assess the patient’s 
condition should be used.

Protective measures in device or 
Mfg Process

Probability

Identification

2 Remote
3 Serious

N/A

None - Statement(s) in DFU have been deemed sufficient

Verification of Effectiveness

IR

Residual Risk
Probability
Severity

Risk Evaluation

VaR 120018, 120019 

Initial Risk

POST & periodic system checks; Software algorithm 
output verified against development SW (used to 
obtain clinical data) output for all Sensor sizes based 
on body locations.

4.5.6.2 Medical Device used with an inappropriate size Sensor allowing device readings to be 
incorrect resulting in a lack, delay or over treatment of patient.

2 Remote

None - Statement(s) in DFU have been deemed sufficient

Type

SW Risk Controls

4.5.6.3 Software performance issue in Medical Device allowing device readings to be incorrect 
resulting in a lack, delay or over treatment of patient.

Risk Evaluation

Risk Evaluation

DFU helps mitigate Risk

R
sk

 C
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 M
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su
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s

Type Description Verification of Implementation
Inherently Safe by Design

1 Improbable
2 Minor

IR

Probability

Usability Risk
SW Risk Controls

VaR 120018, 120019 

3 Serious

Description Verification of Implementation
IFRR

Hazard

DFU helps mitigate Risk

IFRR

1 Improbable

Conditions

Risk Evaluation

Approved VaR

Verification of Effectiveness
VaR 120018, 120019 

Conditions

Information for Safety DFU defines interval for service or maintenance; 
DFU indicates that if measurements are in doubt 
alternate means to assess the patient’s condition 
should be used.

Severity
Probability

N/A
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Hazard
Hazardous 
Situation

Risk to: Patient

 
Fault

Yes
Yes
Yes

Disclosure

Hazard

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander
Normal
 

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

 
Fault

No
No
Yes

Disclosure

R
sk

 C
on

tro
 

M
ea
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Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor

VaR 120018, 120019 
CCS 03-58-3000

Approved VaR
Approved PS

DFU defines inspection of medical device and 
cable/Sensor prior to use

Initial Risk
Probability 2 Remote Hazard
Severity 2 Minor Identification

Risk Evaluation IFRR

R
sk

 C
on

tro
 

M
ea

su
re

s

Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process
Information for Safety

Residual Risk
Probability 1 Improbable

Residual Risk
Probability 1 Improbable Usability Risk

Initial Risk
Probability 2 Remote Hazard
Severity 3 Serious Identification

Risk Evaluation IFRR Conditions

Initial Risk
Probability 2 Remote Hazard
Severity 2 Minor Identification

Risk Evaluation IFRR Conditions

R
sk

 C
on

tro
 M

ea
su

re
s Type Description Verification of Implementation Verification of Effectiveness

Inherently Safe by Design

Protective measures in device or 
Mfg Process

Software recognition application for detection of 
connection to an approved medical device

VaR 120018, 120019 Approved VaR

VaR 120018, 120019 Approved VaRInformation for Safety

IEC 60601-1 Compliance
Approved VaR

DFU indicates there are no user serviceable parts 
inside the device

None - Statement(s) in DFU have been deemed sufficient

Medical device or patient cable/Sensor are designed 
to have no sharp edges

Designed to meet IEC 60601-1
VaR 120018, 120019 

IEC 60601-1 Compliance
VaR 120018, 120019 

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 

DFU helps mitigate Risk

Risk Evaluation IR DFU helps mitigate Risk

2 Minor

Severity 2 Minor SW Risk Controls

None - Statement(s) in DFU have been deemed sufficient

N/A

4.5.8.2 Medical Device is used in a manner allowing the housing to lose mechanical integrity and 
becomes broken causing shape edges and pinch points to exist resulting in cut/laceration type injury.

4.5.8 Sharp edges or points
4.5.8.1 Medical Device designed with shape edges and/or pinch points (external & internal) resulting in 
cut/laceration type injury.

Risk Evaluation IR

SW Risk Controls
Risk Evaluation IR DFU helps mitigate Risk

Conditions

Usability Risk
Severity

Information for Safety

SW Risk Controls

VaR 120018, 120019 
CCS 03-58-3000

Approved VaR

4.5.7 Incompatibility with consumables/accessories/other Medical Devices
4.5.7.1 Medical Device used in an inappropriate manner with incompatible consumables/accessories 
allowing device readings to be incorrect resulting in a lack, delay or over treatment of patient.

None - Statement(s) in DFU have been deemed sufficient

VaR 120018, 120019 

VaR 120018, 120019 
CCS 03-58-3000

Approved VaR

Medical device exterior designed to have no sharp 
edges, internal sharp edges are rolled or protected 
with guard 

Designed to meet IEC 60601-1
VaR 120018, 120019 

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor 

Approved VaR
Approved PS

Protective measures in device or 
Mfg Process

DFU indicates approved for use consumables / 
accessories / other medical device, DFU indicates 
that if measurements are in doubt, alternate means 
to assess patient’s condition should be used, Medical 
Device shipped with proper accessories
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Hazard

Hazardous 
Situation

Risk to: Patient

Normal
 

Yes
Yes
Yes

Disclosure

Hazard

Hazardous 
Situation

Risk to: Patient

Normal
Fault

Yes
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

Normal
Fault

Yes
Yes
Yes

Disclosure

4.5.10 Inadvertent / accidental change to a control

None - Statement(s) in DFU have been deemed sufficient

N/A

DFU defines proper operating instructions for medical 
device, DFU indicates to read before operating 
device

VaR 120018, 120019 Approved VaR

R
sk
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 M

ea
su

re
s

Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process
Information for Safety

Always visible Alarm LED, Alarm annunciation always 
includes audio tones regardless of display brightness, 
Brightness cannot be turned off, Lowest brightness 
setting still allows viewing of screen in normal use 
environment

VaR 120018, 120019 Approved VaR

Residual Risk
Probability 1 Improbable Usability Risk

Risk Evaluation IR DFU helps mitigate Risk

Statement(s) in DFU includes risk disclosure

Alarm Volume cannot be turned off, Lowest Alarm 
volume setting still audible in normal use 
environment, Alarm message and alarm icons visible 
on screen, Always visible Alarm LED

N/A

DFU includes statement that adjustment of alarm 
volume to a low level during patient monitoring may 
result in a hazard, "Safety Symbol - Follow 
Instructions for Use” is used.

VaR 120018, 120019 Approved VaR

Designed to meet IEC 60601-1-8
VaR 120018, 120019 

IEC 60601-1-8 Compliance
Approved VaR

Initial Risk
Probability 2 Remote Hazard
Severity 3 Serious Identification

Risk Evaluation IFRR Conditions
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Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

R
sk

 C
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M
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Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process
Information for Safety

Residual Risk
Probability 1 Improbable Usability Risk

IR DFU helps mitigate Risk

Protective measures in device or 
Mfg Process
Information for Safety

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk

Initial Risk
Probability 2 Remote Hazard
Severity 3 Serious

Initial Risk
Probability 2 Remote Hazard
Severity 2 Minor Identification

Risk Evaluation IFRR Conditions

4.5.9.1 Continuous LED output to patient Sensor site causes increase of temperature at Sensor site 
resulting in tissue injury.

Risk Evaluation

4.5.9 Lack of indication of output

4.5.10.2 Display brightness altered to lowest setting, allowing user to not see Alarm message resulting 
in a lack, delay or over treatment of patient.

N/A

Sensors LEDs produce little or no heat, Power to 
LED output is limited

4.5.10.1 Alarm Volume altered to lowest setting, allowing user to miss the Alarm tones resulting in a 
lack, delay or over treatment of patient.

Approved VaR

Identification
Risk Evaluation IFRR Conditions

Severity

None - Statement(s) in DFU have been deemed sufficient

VaR 120018, 120019 Approved VaR

2 Minor SW Risk Controls

DFU describes proper application of Sensor & to 
check Sensor site every 8 hours, DFU indicates 
LEDs on preamp are used as channel ID not that 
output LEDs are enabled

VaR 120018, 120019 

2 Minor SW Risk ControlsSeverity
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Category
Hazard

Hazardous 
Situation

Risk to: Patient

 
Fault

Yes
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

Normal
Fault

Yes
Yes
Yes

Disclosure

Hazard
Hazardous 
Situation

Risk to: Patient

 
Fault

Yes
Yes
Yes

Disclosure

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk

Information for Safety Approved VaR

IR

VaR 120018, 120019 

4.6.1 Mistakes & judgment errors or lapses & cognitive recall errors

Type Description

None - Statement(s) in DFU have been deemed sufficient

Protective measures in device or 
Mfg Process

Severity

N/A

3 Serious Identification
Risk Evaluation IFRR Conditions

Conditions

2 Minor

VaR 120018, 120019 

Verification of Effectiveness

Approved VaR

Approved VaRInherently Safe by Design Parameter name & units displayed adjacent to 
Numeric value.

Probability

Verification of Effectiveness

Hazard

Risk Evaluation

Verification of Implementation
Inherently Safe by Design

None - Statement(s) in DFU have been deemed sufficient

Hazard
Severity

Probability 2 Remote Hazard
Severity

IR DFU helps mitigate Risk
Severity SW Risk Controls

4.6.2 Violations of abbreviation of instructions, procedures, etc.

2 Remote

Risk Evaluation

DFU describes display icons

Verification of Implementation

4.6 Inappropriate, Inadequate or over-complicated user interface

Information for Safety

VaR 120018, 120019 Approved VaR

Conditions

DFU indicates Only skilled/trained personnel should 
operate the medical device; If measurements are in 
doubt alternate means to assess the patient’s 
condition should be used.

4.6.1.1 Medical Device presents information that are mistaken/ misinterpreted for actual values 
causing inaccurate diagnoses resulting in a lack, delay or over treatment of patient.

2 Remote
3 Serious

IFRR
Initial Risk

Parameter name & units displayed adjacent to 
Numeric value; TPI displayed on the main screen for 
each channel & value.

Probability

Usability Risk

Identification

Approved VaR

1 Improbable

N/A

SW Risk Controls

Inherently Safe by Design

R
sk
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s

Initial Risk
Probability

4.6.2.1 Abbreviations used with the Medical Device allow for misinterpretation of values causing 
inaccurate diagnoses resulting in a lack, delay or over treatment of patient.

3 Serious
IFRR

Identification

4.6.1.2 Arrangement of front panel controls allows user to incorrectly configure Medical Device for 
current type patient leading to incorrect readings and inaccurate diagnoses resulting in a lack, delay or 
over treatment of patient.

Initial Risk

N/A

VaR 120018, 120019 
Usability V&V Plan 21-07-0308

Approved VaR
Usability Results

User interface uses touchscreen with icons, Menu 
interface driven by touchscreen allow for navigation & 
selection; Current selections on screen are 
highlighted to indicate location, Feature state 
indicated by checkbox, numeric value or outline

VaR 120018, 120019 
Verification of Effectiveness

Protective measures in device or 
Mfg Process
Information for Safety

Description

Residual Risk
Risk Evaluation

Residual Risk
Probability
Severity

Risk Evaluation

R
sk
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on

tro
 M
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su

re
s Type

1 Improbable
2 Minor

Usability Risk

R
sk
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 M
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su

re
s

Type Description Verification of Implementation

Protective measures in device or 
Mfg Process

None - Statement(s) in DFU have been deemed sufficient

DFU indicates that if measurements are in doubt 
alternate means to assess the patient’s condition 
should be used; Any icons or abbreviations used are 
consistence with medical industry standards; 
Translations performed by a company fluent in the 
target language & is familiar with Medical 
terminology.

VaR 120018, 120019 

DFU helps mitigate Risk
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Hazardous 
Situation

Risk to: Patient

 
Fault

Yes
No
Yes

Disclosure

Hazard
Hazardous 
Situation

Risk to: Patient

 
Fault

Yes
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

 
Fault

Yes
Yes
Yes

Disclosure

Description Verification of Implementation

3 Serious

DFU helps mitigate Risk

Risk Evaluation

Severity

1 Improbable

DFU helps mitigate Risk

4.6.2.2 Abbreviations used with Medical Device DFU allow for misinterpretation of values causing 
inaccurate diagnoses resulting in a lack, delay or over treatment of patient.

2 Remote

Invalid information shall be presented as dashes & 
messages; Limit violation & Equipment alarm 
messages displayed; TPI displayed on main screen 
for each channel & value.

VaR 120018, 120019 

None - Statement(s) in DFU have been deemed sufficient

None - Statement(s) in DFU have been deemed sufficient

None - Statement(s) in DFU have been deemed sufficient

Hazard

Risk Evaluation

Probability

VaR 120018, 120019 

Conditions

Protective measures in device or 
Mfg Process

N/A

Severity
Risk Evaluation

Initial Risk
IFRR

Approved VaR

1 Improbable
2 Minor

IR
SW Risk Controls

Approved VaR

Residual Risk
Probability
Severity

Verification of Effectiveness

Initial Risk
Probability Hazard
Severity

Description Verification of Implementation
Inherently Safe by Design

4.6.3.2 Wrong size Sensor used on an inappropriate type/size patient allowing device readings to be 
incorrect causing inaccurate diagnoses resulting in a lack, delay or over treatment of patient.

2 Remote

R
sk

 C
on

tro
 M

ea
su

re
s Type Description

Information for Safety

Verification of Implementation
Inherently Safe by Design VaR 120018, 120019 Translations performed by a company fluent in the 

target language & is familiar with Medical 
terminology.

2 Remote
3 Serious

Approved VaR

Initial Risk
Conditions

Probability Hazard

Identification

VaR 120018, 120019 

Protective measures in device or 
Mfg Process

Identification

DFU helps mitigate Risk

R
sk

 C
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tro
 M

ea
su

re
s Type

3 Serious
IFRR

Approved VaR

IR

Inherently Safe by Design

Protective measures in device or 
Mfg Process

Type

Usability Risk

Verification of Effectiveness

Severity

Verification of Effectiveness

N/A

Approved VaR

2 Minor SW Risk Controls

Residual Risk
Probability
Severity

Risk Evaluation

R
sk
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Sensor on body location prominently indicated on 
display, Sensor body location saved; TPI displayed 
on the main screen for each channel & value.

VaR 120018, 120019 

Information for Safety DFU defines the pre-use checks prior to patient 
usage; DFU indicates that if measurements are in 
doubt alternate means to assess the patient’s 
condition should be used.

VaR 120018, 120019 

Residual Risk
Probability

Risk Evaluation

N/A

DFU indicates that if measurements are in doubt 
alternate means to assess the patient’s condition 
should be used; Any icons or abbreviations used are 
consistence with medical industry standards.

Information for Safety DFU indicates that if measurements are in doubt 
alternate means to assess the patient’s condition 
should be used.

IR

4.6.3 Complex, confusing, ambiguous or unclear device state
4.6.3.1 Medical Device displays ambiguous or unclear states that allow misinterpretation of values 
causing inaccurate diagnoses resulting in a lack, delay or over treatment of patient.

1 Improbable
2 Minor

IFRR

Usability Risk

Usability Risk
SW Risk Controls

Risk Evaluation Conditions

Approved VaR

Identification
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Hazard

Hazardous 
Situation

Risk to: Patient

 
Fault

Yes
Yes
Yes

Disclosure

Hazard

Hazardous 
Situation

Risk to: Patient

Normal
Fault

Yes
Yes
Yes

Disclosure

Hazard

Hazardous 
Situation

Risk to: Patient

Normal
Fault

Yes
Yes
Yes

Disclosure

4.6.5 Insufficient Visibility
4.6.5.1 Erroneous or lack of visual information (e.g., limited viewing angle of display) on Medical 
Device that allows for misinterpretation of values causing inaccurate diagnoses resulting in a lack, 
delay or over treatment of patient.

2 Remote

1 Improbable

DFU helps mitigate Risk

2 Remote
3 Serious

IFRR

SW Risk Controls

None - Statement(s) in DFU have been deemed sufficient

None - Statement(s) in DFU have been deemed sufficient

None - Statement(s) in DFU have been deemed sufficient

Information for Safety

4.6.4 Ambiguous or unclear presentation of setting, measurement or other information state
4.6.4.1 Medical Device displays ambiguous or unclear settings that allow misinterpretation of values 
causing inaccurate diagnoses resulting in a lack, delay or over treatment of patient.

Probability

Approved VaRDFU indicates that if measurements are in doubt 
alternate means to assess the patient’s condition 
should be used.

VaR 120018, 120019 

Type Description Verification of Implementation
Inherently Safe by Design

N/A

Description

Hazard
Severity

R
sk

 C
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IFRR

Usability Risk

2 Remote

Type

Protective measures in device or 
Mfg Process

2 Minor
IR

Residual Risk
Probability
Severity

Conditions
Initial Risk

Invalid information shall be presented as dashes & 
messages; Limit violation & Equipment alarm 
messages displayed; TPI displayed on main screen 
for each channel & values described in DFU; USB 
saved data output indicate Sensor locations & patient 
parameters.

VaR 120018, 120019 

Risk Evaluation

Hazard
Severity Identification

Protective measures in device or 
Mfg Process

Verification of Effectiveness

R
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Type Description Verification of Implementation
Inherently Safe by Design Unit provides brightness adjustments for improved 

visibility in varying light conditions; Anti-glare coating 
on display lens; Wide-viewing angle LCD selected; 
POST & periodic Power Supply checks; Highly visible 
numerics & traces due to high contrast of colors.

OEM Display design 
documentation, VaR 120018, 
120019 

Protective measures in device or 
Mfg Process

N/A

Residual Risk
Probability
Severity

Risk Evaluation

Initial Risk
Probability

Information for Safety DFU indicates that if measurements are in doubt 
alternate means to assess the patient’s condition 
should be used.

VaR 120018, 120019 

Initial Risk

Risk Evaluation

Approved VaR

R
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Residual Risk
Probability

3 Serious
IFRR

Approved VaR

Approved VaR

1 Improbable
2 Minor

IR

4.6.6 Insufficient Audibility
4.6.6.1 Lack of audible feedback on Medical Device that allows for missing Alarm conditions causing 
inaccurate diagnoses resulting in a lack, delay or over treatment of patient.

Verification of Effectiveness

Conditions

Information for Safety

Identification
Risk Evaluation Conditions

Approved VaRVaR 120018, 120019 

N/A

IR
2 Minor

Usability Risk
SW Risk ControlsSeverity

Risk Evaluation

DFU indicates that if measurements are in doubt 
alternate means to assess the patient’s condition 
should be used; DFU indicates to verify operation of 
tones via Limit testing.

VaR 120018, 120019 

Audible output may be allowed to be turned down, 
and not turned off, POST Audio test; Speaker 
position in front of device; Visual indicators remain 
even if audio is muted/silenced.

Verification of Effectiveness

Verification of Implementation
Inherently Safe by Design

SW Risk Controls

3 Serious

1 Improbable

Probability Hazard
Severity Identification

Risk Evaluation

DFU helps mitigate Risk

DFU helps mitigate Risk

Approved VaR

Usability Risk
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Category
Hazard

Hazardous 
Situation

Risk to: Patient

 
Fault

No
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

 
Fault

No
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

 
Fault

No
Yes
Yes

Disclosure

Verification of Implementation

None - Statement(s) in DFU have been deemed sufficient

None - Statement(s) in DFU have been deemed sufficient

None - Statement(s) in DFU have been deemed sufficient

Protective measures in device or 
Mfg Process

Residual Risk

Residual Risk
Probability
Severity

Risk Evaluation

Inherently Safe by Design
Description

Information for Safety

Identification
Risk Evaluation

R
sk

 C
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tro
 M

ea
su
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s

Initial Risk

Usability Risk

Conditions

4.7.1.2 Calculated FS Data is collected erroneous due to a software performance issue allowing FS 
Data readings to be incorrect causing inaccurate diagnoses resulting in a lack, delay or over treatment 
of patient.

2 Remote
3 Serious

IFRR

Type

Severity

Residual Risk

VaR 120018, 120019 
CCS 03-58-3000

N/A

Probability

3 Serious

Initial Risk
Probability Hazard
Severity Identification

Risk Evaluation

R
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M
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s
R

sk
 C
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ea

su
re

s Type Description

Protective measures in device or 
Mfg Process

N/A

Initial Risk
Probability

Verification of Implementation
Inherently Safe by Design

Approved PS

Approved VaR

Approved VaR

POST & periodic RS232 checks; Serial output 
protocol based on documented format;

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor.

CCS 03-58-3000

Risk Evaluation

Hazard

Conditions

2 Minor
IR DFU helps mitigate Risk

Hazard

Conditions

1 Improbable

Verification of Effectiveness

Usability Risk

Information for Safety

3 Serious
IFRR

Severity

DFU indicates that if measurements are in doubt 
alternate means to assess the patient’s condition 
should be used.

VaR 120018, 120019 

4.7 Hazards arising from functional failure, maintenance & aging & contributing factors

DFU helps mitigate Risk

Severity

VaR 120018, 120019 

IFRR

Approved VaR
Approved PS

DFU helps mitigate Risk

DFU indicates that if measurements are in doubt 
alternate means to assess the patient’s condition 
should be used.

VaR 120018, 120019 

Verification of Implementation
Inherently Safe by Design Software calculations for FS Data Collection are 

based on simple algorithms; FS Data transfer to USB 
Patient data file or snapshot/print feature.

VaR 120018, 120019 

2 Remote

Probability

Information for Safety

DFU indicates that if measurements are in doubt 
alternate means to assess the patient’s condition 
should be used.

Risk Evaluation

Protective measures in device or 
Mfg Process

Verification of Effectiveness

SW Risk Controls

Usability Risk
SW Risk Controls

4.7.1.1 Internal data transfer is erroneous allowing device readings to be incorrect causing inaccurate 
diagnoses resulting in a lack, delay or over treatment of patient.

Probability

VaR 120018, 120019 
Description

Identification

Approved VaR

Approved VaR

1 Improbable
2 Minor

IR

4.7.1.3 Medical Device readings are transmitted erroneously due to a software performance issue or 
faulty connection allowing remote readings to be incorrect causing inaccurate diagnoses resulting in 
wrong course of patient treatment leading to ischemic or hypoxic injury.

POST & periodic RS232 checks; Communications 
between NSAM & Main ctrl board uses checksum'ed 
information; Invalid received data not use/displayed; 
Lack of continuous missing data will cause system 
alarm; Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor.

Severity

SW Risk Controls

Approved VaR

1 Improbable
2 Minor

IR

Type Verification of Effectiveness

Risk Evaluation

4.7.1 Erroneous data transfer

2 Remote
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Hazard

Hazardous 
Situation

Risk to: Patient

Normal
Fault

No 
Yes
Yes

Disclosure

Hazard
Hazardous 
Situation

Risk to: Patient, User, 
Service, Bystander

 
Fault

No
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Service, Bystander

 
Fault

No
No
Yes

Disclosure

DFU helps mitigate Risk

Usability Risk
SW Risk Controls

4.7.3.2 Improperly assembled or damaged (from fall or impact with hard object) Medical Device 
housing or Sensor causing shape edges & pinch points to exist resulting in cut/laceration type injury.

VaR 120018, 120019 

N/A

Probability Hazard
Severity

Type Description Verification of Implementation

Verification of Implementation
Inherently Safe by Design

None - Statement(s) in DFU have been deemed sufficient

Statement(s) in DFU includes risk disclosure

None - Statement(s) in DFU have been deemed sufficient

No NSAM user calibration required; Sensor 
Calibration performed at factory; POST & periodic 
hardware checks (Power Supply, Memory, USB, 
VGA & RS232).

Initial Risk

Inherently Safe by Design Medical Grade Power Supply, Fused power entry 
module w/fuses accessible w/o line cord, Chassis 
leakage current < 100 �A, patient leakage current < 
10 �A, No exposed or access to AC components, 
rigid metal chassis; Preamp & Sensor contains only 
low voltage.

Usability Risk

VaR 120018, 120019 Information for Safety DFU defines inspection of medical device; Preamp & 
Sensor prior to use; DFU indicates not to use 
damaged medical device or accessories, "Safety 
Symbol - Follow Instructions for Use” is used.

Risk Evaluation

4.7.3.1 Improperly assembled or damaged (from fall or impact with hard object) Medical Device 
housing or Sensor can cause electrical burns or exposure to high electrical currents resulting in injury.

IFRR

DFU helps mitigate Risk
2 Minor

Approved VaR

Probability

IR

2 Minor
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Residual Risk
DFU helps mitigate Risk

IR

1 Negligible

Initial Risk

R
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s

Designed for standard hospital environments; 
Medical device, Preamp & Sensor are designed to 
have no sharp edges.

VaR 120018, 120019 
Verification of Effectiveness

Identification
Conditions

Inherently Safe by Design

CCS 03-58-3000
CCS 03-58-3008
CCS 03-58-0500

Initial Risk

R
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Residual Risk

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor; Mfg PS 03-58-3008 Process Sheet for 
Gemini Preamp; Mfg PS 03-58-0500 Process Sheet 
for Gemini Sensors.

CCS 03-58-3000
CCS 03-58-3009
CCS 03-58-0500

Verification of Effectiveness

2 Remote
4 Critical

Residual Risk
Probability

Information for Safety DFU defines inspection of medical device & 
accessories prior to use; DFU indicates not to use 
damaged medical device or accessories.

VaR 120018, 120019 

Risk Evaluation

1 Improbable

DFU defines the interval for pre maintenance 
functional checks; DFU indicates that if 
measurements are in doubt; alternate means to 
assess the patient’s condition should be used; DFU 
indicates only authorized personnel should service 
medical device.

Information for Safety

Designed to meet IEC 60601-1
Type

Probability

SW Risk Controls

Protective measures in device or 
Mfg Process

4.7.3 Loss of electrical/mechanical integrity

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor; Mfg PS 03-58-3008 Process Sheet for 
Gemini Preamp; Mfg PS 03-58-0500 Process Sheet 
for Gemini Sensors.

Risk Evaluation

2 Remote

VaR 120018, 120019 

1 Improbable

1 Improbable
2 Minor

IR
Severity

Description Verification of Implementation
IEC 60601-1 Compliance

Approved PS

Risk Evaluation

IFRR

Approved VaR

4.7.2 lack/delay of, or inadequate specifications for maintenance, including inadequate specification of post maintenance 
functional checks.

Probability Hazard
Severity

Conditions
Identification

Risk Evaluation

Severity

Approved VaR

IFRR

Approved VaR

Type Description

Protective measures in device or 
Mfg Process

Protective measures in device or 
Mfg Process

4.7.2.1 Medical Device readings are displayed erroneously due to lack/delay of specifications of 
maintenance checks allowing device readings to be incorrect causing inaccurate diagnoses resulting 
in a lack, delay or over treatment of patient.

2 Remote
3 Serious

Verification of Effectiveness

Probability Hazard

Risk Evaluation

Usability Risk
SW Risk Controls

Approved PS

Approved VaR

Severity

Severity Identification
Conditions
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Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander
 
Fault

No
No
Yes

Disclosure

Hazard

Hazardous 
Situation

Risk to: Patient

Normal
Fault

Yes
Yes
Yes

Disclosure

Hazard

Hazardous 
Situation

Risk to: Patient

 
Fault

Yes
Yes
Yes

Disclosure

None - Statement(s) in DFU have been deemed sufficient

None - Statement(s) in DFU have been deemed sufficient

None - Statement(s) in DFU have been deemed sufficient

Hazard
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Residual Risk

Identification
Risk Evaluation

Usability Risk

R
sk
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s Type

Sampling of Hospital Practices 
using Tissue Oximeters
VaR 120018, 120019 

DFU helps mitigate Risk

1 Improbable Usability Risk

Hazard

4.7.3.3 Improperly assembled Monitor, Preamp or Sensor can cause electrical components (caps, 
diodes rectifiers, etc.) to be expelled resulting in cut/laceration type injury.

DFU & labeling defines the use of disposable Sensor; 
DFU indicates that if measurements are in doubt 
alternate means to assess the patient’s condition 
should be used.

VaR 120018, 120019 

Severity

Verification of Effectiveness

Identification
Risk Evaluation

1 Improbable

4.7.5.1  Medical Device controls become inoperable due to age/use & not allowing user to enter 
proper patient data or forced to use existing patient case allowing device readings to be incorrect 
causing inaccurate diagnoses resulting in a lack, delay or over treatment of patient.

Residual Risk

Protective measures in device or 
Mfg Process

2 Remote

Initial Risk

Initial Risk
Probability

1 Improbable
2 Minor

IR

Information for Safety

Touchscreen has >1 million actuations in same 
location; POST & periodic power supply checks; 
User may need to start acquisition before values 
displayed; TPI displayed on the main screen for each 
channel & value.

N/A

Standard Hospital practice for proper use of single 
use medical devices; Software recognition software 
for detection of connection to an approved medical 
device.

Approved PS

Severity

Conditions

Probability

DFU helps mitigate Risk

Probability

Risk Evaluation
Identification

Severity 2 Minor SW Risk Controls
Risk Evaluation

Description Verification of Implementation

Inherently Safe by Design

IR

Probability
Severity

Information for Safety

2 Remote
3 Serious

IFRR

Verification of Effectiveness
Inherently Safe by Design Medical Grade Power Supply; Sensor, Preamp & 

NSAM modules use <15 VDC; No exposed 
components; Use of non-conductive plastic material 
covering; Monitor has no exposed components; Use 
of internal metal cage & outer plastic cover; Sensor 
uses soft plastic cover capable of containing expelled 
components.

Designed to meet IEC 60601-1
VaR 120018, 120019 
100% visual inspection & testing of 
Sensors, Burning procedure for 
monitor & preamps

IEC 60601-1 Compliance
Approved VaR
Sensor visual reports

Initial Risk

DFU helps mitigate RiskIR

OEM Documentation
VaR 120018, 120019 

Protective measures in device or 
Mfg Process

Residual Risk
Probability

R
sk
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Type
Approved PN & BOM
Approved VaR

SW Risk Controls

Approved VaRDFU defines inspection of medical device prior to 
use.

VaR 120018, 120019 

1 Negligible
Risk Evaluation

N/A

Approved VaR

Probability
Severity

Usability Risk
SW Risk Controls

Verification of Effectiveness

Risk Evaluation

Hazard

IFRR

4.7.5 Deterioration in function as a result of repeated use

4.7.4 Re-use and/or improper re-use
4.7.4.1 Re-use of disposable, single-use Sensor (e.g., by user reprocessing, or non-removal of release 
liner on adhesive type Sensors) allowing device readings to be incorrect causing inaccurate diagnoses 
resulting in a lack, delay or over treatment of patient.

Information for Safety DFU defines inspection of medical device & 
accessories prior to use; DFU indicates not to use 
damaged medical device or accessories.

VaR 120018, 120019 Approved VaR

Description

Severity 3 Serious

Type Description

2 Remote
3 Serious

IFRR

Approved VaR

Protective measures in device or 
Mfg Process

Conditions
Verification of Implementation

Inherently Safe by Design

Conditions

Mfg PS 03-58-3000 Process Sheet for Gemini 
Monitor; Mfg PS 03-58-3008 Process Sheet for 
Gemini Preamp; Mfg PS 03-58-0500 Process Sheet 
for Gemini Sensors.

CCS 03-58-3000
CCS 03-58-3008
CCS 03-58-0500

Verification of Implementation
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Hazardous 
Situation

Risk to: Patient

 
Fault

No
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

 
Fault

No
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

 
Fault

Yes
Yes
Yes

Disclosure None - Statement(s) in DFU have been deemed sufficient

DFU helps mitigate Risk

DFU helps mitigate Risk

DFU helps mitigate Risk

None - Statement(s) in DFU have been deemed sufficient

None - Statement(s) in DFU have been deemed sufficient

Residual Risk

R
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Information for Safety

SW Risk Controls

Usability Risk
SW Risk Controls

Usability Risk
SW Risk Controls

Severity
Conditions

Identification
Risk Evaluation

IFRR

Approved PN & BOM
Approved VaR

OEM Documentation
VaR 120018, 120019 

Initial Risk

Residual Risk
Probability
Severity

Severity

Risk Evaluation

Preamp to Sensor connectors have a minimum 750 
mating cycles; Invalid computed information shall 
either present as dashes or a warning message.

Type Description

1 Improbable

2 Remote

Probability

Information for Safety Approved VaR

DFU indicates that if measurements are in doubt 
alternate means to assess the patient’s condition 
should be used.

Risk Evaluation

MTBF for LCD Backlight > 25,000 hrs to 50% 
brightness; POST & periodic power supply checks.

OEM Documentation
VaR 120018, 120019 

Usability Risk

VaR 120018, 120019 

3 Serious

Hazard
Initial Risk

Risk Evaluation

N/A

Initial Risk
Probability Hazard
Severity

Residual Risk
Probability

IFRR

Approved PN & BOM
Approved VaR

Verification of Effectiveness

4.7.5.2 Medical Device LCD become partially inoperable due to age/use & not allowing user to fully 
view patient data & causes inaccurate diagnoses resulting in a lack, delay or over treatment of patient.

4.7.5.3 Medical Device calibration data incorrect that allows device readings to be incorrect causing 
inaccurate diagnoses resulting in a lack, delay or over treatment of patient.

Identification

IFRR

Conditions

Protective measures in device or 
Mfg Process

2 Minor
IR

Risk Evaluation
Verification of Effectiveness

Approved VaR

1 Improbable
2 Minor

IR

N/AProtective measures in device or 
Mfg Process

Type Description Verification of Implementation

Risk Evaluation

4.7.5.4 Patient connectors become inoperable due to age/use & mechanical insertion/extraction 
allowing device readings to be incorrect causing inaccurate diagnoses resulting in a lack, delay or over 
treatment of patient.

2 Remote

Conditions

Severity

Approved VaR

Probability

Approved PS

Approved VaR

Mfg PS 03-58-0500 Process Sheet for Gemini 
Sensor

CCS 03-58-0500

2 Remote
3 Serious

Verification of Effectiveness

Probability

1 Improbable
2 Minor

IR
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Information for Safety DFU indicates that if measurements are in doubt 
alternate means to assess the patient’s condition 
should be used.

VaR 120018, 120019 

Inherently Safe by Design

Hazard
Severity Identification3 Serious

Verification of Implementation
Inherently Safe by Design Sensor Flash R/W check; Redundant checksum 

storage of critical calibration data.
VaR 120018, 120019 

R
sk
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 M
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s Type Description Verification of Implementation

Inherently Safe by Design

DFU defines inspection of medical device prior to 
use; DFU indicates that if measurements are in doubt 
alternate means to assess the patient’s condition 
should be used.

Protective measures in device or 
Mfg Process

VaR 120018, 120019 
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Hazardous 
Situation

Risk to: Patient

Normal
 

Yes
No
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

 
Fault

No
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

 
Fault

No
Yes
Yes

Disclosure

Initial Risk
Probability 2 Remote Hazard
Severity 3 Serious Identification

Risk Evaluation IFRR Conditions

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk

R
sk

 C
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tro
 M
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su

re
s Verification of Effectiveness

Inherently Safe by Design

Protective measures in device or 
Mfg Process

Information for Safety (DFU)

Approved BOM
Approved VaR

Approved VaRVaR 120018, 120019 

OEM Documentation
VaR 120018, 120019 

Fan has a rated life time of 45,000 hours; If fan stops 
and the internal device temp reaches a maximum 
threshold device will perform auto-shut off

R
sk

 C
on

tro
 M

ea
su
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Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process
Information for Safety (DFU)

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk

Approved BOM
Approved VaR

DFU indicates that if measurements are in doubt, 
alternate means to assess the patient’s condition 
should be used

VaR 120018, 120019 

Preamp-Sensor connectors have a minimum 750 
mating cycle rating, Preamp-device connectors have 
a minimum 5000 mating cycle rating; Invalid 
computed information shall either presented as 
dashes with warning message

N/A

OEM Documentation
VaR 120018, 120019 

Approved VaR

Initial Risk
Probability 2 Remote Hazard
Severity 3 Serious Identification

Risk Evaluation IFRR Conditions

None - Statement(s) in DFU have been deemed sufficient

Description

None - Statement(s) in DFU have been deemed sufficient

4.7.5.7 Fans become inoperable due to age/use leading to an internal temp above stated 
environmental limits allowing device readings to be incorrect causing inaccurate diagnoses resulting in 
a lack, delay or over treatment of patient.

4.7.5.6 Patient connectors become inoperable due to age/use and mechanical insertion/extraction 
allowing device readings to be incorrect causing inaccurate diagnoses resulting in a lack, delay or over 
treatment of patient.

Verification of Implementation

None - Statement(s) in DFU have been deemed sufficient

N/A

DFU indicates that if measurements are in doubt, 
alternate means to assess the patient’s condition 
should be used

Type

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk

R
sk

 C
on

tro
 

M
ea

su
re

s

Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design Labels & printing specified to withstand multiple 

cleanings; Touchscreen & bezel assembly is 
designed to be limit fluid ingress; Adhesives & 
materials are UL approved.

OEM Documentation
VaR 120018, 120019 

Approved PN & BOM

Protective measures in device or 
Mfg Process

N/A

Information for Safety (DFU) DFU contains explanation of markings on device VaR 120018, 120019 Approved VaR

4.7.5.5 Medical Device or Accessories warning/safety labels becomes unreadable due to cleaning 
over long period of time that allows for improper use of device & causes delay of treatment of patient.

Initial Risk
Probability 2 Remote Hazard
Severity 3 Serious Identification

Risk Evaluation IFRR Conditions
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Category
Hazard

Hazardous 
Situation

Risk to: Patient

Normal
 

No
Yes
Yes

Disclosure

Category
Hazard

Hazardous 
Situation

Risk to: Patient

Normal
Fault

Yes
No
Yes

Disclosure

Category
Hazard

Hazardous 
Situation

Risk to: Patient

 
Fault

No
No
Yes

Disclosure

1 Improbable Usability Risk
Severity

4.8 DFU provided electronically
4.8.1 Instructions for Use regarding safety not available to User

Statement(s) in DFU includes risk disclosure

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk
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Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design Medical Grade Power Supplies; No direct opening 

near AC components; Baffled framework on bottom 
of chassis allows for fluid egress.

Designed to meet IEC 60601-1
VaR 120018, 120019 

IEC 60601-1 Compliance
Approved VaR

Protective measures in device or 
Mfg Process

N/A

Information for Safety (DFU) DFU directs user to keep all fluids away from device 
and to thoroughly dry device in event device gets wet 
(min 1 hr), DFU indicates proper cleaning procedure 
when using cleaning solutions, "Safety Symbol - 
Follow Instructions for Use” is used.

VaR 120018, 120019 Approved VaR

DFU helps mitigate Risk

4.10 Fluid ingress
4.10.1 Electricity 
4.10.1.1 Medical Device allows fluid ingress that allows shorted AC electrical connection in Medical 
Device causing an electrical potential on the monitor case resulting in shock or affecting heart rhythm.

Initial Risk
Probability 2 Remote Hazard
Severity 3 Serious Identification

Risk Evaluation IFRR Conditions

Residual Risk
Probability

None - Statement(s) in DFU have been deemed sufficient

2 Minor SW Risk Controls
Risk Evaluation IR
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s Type Description Verification of Implementation Verification of Effectiveness

Inherently Safe by Design Fuse & AC ratings presented on rear Label; 
Warrantee void label across part seem deters user 
from opening device; Only Fuses are allowed to be 
replace by User (Biomed), no other serviceable 
parts.

VaR 120018, 120019 Approved VaR

Protective measures in device or 
Mfg Process

N/A

Information for Safety (DFU) DFU indicates that there are no user serviceable 
parts.

VaR 120018, 120019 Approved VaR

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk

4.9 Replacement Parts
4.9.1 Lack of, or inadequate specifications for replacement parts
4.9.1.1 Medical Device becomes inoperative due to lack of specifications of replacement parts (Lower 
rated fuse) allowing for delay of treatment of patient. Note: Higher rated fuse may cause delay to 
become inoperable with second fault (short).

Initial Risk
Probability 2 Remote Hazard
Severity 2 Minor Identification

Risk Evaluation IFRR Conditions

None - Statement(s) in DFU have been deemed sufficient

4.8.1.1 User does not have access to view provided electronic copy of DFU safety instructions, that 
allows for improper use of device & causes delay of treatment of patient.

Initial Risk
Probability 2 Remote Hazard
Severity 2 Minor Identification

Risk Evaluation IFRR Conditions
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s Type Description Verification of Implementation Verification of Effectiveness

Inherently Safe by Design Required labeling: Fuse AC ratings, IPX & RX 
statement found on rear Label; Ambient light 
detection; SW confirmation of proper sensor w/ valid 
body location; Sensor generate small amount of heat.

VaR 120018, 120019 Approved VaR

Protective measures in device or 
Mfg Process

N/A

Information for Safety (DFU) Warnings are provided to the user as a paper copy 
User Manual and Large Sensor DFU

VaR 120018, 120019 Approved VaR
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Hazard

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Bystander

Normal
 

No
No
No

Disclosure

Hazard

Hazardous 
Situation

Risk to: User

 
Fault

No
No
Yes

Disclosure

Category
Hazard

Hazardous 
Situation

Risk to: Patient

Normal
Fault

No
Yes
Yes

Disclosure

Residual Risk
Probability 1 Improbable Usability Risk

Battery is re-chargeable gel type (no liquids) & can 
remain idle for extended periods w/o leaking, battery 
has self-regulating pressure relief valves-permits 
venting of gases only; Bottom of chassis has 
vent/weep holes

Battery Mfg Specifications
VaR 120018, 120019 

Approved BOM
Approved VaR

N/A

N/A

Labels made of UL approved material, Touchscreen 
made with scratch resistant material

Touchscreen & Label 
Specifications
VaR 120018, 120019 

Approved BOM
Approved VaR

N/A

DFU describes proper cleaning & disinfecting 
procedures, DFU indicates not to use sharp objects 
when touching the screen

VaR 120018, 120019 Approved VaR

Sensing of Sensor & Preamp connect & disconnect, 
Periodic Sensors & Preamp fault testing, Periodic 
device hardware fault testing, Fault conditions 
indicated & annunciated, Always visible Alarm LED

VaR 120018, 120019 Approved VaR

Full system test on Medical Device, Mfg PS 03-58-
3000 Process Sheet for Gemini Monitor 

VaR 120018, 120019 
CCS 03-58-3000

Approved VaR
Approved PS

DFU lists Alarm Conditions with possible causes & 
mitigation

VaR 120018, 120019 Approved VaR

R
sk
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on

tro
 M

ea
su

re
s Type Description Verification of Implementation Verification of Effectiveness

Inherently Safe by Design

Protective measures in device or 
Mfg Process

Information for Safety (DFU)

Severity 2 Minor SW Risk Controls
Risk Evaluation IR DFU helps mitigate Risk

None - Statement(s) in DFU have been deemed sufficient

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk
None - Statement(s) in DFU have been deemed sufficient

4.11.1 Annunciation failures 
4.11.1.1 Disconnected, faulty Sensor, preamp or device causes the Medical Device to be inoperable 
resulting in a lack, delay or over  treatment of patient.

Initial Risk
Probability 2 Remote Hazard
Severity 3 Serious Identification

Risk Evaluation IFRR Conditions

4.11 Alarms

R
sk
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on

tro
 

M
ea

su
re

s

Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process

Information for Safety (DFU)

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk
N/A

4.10.3 Cleaning
4.10.3.1 Medical Device cleaned or disinfected with solutions that causes the markings on the device 
to be unreadable resulting in the delay of treatment of patient.

Initial Risk
Probability 2 Remote Hazard
Severity 2 Minor Identification

Risk Evaluation IFRR Conditions

4.10.2 Battery 
4.10.2.1 Medical Device not used (battery not charged or discharged) for extended period of time and 
battery leaks fluids out of Medical Device resulting in possible acid contact injury.

Initial Risk
Probability 2 Remote Hazard
Severity 3 Serious Identification

Risk Evaluation IFRR Conditions

R
sk
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on

tro
 

M
ea

su
re

s

Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process

Information for Safety (DFU)
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Hazardous 
Situation

Risk to: Patient

Normal
 

No
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient

Normal
 

No
Yes
Yes

Disclosure

Hazardous 
Situation

Risk to: Patient, User, 
Service, 

Normal
 

No
Yes
Yes

Disclosure

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk
None - Statement(s) in DFU have been deemed sufficient

N/A

N/A

Inherently Safe by Design

Protective measures in device or 
Mfg Process

Information for Safety (DFU)

Visual Alarm Flashing conforms to IEC 60601-1-8 
flash rates of alarm LEDs

VaR 120018, 120019 Approved VRs

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation

Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process

Information for Safety (DFU)

Low Alarm limits available to alert user of decrease in 
StO2 value, Visual & audible annunciation of Low 
StO2 Alarm

VaR 120018, 120019 Approved VaR

N/A

DFU indicates proper operation of Alarm Limit 
setting, DFU lists Alarm Conditions with possible 
causes & mitigation

VaR 120018, 120019 Approved VaR

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation

Type Description Verification of Implementation Verification of Effectiveness

R
sk

 C
on

tro
 

M
ea

su
re

s

Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process

Information for Safety (DFU)

High Alarm limits available to alert user of increase in 
StO2 value, Visual & audible annunciation of High 
StO2 Alarm

VaR 120018, 120019 Approved VaR

N/A

DFU indicates proper operation of Alarm Limit 
setting, DFU lists Alarm Conditions with possible 
causes & mitigation

VaR 120018, 120019 Approved VaR

4.11.1.4 Annunciation of flashing visual Alarm conditions on screen may cause spasms and/or 
convulsions in people prone to seizures (e.g., epilepsy).

IFRR Conditions

R
sk

 C
on

tro
 

M
ea

su
re

s

Initial Risk
Probability 2 Remote Hazard

Identification
Risk Evaluation IFRR Conditions

Severity 3 Serious Identification
Risk Evaluation

IR DFU helps mitigate Risk
None - Statement(s) in DFU have been deemed sufficient

4.11.1.3 Lack of notification by Medical Device of the increase in a patient's StO2 values resulting in a 
lack, delay or over treatment of patient.

Initial Risk
Probability 2 Remote Hazard
Severity 3 Serious Identification

Risk Evaluation IFRR Conditions

IR DFU helps mitigate Risk
None - Statement(s) in DFU have been deemed sufficient

R
sk
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on

tro
 

M
ea

su
re

s

Type Description

4.11.1.2 Lack of notification by Medical Device of the decrease in a patient's StO2 values resulting in a 
lack, delay or over treatment of patient.

Initial Risk
Probability 2 Remote Hazard
Severity 3 Serious
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Hazard

Hazardous 
Situation

Risk to: Patient

Normal
 

No
Yes
Yes

Disclosure

Residual Risk
Probability 1 Improbable Usability Risk
Severity 2 Minor SW Risk Controls

Risk Evaluation IR DFU helps mitigate Risk

R
sk

 C
on

tro
 M

ea
su

re
s

DFU indicates proper operation of Alarm Limit 
setting, DFU lists Alarm Conditions with possible 
causes & mitigation

VaR 120018, 120019 Approved VaR

4.11.2.1 StO2 High/Low Alarm Limit selection cannot be accurately tested against the actual Patient 
StO2 value allowing a possible undetected change in physiological condition to exist resulting in 
circulatory injury.

Initial Risk
Probability 2 Remote

None - Statement(s) in DFU have been deemed sufficient

4.11.2 Limits 

Type Description Verification of Implementation Verification of Effectiveness
Inherently Safe by Design

Protective measures in device or 
Mfg Process

Information for Safety (DFU)

StO2 computed value & StO2 High & Low Alarm 
Limits have resolution of 1%
High Alarm: StO2 value > High StO2 Limit
Low Alarm: StO2 value < Low StO2 Limit

VaR 120018, 120019 Approved VaR

N/A

Hazard
Severity 3 Serious Identification

Risk Evaluation IFRR Conditions
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Rev Date Editor(s) 
00 17-May-12 HT
01 3-Nov-12 HT

JG
HT

HT
02 03-Dec-12 HT

03 15-Oct-13 HT

This document contains proprietary information which is “CAS Medical Systems Confidential”.  Neither the document nor the information herein is to be reproduced, 
distributed, used or disclosed, either in whole, or in part, outside of the company, except as authorized in writing by a representative of CAS Medical Systems, Inc.

Original release

Update IFU in Haz ID Doc, Review/Update Risk Management 
Summary/Report for new IFU

Remove Age/Weight feature, update RMF documentation

Add 4.5.6.4 Display of valid StO2 values from a non-human tissue 
site.

Updated to add 4.1.1.8 Hazard Identification & Risk Analysis docs

Updated 4.5.5.11 & 4.10.1.1 for fluid ingress

Remove sections: 4.5.1.2, 4.5.5.3, 4.5.6.4, 4.5.10.1 & 4.6.1.2

Document Revision History

Updated 4.1.1.1, 4.1.1.2, 4.7.3.1 & 4.1.2.8, Added 4.5.5.11, 4.5.5.12, 
4.5.5.13 & 4.11.1.4

Updated per ITS ISO 14971 Checklist review of FORE-SIGHT 

Reason for Change 

Add 4.3.5.5 User cuts/trims the sensor to allow it to fit on patient 
w/other sensors causing the integrity of the isolation layer to be 
compromised exposing the patient to excessive leakage current 
and/or damage to the system to during defibrillation.

Haz ID: Change "Electronic copy" of User Manual to "Paper copy"
Haz ID: Remove "A hard copy version of the FORE-SIGHT ELITE 
Warnings Guide, 21-03-0332, …"

Remove reference to FORE-SIGHT ELITE Warning Guide 21-03-
0332 & Quick Reference Guide 21-03-033

Change "Poorly assembled…" to "Improperly assembled…" for 
numerous Risks
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The document describes the Risk Analysis for the Gemini Project (Product name: FORE-SIGHT® ELITE 
Absolute Tissue Oximeter). The CAS Gemini Oximeter is a medical device comprised of a Color 10.4” 
display, user interface controls (touchscreen) and hardware to support the acquisition of a patient’s tissue 
oxygen concentration. The term Gemini refers to the Eng Project Name, where the term FORE-SIGHT 
ELITE refers to the Product Name and may be used interchangeably.

2.  REFERENCE DOCUMENTS

This document summarizes the identified hazards and associated Risk as they apply to the Gemini 
Oximeter, Sensors and accessories.

ISO 14971:2007 Medical devices: Application of risk management to medical devices

This analysis defines the Risk Management concepts and their documentation due to the requirement 
to meet the 3rd Edition of the general safety standard (60601-1:2005) as it becomes mandatory 
beginning in 2012. The analysis forms one part of the Risk Management process, as defined in 
QSP1026.

21-22-3000, FORE-SIGHT ELITE Absolute Tissue Oximeter User Manual (English)

IEC 60601-1-8:2010 Medical electrical equipment - Part 1-8: General requirements test and guidance for 
alarm systems in medical electrical equipment

Standards:

1.3 SUMMARY

QSP1026, Risk Management

21-03-0336, FORE-SIGHT ELITE Large Sensor Multilanguage DFU (Directions for Use)

QSM1001, Quality System Manual

21-07-0321, Gemini Residual Risk(s) Judges Acceptable and the Disclosure Process
21-07-0307, Gemini Risk Management Summary Report
21-07-0303, Gemini Risk Management Plan

IEC 60601-1:2005 3rd edition General Requirements for Safety

1.  INTRODUCTION

1.1 SCOPE

CAS Medical Systems, Inc:

Project Gemini shall be divided into 3 Phases: Phase 1-Adult, Phase 2-Pediatric and Phase 3-
Neonatal. The Risk Management Summary/Report shall attempt to summarize all the Hazards and 
Risks associated with Phase 1 design. The Risk Management Summary/Report will be updated with 
more accurate as Phase 2 & 3 Hazard and Risk information becomes available.

IEC 60601-1 2nd edition Medical Electronic Equipment, Part 1: General Requirements for Safety

1.2 PHASE DESIGN

Council Directive 93/42/EEC Concerning Medical Devices

The Risk Management program consists of the Gemini Risk Management Plan (21-07-0303),  the 
Gemini Hazard Identification document (21-07-0304), the Gemini Risk Analysis (21-07-0305) and this 
summary report.  The Project Manager served as the project Risk Manager with team members 
comprised of those designated in the plan.

ANSI/AAMI/IEC 62304:2005 Medical Device Software – Software Life Cycle Processes
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CAS has appropriate methods in place to obtain relevant production and post-production information 
applicable to, and by the means stated in the Scope section of this document

Refer to 21-07-0321 Gemini Residual Risk(s) Judged Acceptable and the Disclosure Process

All existing, new or changed risks due to risk control measures, have been evaluated to not introduce 
any additional risks deemed significant.
Residual risks remaining, and judged acceptable (an insignificant risk) were evaluated for residual risk 
disclosure in the accompanying documents.  All such disclosures have been made.

CAS concludes that it has met is obligation to provide a safe device to its customers by reducing 
identified hazards to present no more than an Insignificant Risk. CAS has also evaluated the overall 
residual risks by the means identified in QSP1026 Section 5.8, concluding the acceptability of the 
product.

3.2 Residual Risk Evaluation

Since the highest Residual Risk is estimated to be "Insignificant Risk", no further investigation to 
reduce any Risk is deemed necessary.

3.3 Risk Benefit Analysis
For the reasons stated above in 3.2, No Risk Benefit Analysis in required

3.4 Risks Arising from Risk Control Measures

3. REPORT

3.5 Evaluation of Overall Risk Acceptability and Conclusion

A review of the Summary of Risks outlined, in Section 4.0 of CAS 21-07-0306, Gemini Risk Analysis 
document indicates the highest Residual Risk Evaluation is found to be IR (Insignificant Risk). 

3.1 Initial Risk Evaluation & Accompanying Documents

The Directions For Use; FORE-SIGHT ELITE 21-22-3000 User Manual & 21-03-0336 Large Sensor 
Multilanguage DFU, shall be delivered in paper form.

Markings for all fuses and AC input range mitigate Risk 4.8.1.1 and no other marks on the device are 
deemed necessary.

A review of the risks from all identified hazardous situations has been considered.

The FORE-SIGHT User Manual was reviewed for consideration of information that needs to be 
provided as paper copy beyond the labeling on the device. All statements regarding the safe operation 
of the Oximeter shall be provided in a paper copy of the DFUs
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Indications for Use 
 

 
510(k) Number:   

 

Device Name:  FORE-SIGHT Elite™ Absolute Tissue Oximeter. 

 

 
Indications for Use:   The noninvasive FORE-SIGHT Elite Absolute Tissue Oximeter is 

   intended for use as an adjunct monitor of absolute regional  

   hemoglobin oxygen saturation of blood under the sensors in individuals 
   at risk for reduced flow or no-flow ischemic states and is indicated for 

   use as follows:  

   When used with large sensors, the FORE-SIGHT Oximeter is  
   indicated for use on adults and transitional adolescents ≥ 40 kg.   

 

 
 
Prescription Use    AND/OR         Over-the-Counter Use______ 
(Part 21 CFR 801 Subpart D)      (21 CFR 807 Subpart C) 

 

 

 
 

 

 
(PLEASE DO NOT WRITE BELOW THIS LINE – CONTINUE ON ANOTHER PAGE IF NEEDED) 

 

 

Concurrence of CDRH, Office of Device Evaluation (ODE) 

 
 

       Page 1 of _____ 
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SAFETY AND EMC REPORTS 
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ATTACHMENT H 
 

 

RISK ANALYSIS 
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Company Confidential 

• Correct redraw speed of numeric fields after display of events - Still may occur but is vastly improved 
(CR 746) 

• Rapid changes in Settings, e.g., View causes crash (CR 1038) 

• External Interference causes the Numeric field to go blank instead of dashes (CR 1041) 

• Monitor reset if Factory Defaults activated (CR 1003, 827) 

• Correct underlying alarm led and audio problems (CR 1057) 

• Pressed Events, then OR then screen froze showing just bottom 3 options (CR 949) 

• Rapid switching between Event button and Undo button causes crash (CR 965) 

• Possibility to delete more than the last Event entered (CR 1000) 

• USB File - need to add a decimal digit precision to STS data (CR 1094) 

• ICU Event list "Reposition Patient" should be Green Event after "Prostaglandin" (CR 1096) 
 

4.0 Software Fixes: 

The following are Software Fixes associated with this release: 

• SPR 762-2 - In Italian "View" 24 Hour selection is 1Ore, should be 24 Ore (CR 1136) 

• SPR 761 - In 4 C4 CAS protocol crash when baud rate is selected (CR 1145) 

• SPR 764 - Numeric Field "Current Value" sometimes blank after fast boot (CR 1147) 

• SPR 758 & 760 - Remove active case from USB save list (CR 1148) 

• SPR 754 - Event Mark vertical dotted line (CR 1153) 

• SPR 762-1 - Dutch under STS & other string fixes (CR 1158) 
 

5.0 Hardware Changes: 

There are no Hardware Changes associated with this release known at this time. 
 

6.0 Incompatibilities: 

There are no Incompatibilities associated with this release known at this time. 
 

7.0 Dependencies: 

The following are SW Dependencies of Main Application, 15-06-0285 V1.1.1 associated with this release: 

• Main Bootloader, 15-06-0284 V1.1.0 
 

8.0 Idiosyncrasies: 

The following is a list of known Idiosyncrasies associated with this release: 
 

None 
 

Each has been examined and determined to have the following risk assessment: 
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What's In This Release 

P/N 15-06-0285 Description FS-ELITE Main Application Ver 1.1.1 Date 16-Dec-13 

 

Company Confidential 

• Correct redraw speed of numeric fields after display of events - Still may occur but is vastly improved 
(CR 746) 

• Rapid changes in Settings, e.g., View causes crash (CR 1038) 

• External Interference causes the Numeric field to go blank instead of dashes (CR 1041) 

• Monitor reset if Factory Defaults activated (CR 1003, 827) 

• Correct underlying alarm led and audio problems (CR 1057) 

• Pressed Events, then OR then screen froze showing just bottom 3 options (CR 949) 

• Rapid switching between Event button and Undo button causes crash (CR 965) 

• Possibility to delete more than the last Event entered (CR 1000) 

• USB File - need to add a decimal digit precision to STS data (CR 1094) 

• ICU Event list "Reposition Patient" should be Green Event after "Prostaglandin" (CR 1096) 
 

4.0 Software Fixes: 

The following are Software Fixes associated with this release: 

• SPR 762-2 - In Italian "View" 24 Hour selection is 1Ore, should be 24 Ore (CR 1136) 

• SPR 761 - In 4 C4 CAS protocol crash when baud rate is selected (CR 1145) 

• SPR 764 - Numeric Field "Current Value" sometimes blank after fast boot (CR 1147) 

• SPR 758 & 760 - Remove active case from USB save list (CR 1148) 

• SPR 754 - Event Mark vertical dotted line (CR 1153) 

• SPR 762-1 - Dutch under STS & other string fixes (CR 1158) 
 

5.0 Hardware Changes: 

There are no Hardware Changes associated with this release known at this time. 
 

6.0 Incompatibilities: 

There are no Incompatibilities associated with this release known at this time. 
 

7.0 Dependencies: 

The following are SW Dependencies of Main Application, 15-06-0285 V1.1.1 associated with this release: 

• Main Bootloader, 15-06-0284 V1.1.0 
 

8.0 Idiosyncrasies: 

The following is a list of known Idiosyncrasies associated with this release: 
 

None 
 

Each has been examined and determined to have the following risk assessment: 
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12.  Device Description  
 

 

 

FORE-SIGHT Elite™ Absolute Tissue Oximeter - Purpose:  

 

The FORE-SIGHT Elite Oximeter measures a single parameter of oxygenated hemoglobin under 

the Sensor, allowing the clinician to continuously and accurately determine absolute levels of 

blood oxygenation in the tissue.   

 

  
 

 

             

The FORE-SIGHT Elite System: 
 

The FORE-SIGHT Elite System (Figure 1) consists of three distinct components.  None can be 

used independently of the others in this system. 
 

The Monitor (01-06-3000/01-05-3005) contains the systems software, power supply, display, 

user interface, communication ports, and other electronics.  The Monitor is responsible for all 

configuration, display, surveillance, and alarm management functions.  The Monitor electronics 

also coordinate all measurement activities including light generation, processing of detected 

signals, and computation of the tissue oxygenation.  See drawing 08-04-3000 for additional 

information. 

 

< Large Sensors 

< Pre-Amp 

< Monitor 

Figure 1 
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Power is provided by input voltages of 100-240 VAC, 50-60 Hz with a field-replaceable battery 

module. 

 

The operating environment is rated for 10°C to 40°c at 30% - 75% RH non-condensing. 

Storage conditions are rated for -20 C to 60°C with 90% RH @ 50°C to 15% RH @ 0°C 
 

General Design Features:            
 

 The monitor is used in various hospital locations; 

 The monitor uses a LED light source; 

 The monitor uses one size sensor to monitor adults and transitional adolescent’s; 

 The monitor’s measurement accuracy is not affected by melanin, temperature, or perfusion; 

 The monitor displays an StO2  numeric value in the range of 01-99%; 

 The monitor displays an indicator of optimal sensor placement called a Tissue Perfusion 

Index (TPI); 

 The monitor contains an easy to read 10.4” color LCD VGA touch-screen display; 

 The monitor provides a 24 hour review of historical data during or after a case; 

 The monitor has modes for demonstration, servicing, programming and operating; 

 The monitor provides patient data storage via USB memory sticks; 

 The monitor provides a serial data output for compatibility with several third-party data 

review, charting, and acquisition systems; 

 The monitor documentation and software, is available in multiple languages. 

 

FORE-SIGHT Elite Models: 
 

There are two models of the FORE-SIGHT Elite Absolute Tissue Oximeter.  They are 

designated as part number(s) 01-06-3000 and 01-06-3005.  They are identical.  See figure 1. 

 

FORE-SIGHT Accessories: 
 

 

Part Number Name Function 

01-06-3100 

01-06-3005 

FORE-SIGHT Elite Absolute Tissue 

Oximeter Dual Pre-Amp 

Necessary part of the operating system.  

Included with monitor. 

01-06-3014 FORE-SIGHT Elite Oximeter Battery 

Pack 

For short term operation while not on mains 

power. 

01-06-3036 User Manual on CD (English) Included with each monitor 

01-02-0395 Replacement Power Cord Included with each monitor 

01-07-2103 FORE-SIGHT Elite Large Sensor. 

Carton of 20. 

Necessary part of the operating system.  

Patient contact part.  Purchased separately. 

01-06-0238 FS Roll Stand A hospital grade roll stand, making the FS 

portable. 
 

 
Full descriptive information may be found in the Project Gemini Product Specification 21-07-

0302 Rev. 02.  See Attachment A 

 

Note: “Gemini” is the project name used during development.  That name will appear on some 

documents that actually refer to FORE-SIGHT Elite Absolute Tissue Oximeter. 
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FORE-SIGHT Elite Oximeter 

 

21-22-3000 Rev 01-Xb DRAFT COPY Page 2  

Overview 
Trademarks  

 Trademarked names appear throughout this document. Instead of 
inserting a trademark symbol with each mention of the trademarked 
name, the publisher states that it is using the names only for editorial 
purposes and to the benefit of the trademark owner with no intention of 
improperly using that trademark. 

 

is a registered trademark of CAS Medical Systems, Inc. 

FORE-SIGHT ELITE™ is a trademark of CAS Medical Systems, Inc. 

Contact Addresses 
  

CAS Medical Systems, Inc. 
44 East Industrial Road 

Branford, CT 06405 
U.S.A. 

 

Phone: 
in the US: (800) 227-4414 

+1 (203) 488-6056 
 

Fax: 
+1 (203) 488-9438 

 

E-Mail: 
custsrv@casmed.com 
sales@casmed.com 

techsrv@casmed.com 
 

Web: 
www.casmed.com 

 

 
 

 EC REP  

MediMark® Europe 
11 rue E. Zola 38100 

Grenoble. France 

 Please contact the distributor in the country of purchase if product information or 
service should be required. 
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Manufacturer’s Declaration of Conformity 
 

Manufacturers Declaration of Conformity 
Electronic Emissions and Immunity 

 
The FORE-SIGHT ELITE Oximeter is intended for use in the electromagnetic environment specified below. The customer or 
the user of the Oximeter should assure it is used in such an environment. 

Emissions Test Compliance Electromagnetic Environment 
RF emissions – CISPR 11 Group 1 The Oximeter uses RF energy only for its internal function. Therefore, its RF 

emissions are very low and are not likely to cause any interference in 
nearby electronic equipment. 

RF emissions – CISPR 11 Class A 

The Oximeter is suitable for use in all establishments other than domestic 
establishments and those directly connected to the public low-voltage 
power supply network that supplies buildings used for domestic purposes. 

Harmonic emissions 
IEC 61000-3-2 

Class A 

Voltage fluctuations / flicker 
emissions 

Complies 

 
Immunity Test IEC 60601 Test Level Compliance Level Electromagnetic Environment Guidance 

Electrostatic 
discharge (ESD) 

IEC 61000-4-2 

Level 3 
 

Level 3 
 

The Oximeter is designed for use in 
controlled environments only. Per OSHA 
guidelines for operating rooms, the area 
must employ adequate static electricity 
controls. The relative humidity should be 
maintained at about 50%. 

Electrical fast 
transient/burst 

IEC 61000-4-4 

±2 kV for power supply 
lines 

±1 kV for input/output 
lines 

±2 kV for power supply 
lines 

±1 kV for input/output 
lines 

The Oximeter is designed for use in 
controlled environments only. Per OSHA 
guidelines for operating rooms, the Mains 
power quality should be that of a typical 
commercial or hospital environment. 

Surge  
IEC 61000-4-5 

±1 kV line(s) to line(s) 
mode 

±2 kV line(s) to earth 
mode 

±0.5 kV line(s) to line(s) 
mode 

±2 kV line(s) to earth 
mode 

Mains power quality should be that of a 
typical commercial or hospital environment. 

Voltage dips, short 
interruptions and 
voltage variations 
on power supply 
input lines 

IEC 61000-4-11 

< 5% UT (> 95% dip in 
UT) for 0.5 cycle. 

40% UT (60% dip in UT) 
for 5 cycles. 

70% UT (30% dip in UT) 
for 25 cycles. 

< 5% UT (> 95% dip in 
UT) for 5 s 

< 5% UT (> 95% dip in 
UT) for 0.5 cycle. 

40% UT (60% dip in UT) 
for 5 cycles. 

70% UT (30% dip in UT) 
for 25 cycles. 

< 5% UT (> 95% dip in 
UT) for 5 s 

Mains power quality should be that of a 
typical commercial or hospital environment. 
If user of the Oximeter requires continued 
operation during power mains interruptions, 
it is recommended that the Oximeter be 
powered from an uninterruptible power 
supply or a battery. 

Power frequency 
(50/60 Hz) 
magnetic field 

IEC 61000-4-8 

3 A/m 3 A/m Power frequency magnetic fields should be at 
levels characteristic of a typical location in a 
typical commercial or hospital environment. 

Note: UT is the A.C. mains voltage prior to application of the test level. 
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Guidance and Manufacturer’s Declaration – Electromagnetic Immunity 
The FORE-SIGHT ELITE Oximeter is intended for use in the electromagnetic environment specified below. The customer or the user of the 

Oximeter should insure that it is used in such an environment. 
Immunity Test IEC 60601 Test Level Compliance 

Level 
Electromagnetic Environment – Guidance 

 
 
 
 
 
 
 
Conducted RF 
IEC 61000-4-6 
 
Radiated RF 
IEC 61000-4-3 

 
 
 
 
 
 
 
3 Vrms 
150 kHz to 80 MHz 
 
3 V/m 
80 MHz to 2.5 GHz 
 

 
 
 
 
 
 
 
3 Vrms 
 
 
3 V/m 

Portable and mobile RF communications equipment should be 
used no closer to any part of the Oximeter, including cables, 
than the recommended separation distance calculated from 
the equation applicable to the frequency of the transmitter. 

Recommended separation distance: 
 
d = 1.2P 
 
d = 1.2P 80 MHz to 800 MHz 
d = 2.3P 800 MHz to 2.5 GHz 
 
Where P is the maximum output power rating of the transmitter 
in watts according to the transmitter manufacturer and d is the 
recommended separation distance in meters. 

 
Field strengths from fixed RF transmitters, as determined by 
an electromagnetic site survey a , should be less than the 
compliance level in each frequency range. b  

 
Interference may occur in the vicinity of equipment marked 
with the following symbol: 

 

Note 1 At 80 MHz and 800MHz, the higher frequency range applies. 
Note 2 These guidelines may not apply in all situations. Electromagnetic propagation is effected by absorption and reflection from structures, 

objects and people. 
a Field strengths from fixed transmitters, such as base stations for radio (cellular / cordless) telephones and land mobile radios, amateur 

radio, AM and FM radio broadcast and TV broadcast cannot be predicted theoretically with accuracy. To assess the electromagnetic 
environment due to fixed RF transmitters, an electromagnetic site survey should be considered. If the measured field strength in the 
location in which the Oximeter is used exceeds the applicable RF compliance level above, the Oximeter should be observed to verify 
normal operation. If abnormal performance is observed, additional measures may be necessary, such as re-orienting or relocating the 
Oximeter. 

b Over the frequency range 150 kHz to 80 MHz, field strengths should be less than 3 V/m. 

 
Recommended Separation Distances Between Portable and Mobile RF Communications Equipment and the Oximeter 

The Oximeter is intended for use in an electromagnetic environment in which radiated RF disturbances are controlled. The customer or the 
user of the Oximeter can help prevent electromagnetic interference by maintaining a minimum distance between portable and mobile RF 
communications equipment (transmitters) and the Oximeter as recommended below, according to the maximum output power of the 
communications equipment. 

Rated maximum output power 
of transmitter 

(Watts) 
 

Separation distance according to frequency of transmitter (Meters) 
 

150 kHz to 80 MHz 
 

d = 1.2P 

 
80 MHz to 800 MHz 

 
d = 1.2P 

 
800 MHz to 2.5 GHz 
 

d = 2.3P 
0.01 0.12 0.12 0.23 
0.1 0.38 0.38 0.73 
1 1.2 1.2 2.3 

10 3.8 3.8 7.3 
100 12 12 23 

For transmitters operating at a maximum output power not listed above, the recommended separation distance d in meters can be estimated 
using the equation applicable to the frequency of the transmitter, where P is the maximum output power rating of the transmitter in watts 
according to the transmitter manufacturer. 

Note 1 At 80 MHz and 800 MHz, the separation distance for the higher frequency range applies. 
Note 2 These guidelines may not apply in all situations. Electromagnetic propagation is affected by absorption and reflection from structures, 

objects, and people. 
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CE Marking Information 
 

Compliance The FORE-SIGHT ELITE Oximeter bears the CE mark CE-0086 
indicating conformity with the provisions of the Council Directive 
93/42/EEC concerning medical devices and fulfills the essential 
requirements of Annex I of this directive. 

Exceptions None 
 

Conventions Used in this Manual 
 Warning: Directions that warn of conditions that put the patient or the 

caregiver at risk. 

 Caution: Directions that help to avoid damaging the Oximeter or losing 
data. 

 
 

Note: Directions that make it easier to use the Oximeter, something not 
readily apparent. 
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General Information 
 

 

 

This manual is an integral part of the product and describes its intended 
use. Compliance with the manual is a prerequisite for proper product 
performance and correct operation and ensures patient and operator 
safety. Refer to Symbols starting on page 44 for additional information. 

 The warranty does not cover damages resulting from the use of 
accessories and consumables from other manufacturers. 

CAS Medical Systems, Inc., (CASMED) is responsible for the effects on 
safety, reliability, and performance of the product only if: 

 Assembly, operations, extensions, readjustments, modifications, or 
repairs are carried out by persons authorized by CASMED.  

 The electrical installation of the relevant room complies with the 
requirements of the appropriate regulations. 

 The device is used in accordance with the instructions for use. 

 All publications conform to the product specifications and applicable 
IEC publications on safety and essential performance of electro-
medical equipment as well as with applicable UL requirements and 
AHA recommendations valid at the time of printing. 

For complete warranty information, refer to the Warranty Policy located 
on page 49.  

The CASMED quality management system complies with the 
international standards ISO 13485 and the Council Directive on Medical 
Devices 93/42/EEC. 

 The parts of the Oximeter include the Oximeter, Preamp cable(s), 
Battery Pack, AC power Cord and Sensor(s). Refer to Oximeter on page 
53. 

 The accessories for the Oximeter include, but are not limited to: USB 
Flash Drive, St02 Simulator and mounting hardware. Refer to 
Accessories on page 53 

 Note: Due to continuing product innovation, specifications in this manual 
are subject to change without notice. 

  
 Warning: Before using the Sensors and Oximeter for the first time, 

please read the information given in Safety section, starting on page 12 
and the directions for use provided with the Sensors. 

  
 

In the U.S. the following Caution applies:   

 Caution: Federal law restricts this device to sale by or on the order of a 
physician or licensed practitioner.  
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About This Manual 
 This User Manual describes the features and operation of the 

FORE-SIGHT ELITE Oximeter. 

Manual Purpose 
 This manual contains the instructions necessary to operate the Oximeter 

safely and in accordance with its functions and intended use. 

 
 

Note: All illustrations in this manual are provided as examples only. They 
may not necessarily reflect your monitoring setup or data displayed on 
your Oximeter. 

Intended Audience  
 

This manual is written for clinical professionals. Clinical professionals are 
expected to have working knowledge of medical procedures, practices, 
and terminology as required for monitoring of critically ill patients. 

 Warning: For continued safe use of this equipment, it is necessary that 
the listed instructions be followed. Nothing in this user guide is intended 
to override procedures and regulations imposed at the institutional level 
or above. Hospital’s quality system, privacy rules, or other legal or policy 
requirements may govern whether and how to implement any specific 
procedure in this manual. 

Training  
 

Training on this Oximeter for the safe and effective use of the primary 
operating functions can be provided through CAS Medical Systems. 
Refer to Contact Addresses on page 2 for e-mail and phone number 
information. 

 
CAS Medical Systems recommends in-service training on the Oximeter 
after the initial installation or whenever a new User intends to operate the 
device. No periodic retraining should be required. Training can also be 
provided when updates to the system are provided or whenever a User 
may be unfamiliar with the device. 
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Revision History 
 This manual has a revision number located at the bottom of each page. It 

changes whenever the manual is updated.  

 Rev-00 Oct, 2013 
 Rev 01-Xb Mar, 2014 
   
 

 
Read this manual carefully before patient use of the Oximeter 

 
CASMED reserves the right to make changes to this manual and 
improvements to the product it describes at any time without notice or 
obligation. 

Copyright © 2013 CASMED. All rights reserved. 
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Safety 
 The operator must comply with the following Warnings, Cautions, and 

Notes to guarantee safe operation of the Oximeter.  

 Additional Warnings, Cautions, and Notes, which apply to specific 
parameters, are listed in the sections that pertain to each parameter. 

Indications for Use 
 The noninvasive FORE-SIGHT ELITE Absolute Tissue Oximeter is 

intended for use as an adjunct monitor of absolute regional hemoglobin 
oxygen saturation of blood under the sensors in individuals at risk for 
reduced-flow or no-flow ischemic states and is indicated for use as 
follows:  

 When used with Large Sensors, the FORE-SIGHT ELITE Oximeter is 
indicated for use on adults and transitional adolescent’s ≥40 Kg. 

Contraindications 
 The FORE-SIGHT ELITE sensor is contraindicated for use on patients:  

  With insufficient area for complete sensor attachment. 

  With allergic reactions to sensor adhesive. 

  Undergoing an MRI scan. 
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Installation and Setup 
 Warning: The Oximeter is to be operated by qualified personnel only. 

Failure to read this manual, accessory direction for use, all precautionary 
information, and specifications could result in injury. 

 Warning: The Oximeter needs special precautions if it is placed close to 
a strong EMC transmitter such as X-ray, ESU or MRI devices. There is a 
risk that these signals could interfere with the Oximeter resulting in 
disruption of performance of this device. For continued protection against 
this risk, replace the AC power cord only with one provide by CASMED. 
Authorized CASMED or biomedical engineering personnel should 
replace the AC power cord. 

 Warning: To reduce the risk of injury, do not move or place the Oximeter 
in any position that might cause it to fall on patient, bystander or 
operator. 

 Warning: As with all medical equipment, carefully route and secure all 
cables to reduce the risk of patient entanglement or strangulation. 

 Warning: Do not lift or pull the Oximeter by any cable, or place the 
Oximeter or accessories in any position that might present a risk that the 
Oximeter may fall on the patient, bystander or operator. 

 Warning: The proper assembly of the various mounting solutions cannot 
be assured for structural integrity. There is risk that a damaged or 
improperly assembled Oximeter mounting solution may fall on patient, 
bystander or operator. 

 Warning: Do not come into contact with patients during defibrillation 
otherwise serious injury or death could result. 

 Warning: To avoid risk of electric shock, this equipment must only be 
connected to a supply main with protective earth. 

 Warning: The Oximeter is defibrillator-proof. It may remain attached to 
the patient during defibrillation, but the readings may be inaccurate 
during use and up to twenty (20) seconds thereafter. For proper 
protection against the effects of a cardiac defibrillator only CASMED 
supplied Preamp cables and Sensors shall be used.  

 Warning: Do not come into contact with patients during defibrillation. 
Otherwise serious injury or death could result. 

 Warning: Do not rely exclusively on the audible alarm system for patient 
monitoring. Adjustment of alarm volume to a low level during patient 
monitoring may result in a hazard to the patient. Remember that the most 
reliable method of patient monitoring combines close personal 
surveillance with correct operation of monitoring equipment. 

 Warning: Avoid placing anything in front of the Oximeter that will cause 
the speaker output to be muffled. 

 Warning: Avoid placing the Oximeter where the controls can be 
changed by the patient. 

 Warning: Do not use the Oximeter for any purpose other than specified 
in this manual. Doing so will invalidate the Oximeter’s warranty. 
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 Warning: Do not connect more than one patient to an Oximeter. 

 Warning: Leakage Current Test - When interfacing with other 
equipment, qualified biomedical engineering personnel must perform a 
test for leakage current before using it with patients. Serious injury or 
death could result if the leakage current exceeds applicable standards. 

 Warning: Patient Safety – If a Sensor is damaged in any way, 
discontinue use immediately. 

 Warning: The Oximeter is not “Category AP or APG Equipment.” 

 Warning: Isolation of product from mains can only be achieved by 
removal of external AC power cord. If the integrity of the protective earth 
conductor is in doubt, the Oximeter may be operated from the internal 
batteries by disconnecting the AC power cord completely from the 
Oximeter. Do not position the Oximeter in a position that makes it difficult 
to remove the external AC power cord. 

 Warning: Do not place Sensor over poorly perfused tissues. Avoid 
uneven skin surfaces for best adhesion. Do not place sensor over sites 
with ascites, cellulitis or edema. 

 Warning: Do not position Sensor under the weight of the patient. 
Prolonged periods of pressure (such as taping over the Sensor or the 
patient lying on a Sensor) transfers weight from the Sensor to the skin, 
which can injure skin and reduce Sensor performance. 

 Warning: Measurements may be affected in the presence of strong 
electromagnetic sources such as electro-surgery equipment and 
measurements may be inaccurate during use of such equipment. 

 Caution: The USB connector accommodates a CASMED USB Flash 
Drive; do not connect any other USB type device or cable. 

 Caution: Qualified biomedical engineering personnel only must interface 
monitoring equipment with other types of medical equipment. Be certain 
to consult manufacturers’ specifications to maintain safe operation. 

 Caution: Avoid placing either side of the Oximeter against objects that 
would restrict air flow through the air intakes and exhausts (other side). 

 Note: In the event that the location of the selected tissues cannot be 
palpated or visualized, confirmation by ultrasound or x-ray is 
recommended. 

 Note: The Oximeter is designed for continuous operation. 

 Note: The Oximeter is intended only as an adjunct in patient 
assessment. It must be used in conjunction with clinical signs and 
symptoms. 

 The Oximeter can remain connected to the patient during cardiac 
defibrillation. All applied parts are “Type BF Defibrillation Proof.” 

 The Oximeter has been designed to promote patient safety. All 
equipment parts are protected against the effects of the discharge of a 
defibrillator. No separate actions are required when using this equipment 
with a defibrillator. 
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Device Handling 

 Warning: Do not, under any circumstances, perform any liquid cleaning 
while the Oximeter or AC power cord while the Oximeter is being used to 
monitor a patient.  The Oximeter must be turned off, Sensors removed 
from the patient and the AC power cord disconnected before servicing or 
cleaning the Oximeter. There is a risk of serious injury or death if this 
procedure is not followed. 

 Warning: If the Preamp Cable should become grossly contaminated with 
blood or other bodily fluids, it should be discarded to reduce the risk of 
contamination and cross infection. 

 Caution: Pressing the front display touchscreen with a sharp or pointed 
instrument may permanently damage the membrane. Press the 
touchscreen using only your finger. 

 Caution: Do not attempt to sterilize, gas sterilize or autoclave the 
Oximeter or accessories. 

 Note: There are no known risks with common disposal of equipment or 
accessories; however, the disposing of accessories should follow in 
accordance with local hospital policies. The user should ensure these 
policies do not conflict with any local, state, or federal guidelines. 

Safety Checks 
 Warning: There is a risk of an explosion hazard if a damaged Oximeter 

or accessory is used in the presence of a flammable anesthetic mixture 
with air, oxygen or nitrous oxide. 

 Warning: Inspect the cables and Sensors for damage prior to operation. 
If any damage is noted, the cables or Sensor should not be used until it 
has been serviced or replaced. There is a risk that these damaged parts 
could reduce the performance of the Oximeter or present a safety 
hazard. 

 Warning: Liquids must not be allowed to enter the device. There is a risk 
of electric shock or device malfunction if liquids enter a device. If the 
Oximeter or Preamp is accidentally wetted, take it out of operation. It 
should be thoroughly dried (minimum 1 hour) and have it checked by a 
service technician before it is used again. 

 Warning: The operator should not perform any servicing except as 
specifically stated in this manual. 

 Warning: If the accuracy of any value displayed on the Oximeter is 
questionable, determine the patient's vital signs by alternative means. 
The functions of the Alarm system for monitoring of the patient must be 
verified at regular intervals and whenever the integrity of the product is in 
doubt, periodically test all functions. 

 Warning: Only use CASMED-supplied accessories with this Oximeter. 
CASMED-supplied accessories ensure patient safety and preserve the 
integrity, accuracy, and electromagnetic compatibility of the Oximeter. 
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 Caution: If the Oximeter fails to respond, do not use it until the situation 
has been corrected by authorized CASMED personnel. 

 Caution: Inspect the Oximeter and accessories for damage prior to 
operation. If any damage is noted, the Oximeter or accessory should not 
be used until it has been serviced. Only personnel authorized to do so by 
CASMED should repair the Oximeter. Refer to Contact Addresses on 
page 2 for e-mail and phone number information. 

Monitoring 
 Warning: If the accuracy of any value displayed on the Oximeter is 

questionable, determine the patient's vital signs by alternative means. 
Verify that all equipment is working correctly. Failure to comply may lead 
to injury.  

 Warning: The Sensor site must be inspected at least every eight hours; 
to reduce the risk of inadequate adhesion, circulation, and skin integrity. 
If the circulatory condition or skin integrity has deteriorated, the Sensor 
should be applied to a different site. 

 Warning: The Sensor is designed for single patient use, and is not to be 
reprocessed. There is risk of contamination and cross infection from used 
sensors.  The disposing of accessories should follow in accordance with 
local hospital and institution policies. 

 Warning: Conductive Connections - Extreme care must be exercised 
when applying Sensors. Sensor circuits are conductive and it is very 
important that the Sensor does not come into contact with other 
grounded, conductive parts. Such contact would bridge the patient's 
isolation and cancel the protection provided by the Sensor.   

 Warning: Interfering substances: Elevated levels of Carboxyhemoglobin 
(COHb) or methemoglobin (MetHb) may lead to inaccurate 
measurements. Intravascular dyes or any substance containing dyes that 
change usual blood pigmentation may cause erroneous readings. Other 
factors that may affect the accuracy of measurement include: myoglobin, 
hemoglobinopathies, anemia, pooled blood under the skin, interference 
from foreign objects in Sensor path, Bilirubinemia, externally applied 
coloring (tattoos) or birthmarks. 

 Warning: Sensors are not sterile and therefore should not be applied to 
sites with compromised skin integrity. Exercise caution when applying 
Sensors to a site with compromised skin integrity. Applying tape or 
pressure to such a site may reduce circulation and/or cause further skin 
deterioration. 

 Warning: Failure to apply Sensors properly may cause incorrect 
measurements. Misapplied Sensors or Sensors that become partially 
dislodged may cause either over- or under-reading of oxygen saturation. 

 Warning: Do not modify or alter the Oximeter or Sensor in any way. 
Alterations or modification may affect performance and/or accuracy. 

 Warning: Electrocautery – To prevent unwanted skin burns; apply 
electrocautery electrodes as far as possible from all other Sensors, a 
distance of at least 15 cm (6 in.) is recommended. 
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 Note: For patients experiencing complete bilateral ECA occlusion, 
measurements may be lower than expected. 

 Note: Body location does not change any settings for output of the 
Oximeter, but is used to improve measurement accuracy. 

Initial Inspection 
 Before unpacking the Oximeter, inspect the packaging for damage. If 

there are any signs of damage to the package, a claim should be filed 
immediately with the shipping agent. It is the receiver’s responsibility to 
notify the carrier’s local office to arrange for the pickup of the damaged 
items. Save the damaged shipping carton as evidence. 

Contact your distributor, CASMED sales representative, or CASMED to 
report external damage and to arrange for repair or replacement of 
damaged equipment.  

The shipping carton should contain the items listed below. Unpack the 
Oximeter and account for each item. Inspect each item for signs of 
external damage, dents, cracks, scratches, etc. If an item is missing or 
damaged, contact your distributor, CASMED sales representative, or 
CASMED. 

Refer to Contact Addresses on page 2 for e-mail and phone number 
information. 

Record the serial number and date of purchase at the back of this 
manual. 

Oximeter Checklist 
  1 FORE-SIGHT ELITE Oximeter 

 1 FORE-SIGHT ELITE Preamp Cable 

 1 FORE-SIGHT ELITE User Manual 

 1 Hospital Grade AC power cord 

 Warning: Grounding reliability can only be achieved when the 
equipment is connected to an equivalent receptacle marked “Hospital 
Grade”. 

 Note: The Oximeter is shipped with the appropriate line cord for the 
country and voltage being used. 
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Intended 

Environment 
The Oximeter is intend to be used in the following environments: 
operating, exam/procedure rooms, surgical recovery, critical care, 
emergency room, and long-term care. 

  

Likely 
Misuse 

The Oximeter may be misused if used in the following environments: 

 Transport vehicles 

 Areas with flammable anesthetic gases 

 In or near MRI equipment 

 Outside the recommended temperature range 

 Outdoors or in high humidity environments 

  

 Note: The Oximeter is intended to be stationary, but may be moved 
intra-hospital via a cart or roll stand. It may also be carried by its handle 
when in non-operational mode (Off). 

Oximeter Classifications of Electrical Insulation 
 The Oximeter (with integrated AC power supply) is a Class I device. 
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Basic Operations 
Introduction 

 The Oximeter is pre-configured to measure absolute tissue oxygen 
saturation. 

 The Oximeter detects oxygenation changes in biological tissue mainly at 
the microcirculation level (capillary, arteriole, and venula) based on 
different absorption characteristics of the chromophores oxyhemoglobin 
(HbO2) and deoxyhemoglobin (Hb) in the near-infrared spectrum. A 
biological spectroscopic window exists at the wavelength range 660–940 
nm in which Hb and HbO2 can be differentiated and measured. Tissue 
oxygen saturation (StO2) is determined from the ratio 

((HbO2) ⁄ (HbO2 + Hb)) × 100% 

The Oximeter uses LED Technology to project light into tissue to 
measure oxygen saturation. 

 The Oximeter is equipped with a rechargeable backup battery pack that 
allows the Oximeter to be used independently from an external power 
source.  

 Refer to the Battery Maintenance section on page 43. 

Getting Started 
 Before operating the Oximeter, the user should be thoroughly familiar 

with the following: 

  Warnings and Cautions in the Safety section starting on page 12. 

  Physical configuration of the Oximeter, page 21. 

  Content and use of the Oximeter display, page 25. 

  Procedures described in this guide, pages 27 and following, 

  Use the Oximeter, starting on page 24. 

 1. Set up the Oximeter for the patient (optional). See page 27. 

 2. Connect the Preamp Cable(s) to the Oximeter. See page 27. 

 3. Connect the Sensors(s) to the Preamp Cable(s). See page 27. 

 4. Affix the Sensor(s) to the patient. See page 28. 

 5. Begin monitoring. See page 27. 
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Oximeter Controls 
On / Off Button 

  

Press the On / Off button to switch from Off to On.  

Press the On / Off button to switch from On to Off. 

The Oximeter will remain Off when connected to AC power and the On / 
Off button is not pressed 

Touchscreen 
 The touchscreen gives the user access to on-screen Oximeter functions. 

 The user can: 

  Silence Audio Alarms 

  Navigate through all menu selections 

  Choose optional settings 

  Enter data 
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Starting the Oximeter 
Turning the Oximeter On 

 
Note: The Oximeter may be turned on before or after connecting cables 
and Sensors. 

 To turn the Oximeter on: 
 1. Plug the AC power cord into a power outlet. 

 
Note: The Oximeter is equipped with a removal battery pack that allows 
the user to turn the Oximeter on without plugging it into an outlet. The 
battery status indicator shows the state of charge in the form of a colored 
battery icon on the display. Refer to the Battery Maintenance section on 
page 43. 

 2. Push the On / Off switch on the front of the Oximeter. The Oximeter 
will power on within a few seconds. 

 While the software initializes, a splash screen and a set of diagnostic 
tests are displayed. When the diagnostic tests are done the Oximeter will 
switch to the main screen, and is ready to begin normal operation. 

Touchscreen Navigation 
 The user can control the operations of the Oximeter through the 

touchscreen system (see Figure 6 below). The procedures in this manual 
make frequent reference to the touchscreen system. This section 
explains how to navigate through it. 

  Patient/ 
Case 

Alarm 
Limits 

     

 

Figure 6: 1st Level buttons 

 The following paragraphs briefly describe what can be done from the 
various menus.  

 This section serves as an orientation to the touchscreen system.  

 Specific procedures making use of the touchscreen system are found in 
later sections of this manual. 

Patient/Case Menu 
 The Patient/Case menu lets the user select the body locations of the 

sensors on the Patient. 

Alarm Limit Menu 
 Touching the Alarm Limit icon allows user change each Channel’s High 

& Low Alarm Limit. 

 Note: Powering the Oximeter off and on (for any period of time) will 
retain the last saved High & Low Limits. 
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Preparing Patient 
 To prepare the patient’s skin for placement of the Sensor: 

 1. Make sure the skin area where the Sensor is to be placed is clean, 
dry, intact and free of powder, oil or lotion. 

 2. If necessary, shave hair from skin at chosen site. 

 3. Use an appropriate cleanser to gently clean the intended Sensor site. 
Allow the skin to dry completely before applying the Sensors. 

Applying Sensor 
 Caution: Sensors should not to be placed on high density hair areas.  

 Caution: The Sensor must be flush with clean, dry skin. Any debris, 
lotion, oil, powder, perspiration, or hair that prevents good contact 
between the Sensor and the skin will affect the validity of the data 
collected and may result in an alarm message. 

 
Note: Skin pigmentation does not affect the validity of collected data. 
The Oximeter compensates automatically for skin pigmentation. 

 
Note: For cerebral applications, If possible, locate the Sensor away from 
the midline of the forehead or over a sinus cavity. 

 
Note: Refer to Figure 10: Sensor Selection Guide below to help select 
the proper Sensor for the patient. 

 Apply Sensor using the instructions provided in the Sensor kit package. 

 1. Be sure that all cables are fully connected and Sensors are placed 
correctly on the patient’s skin. 

 2. Use the clip/hook near the Preamp to secure the cable to prevent the 
cable from being pulled away from the patient. 
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Stop Patient Monitoring  
Removing Sensor 

 Carefully peel the Sensor from the patient to avoid damaging the skin.   

 Discard the adhesive Sensors. 

Disconnecting Sensor from Preamp Cable 
 To remove a Sensor from the Preamp Cable: 

 
1. Grasp the Sensor connector of desired Preamp Cable to be 

disconnected. 

 
2. Gently pull the Sensor connector straight out until the Sensor 

connector disengages from the Preamp Sensor connector. 

 
When the Sensor is disconnected from the Preamp, the associated 
Channel ID LED on the Preamp housing will change back to white (refer 
to Figure 8). 

 3. Discard the Sensor. 

Disconnecting Preamp Cable (Optional) 
 To remove a Preamp Cable from the Oximeter (see Figure 7 on page 

18): 

 1. Grasp the housing of the connector (near The Oximeter Preamp 
Receptacle) of desired Preamp Cable to be disconnected. 

 2. Gently pull straight down on the Preamp Cable connector housing 
until the Preamp Cable connector disengages from the Oximeter 
Preamp Receptacle. 

 When the Preamp cable is disconnected from the Oximeter, all Channel 
ID LEDs on the Preamp housing will turn off. 
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Monitoring the Patient 
 This section assumes that you are familiar with the front panel controls 

(see Figure 2: Front View on page 21) and the parts of the display 
screen (see Figure 5: Major Areas of Display on page 25). 

Controlling Alarm Volume & Limits 
 The user can disable audible alarms by pressing the Alarm Silence / 

Reset button on the Oximeter front panel. Pressing the button disables 
the audio associated with all alarms for two (2) minutes. This does not 
affect the visual alarms. See Responding to  on page  34 for a list of 
alarm conditions. 

 One the two minute audio disable time reaches zero, the audio will be re-
enabled, assuming an alarm condition is still present. 

 The user can re-enable the audible alarms by pressing the Alarm Silence 
/ Reset button on the Oximeter front panel when the audio is currently 
being disabled. 

 The user can set the High and Low Alarm limits of acceptable 
percentages on each channel independently.  

 The Oximeter shall annunciate an alarm when the Numeric value is 
below the Low limit or above the High limit. The Oximeter shall generate 
an alarm sound at the selected volume, indicate an alarm limit violation 
(text) in the Numeric field as well as flashed the Alarm LEDs at the top of 
the front display. 

Adjusting Alarm Volume & Limits 
 To view or change the Alarm Volume or Alarm Limits: 
 1. Touch the Alarm Limit icon on the Main menu (see Figure 6 on page 

26). 
 2. Touch the High/Low Limit icon and the High/Low Limit screen should 

appear 

Alarm Volume 
 To adjust the Alarm Volume perform the following: 
 1. Touch the target area entitled “Volume”. 
 2. A selection of available Alarm Volumes will appear. 
 3. Touch the desired Alarm Volume, the selection shall be outlined for 

as long as the selection is touched. 
 4. Release the selection. The selected Volume shall be updated in the 

Volume target area. 

High & Low Limits 
 To adjust the Alarm Limits perform the following: 
 1. Touch the target area entitled “High Limit” to adjust the High limit or 

“Low Limit” to adjust the Low limit 

 
Note: Each High & Low limit selections shall be adjacent (to the left) of 
the corresponding channel Numeric 

 2. Numeric buttons (0-9, accept & backspace) will appear. 
 3. Enter a 2-digit limit 
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 The Backspace button may be used to delete the last entered digit 
 4. After the 2nd digit is entered, the Accept icon should be available, 

touch to accept. 
 If the value entered is valid, the value shall be updated as the 

appropriate High or Low Alarm Limit (depending on which selection 
was made) and the numeric buttons shall disappear. 

OR 
If the value entered is invalid, the value shall be displayed as red and 
the numeric buttons shall remain. The value must be deleted and re-
entered as a valid value before proceeding. 

 Caution: Setting the High Alarm limit to an extreme high value can 
render the High Limit detection ineffective. 

 Caution: Setting the Low Alarm limit to an extreme low value can render 
the Low Limit detection ineffective. 

 Note: The alarm delay for High and Low limits remains constant during 
any alarm condition. The alarm delay High and Low limits are factory set 
to 0 and cannot be altered. 

 
Note: The High Limit cannot be set less than the Low Limit (for the same 
channel). The Low Limit cannot be set greater than the High Limit (for 
the same channel). There is always 5% difference between the Low and 
High limits (same channel). 

Saving Alarm Volume and Limits 
 Once the Alarm Volume and High/Low limits have been entered, perform 

the following to save them: 

 Touch Accept icon to accept this Alarm Limit changes. 

OR 
Touch Cancel icon to discard this channel’s Alarm Limit changes. 

 
Note: For proper identification of the Alarm signals generated by the 
Oximeter, the operator should be positioned directly in the front of the 
Oximeter, facing the front panel.   

 
Note: To test the Alarm operation, connect a St02 simulator (available 
through CASMED) to the patient connection of the Oximeter. Set the 
High Alarm limits to at least 1% less than the current displayed value and 
verify the activation of the High limit detection. Reset the High Alarm 
limits to the desired level. Set the Low Alarm limits to at least 1% more 
than the current displayed value and verify the activation of the Low limit 
detection. Reset the Low Alarm limits to the desired level. Testing of the 
Alarm operation should be done at least once every 6 months. 
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Cleaning 
 Warning: The Oximeter is designed to be cleaned with soft cloths 

dampened with cleaning solutions. If the Oximeter or Preamp is 
accidentally wetted, take it out of operation. It should be thoroughly dried 
(minimum 1 hour) and have it checked by a service technician before it is 
used again. 

 Caution: Do not open the Oximeter to clean it. 

 Caution: Do not use abrasive cleaners, isopropyl alcohol or organic 
solvent for cleaning.  Use of these cleaners can cause damage, stiffness 
and brittleness to the Oximeter’s surface and to cables and wires. 

Cleaning the Oximeter 
 Examine the Oximeter’s case for damage and check the AC power cord 

for bent or broken prongs, cracks or fraying.  Neither the Oximeter nor 
the AC power cord should be used if damaged.  If any damage is noted, 
contact the appropriate service personnel. Refer to Contact Addresses 
on page 2 for e-mail and phone number information. 

  Housing: The Oximeter surfaces may be disinfected using a soft 
cloth dampened with a 10% (1:10) solution of chlorine bleach in tap 
water.  When all of the surfaces have been disinfected, wipe the 
entire surface of the Oximeter using a soft cloth dampened with fresh 
water to remove any trace amounts of residue and/or fumes. 

  Display: Clean the display window using a soft, lint-free cloth sprayed 
with an alcohol free glass cleaner.  The use of paper towels is not 
recommended as it may scratch the surface. 

 Thoroughly wipe off any excess cleaning solutions 

Cleaning Preamp Cables 
 Clean the Preamp Cable using a soft cloth dampened with a 10% (1:10) 

solution of chlorine bleach in tap water.  Do not use alcohol. 

Cleaning Sensors 
 Sensors are not design to be cleaned and/or re-used. 
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Maintenance 
 Warning: No modification of this equipment is allowed. 

 Caution: Service performed by unauthorized personnel could be 
damaging to the Oximeter and may void the warranty.  For service, 
contact your CASMED Representative. Refer to Contact Addresses on 
page 2 for e-mail and phone number information. 

 The only Oximeter parts requiring preventive inspection and 
maintenance are the AC Fuse Replacement on page 41 and the Battery 
Maintenance on page 43. 

 CASMED will make available on request circuit diagrams, component 
parts lists, to assist CAS Authorized Service personnel. 

Maintenance Intervals 
 Preventive maintenance of the Oximeter is an important function that 

should be performed routinely to ensure safe and efficient Oximeter 
operation.  The following maintenance intervals are recommended: 

  Oximeter: No user calibration is required 

  Battery Pack: Should be replaced every 2 years 

 Caution: To maintain proper battery charge, plug the Oximeter into 
mains power when not in use. Failure to do so may diminish the service 
life and function of the battery. 

Waste Electrical and Electronics Equipment (WEEE) 
 To facilitate the sound treatment of WEEE, information will be made 

available for current CASMED products upon request.  EU distributors 
and treatment facility personnel may contact techsrv@casmed.com to 
obtain relevant information. 
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Battery Maintenance 
 The Battery Pack provides power to operate the Oximeter for up to a half 

hour (on a new, fully charged battery). 

 To properly maintain the battery charge level and prolong battery life, the 
Oximeter should be connected to AC power at all times. 

 As with all batteries, the capacity will diminish over time. It is 
recommended that properly maintained batteries be replaced by 
CASMED service every 2 years. 

 If Oximeter will not operate for more than 10 minutes on battery power 
prior to the 2 year replacement interval, then the Oximeter should be 
returned to CASMED for service and battery replacement. 

Installing/Removing the Battery Pack 

 
Warning: Use only the battery pack that is listed in the Accessories, 
Detachable Parts and Materials section on page 53. 

 The Battery Pack in the Oximeter is designed to be easily replaced. Turn 
the Oximeter Off and remove the AC power cord whenever removing or 
installing a battery pack. 

 To remove a Battery Pack: 

 1. Locate the Battery Pack – bottom area of rear of Oximeter (see 
Figure 3). 

 2. Loosen the retaining screws on either side of the Battery Pack. 

 3. Grasp the retaining screws of the battery pack and pull the Battery 
Pack slightly out of the Oximeter - this will disconnect the Battery 
pack electrically from the Oximeter. 

 4. Gently slide the Battery pack out of the remainder of the Battery 
compartment of the Oximeter. 

 To reinstall a Battery Pack: 

 1. Position the Battery Pack with the arrow on outside cover facing up 
and the two side tabs towards the top of the pack. 

 2. Gently slide the Battery pack in to the Battery compartment of the 
Oximeter until a slight resistance if encountered. 

 3. With equal force on both sides of the Battery Pack, push the Battery 
Pack into the Battery compartment until the outside of the Battery 
Pack is flush with the rear of the Oximeter. 

 Caution: If significant resistance in encountered, do not force the Battery 
Pack into the Battery compartment. Ensure the arrow on outside cover 
facing up and the two side tabs towards the top of the pack. 

 4. Tighten the retaining screws on either side of the Battery Pack. Do 
not over tighten the screws. 

 5. With the AC power cord disconnected, press the front panel power 
button and verify the Oximeter will power on with the Battery Pack 
installed 

 6. Reconnect the AC power cord back to the Oximeter. 
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Appendix 
Symbols 

 The following is a summary of all symbols used on the Oximeter and accessories. 
Symbols may occur on the product or on its packaging. Symbols shall be black unless 
otherwise indicated. 

Symbols on Front of Oximeter 

 
AC power indicator / Charge mode enabled (Green circle)  

 
On / Off 

 
Caution 

Symbols on Left Side of Oximeter 
(Near the Oximeter Patient Connections) 

 Patient connections are Type BF  

 
Warning (Yellow background) 

Symbols on Rear of Oximeter 

 
Caution 

 
Potential Equalization Post (Grounding Terminal) 

 

This symbol appears here instead of on the Oximeter. The first two digits of the 
Oximeter’s serial number indicate the year of manufacture in the 21st century. 

 
The CE Mark and Notified Body Registration Number signify the device has met all 

essential requirements of European Medical Device Directive 93/42/EEC. 

 

Indicates this Oximeter is subject to the Waste Electrical and Electronic Equipment 
Directive in the European Union. 

 Alternating current 

 Communication port, RS-232 Connector 

 Video port, VGA Connector 

 
Follow instructions for use 
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Symbols on Battery Pack 

 
Caution 

 
Recycling suggested 

 

Indicates this Battery pack contains lead (Pb) and is subject to the Waste Electrical and 
Electronic Equipment Directive in the European Union. 

Symbols on Oximeter Packaging 

 

Symbol used to indicate the minimum and maximum storage and transport 
Temperatures. 

Refer to Storage/Transport Environment on page 51. 

 

Symbol used to indicate the minimum and maximum relative humidity for storage and 
transport. 

Refer to Storage/Transport Environment on page 51. 

 

Symbol used to indicate the minimum and maximum atmospheric pressure for storage 
and transport. 

Refer to Storage/Transport Environment on page 51. 

 
The CE Mark and Notified Body Registration Number signify the device has met all 

essential requirements of European Medical Device Directive 93/42/EEC. 

 
Fragile, handle with care 

 
This end up 

Symbols on Preamp 

 
Follow instructions for use 

 
The CE Mark and Notified Body Registration Number signify the device has met all 

essential requirements of European Medical Device Directive 93/42/EEC. 

 

Indicates this Preamp is subject to the Waste Electrical and Electronic Equipment 
Directive in the European Union. 

 

Do not Discard 

Intended for 
Multiple use 

Found on the Preamp cable 

(Black text & symbol on Green background) 

Symbols on Preamp Packaging  

 
The CE Mark and Notified Body Registration Number signify the device has met all 

essential requirements of European Medical Device Directive 93/42/EEC. 

 

Indicates this Preamp is subject to the Waste Electrical and Electronic Equipment 
Directive in the European Union. 

 

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



FORE-SIGHT Elite Oximeter Appendix 
 

 

21-22-3000 Rev 01-Xb DRAFT COPY Page 48  

Symbols on Sensor Packaging 

 In the U.S. the following Caution applies 

 
Non-Sterile 

 
Storage and transport temperatures 

 
Use only once 

 
PVC Free 

 
Follow instructions for use 

 
Latex free 

 
Do not cut or trim Sensor 

 
Do not apply prolonged pressure to the Sensor 

 
Manufacturer 

 Lot number 

 
The CE Mark and Notified Body Registration Number signify the device has met all 

essential requirements of European Medical Device Directive 93/42/EEC. 
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Warranty Policy 
 All products are sold by CASMED, under the warranties set forth in the following paragraphs. 

Such warranties are extended only with respect to the purchase of this product directly from 
CASMED or CASMED’s Authorized Distributors as new merchandise and are extended to the 
first buyer thereof, other than for resale. 

 The CASMED FORE-SIGHT ELITE Oximeter is warranted for a period of twelve (12) months. 
All products, if applicable, are warranted to be free from functional defects in materials and 
workmanship and to conform to the description of the product contained in the User Guide, 
published specifications, and accompanying labels and/or inserts, provided that the same is 
properly operated under conditions of normal use in accordance with applicable safety and 
regulatory requirements, and that replacements and repairs are made in accordance with the 
instructions provided by CASMED. 

 The same warranty conditions are made for a period of twelve (12) months with respect to the 
battery. A ninety (90) days warranty is provided for non-disposable accessories such as 
reusable Preamp Cables and other accessories provided by CASMED as part of the original 
purchase. CASMED warrants disposable or single-patient-use products, including Sensors for 
out-of-box failure only. Where the accessory is not a CASMED manufactured product, the 
manufacturer’s own warranty applies. Warranty of accessories purchased separately from 
listed suppliers will be the responsibility of such listed suppliers. Damage to any part through 
misuse, neglect, or accident, or by affixing any accessories or attachments other than 
CASMED manufactured accessories or attachments, is not covered by this warranty. 

 The foregoing warranties shall not apply if the product has been configured, modified, 
adjusted or repaired other than by CASMED or by persons expressly authorized by CASMED, 
or not in accordance with written instructions provided by CASMED, or if the product has 
been subjected to misuse, negligence, or accident. 

 CASMED reserves the right to perform warranty service operations in its own factory, at an 
authorized repair facility, or at the customers’ site. The sole and exclusive obligation of 
CASMED and Buyer’s sole and exclusive remedy under the above warranties, is limited to 
repairing or replacing, free of charge, a product which is reported in writing or via telephone to 
CASMED has a Return Material Authorization (RMA) number assigned and which is returned 
during normal business hours, transporting charges prepaid to: 

  CAS Medical Systems, Inc. 
44 East Industrial Road  
Branford, CT  06405 USA 
 
Telephone: +1 203 488 6056 
Fax: +1 203 488 9438  
E-mail: custsrv@casmed.com 

 CASMED SHALL NOT BE OTHERWISE LIABLE FOR ANY DAMAGES INCLUDING, BUT 
NOT LIMITED TO, INCIDENTAL DAMAGES, CONSEQUENTIAL DAMAGES OR SPECIAL 
DAMAGES. 

 THERE ARE NO EXPRESS OR IMPLIED WARRANTIES WHICH EXTEND BEYOND THE 
WARRANTIES HEREINABOVE SET FORTH. CASMED MAKES NO WARRANTY OF 
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE WITH RESPECT TO 
THE PRODUCT OR PARTS THEREOF. 
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Oximeter Configuration Record  
Serial Number:  

Date of Purchase:  
 

Specifications 
Physical Dimensions and Weight 

H × W × D: (without feet) 10 in (25.4 cm) × 12 in (30.5 cm) × 9 in (22.9 cm) 

Weight: 13.2 lbs (5.9 kg) 

Operating Environment 
Operating temperature: 10°C (50°F) to 40°C (104°F)  

Humidity: 30 to 90% RH, non-condensing 

Altitude: -1,000 ft (106 kPa) to 10,000 ft (68 kPa) 

Oximeters may not meet performance specifications if stored or used outside 
temperature and humidity ranges. When moving an Oximeter from a storage location, 
wait at least one hour prior to use to allow it to adjust to room temperature. 

 
Measurement 

Method: Modified Beer-Lambert Law Near Infrared Spectroscopy 
(NIRS) 

Information output: Absolute saturation of tissue oxygenation (StO2)  

Measurement range: 0 to 100% 

Display resolution: 1% 

Data rates: Acquisition ≤ 100 Hz, numeric display = .5 Hz 

Accuracy:  Cerebral Accuracy not determined < 45%. Oximeter may not be 
accurate at saturations below 45%. 

Large Sensors 45% to 95%: ±3.05% to 1 standard deviation 

 Skeletal 
Muscle

Accuracy not determined < 45%. Oximeter may not be 
accurate at saturations below 45%. 

Large Sensors 45% to 95%: ±5.17% to 1 standard deviation 
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Patient Alarms 
Adjustable alarms: High, Low limits for Ch1, Ch2, Ch3 & Ch4 

Alarm indicators:  Visual 
 Audible 
 Text in Channel alarm message window 

Audible sound pressure 
 

@ 100% Volume 

High Priority Alarms: 
>56db (Fast A) @ 1m in front of Oximeter 

Medium Priority Alarms: 
<56db (Fast A) @ 1m in front of Oximeter 

Patient Parameter Low (Default 40%) High (Default 90%) 
Range: Ch1, Ch2, Ch3, Ch 4 5 to 90% 10 to 95% 

Low limits cannot be set above the associated high limit. 
High limits cannot be set lower than the associated low limit. 
There is a min of 5% difference between the Low and High limit values at any time. 

 

Display 
Display: LCD display of measurement results, instructions, 

troubleshooting messages, waveforms, and signal 
strength bar.  

Numerics: 1 corresponding to each channel 

  

  

Storage/Transport Environment 
Storage Temperature: -20°C (-4°F) to 60°C (149°F) 

Transport Temperature: -20°C (-4°F) to 60°C (149°F) 

Humidity: 15 to 90% RH, non-condensing 

Altitude: -1,000 ft (106 kPa) to 10,000 ft (68 kPa) 

Power 
External AC power: 100 to 240 VAC, 50/60 Hz, 1.5A Max (1.5A to 0.75A) 

Fuse rating: T3.15AH250V (two provided) 

Chassis leakage current: 100 µA (maximum) 

Heat dissipation: 60 watts (205 BTU/hr) 

Battery: Sealed lead-acid battery 

Charge Time: 6 hours 
Operating Time: 0.5 hour (minimum with new and properly maintained 

battery) 

 
Note: The life of batteries is influenced by actual use, temperature, charging & 
discharging cycles, and mechanical abuse. 
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Serial Interface 
Interface type: Bi-directional serial communication 

Speed: User-programmable 

Signal level: RS-232C 

Data length: 8 bits 

Start bit: 1 bit 

Stop bit: 1 bit 

Parity: None 

Flow control: None 
 

Standards 
Oximeter comply with the following requirements: 

CE marking according to Directive 93/42/EEC 

IEC 60601-1:2005 

IEC 60601-1-2:2007 

IEC 60601-1-6:2010 

IEC 60601-1-8:2006 

ANSI/AAMI ES 60601:2005 

ANSI/AAMI IEC 62366:2007 

CAN/CSA C22.2 #60601-1 

U.S. Patent protected: see www.casmed.com/site-info/patents.cfm 
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Parts  
 Contact our Customer Service department or see our website for the 

latest product information. Refer to Contact Addresses on page 2 for e-
mail and phone number information. 

Oximeter 
Catalog No. Description 
01-06-3000 (1) FORE-SIGHT ELITE Oximeter 

 
        

 
        

Provided (1) FORE-SIGHT ELITE Dual Preamp 

With: (1) FORE-SIGHT ELITE Battery Pack 

 (1) FORE-SIGHT ELITE User Manual (on CD) 

 (1) Hospital Grade AC power cord (country specific) 

 (1) Service Card & Sleeve 

Accessories, Detachable Parts and Materials 
Catalog No. Description 
01-02-0395 Replacement power cord, North America 

01-02-0384 Replacement power cord, U.K. 

01-02-0385 Replacement power cord, Australian 

01-02-0386 Replacement power cord, European 

01-06-3100 FORE-SIGHT ELITE Dual Preamp 

01-06-3011 FORE-SIGHT ELITE USB Flash Drive 

01-06-3014 FORE-SIGHT ELITE Battery Pack 

01-06-3036 FORE-SIGHT ELITE User Manual on CD 

01-07-1110 FORE-SIGHT ELITE St02 Simulator 

01-07-2103 FORE-SIGHT ELITE Large Sensor Carton (20 sensors) 

01-06-0231 Giraffe® 4 Dovetail Attachment 

01-06-0232 FORE-SIGHT 3 inch Utility Basket for 01-06-0234, 01-06-0235 or 01-06-0236 Arms 

01-06-0233 FORE-SIGHT 6 inch Utility Basket for 01-06-0234, 01-06-0235 or 01-06-0236 Arms 

01-06-0234 FORE-SIGHT 16 inch Arm Wall Mount 

01-06-0236 FORE-SIGHT 16 inch Arm Pole Mount 

01-06-0238 FORE-SIGHT Roll Stand, with basket & Handle 

01-06-0239 FORE-SIGHT ELITE GCX Mounting Plate Kit 

The following part require the 01-06-0231 Giraffe Dovetail Attachment: 

01-06-0235 8 inch Arm Giraffe Bed Mount 
 

                                                 
4 Giraffe® is a registered trademark of GE Healthcare 
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Philips IntelliVue/VueLink Accessories and Options 

Description - Purchased directly from Philips: 

Philips VueLink Module AUXPLUS PN: M1032A #A05 

Philips Interface Cable PN: M1032A #K6C, M1032-61699 

Philips contact information: 

www.medicalphilips.com Web 
medical@philips.com E-Mail 

 
Catalog No. Description 

01-06-2133 FORE-SIGHT VueLink Extension Cable 

 
Warning: Connection of the Oximeter to a Philips Patient Monitor could result in 
previously unidentified risks to Patients, or Operators and the User should identify, 
analyze, and control such risks. 

 
Warning: Changes in the Oximeter to a Philips Patient Monitor connection including 
changes to configuration, additional or deletion of items and updating or upgrading of 
equipment could introduce new risks that may require new analysis. 
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What's In This Release 
P/N 15-06-0285 Description FS-ELITE Main Application Ver 1.1.1 Date 16-Dec-13 
 

Company Confidential 

 Correct redraw speed of numeric fields after display of events - Still may occur but is vastly improved 
(CR 746) 

 Rapid changes in Settings, e.g., View causes crash (CR 1038) 
 External Interference causes the Numeric field to go blank instead of dashes (CR 1041) 
 Monitor reset if Factory Defaults activated (CR 1003, 827) 
 Correct underlying alarm led and audio problems (CR 1057) 
 Pressed Events, then OR then screen froze showing just bottom 3 options (CR 949) 
 Rapid switching between Event button and Undo button causes crash (CR 965) 
 Possibility to delete more than the last Event entered (CR 1000) 
 USB File - need to add a decimal digit precision to STS data (CR 1094) 
 ICU Event list "Reposition Patient" should be Green Event after "Prostaglandin" (CR 1096) 

 

4.0 Software Fixes: 
The following are Software Fixes associated with this release: 
 SPR 762-2 - In Italian "View" 24 Hour selection is 1Ore, should be 24 Ore (CR 1136) 
 SPR 761 - In 4 C4 CAS protocol crash when baud rate is selected (CR 1145) 
 SPR 764 - Numeric Field "Current Value" sometimes blank after fast boot (CR 1147) 
 SPR 758 & 760 - Remove active case from USB save list (CR 1148) 
 SPR 754 - Event Mark vertical dotted line (CR 1153) 
 SPR 762-1 - Dutch under STS & other string fixes (CR 1158) 
 

5.0 Hardware Changes: 
There are no Hardware Changes associated with this release known at this time. 
 

6.0 Incompatibilities: 
There are no Incompatibilities associated with this release known at this time. 
 

7.0 Dependencies: 
The following are SW Dependencies of Main Application, 15-06-0285 V1.1.1 associated with this release: 
 Main Bootloader, 15-06-0284 V1.1.0 

 

8.0 Unresolved Anomalies: 
The following is a list of known Unresolved Anomalies associated with this release: 
 

None 
 

 

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Document Number 
21-07-0370 

Rev 
00 

Title: FORE-SIGHT ELITE SW Performance and Functional Requirements 

Confidential – Do Not Distribute Page 6 of 15 

(b)(4) 

Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records processed under FOIA Request #2014-4955; Released by CDRH on 12-8-2015

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



1

STATISTICAL METHODS FOR ASSESSING AGREEMENT

BETWEEN TWO METHODS OF CLINICAL MEASUREMENT

J. Martin Bland, Douglas G. Altman

Department of Clinical Epidemiology and Social Medicine, St. George's Hospital Medical
School, London SW17 ORE; and Division of Medical Statistics, MRC Clinical Research

Centre, Northwick Park Hospital, Harrow, Middlesex

SUMMARY

In clinical measurement comparison of a new measurement technique with an established one

is often needed to see whether they agree sufficiently for the new to replace the old.  Such

investigations are often analysed inappropriately, notably by using correlation coefficients.
The use of correlation is misleading.  An alternative approach, based on graphical techniques

and simple calculations, is described, together with the relation between this analysis and the

assessment of repeatability.

(Lancet, 1986; i: 307-310)

INTRODUCTION

Clinicians often wish to have data on, for example, cardiac stroke volume or blood pressure
where direct measurement without adverse effects is difficult or impossible.  The true values

remain unknown.  Instead indirect methods are used, and a new method has to be evaluated

by comparison with an established technique rather than with the true quantity.  If the new
method agrees sufficiently well with the old, the old may be replaced.  This is very different

from calibration, where known quantities are measured by a new method and the result

compared with the true value or with measurements made by a highly accurate method.

When two methods are compared neither provides an unequivocally correct measurement, so
we try to assess the degree of agreement.  But how?

The correct statistical approach is not obvious.  Many studies give the product-moment

correlation coefficient (r) between the results of the two measurement methods as an indicator
of agreement.  It is no such thing.  In a statistical journal we have proposed an alternative

analysis,
1
 and clinical colleagues have suggested that we describe it for a medical readership.

Most of the analysis will be illustrated by a set of data (Table 1) collected to compare two
methods of measuring peak expiratory flow rate (PEFR).

SAMPLE DATA

The sample comprised colleagues and family of J.M.B. chosen to give a wide range of PEFR
but in no way representative of any defined population.  Two measurements were made with

a Wright peak flow meter and two with a mini Wright meter, in random order.  All

measurements were taken by J.M.B., using the same two instruments. (These data were
collected to demonstrate the statistical method and provide no evidence on the comparability

of these two instruments.) We did not repeat suspect readings and took a single reading as our

measurement of PEFR.  Only the first measurement by each method is used to illustrate the

comparison of methods, the second measurement being used in the study of repeatability.

PLOTTING DATA

The first step is to plot the data and draw the line of equality on which all points would lie if
the two meters gave exactly the same reading every time (fig 1). This helps the eye in gauging

the degree of agreement between measurements, though, as we shall show, another type of

plot is more informative.
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PEFR MEASURED WITH WRIGHT PEAK FLOW AND MINI WRIGHT PEAK FLOW METER

         Wright peak flow meter    Mini Wright peak flow meter

         First PEFR  Second PEFR   First PEFR  Second PEFR

Subject   (l/min)      (l/mi)       (l/min)      (l/min)

 1         494          490          512          525

 2         395          397          430          415

 3         516          512          520          508

 4         434          401          428          444

 5         476          470          500          500

 6         557          611          600          625

 7         413          415          364          460

 8         442          431          380          390

 9         650          638          658          642

10         433          429          445          432

11         417          420          432          420

12         656          633          626          605

13         267          275          260          227

14         478          492          477          467

15         178          165          259          268

16         423          372          350          370

17         427          421          451          443

Fig 1. PEFR measured with large Wright peak flow meter and mini Wright peak flow meter,
with line of equality.

INAPPROPRIATE USE OF CORRELATION COEFFICIENT

The second step is usually to calculate the correlation coefficient (r) between the two

methods.  For the data in fig 1, r  = 0.94 (p < 0.001). The null hypothesis here is that the
measurements by the two methods are not linearly related.  The probability is very small and

we can safely conclude that PEFR measurements by the mini and large meters are related.

However, this high correlation does not mean that the two methods agree:

(1) r  measures the strength of a relation between two variables, not the agreement between

them.  We have perfect agreement only if the points in fig 1 lie along the line of equality, but

we will have perfect correlation if the points lie along any straight line.
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(2) A change in scale of measurement does not affect the correlation, but it certainly affects
the agreement.  For example, we can measure subcutaneous fat by skinfold calipers.  The

calipers will measure two thicknesses of fat.  If we were to plot calipers measurement against

half-calipers measurement, in the style of fig 1, we should get a perfect straight line with

slope 2.0. The correlation would be 1.0, but the two measurements would not agree — we
could not mix fat thicknesses obtained by the two methods, since one is twice the other.

(3) Correlation depends on the range of the true quantity in the sample.  If this is wide, the

correlation will be greater than if it is narrow.  For those subjects whose PEFR (by peak flow
meter) is less than 500 l/min, r  is 0.88 while for those with greater PEFRs r  is 0.90.  Both

are less than the overall correlation of 0.94, but it would be absurd to argue that agreement is

worse below 500 l/min and worse above 500 l/min than it is for everybody.  Since
investigators usually try to compare two methods over the whole range of values typically

encountered, a high correlation is almost guaranteed.

(4) The test of significance may show that the two methods are related, but it would be

amazing if two methods designed to measure the same quantity were not related.  The test of
significance is irrelevant to the question of agreement.

(5) Data which seem to be in poor agreement can produce quite high correlations.  For

example, Serfontein and Jaroszewicz 
2
 compared two methods of measuring gestational age.

Babies with a gestational age of 35 weeks by one method had gestations between 34 and 39.5

weeks by the other, but r  was high (0.85).  On the other hand, Oldham et al. 
3
 compared the

mini and large Wright peak flow meters and found a correlation of 0.992. They then
connected the meters in series, so that both measured the same flow, and obtained a "material

improvement" (0.996). If a correlation coefficient of 0.99 can be materially improved upon,

we need to rethink our ideas of what a high correlation is in this context.  As we show below,

the high correlation of 0.94 for our own data conceals considerable lack of agreement
between the two instruments.

MEASURING AGREEMENT

It is most unlikely that different methods will agree exactly, by giving the identical result for

all individuals.  We want to know by how much the new method is likely to differ from the

old: if this is not enough to cause problems in clinical interpretation we can replace the old

method by the new or use the two interchangeably.  If the two PEFR meters were unlikely to
give readings which differed by more than, say, 10 l/min, we could replace the large meter by

the mini meter because so small a difference would not affect decisions on patient

management.  On the other hand, if the meters could differ by 100 l/min, the mini meter
would be unlikely to be satisfactory.  How far apart measurements can be without causing

difficulties will be a question of judgment.  Ideally, it should be defined in advance to help in

the interpretation of the method comparison and to choose the sample size.

The first step is to examine the data.  A simple plot of the results of one method against those
of the other (fig 1) though without a regression line is a useful start but usually the data points

will be clustered near the line and it will be difficult to assess between-method differences.  A

plot of the difference between the methods against their mean may be more informative. Fig 2
displays considerable lack of agreement between the large and mini meters, with

discrepancies of up to 80 l/min, these differences are not obvious from fig 1. The plot of

difference against mean also allows us to investigate any possible relationship between the
measurement error and the true value.  We do not know the true value, and the mean of the

two measurements is the best estimate we have.  It would be a mistake to plot the difference

against either value separately because the difference will be related to each, a well-known

statistical artefact. 
4
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Performance of Deming regression analysis in case
of misspecified analytical error ratio in method

comparison studies
Kristian Linnet

Application of Deming regression analysis to interpret
method comparison data presupposes specification of
the squared analytical error ratio (l), but in cases involv-
ing only single measurements by each method, this ratio
may be unknown and is often assigned a default value
of one. On the basis of simulations, this practice was
evaluated in situations with real error ratios deviating
from one. Comparisons of two electrolyte methods and
two glucose methods were simulated. In the first case,
misspecification of l produced a bias that amounted to
two-thirds of the maximum bias of the ordinary least-
squares regression method. Standard errors and the
results of hypothesis-testing also became misleading. In
the second situation, a misspecified error ratio resulted
only in a negligible bias. Thus, given a short range of
values in relation to the measurement errors, it is im-
portant that l is correctly estimated either from dupli-
cate sets of measurements or, in the case of single
measurement sets, specified from quality-control data.
However, even with a misspecified error ratio, Deming
regression analysis is likely to perform better than
least-squares regression analysis.

The comparison of measurements by two analytical meth-
ods, for example, x and y, is usually based on a form of
regression analysis. The most frequently used approach,
ordinary least-squares regression (OLR) analysis is subject
to several shortcomings when both measurement sets are
subject to random errors, which represents the typical
situation. Because the procedure assumes that only the y
measurements are associated with random measurement
errors, the slope estimate becomes biased, and the testing
of hypotheses becomes erroneous (1-3). Therefore, alter-

native regression procedures are more appropriate to
apply in situations with random errors in both x and y
measurements. The Deming method, also called the er-
rors-in-variables model or the functional or structural
relationship model in the statistical literature, takes mea-
surement errors for both sets of measurements into ac-
count and is therefore more generally applicable than
OLR (1-4). Application of the Deming method requires
specification of the ratio between squared analytical SDs
for the two analytical methods. The analytical SDs may be
known from quality-control data, and specification of the
ratio is then possible. Furthermore, if duplicate sets of
measurements are available, as is generally recom-
mended, the ratio may be estimated from the actual data
set. However, frequently duplicate data sets are not
available, and for a new method, quality control data may
be sparse. Therefore, application of the Deming regression
analysis may be halted by lack of information concerning
the ratio between analytical SDs. By default, one may then
choose to set the ratio equal to one and carry out the
regression analysis on this assumption. In the present
study, I consider the performance of Deming regression
analysis when the ratio between squared analytical SDs is
set to one in simulated situations that should be realistic
in the field of clinical chemistry. The cases correspond to
a comparison of electrolyte methods and a comparison of
glucose methods. Using this approach, it is possible to
evaluate the size of a possible slope bias and the perfor-
mance of hypothesis-testing in situations with an un-
known analytical SD ratio.

Materials and Methods
model of method comparison situation
The study is based on simulated method comparison
situations. A given analytical method measures analyte
concentrations with some uncertainty. One may distin-
guish between the measured value (xi) and the target
value (Xi) of a sample subjected to analysis by a given
method. The latter is the average result we would obtain
if the given sample was measured an infinite number of
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times. The measured value is likely to deviate from the
target value by some small “random” amount (e or d). For
a given sample measured by two clinical chemistry meth-
ods, the following relations exist:

xi 5 Xi 1 ei

yi 5 Yi 1 si

The dispersions of measured values around the target
value is determined by the analytical standard deviation
(SDa) of the method. A linear relationship between the
target values of the two methods is assumed:

Yi 5 a0 1 bXi

By correctly assuming that measurement errors are
present for both x and y measurements, the Deming
regression procedure provides an unbiased estimate of
the slope b (see Appendix). This is in contrast to the case
for OLR analysis. By ignoring measurement errors for x
measurements, the latter procedure provides a down-
ward biased slope estimate (see Appendix).

To estimate the regression line by the Deming method
it is, however, necessary to estimate or assign a value to
the ratio between squared analytical standard deviations
for the x and y method, l 5 SDax

2 /SDay
2 (see formula in

Appendix). l determines the angle in which to project
points onto the line to minimize the sum of squared
deviations (5) (Fig. 1).

For analytes with values extending over a considerable
range, the analytical SD usually increases with the mea-
surement level (6). Often a proportional relationship ap-
proximately exists over the major part of the range, which
implies that the analytical coefficient of variation (CVa) is
approximately constant. In this situation, we have the
relation l 5 CVax

2 /CVay
2 . Deming regression may in this

case be carried out either in the simple, unweighted form
or in a weighted form in which weights are introduced
that are inversely proportional to the squared analytical
standard deviation at a given measurement level (see
Appendix). The latter procedure is the optimal one (3).

simulation procedure
The performance of regression methods is dependent on
the relation between the dispersions of measurement
errors and the dispersions of target values. The larger the
dispersion of measurement errors is in relation to the
dispersion of target values, the larger is the imprecision of
the slope estimate. For the ordinary least-squares proce-
dure, the bias of the slope estimate depends on the ratio
between the dispersions of x measurements and X target
values (7). In clinical chemistry, one observes a wide
range of ratios between measurement error and target
value dispersions. High ratios occur for compounds that
are tightly regulated in the body, e.g., electrolytes,
whereas small ratios may occur for substances with a very
wide physiological variation, e.g., various hormones
whose serum concentrations may span several decades.
Intermediate ratios occur for various metabolites such as
glucose, urea, and others. In the present study, the focus
is on two prototype situations: an “electrolyte-like situa-
tion” with a small dispersion of target values and a
“metabolite-like case” with a span of target values close to
one decade. The performance of the two regression meth-
ods was evaluated for various measurement error combi-
nations that should be realistic in clinical chemistry.
Random numbers were generated by a computer accord-
ing to specified distributions. The measurement error
distributions were supposed to be gaussian. The regres-
sion estimates were computed and subjected to statistical
tests as described (3, 8). The computational methods were
effected using a modification of the software program
CBstat, which is a Windows application for Deming
regression analysis developed by the author. Each simu-
lated situation was repeated 5000 times to obtain reliable
performance measures. The performance measures were
as follows:
(i) Bias of the slope estimate. The bias is the difference
between the true value (b) and the average of estimated
slope values for 5000 (nrun) simulation runs (bm). The true
value was set to 1 in the simulated situations correspond-
ing to the null hypothesis situation of identity.
(ii) Root mean squared error of the slope estimate. The root
mean squared error (RMSE) is an estimate of the total

Fig. 1. Comparison of analysis methods.
OLR analysis: projection of measurement sets (x, y) onto the line in the vertical
direction so that the sum of squared deviations is minimized; Deming regression
analysis: projection of measurement sets (x, y) onto the line at an angle
determined by l so that the sum of squared deviations is minimized. Here l 5
1 and the angle is 90°.
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error of the slope estimate (b) and includes a systematic
part (bias) and a random error part (standard error):

RMSE 5 @S~b 2 1)2/nrun]0.5 5 [Bias2 1 SE2]0.5

(iii) Real standard error of the slope [SE(b)]. This is the
standard error observed in the simulation study, i.e., the
standard deviation of the distribution of slope estimates
for the 5000 simulation runs.
(iv) Average estimated standard error of the slope [SE(b)]. In
each simulation run, a standard error of the slope is
estimated as a result of the statistical analysis, so that a
t-test of the null hypothesis can be performed. A prereq-
uisite for a correct test is that the estimated standard error,
on average, agrees with the real one.
(v) Hypothesis testing. The performance of hypothesis

testing can be evaluated by comparing the observed and
expected frequencies of rejection of the null hypothesis on
the basis of the t-test for the slope carried out in each
simulation run. Under the null hypothesis, one expects 50
rejections out of 1000 trials, when the nominal type I error
is set to the usual level of 5%. Thus, if the observed
number of rejections is 200, the actual type I error is four
times the nominal or expected value, and testing of the
null hypothesis is not performed in the correct way.

Results
electrolyte case
The comparison of two methods for the measurement of
serum sodium was simulated. The target values were
supposed to be gaussian distributed with a mean value of

Fig. 2. Simulated comparison of two electrolyte methods.
(A) SDax/SDay 5 1:1; (B) SDax/SDay 5 1:2; (C) SDax/SDay 5 2:1; the data points
originate from one simulation run; (z z z z z), diagonal y 5 x; (---------), average
Deming regression line; (— — —), average OLR line.
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140.5 mmol/L, corresponding to the mean of the reference
interval, stated to be 136–145 mmol/L (9).The SD of the
target values was set to 3.8 mmol/L. This corresponds to
a range exceeding the reference interval by ;5 mmol/L in
each direction, corresponding to the inclusion of some
pathological samples. The analytical SDs of the methods
were set to 1.405 or 2.81, corresponding to CVs of 1% or
2% at the mean level. For this model, the Pearson pro-
duct–moment correlation coefficient was 0.88 when the
analytical SDs both were 1.405, and 0.75 when one SD was
2.81. It was assumed that the analytical SDs were un-
known, and the Deming regression analysis was per-
formed with an assigned SD ratio of one for all cases. OLR
analysis was carried out for the sake of comparison. Fig. 2,
A-C, and Table 1 refer to SD ratios of 1:1, 1:2, and 2:1 in
the simulated examples. Fig. 2A shows that the average
Deming regression line coincides with the diagonal as a
sign of an unbiased slope estimate for this situation with
a correctly specified analytical SD ratio. The OLR proce-
dure has a downward bias of 12% because of the neglect
of measurement errors for x. Accordingly, the RMSE of
the least-squares method is almost twice the size of the
Deming case.

For the situations with analytical SD ratios different
from 1, both types of slope estimates become biased (Fig.
2, B and C). The worst case is that for the least-squares
method and an analytical CV of 2% for the x measure-
ments (bias, 235%). However, the Deming method also
gives slope results with a considerable bias in the situa-
tions with a misspecified SD ratio, up to 24% in the
example shown here. The bias of the Deming method is
positive when SDay exceeds SDax and negative when SDay

is smaller than SDax. In contrast, the bias of the OLR
method is always negative and only depends on the
relation between x measurement errors and the dispersion
of X target values (see Appendix).

A more detailed account on the relation between
analytical error ratio and bias is displayed in Fig. 3. In Fig.
3A, SDax is fixed at 1.405 (CVax, 1%), and SDay increases
from 1.405 to 2.81 (CVay, 2%). In this situation, the bias of

the Deming method gradually increases to a maximum
value of 124% as the ratio deviates more and more from
the assumed value of one, whereas the bias of the OLR
method is constant (212%). In Fig. 3B, SDay is kept fixed
at 1.405 (CVay, 1%), and SDax increases from 1.405 to 2.81
(CVax, 2%). Now the biases of both procedures increase
with increasing SDax value, so that the maximum biases
are observed at a SDay/SDax ratio of 0.5 (Fig. 3B). The bias
of the Deming procedure increases from zero to a maxi-
mum of 218%, whereas the bias of OLR starts at 212%
and increases to 235%.

When the null hypothesis has been tested in cases
where no difference exists between the target values, the
bias has led to the null hypothesis being rejected too
frequently. For the OLR method, the frequency ranges
from 19% to 98%. In the latter situation, the test will
almost always produce a rejected null hypothesis, i.e., the
conclusion of the statistical analysis is that there is a
systematic difference between the two methods although
no real difference exists. With regard to the Deming
method, this frequency ranges from 5.9% to 44%.

In the example described above, the target values of the
50 samples were randomly drawn from a gaussian distri-
bution with a mean corresponding to the mean of the
reference interval. Therefore, the majority of sample val-
ues are located in the middle of the reference interval with
relatively few extreme sample values. In method compar-
ison studies, the investigator may choose to deliberately
select samples with values in the periphery of the range of
interest to obtain a more uniform distribution over the
studied interval and thereby increase the precision of
estimated regression parameters. To study such a proce-
dure, one may simulate drawing of sample sets from a
uniform distribution of target values covering the range of
interest (131–150 mmol/L) instead of a gaussian distribu-
tion, such as the cases dealt with above. After this change,
the Pearson coefficient of correlation increased to 0.94
when both analytical SDs were 1.405 and to 0.87 when one
of the analytical SDs was equal to 2.81. For this model, the
same general trends are observed, but in a reduced scale.

Table 1. Regression results for the electrolyte-like case.
Analytical SD ratio SDax/SDay

1;1 1;2 2;1

Least-squares
RAa

Deming RA
(l 5 1)

Least-squares
RA

Deming RA
(l 5 1)

Least-squares
RA

Deming RA
(l 5 1)

Average slope (bm)b 0.880c 1.001 0.879c 1.236c 0.647c 0.820c

Bias of slope 212% 0% 212% 24% 235% 218%
RMSE 0.138 0.080 0.163 0.286 0.362 0.207
Real SE(b) 0.068 0.080 0.110 0.161 0.081 0.105
Average estimated SE(b) 0.069 0.080 0.110 0.163 0.081 0.107
Frequency of rejection of null

hypothesis (nominal 5%)
41% 5.9% 19% 24% 98% 44%

a RA, regression analysis.
b The true slope b is equal to 1. Sample size, 50 single measurements for each method. Based on 5000 simulation runs.
c Significantly different from 1 (P ,0.001).
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The Deming procedure with l specified to one yields slope
biases of 110% and 29% for SDax/SDay ratios of 1:2 and 2:1,
respectively. Similarly, the slope biases of the OLR proce-
dure are also reduced to about one-half of the values, 26%
and 220%, respectively. Thus, by assuring a more even
distribution of sample values over a given interval, the bias
problems can be reduced but not avoided.

metabolite case
Many clinical chemical analyses have range ratios in the
interval 5–10, e.g., serum glucose determinations. For this

analyte, patient samples may typically range from ;2.5 to
20 mmol/L. In a method comparison study, most of the
values are likely to be located in the lower half of this
interval. Thus, in the simulation model it is supposed that
three-quarters of the observations are located in the lower
half and one-quarter in the upper half of the interval. The
measurement errors were assumed to be proportional to
the concentrations, which is a more common situation
than that of constant analytical errors for analytes with a
considerable range (6). Proportional measurement errors
imply that the analytical coefficients of variation, CVax

and CVax, are constant over the measurement range. Their
values were set to 4% and 8%, respectively, so that the
ratios of analytical coefficients of variation were 1:1, 1:2,
or 2:1 (Table 2). The case with a ratio of 2:1 is shown in Fig.
4. The Pearson coefficient of correlation was 0.99 when
both CVs equalled 4% and 0.98 when one CV was 8%. In
accordance with the specified model, the weighted form
of Deming regression analysis was carried out assuming
proportional errors (see Appendix). Again, the sample was
composed of 50 single observations for each method. All
slope estimates obtained by the least-squares regression
method are biased, but because of the wider range of
target values, the bias is either negligible (0.7%) or small
(2.7%). Hypothesis-testing, however, is clearly misleading
with type I errors four to six times larger than the nominal
one of 5%. This relies partly on the bias, partly on an
underestimated standard error.

The weighted Deming method yields an unbiased
slope estimate in the case with an analytical CV ratio of 1:1
and biases up to only 0.7% in the other cases. Thus, in the
present example, the maximum bias of the weighted
Deming procedure amounts to only about one-fourth of
the maximum bias of the OLR method and so may be
regarded as negligible. Furthermore, estimation of the
standard error of the slope, and thus hypothesis-testing, is
rather insensitive to a misspecified error ratio. The ob-
served type I error values (5.3–5.5%) are very close to the
nominal value of 5%. Thus, although the analytical SD
ratio might have been misspecified, hypothesis-testing is
reliable in this situation, with a relatively wide range of
target values compared with the dispersion of measure-
ment errors.

Discussion
OLR analysis is still the most frequently applied proce-
dure to evaluate method comparison data despite several
well-known shortcomings, such as a bias associated with
slope estimation, incorrect testing of statistical hypothe-
ses, and low efficiency in cases with proportional errors
over one or more decades of values (3). The bias problem
may be overcome with the Deming regression procedure,
and hypothesis-testing can be done correctly on the basis
of this regression procedure if standard errors of slope
and intercept are estimated on the basis of modern
statistical resampling methods (8, 10). Finally, by apply-
ing a weighted modification of the Deming procedure as

Fig. 3. Bias for OLR analysis and Deming regression analysis as a
function of the analytical SD ratio.
(A) SDax is fixed at 1.405 (CVax, 1%), and SDay ranges from 1.405 to 2.81 (CVay,
2%); (B) SDay is fixed at 1.405 (CVay, 1%), and SDax ranges from 1.405 to 2.81
(CVax, 2%).(---------), Deming; (— — —), OLR.
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done here for the glucose example, full efficiency may be
attained in cases with proportional analytical errors (8).
Therefore, application of the Deming procedure is gener-
ally preferable to OLR analysis. Specification of the
squared analytical SD ratio l may, however, pose prob-
lems. The easiest way to attain a correct l value is to use
duplicate measurements in the method comparison
study, allowing for simultaneous estimation of analytical
SDs or CVs and so l. The use of duplicate sets of
measurements in method comparison studies is generally
recommended (11). However, taking into account that
most method comparison evaluations appear to be based
on single measurements, one should strive to specify l
correctly. In most cases, quality-control data will be
available, and therefore, l may be specified as the ratio

between recorded squared analytical SDs. As shown,
misspecification of l may induce a considerable slope bias
for the Deming method in electrolyte-like situations with
a short range of data. Hypothesis-testing is also seriously
affected. Thus, a correct specification of l is important
when applying the Deming method in situations with a
limited range of values. With regard to the metabolite-like
case, the bias problem is negligible; also with regard to the
testing of hypotheses, the Deming procedure appears to
be rather robust towards a misspecified error ratio in
these examples.

More generally, when considering the sensitivity of the
Deming procedure to a misspecified error ratio in a given
situation, one may to some extent be guided by the value
of the correlation coefficient. Electrolyte-like cases are
characterized by low values for the correlation coefficient,
whereas the correlation coefficient is higher in situations
with a wider range of values. In cases with a misspecified
error ratio, the bias of the Deming method is smaller than
the maximum bias observed for OLR analysis. A value of
0.975 for the correlation coefficient has been suggested as
the lower limit for acceptable performance of OLR in
method comparison studies (11). Thus, according to this
point of view, the Deming method may be regarded as
relatively insensitive to misspecified error ratios in situa-
tions with correlation coefficients exceeding 0.975.

The impact of a misspecified error ratio on the perfor-
mance of Deming regression analysis has also been con-
sidered in the theoretical literature (12). A theoretical
evaluation shows that the RMSE of the Deming slope is at
a minimum when the error ratio is correctly specified and
increases the more the specified ratio deviates from the
true ratio. However, for reasonable parameter examples,
the RMSE stays lower than that of OLR (12).

Some other regression methods that take measurement
errors for both x and y into account apparently do not
exhibit the problem with specification of the SDax/SDay

ratio. In the so-called standardized principal component
analysis, the slope is computed in a slightly different way.
The procedure actually presupposes that the error ratio is

Fig. 4. Simulated comparison of two glucose methods given CVax/
CVay52:1.
The data points originate from one simulation run. The average regression lines
(same symbols as in Fig. 2) almost coincide with the diagonal.

Table 2. Regression results for the metabolite-like case.
Analytical CV ratio CVax/CVay

1;1 1;2 2;1

Least-squares
RAa

Weighted Deming
RA (l 5 1)

Least-squares
RA

Weighted Deming
RA (l 5 1)

Least-squares
RA

Weighted Deming
RA (l 5 1)

Average slope (bm)b 0.993c 1.000 0.994c 1.007c 0.973c 0.994c

Bias 20.7% 0% 20.6% 0.7% 22.7% 20.6%
RMSE 0.026 0.018 0.041 0.029 0.047 0.028
Real SE(b) 0.025 0.018 0.040 0.028 0.039 0.027
Average estimated SE(b) 0.017 0.018 0.027 0.029 0.026 0.028
Frequency of rejection of null

hypothesis (nominal 5%)
19% 5.3% 19% 5.5% 29% 5.3%

a RA, regression analysis.
b The true slope b is equal to 1. Sample size, 50 single measurements for each method. Based on 5000 simulation runs.
c Significantly different from 1 (P ,0.001).
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related to the slope, that is (SDax/SDay)2 5 1/b2 (13). Only
when this assumption is given does the method provide a
slope estimate free of any bias. This procedure is thus not
very flexible and, therefore, not as useful as the Deming
procedure. Similarly, the rank regression method of Pass-
ing and Bablok operates with the same rigid assumption
(14). If the relation does not hold true, the slope estimate
becomes biased (3).

Appendix
estimation of the deming regression line
In situations with constant analytical errors, i.e., analytical
SDs that are independent of the measurement level, the
unweighted form of Deming regression analysis is appro-
priate. The procedure relies on computations of sums of
squared deviations and cross-products:

xm 5 Sxi/N;ym 5 Syi/N

u 5 S~ xi 2 xm)2;q 5 S(yi 2 ym)2

p 5 S~ xi 2 xm)(yi 2 ym)

The subscript m refers to the mean of the variable.
In case of duplicate sets of measurements each xi and yi

represent the mean of individual measurements (xi 5
(x1i1x2i)/2 and yi 5 (y1i1y2i)/2). Analytical standard
deviations for methods x and y are estimated as:

SDax
2 5 (1/2N)S(x2i 2 x1i)

2 SDay
2 5 (1/2N)S(y2i 2 y1i)

2

and

l 5 SDax
2 /SDay

2

The Deming regression line is estimated as:

b 5 @~lq 2 u! 1 @~u 2 lq!2 1 4lp2]0.5]/2lp

a 5 ym

Yesti 5 a 1 b(xesti 2 xm) 5 a0 1 bXesti; a0 5 a 2 bxm

Xesti and Yesti refer to estimated target values.
Standard errors of a0 and b are estimated on the basis of a
resampling principle, the so-called jackknife procedure
(8).

In weighted Deming regression analysis, the slope and
intercept are estimated analogously, with the modifica-
tion that weights are introduced (8). The weights (wi) are
inversely proportional to the squared analytical standard
deviations at a given concentration. Given a proportional
relationship between analytical standard deviations and
analyte concentrations and supposing that a0 5 0, we
have:

wi 5 [(Xi 1 Yi/2] 2 2

Xi and Yi are unknown target values, which must be
replaced by estimates obtained by an iterative procedure
as described (8):

wi 5 [(Xesti 1 Yesti)/2] 2 2

If the proportional relationship does not hold true in the
lower part of the analytical range, which often is the case
and is indicated by an increasing analytical CV in this
region, one may truncate the relationship at a suitable
lower limit L, so that wi5L22 for x and y less than L (3) .

Now, weighted averages are computed:

xwm 5 Swixi/Swi;ywm 5 Swiyi/Swi

and weighted sums of squares and cross-products:

uw 5 Swi(xi 2 xwm)2;qw 5 Swi(yi 2 ywm)2

pw 5 Swi(xi 2 xwm)(yi 2 ywm)

The weighted Deming regression line is estimated as:

b 5 @~lqw 2 uw) 1 [(uw 2 lqw)2 1 4lpw
2]0.5]/2lpw

a 5 ywm

Yesti 5 a 1 b(Xesti 2 xwm) 5 a0 1 bXesti; a0 5 a 2 bxwm

l here refers to CVax
2 /CVay

2 , which in case of single sets of
measurements is assigned a value and in case of duplicate
sets of measurements is estimated from the data.

estimation of the olr line
The parameters of the OLR line are estimated as:

b 5 p/u

and

a 5 ym

Yesti 5 a 1 b(xi 2 xm) 5 a0 1 bxi;a0 5 a 2 bxm

p and u refer to the sums of cross-products and squared
deviations, respectively, as described above.

Standard errors of b and a0 are calculated as described
(7).

The bias of the slope estimate is determined by the
relation:

bOLR 5 b/(1 1 SDax
2 /SDX

2 )

bOLR is the average slope obtained by OLR analysis; b is
the true slope between X and Y target values; and SDX

refers to the dispersion of X target values (7).
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Development and Validation of a Cerebral Oximeter Capable of
Absolute Accuracy

David B. MacLeod, MBBS, FRCA,* Keita Ikeda, PhD,* Charles Vacchiano, PhD, CRNA,†
Aaron Lobbestael, MS,‡ Joyce A. Wahr, MD,§ and Andrew D. Shaw, MBBS, FRCA, FCCM�

Objective: Cerebral oximetry may be a valuable monitor,

but few validation data are available, and most report the

change from baseline rather than absolute accuracy, which

may be affected by individuals whose oximetric values are

outside the expected range. The authors sought to develop

and validate a cerebral oximeter capable of absolute accu-

racy.

Design: An in vivo research study.

Setting: A university human physiology laboratory.

Participants: Healthy human volunteers were enrolled in

calibration and validation studies of 2 cerebral oximetric

sensors, the Nonin 8000CA and 8004CA. The 8000CA valida-

tion study identified 5 individuals with atypical cerebral oxy-

genation values; their data were used to design the 8004CA

sensor, which subsequently underwent calibration and val-

idation.

Interventions: Volunteers were taken through a stepwise

hypoxia protocol to a minimum saturation of peripheral

oxygen. Arteriovenous saturation (70% jugular bulb venous

saturation and 30% arterial saturation) at 6 hypoxic plateaus

was used as the reference value for the cerebral oximeter.

Absolute accuracy was defined using a combination of the

bias and precision of the paired saturations (ARMS).

Measurements and Main Results: In the validation study

for the 8000CA sensor (n � 9, 106 plateaus), relative accu-

racy was an ARMS of 2.7, with an absolute accuracy of 8.1,

meeting the criteria for a relative (trend) monitor, but not an

absolute monitor. In the validation study for the 8004CA

sensor (n � 11, 119 plateaus), the ARMS of the 8004CA was

4.1, meeting the prespecified success criterion of <5.0.

Conclusions: The Nonin cerebral oximeter using the

8004CA sensor can provide absolute data on regional cere-

bral saturation compared with arteriovenous saturation,

even in subjects previously shown to have values outside

the normal population distribution curves.

© 2012 Elsevier Inc. All rights reserved.

KEY WORDS: cerebral oximetry, cerebral saturation,

Bland-Altman analysis, hypoxic protocol, near-infrared

spectroscopy

THE INTRODUCTION OF pulse oximetry 30 years ago to
monitor the saturation of arterial blood (SaO2) continu-

ously led to dramatic improvements in patient safety.1,2 Knowl-
edge of SaO2, however, provides only part of the clinical picture,
because adequate tissue oxygenation depends not only on supply
(oxygen delivery, ie, oxygen content of blood and regional blood
flow) but also on demand (regional oxygen consumption.) A
monitor that continuously and accurately reports the regional
oxygen saturation of brain tissue (rSO2), which is critically sus-
ceptible to hypoxia, has been sought for a long time.

The first commercially available cerebral oximeters were accepted
as trend monitors, not as absolute monitors. There has been no proven
gold standard for determining the absolute or precise level of rSO2,
and, therefore, it was impossible to know whether an oximeter-
generated rSO2 value agreed absolutely with true cerebral saturation.
Cerebral oximeters, however, have been accepted as relative or trend
monitors, where changes from the baseline of rSO2 values could
accurately reflect the magnitude and direction of changes in cerebral
saturation.3-5 These trend, or relative, monitors have been validated in
laboratory settings,6 and many reports have demonstrated their ability
to detect potentially devastating changes in cerebral saturation.7-9 Two
randomized trials have demonstrated the ability of these monitors to
improve outcomes after abdominal surgery or cardiac surgery when
used to direct interventions to maintain a minimum saturation.10,11

Discussion continues on the ability of any monitor to provide
absolute measurement, ie, whether the value presented absolutely
agrees with the true cerebral tissue oxygen saturation. Part of the
issue is that there has not been an accepted “gold standard” against
which the accuracy of an oximeter could be tested.12 Over time,
however, laboratory data have accumulated showing that cerebral
tissue saturation can be estimated using SaO2 and jugular bulb
venous saturation (SjvO2) in a ratio of 1:3.13,14

Cerebral arteriovenous saturation �SavO2] � (0.25 � SaO2)

� (0.75 � SjvO2)

This ratio has been used in clinical studies and in validation
studies performed in volunteers.6

This study was designed to test the accuracy of a cerebral
oximetric system (Equanox Cerebral Oximetry System; Nonin
Medical, Inc, Plymouth, MN) in a prospective, single-center,
nonrandomized study. During the validation of the Equanox
system using the 8000CA sensor, a subject with significantly
atypical light scattering and absorbing characteristics was iden-
tified. Data from this volunteer and 4 others with unusual
light-scattering characteristics were used in the development of
a second-generation sensor, the 8004CA, which was validated
subsequently.

METHODS

Two separate, sequential, prospective, single-center, nonrandom-
ized investigations to calibrate and validate the accuracy of the 2
oximetric sensors were performed with approval from the medical
center institutional review board. Calibration and validation of the
8000CA sensor were completed entirely before initiating the devel-
opment and calibration and validation studies for the 8004CA
sensor. The 2 sensors were evaluated with the same study design
and methods.
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thesiology, and †School of Nursing, Duke University, Durham, NC;
‡Nonin Medical, Inc, Plymouth, MN; §Department of Anesthesiology,
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Normal, healthy volunteers 21-35 years old and with a body mass
index �18 and �30 kg/m2 who gave written informed consent were
enrolled. Subjects were not eligible to be enrolled in a validation study
if they had participated previously in the calibration of the same sensor
(the calibration was done separately). A completely separate cohort of
subjects was enrolled in the validation part of each study. Subjects
underwent the hypoxia protocol outlined below. At each study session,
2 anesthesiologists were present; 1 to oversee the safe conduct of the
study and be responsible for each subject’s safety, the other to oversee
the study procedure and data validity.

Device Description

Nonin 8000CA

The initial cerebral oximeter tested was the Nonin Equanox
8000CA (Fig 1). This sensor is based on dual-emitter and dual-
detector sensor topology and uses 3 wavelengths in each emitter
(730, 810, and 880 nm). Typical oximeters use a single emitter with
2 detectors: 1 detector spaced to capture light from skull and skin
only (short path, extracranial saturation), the second detector spaced
to capture light from the skin, skull, and brain (long path, extra- and
intracranial saturation). Subtracting the extracranial saturation from
that of the longer path (intracranial and extracranial saturations) is
assumed to isolate intracranial oxygen saturation.7 However, any
difference in the optical properties of the skull and forehead beneath
the near versus the far detector will influence the calculated intra-
cranial saturation measurement. The 8000CA sensor has dual emit-
ters and dual detectors, with the long and short paths reversed for
each emitter, causing the skull and forehead optical differences
associated with each detector to be canceled out.

Nonin 8004CA

During the validation study of the 8000CA sensor, 1 individual was
identified with significantly atypical light-scattering characteristics.
This individual and 4 others with atypical light-scattering characteris-
tics were used to direct the design of the 8004CA sensor; specifically,
an additional wavelength was added to account for tissue-related light
absorption and refraction.

Hypoxia Protocol

Enrolled subjects fasted overnight; no sedation or anesthesia was
administered. Standard monitors were applied (5-lead electrocardiog-
raphy, pulse oximetry), and an intravenous catheter and a radial artery
catheter were placed. A 5-F catheter (PreSep Central Venous Oximetry
Catheter; Edwards Lifesciences, Irvine, CA) was placed in the right or
left jugular venous bulb with ultrasound guidance, and its position was
confirmed with a lateral skull x-ray. Two Equanox sensors of the same
model (8000CA in the first study, 8004CA in the second study) were
placed on each side of the forehead for bilateral monitoring. A dedicated
facemask and breathing apparatus with a tight seal (RespirAct; Thornhill
Research, Inc, Toronto, ON, Canada) were used to induce hypoxia to a
predetermined degree and to control precisely the blood carbon dioxide
levels despite a variable ventilatory rate. The RespirAct breathing appara-
tus is a device available for research purposes that uses a prospective,
feed-forward, low-gas-flow system to provide precise and independent
control of blood carbon dioxide and oxygen levels.9 End-tidal oxygen and
carbon dioxide are monitored and controlled continuously to maintain the
target partial pressure of arterial oxygen and end-tidal carbon dioxide.

The hypoxic protocol is depicted in Fig 2. Each plateau lasted 6
minutes, with arterial and venous blood samples collected after a

Fig 1. Schematic of the Equanox

8000CA and 8004CA sensors. (A) The

Equanox cerebral oxygen saturation

monitor (Nonin Medical, Inc, Plym-

outh, MN) contains 2 light-emitting

diodes, each generating 3 or 4 near-

infrared spectroscopic wavelengths,

and 2 detection sensors, each sepa-

rated from the next optode by a dis-

tance of 20 mm. (B) Measurements

from the emitters to the closer detec-

tor (20 mm) represent shallow (ex-

tracranial) tissue saturation; mea-

surements from emitters to farther

detectors (40 mm) represent shallow

(extracranial) and deep (intracranial)

tissue saturations. (Color version of

figure is available online.)
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stable arterial saturation was reached. The jugular venous blood
sample (2 mL) was withdrawn over a 2-minute period, with arterial
samples taken at the beginning and at the end of the jugular draw.
Co-oximetry (Gem Premier 4000; Instrumentation Laboratory, Bed-
ford, MA) was used to determine SjvO2 and SaO2, taken as the
average of the 2 arterial samples. The SavO2 was calculated as
(0.7 � SjvO2) � (0.3 � SaO2).10,11 Cerebral and pulse oximetric
data were recorded continuously; blood draws were marked on the
laptop data recorder. At completion of the study, all catheters were
removed and insertion sites were inspected for hematoma; subjects
were contacted by telephone the following day to verify health
status.

Calibration

Accuracy was assessed by determining the bias and precision of
paired rSO2 and SavO2 values as defined by Bland-Altman analysis.
Bias is a measurement of the systematic “offset” of the test values
compared with the reference value, and precision, the standard devia-

tion of the bias, is a measurement of the random error in the test device.
To create a single value for the accuracy of the device across the entire
range of saturations tested, the square root of the mean square error was
used, as dictated by industry standards.15,16

ARMS ���
1�1

n

�rSO2i � SavO2i)
2

n

where ARMS incorporates the systematic (ie, bias) and random (ie,
variability) components of error, n is the sample size, and rSO2i and
SavO2i are the values for the ith subject.

The correct “unit” of measurement for precision, bias, and ARMS is
“percentage,” because the devices measure the percentage of hemoglo-
bin saturated with oxygen (percentage saturation determined by rSO2 �
percentage saturation determined by SavO2 � bias). However, the
authors did not use the percentage sign in reporting precision, bias, and

Table 1. Demographics and Baseline Characteristics of Subjects

8000CA Sensor 8004CA Sensor

Calibration Validation Calibration Validation
(n � 9) (n � 9) (n � 12) (n � 11)

Age (y) 25 � 3 26 � 5 27 � 6 25 � 4
Men 5/9 (56%) 5/9 (56%) 9/12 (75%) 6/11 (54%)
Race/ethnicity

Asian 1/9 (11%) 1/9 (11%) 0/12 (0%) 0/11 (0%)
African-American 1/9 (11%) 1/9 (11%) 2/12 (17%) 3/11 (27%)
Caucasian 6/9 (67%) 7/9 (78%) 10/12 (83%) 8/11 (73%)
Hispanic 1/9 (11%) 0/9 (0%) 0/12 (0%) 0/11 (0%)

Height (cm) 173.6 � 10.6 175.8 � 6.6 175.3 � 9.0 174.1 � 9.6
Weight (kg) 71.9 � 13.6 74.3 � 13.1 76.9 � 14.7 70.7 � 9.7

NOTE. Data are presented as mean � standard deviation or proportion (percentage).

Fig 2. Hypoxia plateau study protocol. The delivered gas mixture was adjusted to decrease the displayed saturation of peripheral oxygen

in increments of approximately 5% from baseline to 70%, followed by a rapid return to room air and a saturation of peripheral oxygen of 100%,

a subsequent period of breathing 100% oxygen, and a return to room air breathing for 10 minutes. Each steady-state plateau lasted

approximately 6 minutes. Then, there was an abrupt decrease in saturation of peripheral oxygen from baseline (95%-100%) to the 70% plateau

and immediately returned to baseline (room air), a brief period of breathing 100% oxygen, followed by a rest period of breathing room air for

10 minutes. At all plateaus the breathing mixture was adjusted to target an end-tidal carbon dioxide (ETCO2) of 40 mmHg.
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ARMS to avoid potential confusion that the device has a certain per-
centage of accuracy or is accurate a certain percentage of the time.

Accuracy of the calibration model was assessed using the pooled
ARMS, the mean bias, and precision. The 2-sided 95% accelerated
bias-correcting bootstrap confidence interval was calculated for the
ARMS, with 2-sided 95% confidence intervals for the mean bias and
precision.

Validation

In the validation studies, device-determined rSO2 values were cal-
culated using the algorithm derived in the calibration phase; the rSO2

value was compared with the SavO2 value (ie, the reference value) at
each observation point for the validation subjects. Only rSO2 data from
the side ipsilateral to the jugular bulb catheter were used.

Accuracy was assessed using bias and precision, as detailed earlier.
To determine the relative accuracy, the mean bias for each individual
was calculated, and each rSO2 for that individual was adjusted by the
mean bias. The relative accuracy values across all subjects and
the range of values then were pooled to determine the relative ARMS.

The relative ARMS assessed how closely the device tracked a change in
rSO2 after accounting for the bias associated with a given subject. For
absolute accuracy, the absolute rSO2 value was compared with the
absolute SavO2 at each observation point, and the absolute ARMS was
determined.

Using data derived in the validation study, the oximeter was consid-
ered validated as a relative or trending monitor if the relative ARMS was
�5%. If the absolute ARMS was �5%, the device was considered
validated as an absolute monitor. This 5% success criterion was based
on a comparison with commercially available products. The both-sided
95% accelerated bias-corrected bootstrap confidence intervals were
provided for the 2 ARMS statistics to determine whether the null hy-
pothesis could be rejected.

Sample Size Analysis

Assuming that the Equanox would perform as well as current devices
(as detailed in their Food and Drug Administration labeling), with an

expected bias of 0.13 and a precision of 3.7, a sample of 7 subjects
would provide �80% power to detect a difference from a 5% success
criterion with approximately 20 plateaus each.

RESULTS

8000CA Calibration and Validation

Twelve subjects gave written informed consent and were
enrolled in the 8000CA calibration phase from June 25 to
September 12, 2008; 10 subjects gave written and informed
consent and were enrolled in the validation phase from October
7 to November 26, 2008. Demographic data are presented in
Table 1. Two calibration subjects withdrew consent owing to
anxiety, and the data file of 1 subject was corrupted; thus, 9
subjects were included in the calibration analysis. Of the sub-
jects enrolled in the validation phase, the jugular bulb catheter
could not be placed in 1 subject; accordingly, 9 subjects were
included in the validation analysis. All subjects were healthy
nonsmokers 21-34 years old; 20% were non-Caucasians.

8000CA Calibration Study

As presented in Table 2, the relative accuracy of the device
in the calibration subjects (n � 9, 112 plateaus) was estimated
to be an ARMS of 2.0 and the absolute accuracy was estimated
to be an ARMS of 3.1.

8000CA Validation Study

As presented in Table 3, the relative accuracy for the
Equanox 8000CA in the validation subjects (n � 9, 106 pla-
teaus) was an ARMS of 2.7, with an absolute accuracy of 8.1.
The criterion for relative accuracy was met, but the data for
absolute accuracy (8.1) did not meet the success criterion of 5.
There was considerable variability among subjects for absolute

Table 3. Summary of Absolute Accuracy Data by Sensor and Phase

8000CA Sensor 8004CA Sensor

Calibration Validation Calibration Validation

Statistic (n � 9 subjects, 112
data pairs)

(n � 9 subjects, 106
data pairs)

(n � 12 subjects, 100
data pairs)*

(n � 11 subjects, 119
data pairs)

ARMS 3.0 (2.6, 3.5) 8.1 (7.0, 9.6) 5.7 (4.3, 7.5) 4.1 (2.9, 5.3)
Mean bias 0.1 (�0.5, 0.7) �1.4 (�2.9, 0.2) �0.3 (�1.4, 0.9) 0.8 (0.0, 1.5)
Precision 3.1 (2.7, 3.5) 8.0 (7.0, 9.2) 5.7 (5.0, 6.6) 4.0 (3.6, 5.0)
Correlation coefficient 0.95 (0.93, 0.96) 0.64 (0.52, 0.74) 0.78 (0.68, 0.84) 0.89 (0.85, 0.92)

Abbreviation: ARMS, absolute accuracy.
*Five subjects in the calibration phase of the 8004CA sensor were also in the 8000CA studies.

Table 2. Summary of Relative Accuracy Data by Sensor and Phase

8000CA Sensor 8004CA Sensor

Calibration Validation Calibration Validation

Statistic* (n � 9 subjects, 112 data
pairs)

(n � 9 subjects, 106 data
pairs)

(n � 12 subjects, 100 data
pairs)†

(n � 11 subjects, 119 data
pairs)

ARMS 2.0 (1.8, 2.3) 2.7 (2.4, 3.2) 2.3 (1.8, 2.8) 1.9 (1.5, 2.9)
Correlation coefficient 0.98 (0.97, 0.99) 0.96 (0.94, 0.97) 0.97 (0.95, 0.98) 0.97 (0.96, 0.98)

Abbreviation: ARMS, absolute accuracy.
*Mean bias and precision are not presented because the mean bias is 0 because the subject-specific mean bias was subtracted from each bias

value. Therefore, the precision and ARMS are equivalent.
†Five subjects in the calibration phase of the 8004CA sensor were also in the 8000CA studies.
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accuracy, with 1 subject having an absolute ARMS of 18.9. This
individual’s atypical correlation pattern is shown in Fig 3 (solid
circles).

8004CA Calibration and Validation

Thirteen subjects were enrolled and completed the calibra-
tion study from September 17 to December 22, 2009, but the
data file from 1 was corrupted; 12 subjects with 100 plateaus
were included in the calibration analysis. Twelve subjects were
enrolled in the validation phase from March 23 to June 22,
2010, but 1 was withdrawn because an arterial line could not be
placed; thus, 11 subjects with 119 plateaus were included in the
validation analysis.

8004CA Calibration Study

The values for the relative and absolute accuracy of the device
within the calibration subjects are listed in Tables 2 and 3 (includ-
ing the 1 subject from the 8000CA validation study indicated by
the solid circles in Fig 3). The absolute accuracy in the calibration
population was estimated to be an ARMS of 5.7, with a bias of �0.3
and a precision of 5.7 (Table 2). Individual data pairs are presented
in Figs 3 and 4 (open circles).

8004CA Validation Study

The relative accuracy for the validation subjects is presented
in Table 2. Three measurements (ARMS, mean bias, and preci-
sion) for absolute accuracy in the validation subjects are pre-
sented in Table 3. Figure 4A presents the absolute rSO2 values
plotted against the absolute SavO2 values in the validation
subjects (solid circles); Figure 4B presents the Bland-Altman
data from the validation analysis, where the difference between

each pair of SavO2 and rSO2 values is plotted against the
average of the 2 values.

The pooled absolute accuracy in the validation phase was 4.1,
meeting the success criterion of �5.0. With this level of accuracy, the
correlation between the rSO2 and SavO2 values was very high, with a
correlation of 0.9. This degree of accuracy appeared to be consistent
across the range of values (Table 4).

Fig 3. Validation data from the 8000CA study. The regional oxy-

gen saturation of brain tissue (rSO2) values from the Equanox system

are plotted against the arteriovenous saturation (SavO2) calculated

from the ipsilateral jugular venous and radial arterial blood samples.

A unique subject with significant variation between absolute arte-

riovenous saturation and regional oxygen saturation of brain tissue

values (solid circles).

Fig 4. Calibration and validation of the 8004CA sensor. (A) The

regional oxygen saturation of brain tissue (rSO2) values are plotted

against the arteriovenous saturation (SavO2) values; open circles

represent the paired values from the calibration subjects, including

paired data points from the atypical subject shown in Fig 3. The solid

circles represent data from subjects enrolled in the validation study.

(B) A Bland-Altman plot for absolute accuracy shows where the

difference between each regional oxygen saturation of brain tissue

value and the corresponding arteriovenous saturation value is deter-

mined and plotted against the average of the 2 values. Data pairs

from the calibration cohort are the open circles; validation pairs are

the solid circles.
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DISCUSSION

These data indicate that the 8004CA sensor can provide
cerebral saturation values that absolutely agree with SavO2.
This sensor, in addition to the standard 3 wavelengths of light
to calculate the absorption of light by hemoglobin (oxygenated
and deoxygenated), uses a fourth wavelength of light to account
for tissue scattering. The 8000CA sensor, which does not
include the fourth wavelength, is accurate as a relative monitor
and can provide accurate information on the magnitude and
direction of change in saturation from baseline.

Every physical substance has a unique “fingerprint” of light
absorption. The Beer-Lambert law can be used to calculate the
concentration of a substance in a solution, such as oxygenated/
deoxygenated hemoglobin in blood, but requires knowledge of the
precise distance traveled by the light. This is performed easily in
laboratory co-oximeters that use precisely machined cuvettes but
is difficult to perform in tissue.12 Therefore, it was many years
after Jöbsis17 first proposed a tissue oximeter in 1977 that a
clinically useful oximeter to determine the concentration of oxy-
genated hemoglobin in brain tissue (rSO2) was developed.

The differential form of the modified Beer-Lambert law, in
which the change in light attenuation is proportional to the
change in the concentration of tissue light-absorbing chro-
mophores (here, oxy- and deoxyhemoglobin), is used to elim-
inate the need for path length.18,19 If attenuation changes are
measured at �2 wavelengths, concentration changes can be
calculated, but these calculations are based on 2 assumptions:
(1) the absorption of the tissue changes homogenously and (2)
the scattering loss is constant.20,21 A recent report has chal-
lenged these assumptions, stating that absorption changes usu-
ally are inhomogenous and that each calculated value of
tissue saturation is influenced by the change in the concentra-
tion of other absorbing substances (crosstalk between chro-
mophores).20 In addition, the presence of cerebrospinal fluid
can affect light absorption in laboratory models.22 Although the
assumptions required for use of the modified Beer-Lambert law
permit cerebral oximeters to provide valid rSO2 values for most
individuals,19 these assumptions can result in monitor-gener-
ated values for certain patients that do not agree closely with
SavO2 (the patient represented by solid circles in Fig 3) or values
that appear to be unreasonable (eg, awake, normal volunteers with
rSO2 values of 30%-40%; data on file at Nonin Medical). In some
cases, internal design features censor these “outlier” results such
that the monitor provides no rSO2 value.

Despite these issues, the value of continuous cerebral oxi-
metry is increasingly apparent, including the recognition of
catastrophic events,8,23-25 continuous alerting of changes in

cerebral oxygen tension that occur in the presence of normal
pressure and arterial saturation,26 and improving postoperative
morbidity and mortality.11,27 In 2 randomized studies, 1 in
cardiac surgical patients and the other in abdominal surgical
patients, patients who had rSO2 monitoring with active display
and treatment had fewer and shorter episodes of cerebral de-
saturation than did control patients with blinded rSO2 measure-
ment.10,11 The intraoperative use of cerebral oximetry also has
been shown to decrease the risk of stroke in cardiac surgical
patients.27 A recent report has demonstrated that preoperative
rSO2 values correlate with the severity of cardiopulmonary
dysfunction, are associated with short- and long-term mortality,
and may add to preoperative risk stratification in cardiac sur-
gical patients.26 The growing body of evidence of the utility of
cerebral oximeters has led to the hypothesis that cerebral oxi-
metry can serve as a sensitive measurement of systemic circu-
latory compromise, even in the face of normal pressure, cardiac
output, and arterial saturation.28

To date, the only validation study of continuous cerebral
oxygen monitoring in adults used a trend monitor rather than an
absolute monitor.6 Validating absolute accuracy has been ham-
pered because there is no established and accepted gold stan-
dard for cerebral oximetry and there is no known relation
between a particular range of rSO2 values and cellular status.
The closest possible clinical estimate of cerebral tissue satura-
tion uses a ratio of 70% venous blood saturation (jugular bulb) to
30% arterial blood saturation.13,14 Further research is needed to
verify that this ratio of arterial-to-venous blood within the
cerebral vault represents actual cerebral tissue saturation and
to define the parameters of normal versus abnormal cerebral
saturation or what values herald potential cerebral injury.

The demonstration of absolute accuracy in cerebral oximetry
has required accounting for differences between individuals in
tissue light scattering and absorbance. The reasons proposed for
individual variations include the amount of adipose tissue present
in the scalp, the amount of cerebral spinal fluid overlying the
cortex, and even neuronal activation in the cortex.29 The present
data indicate that the inaccuracy resulting from individual varia-
tions in light scattering may be decreased or eliminated through
the use of additional wavelengths and/or improved algorithms.

Cerebral oximeters capable of absolute accuracy offer dis-
tinct advantages over trend monitors. Although trending accu-
racy has been shown to be of significant value, it requires a
stable and essentially normal baseline to be of real value. As the
use of this technology expands beyond elective and scheduled
operative cases, the need for absolute accuracy will increase.
Circumstances exist, such as emergency surgery, patients ar-

Table 4. Absolute Accuracy of Regional Oxygen Saturation of Brain Tissue for the 8004CA Sensor by Decade of Saturation (Validation

Phase Data)

SavO2 Decade n ARMS Mean Bias Precision R

�50%-�60% 15 4.9 (2.5, 6.6) 3.3 (1.2, 5.5) 3.8 (2.7, 5.9) 0.44
�60%-�70% 34 4.1 (2.5, 5.8) 1.4 (0.0, 2.7) 3.9 (3.1, 5.1) 0.63
�70%-�80% 49 3.8 (2.6, 4.6) �0.2 (�1.3, 0.9) 3.8 (3.1, 4.7) 0.41
�80%-�90% 21 4.1 (1.8, 5.6) 0.2 (�1.7, 2.1) 4.2 (3.1, 5.9) 0.42

NOTE. Data presented as point estimate (lower, upper 95% confidence limit).
Abbreviation: ARMS, absolute accuracy; SavO2, arteriovenous saturation.
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riving in the emergency department with head injuries, or
extracorporeal membrane oxygenation, in which no validated
baseline can be obtained. In addition, patients may arrive in the
operating room in shock or with cerebral ischemia, in which a
“low” first reading would be uninterpretable, unless the monitor
can provide absolute accuracy. In a recent report by Heringlake
et al,30 some 5%-6% of cardiac surgical patients appeared to
have baseline rSO2 values �55% even with supplemental ox-
ygen. In these patients, an absolute monitor can remove the
question of whether the low value represents a “normal” value
for that patient owing to atypical light scattering or absorption
or represents true cerebral desaturation. Data derived from
absolute monitors can provide consistent results across patients
and will begin to inform which absolute physiologic values
represent cerebral hypoxia or ischemia.

Limitations

Because of ethical constraints, including the desire to limit
the number of individuals subjected to hypoxic conditions, the

number of subjects participating in the validation study is
small. This limitation is especially true for the evaluation of
accuracy across decades (of saturation), as the number of
samples within each decade is small. This study is a validation
of the inherent accuracy of the monitor and can provide no
information on clinical utility.

CONCLUSIONS

The Equanox 8004CA 4-wavelength sensor can provide ab-
solute rSO2 data accurately. The path to rSO2 monitors with
absolute accuracy has not been short or easy, but achieved by
steady stepwise improvements in the understanding of cerebral
tissue light scattering and absorption, beginning with first de-
scription of the concept by Jöbsis.17 The next key steps will
demonstrate that absolute monitors can influence outcomes
positively in this increasingly fragile and vulnerable patient
population.
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Measurement of body venous tone

Catherine C.Y. Pang*

Department of Pharmacology and Therapeutics, Faculty of Medicine, University of British Columbia,

2176 Health Sciences Mall, Vancouver, BC, Canada V6T 1Z3

Received 21 November 2000; accepted 21 November 2000

Abstract

The venous system contains about 70% of the blood volume, and approximately 75% of the venous volume is in the small veins and

venules. Veins play an active role in the control of cardiac output (CO) and blood pressure. Drugs that interfere with venous tone have

profound effects on CO and blood pressure due to the large venous capacity. Information on body venous tone cannot be obtained from

studies using isolated venous preparations and perfused venous beds, which lack modulating cardiovascular reflex mechanisms. In vivo

methods used for the assessment of venous function in experimental animals and humans are as follows: the mean circulatory filling pressure

(MCFP) method for the determination of body venous tone, constant CO reservoir technique for measuring vascular compliance and

unstressed volume, plethysmography or blood pool scintigraphy along with venous occlusion for measuring the volume and compliance of

an organ, linear variable differential transformer (LVDT) technique for estimating the diameter of a human dorsal hand vein, intravascular

ultrasound (IVUS) imaging technique to monitor the cross sectional area of a large vein, and ultrasonic crystals to estimate the dimension of

an organ. These methods are described and critically evaluated to disclose their validity, merits and limitations. D 2001 Elsevier Science Inc.

All rights reserved.

Keywords: Venous tone; Vascular compliance; Resistance; MCFP; Constant cardiac output reservoir technique; Plethysmography; LVDT; IVUS; Ultrasound

crystal

1. The venous system

It has been estimated that the venous system contains

65±75% of the blood volume, and approximately 75% of

which is in the small veins and venules (Milnor, 1990;

Rothe, 1983b). Venous blood volume within one peripheral

bed, the bat wing, was estimated to be 84% of the total

vascular volume (Wiedeman, 1963). Unlike others who

computed vascular volume from a fixed tissue, Wiedeman

estimated vascular capacity from the inside diameter and

length of vessels in the subcutaneous area of the wing of

the intact, unanesthetized common brown bat (Myotis). The

results show that the average lengths of major veins, small

veins, venules and postcapillary venules are similar to

those of the adjacent arteries, small arteries, arterioles

and capillaries, respectively. However, the average dia-

meters of the venous vessels are greater than those of the

corresponding arterial vessels. Furthermore, there are more

inflowing tributaries that flow into a vein than there are

branches of an artery and more inflowing tributaries into a

small vein than there are branches of a small artery.

Consequently, the total cross-sectional area and volume

of veins (2.4� 105 mm2, 0.32 mm3) are much greater than

the corresponding values of arteries (1.8� 104 mm2, 0.059

mm3, respectively). Within the venous circulation, the bulk

of the volume is in the small veins (30%) and venules

(45%). These results show that within a peripheral vascular

bed, the venous system accounts for as much as 80% of

the total vascular volume, and as much as 75% of the

venous volume is within small veins. Venules and small

veins are undoubtedly the most important blood reservoir

within the circulation.

Veins are composed mainly of collagen, elastin and

smooth muscle, with collagen and elastin fibers contributing

primarily to passive or viscoelastic properties, and smooth

muscle fibers to active tension. In general, smooth muscle

cells are more abundant in the superficial veins in the limbs,

particularly at sites of the venous valves, than in the deeper

veins (Shepherd & Vanhoutte, 1975). The smooth muscle

cells in the superficial veins of the extremities function to
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oppose volume changes associated with alterations in

hydrostatic pressure (Shepherd & Vanhoutte, 1975).

Changes in the hydrostatic pressure of deeper veins in

skeletal muscles are offset by the external pressure exerted

by the skeletal muscles.

Valves or valve-like structures are present in most seg-

ments of the venous system (Alexander, 1963; Maros,

1981). There are, however, fewer competent valves as one

ages (Gottlob & May, 1986). Venous valves are more

numerous in deep limb veins than superficial limb veins

(Ohhash, Morimoto-Murase, & Kitoh, 1993). In man, the

valves are more prominent in the veins of the leg than the

arm. The venous valves in the legs ensure unidirectional

blood flow, which is assisted by the muscle pump, back to

the heart, and prevent reflux with a change of posture from

the supine to the standing position. In contrast, valves

present in abdominal veins are more rudimentary and read-

ily allow reverse flow (Alexander, 1963).

The splanchnic region (liver, spleen, small and large

intestine) is the most important venous bed in the body

since it is richly innervated, highly compliant and holds 20±

25% of the total blood volume (Rothe, 1983b; Rowell,

1990). In contrast, the skeletal muscle capacitance vessels

are sparsely innervated and are not significantly involved in

the carotid sinus reflex (Disalvo, Parker, Scott, & Haddy,

1971; Epstein, Beiser, Stampfer, & Braunwald, 1968; Lash

& Shoukas, 1991; Lesh & Rothe, 1969; Rothe, 1983a;

Samueloff, Browse, & Shepherd, 1966). Cutaneous veins,

on the other hand, possess dense sympathetic innervation

and are more reactive than deeper skeletal muscle veins to

sympathetic activation (Hedwall, Abdel-Sayed, Schmid, &

Abboud, 1970; Mellander, 1960; Webb-Peploe & Shepherd,

1968a; Zimmerman, 1966). However, in spite of the dense

innervation, the cutaneous veins are primarily involved in

thermoregulation (Rothe, 1983a; Rowell, 1983; Shepherd &

Vanhoutte, 1975). Changes in sympathetic outflow to the

cutaneous veins are often opposite to those of other capa-

citance vessels (Shepherd & Vanhoutte, 1975; Tkachenko &

Chernjavskaja, 1971). In contrast to the cutaneous veins, the

cutaneous arterioles of nonacral regions, i.e., cutaneous

arterioles in areas other than the hands of humans and paws

of other species, participate actively in baroreflex control

(Rowell, 1983).

Shoukas and Sagawa (1973) showed that the carotid

sinus baroreceptor reflex (baroreflex) controls systemic

arterial resistance vessels, as well as capacitance vessels in

concert (Brunner, Greene, Frankle, & Shoukas, 1988;

Greene & Shoukas, 1986; Haase & Shoukas, 1992; Shou-

kas, 1982; Shoukas & Sagawa, 1973). The simultaneous

constrictions of arterioles to increase total peripheral resis-

tance, and capacitance vessels to increase venous return,

augment the increase in blood pressure (Shoukas & Sagawa,

1973). Relative to the arterial resistance vessels, veins are

less affected by metabolic factors (Gray, 1971; Lewis &

Mellander, 1962; Sharpey-Schafer, Semple, Halls, &

Howarth, 1965), but are more affected by the activity of

the sympathetic nervous system (Mellander & Lewis, 1963;

Tabrizchi & Pang, 1992).

Since the venous system is the primary capacitance

region in the body, an alteration of its capacity has a large

influence on venous return and cardiac output (CO). Venous

tone or venomotor tone should not be confused with venous

return, which is the rate of the return of blood to the heart,

and is equivalent to CO at a steady state condition. Body

venomotor tone is determined by factors that include mean

circulatory filling pressure (MCFP), venous compliance,

venous resistance and blood volume. CO or venous return,

on the other hand, is controlled by cardiac, as well as

vascular factors that include arterial and venous resistances,

arterial and venous compliances, cardiac contractility, heart

rate (HR) and blood volume (Greenway, 1982). Body

venous tone is, therefore, an important determinant of CO.

Despite the importance of the venous system in the

regulation of blood pressure and CO, there are few studies

that evaluate venous function in health and disease condi-

tions and the effects of drugs on venous function. The lack

of research in this area is likely due to the technical

difficulties associated with venous studies. Information on

body venous tone in an intact animal cannot be obtained

from in vitro studies using isolated venous preparations or

perfused venous beds, which lack neural, hormonal and

local modulating mechanisms. In addition, large veins are

the principal venous vasculature used in in vitro muscle bath

studies, and information obtained may not represent that of

small veins and venules, the primary sites of control of

venous capacity, compliance and resistance.

Drugs that interfere with body venous tone or reflex

control of the venous system have profound effects on

haemodynamics and blood pressure. This is exemplified

by the well-known observation of postural hypotension

following the administrations of drugs that cause venodila-

tation, e.g., nitrovasodilators (e.g., nitroglycerin) and drugs

that block autonomic reflexes (e.g., ganglionic blockers,

adrenergic neuron blockers and a-adrenoceptor antago-

nists). Total body venous tone is best assessed by the

determinations of venous compliance (ratio of a change in

venous volume to the concurrent change in distending

pressure) or venous capacitance function (the entire relation-

ship between contained volume and distending pressure of a

segment of the vasculature), venous resistance (which con-

trols the pressure gradient between venules and large veins),

and the MCFP (the upstream venous pressure) or pressure

gradient of venous return (MCFPÿ right atrial pressure).

2. Venous capacitance, compliance and resistance,

MCFP, and unstressed volume

2.1. Venous capacitance

Vascular capacitance is the relationship between con-

tained volume and the distending pressure of a segment of
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the vasculature and, being a relationship, cannot be described

by a single number (Rothe, 1983a, 1993). Vascular capaci-

tance is different from vascular capacity, which was defined

by Shoukas and Sagawa (1973) as the amount of blood held

by the systemic vascular bed at a specific pressure. Vascular

capacity is the sum of unstressed and stressed blood volumes

(see later). For both the systemic, as well as the pulmonary

bed, the small veins and venules are the primary blood

reservoir of the systemic circulation and the primary sites

of venous resistance and compliance. Hence, total body

venous capacitance should be reflected by the relationship

of blood volume and distending pressure at the level of the

venules. As a matter of convenience, pressure at the level

of the vena cava is often inappropriately used to denote

venous pressure. MCFP is a more appropriate measure-

ment of the upstream venous distending pressure, and this

is achieved through the measurement of the mean systemic

pressure shortly following circulatory arrest and the rapid

equilibration of arterial and venous pressures. To determine

vascular capacitance, total blood volume must be measured

directly and not estimated from a change in blood volume

through the transfusion or withdrawal of blood (Rothe,

1993). This is because transcapillary fluid exchange occurs

following a change in blood volume, and this alters the

circulatory volume.

2.2. Unstressed and stressed blood volumes and capacity

Vascular capacity is the total blood volume contained

in the circulation at a specific distending pressure, e.g.,

the baseline distending pressure (Trippodo, 1981), and is

comprised of unstressed and stressed volume. Approxi-

mately 60±70% of the total blood volume is haemody-

namically inactive and is called the unstressed volume

(Greenway & Lautt, 1986). The function of the

unstressed volume is to fill the circulatory system to

maximum capacity without increasing transmural pres-

sure. The size of unstressed blood volume is determined

by the capacity and activity of the smooth muscle of

the blood vessels. Due to the muscle's viscoelastic

properties (creep or stress relaxation), smooth muscle

activity can be altered passively by a change in the

inflow pressure or volume, or actively via reflex or

neurohumoral-induced vasoconstriction (Numao & Iriu-

chijima, 1977; Rothe & Gaddis, 1990). Venoconstriction

decreases whereas venodilatation increases unstressed

volume. Therefore, the venous capacity within a regional

bed may be actively reduced by venoconstriction, or pas-

sively reduced by a decrease in transmural pressure. To find

out if a change in vascular capacity is active, due to

venoconstriction, or passive, due to reduced transmural

pressure, the upstream venous distending pressure must be

measured, but this is technically difficult except for the

hepatic bed. Failing to accomplish that, venous blood flow

should be measured in order to find out if a change in

venous capacity is associated with altered blood flow. The

stressed volume, on the other hand, is haemodynamically

active. In the absence of a change in total blood volume, a

reduction of unstressed volume increases the stressed

volume, and this in turn passively increases transmural

pressure; the magnitude of the change is a function of the

compliance of the vessel.

The splanchnic vascular bed (liver, stomach, spleen and

intestine), which normally holds one-third of the total

blood volume (Greenway & Lister, 1974), is the most

important capacitance bed for the mobilization of blood. In

the cat, 64% of the splanchnic blood volume (21% of total

blood volume) can be mobilized by direct electrical

stimulation of sympathetic nerves (Greenway & Lautt,

1986; Greenway & Lautt, 1989; Greenway & Lister,

1974). This is in contrast to vascular beds in the muscle,

skin, adipose tissue, the cardiopulmonary region, heart

chambers and the kidneys, which altogether hold 44% of

the blood volume, but sympathetic nerve stimulation

mobilizes at most 23% of the blood volume from these

organs (or 10% of total vascular volume, Greenway &

Lautt, 1986).

2.3. Compliance

Compliance (C), as applied to blood vessels, is the ratio

of a change in volume (DV) to a concomitant change in

the transmural distending pressure (DP): C = DV/DP

(Rothe, 1983a, 1993). It is a measure of the elasticity of

a vascular bed. Distensibility, as defined by Rothe (1993),

is the fractional change in volume per unit change in

pressure (DV/V0DP), where V0 is the total blood volume.

Venous compliance is commonly calculated from the slope

of the venous pressure to vascular volume curve and is

often normalized by the weight of the animal (and not V0

as in distensibility, Shoukas & Sagawa, 1971). Since

compliance in the systemic circulation is markedly greater

than that in the pulmonary circulation, systemic capaci-

tance vessels are the primary blood reservoir for the

circulatory system. Indeed, the major change in capaci-

tance in response to a change in CO was found to be in

the systemic rather than the pulmonary circulation (Numao

& Iriuchijima, 1977).

In the determination of compliance, body temperature

needs to be regulated because a fall in body temperature of

6°C was reported to reduce venous compliance by 42%

(Shoukas & Brunner, 1980). In studies involving the

constant CO reservoir technique, the venous (vascular)

volume and transmural pressure curve is often constructed

by serial alteration of venous pressure via raising the

venous outflow pressure. An increase in outflow pressure

reduces outflow and thereby increases venous (vascular)

volume. Venous pressure is often measured by inserting a

catheter into a large vein, and volume is estimated by the

reciprocal change in reservoir volume. Downstream venous

pressure (Vp), however, is not an accurate reflection of

upstream venous pressure, particularly in conditions of
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high venous resistance. Since small veins and venules are

the primary sites of venous compliance, volume and

resistance, upstream venous pressure should be measured

instead of Vp. As this is technically difficult, venous

plateau pressure (VPP) during mechanically induced circu-

latory arrest (with equilibration of upstream and down-

stream pressures) should be used to estimate the upstream

venous pressure (Deschamps & Magder, 1992). This

changes the compliance equation from C = DV/DP to

C = DV/DVPP, i.e., from the ratio of DV, the regional

change in volume for a given change in Vp, to the ratio

of DV to the difference between VPP before and after a

change in Vp (via an elevation of venous outflow pressure).

In humans, compliance is commonly estimated by the ratio

of a change in blood volume (via an infusion of fluid) to a

change in the central venous pressure (CVP). However, a

change in blood volume will alter cardiovascular reflex and

induce transcapillary fluid shift. Blood volume should,

therefore, be directly measured rather than estimated from

the reciprocal change in reservoir volume, or the volume of

fluid injected into the blood stream.

2.4. Venous compliance versus unstressed volume

It has been shown experimentally that a drug may

venoconstrict by reducing either unstressed volume and/

or compliance. However, it is unclear if these two vari-

ables are independent of each other. Sympathetic activation

has been shown to cause a greater decrease in unstressed

volume than compliance (Drees & Rothe, 1974; Greene &

Shoukas, 1986; Greenway & Lautt, 1986; Rose & Shou-

kas, 1993; Shoukas, MacAnespie, Brunner, & Watermeier,

1981; Shoukas & Sagawa, 1973). Furthermore, a change in

blood volume caused a greater change in unstressed

volume than compliance (Drees & Rothe, 1974; Numao

& Iriuchijima, 1977; Rothe & Gaddis, 1990). Greenway,

Seaman, and Innes (1985) reported that noradrenaline (2

mg/min per kilogram, iv) venoconstricted the hepatic bed

of pentobarbital-anesthetized cats by reducing unstressed

volume but not compliance. Hepatic blood volume was

measured in this study by plethysmography, compliance

was calculated from the slope of the hepatic vascular

volume±intrahepatic pressure relationship, and unstressed

volume was derived from linear extrapolation to 0 mmHg

of the blood volume±intrahepatic pressure relationship.

Noradrenaline was found to reduce unstressed volume

without altering compliance regardless of the method used

to alter hepatic volume, i.e., by varying portal venous flow

(pumping blood from an extracorporeal reservoir into the

portal vein at varying rates, from 0 to 240 ml/min per 100

g liver) or hepatic outflow pressure (raising inferior vena

cava pressure in steps from 0 to 9 mmHg). Greenway et al.

gave the following explanations for the phenomenon: (1)

`̀ hepatic compliance as measured in these experiments is a

measure not of the distensibility of the smooth muscle of

the venous bed, but of the parenchymal tissue or capsule

of the liver'' or (2) `̀ venous diameter could decrease due

to smooth muscle shortening without a decrease in the

distensibility of the wall, if the distensibility is not pri-

marily determined by the contractile elements.'' More

studies are needed to find out the relationship between

vessel diameter and compliance of a single vessel and the

relationship between unstressed volume and compliance in

a constant flow-perfused vascular bed. Until this is

resolved, it is unclear if unstressed volume and compliance

are truly independent of each other.

Drugs have been shown to affect compliance and

unstressed volume in opposite directions, as in the case of

the b-adrenoceptor agonist terbutaline, which increased

unstressed volume but reduced venous compliance (Lee,

Raya, Gay, Olajos, & Goldman, 1987), or the converting

enzyme inhibitor captopril (Raya, Gay, Aguirre, & Gold-

man, 1989) and the vasopressin V1 receptor antagonist

(Raya, Gay, & Goldman, 1990), which reduced unstressed

volume and increased compliance. The opposing changes in

compliance and unstressed volumes are difficult to compre-

hend, and these results are often derived from studies that

determine compliance from the slope of the venous blood

volume±MCFP curve with blood volume altered via hae-

morrhage and/or transfusion. A change in blood volume

would alter cardiovascular reflexes. It needs to be resolved

if the concurrently occurring but opposing (venoconstric-

tion, as well as venodilatation) responses are real, or a

consequence of the measurement of capacitance function

at different levels of vasomotor tone as a result of changes in

blood volume.

The method to measure compliance by haemorrhage or

blood transfusion was developed by Shoukas and Sagawa

(1971). They found that even at a constant CO, a decrease in

blood volume (5% of blood volume within 30±45 s) gave

compliance values of 2.0 and 2.4 ml/mmHg per kilogram at

10 s and 2 min, respectively, after the completion of

haemorrhage in urethane and chloralose-anesthetized dogs.

It was also shown by Schafer, D'Almeida, Weisman, and

Lautt (1993) in pentobarbital-anesthetized cats that hepatic

compliance determined during a reduction of arterial inflow

into the liver (2.8 ml/100 g liver per mmHg) is smaller than

the apparent compliance (DV/DP relationship) estimated

during a slow haemorrhage of 11 ml/kg (4.2 ml/100 g liver

per mmHg).

The discrepancy between compliance and the apparent

compliance was due to active intrahepatic venoconstriction

induced by haemorrhage, which caused a greater decrease in

intrahepatic volume per unit change in portal venous pres-

sure (PVP). In the study, the anterior hepatic nerve plexus

(along the common hepatic artery) was sectioned to allow

nerve stimulation, but the posterior plexus (along the portal

vein) was left intact. It is quite possible that the magnitude

of active hepatic venoconstriction may have been even

greater if the anterior nerve plexus was functional. These

results suggest that studies of compliance obtained during

haemorrhage have limitations.
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2.5. Mean circulatory filling pressure

Grodins (1959) formulated equations to describe vascular

factors that control the systemic circulation [Eqs. (1)±(4)]:

Q � �Pa ÿ Pv�=R �1�
Pa � BVa=Ca �2�
Pv � BVv=Cv �3�
BV � BVa � BVv �4�
where Q = CO during steady state; R = systemic resistance;

Pa and Pv = arterial and venous pressures, Ca and Cv = arter-

ial and venous compliances, BVa and BVv = arterial and

venous stressed blood volumes, respectively. By rearranging

these four equations, Eqs. (5) and (6) are obtained:

Pa � BV=�Ca � Cv� � CvRQ=�Ca � Cv� �5�
Pv � BV=�Ca � Cv� ÿ CaRQ=�Ca � Cv� �6�
It is apparent that when the circulation is stopped ( Q = 0),

an equilibrium circulatory pressure can be obtained,

whereby Pa = Pv = BV/(Ca + Cv). This equilibrium pressure

is synonymous to Guyton's MCFP (Guyton, Polizo, &

Armstrong, 1954), and it denotes the upstream venous

pressure that drives venous return. MCFP is proportional to

total stressed blood volume (as unstressed volume does not

contribute to pressure) and is inversely proportional to the

overall vascular compliance. Since venous compliance is

30±100 times the magnitude of arterial compliance in

various species of animals, MCFP is predominantly and

inversely dependent on venous compliance. In an absence

of a change in blood volume, an increase in MCFP denotes

a reduction in venous compliance, or an increase in

venoconstrictor influence.

Experimentally, as well as mathematically, MCFP is the

mean vascular pressure that exists after circulatory arrest,

and pressure in all parts of the circulation is made to

equilibrate. The measurement of MCFP requires stopping

the circulation and equilibrating arterial and venous pres-

sures. A change in MCFP reflects a change in the upstream

distending pressure, i.e., pressure at the small vein and

venule, which are the primary sites of compliance (Rothe,

1993; Tabrizchi & Pang, 1992). MCFP is the best estimate

of the upstream pressure that drives blood to the heart

(Rothe, 1993). The pressure gradient of venous return

(MCFPÿ right atrial pressure) determines the net driving

force of venous return, and (MCFPÿ right atrial pressure)/

CO reflects the resistance to venous return (often referred to

as venous resistance).

2.6. Venous resistance

Although venous resistance is lower than arterial resis-

tance, it is an important determinant of venous return due to

the low pressure in the venous circulation (Guyton, 1963).

An increase in venous resistance reduces flow and increases

distending pressure upstream, thereby causing the pooling

of blood in the venules; the degree of pooling is dependent

on the upstream compliance (Rothe, 1993). The increases of

both venous pressure and resistance would favor net capil-

lary filtration (Rothe, 1983a). Similar to arterial resistance,

an increase in venous resistance reduces venous pressure

downstream. Despite its importance, venous resistance is

rarely measured due to technical difficulties associated with

the measurements of pressure and flow inside a small vein

or venule. Venous resistance is particularly important in the

hepatic bed, whereby a pressure gradient of 4±15 mmHg

exists between the PVP and CVP. Drugs, such as histamine

(Greenway & Oshiro, 1973; Rothe, Flanagan, & Maass-

Moreno, 1990) and angiotensin II (Tabrizchi, Lim, & Pang,

1993), have been shown to markedly raise PVP by increas-

ing hepatic venous resistance.

The liver receives a large proportion of CO (approxi-

mately 25%) for its size (2.5% of body weight, Greenway &

Stark, 1971). This makes it an important blood reservoir

(12% of total blood volume, Greenway & Lautt, 1989). The

liver has a unique circulation, which allows the concurrent

measurements of upstream venous pressure (PVP), hepatic

venule (Bohlen, Maass-Moreno, & Rothe, 1991) or hepatic

lobar vein (Lautt, Greenway, & Legare, 1987) pressure,

distal venous pressure at the central inferior vena cava, liver

volume, hepatic arterial flow and portal venous flow. To

facilitate the discussion of hepatic resistance, the hepatic

blood supply is outlined as follows. Please refer to reviews

by Greenway and Lautt (1989), Greenway and Stark (1971)

and Lautt and Greenway (1987) for information on the

hepatic circulation.

The liver receives flow from the hepatic artery (20±33%)

and the portal vein (67±80%). All areas of the liver

parenchyma are uniformly perfused by the portal venous

and hepatic arterial flow. The portal venous flow receives

blood from the spleen (10%), stomach (20%), pancreas

(10%) and intestine (60%), and it meets the hepatic artery

at the terminal hepatic venule near the hilum of the liver.

The existence of a relatively high hepatic venous resistance

causes a build-up of PVP upstream. A high venous pressure

together with a high venous compliance in the splanchnic

bed lead to the pooling of splanchnic blood, and this makes

the splanchnic capacitance vessels the most important blood

reservoir in the body. Therefore, an acute increase in

intrahepatic venous resistance (e.g., following sympathetic

activation or the administration of a vasoactive drug, such as

angiotensin II or noradrenaline) would cause an increase in

PVP, in addition to an increase in arterial pressure. Elevated

PVP, in turn, increases splanchnic venous pressure and this

passively distends and pools blood in the splanchnic venous

beds. However, elevated venous hydrostatic pressure also

increases splanchnic capillary filtration, which reduces

somewhat the magnitude of splanchnic venous pooling.

The pooling of blood in the splanchnic bed also reduces

venous return and CO, and this also decreases the impact of

the increase in arterial pressure.
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Whereas the importance of hepatic venous resistance in

the control of PVP, splanchnic blood volume and splanchnic

transcapillary fluid exchange is indisputable, there is con-

fusion as to whether or not the primary site of intrahepatic

resistance is proximal or distal to the sinusoidal capillaries,

i.e., presinusoidal or postsinusoidal (see review by Green-

way & Lautt, 1989 and discussion by Bohlen et al., 1991).

An existence of postsinusoidal intrahepatic resistance would

increase the significance of the liver as a blood reservoir,

due to the resulting high intrahepatic venous pressure and

the high hepatic venous compliance. A predominance of

postsinusoidal resistance also justifies the use of the PVP to

estimate sinusoidal pressure. The major site of vascular

resistance has been reported to be postsinusoidal, due to

the presence of hepatic sphincters in small hepatic veins

within 1±3 cm of the junction of the vena cava and hepatic

veins in dogs (Legare & Lautt, 1987), and to the third-order

hepatic venous tributaries that have diameters of 1.5±2 mm

in cats (Lautt, Greenway, Legare, & Weisman, 1986). Under

resting conditions, the portal and sinusoidal vascular resis-

tances were insignificant, since the PVP was similar to the

lobar venous pressure (Lautt et al., 1986; Legare & Lautt,

1987). However, both the hepatic venous sphincter and

presinusoidal (portal or sinusoidal) vessels were reported

to constrict in response to intraportal infusions of noradrena-

line or angiotensin II, as well as to hepatic nerve stimulation

in both dogs and cats, and to histamine in dogs (Lautt,

Greenway, et al., 1987; Lautt & Legare, 1987). The con-

current constrictions of postsinusoidal and presinusoidal

vessels led to a larger increase in PVP than lobar venous

pressure. With a high dose of noradrenaline ( > 0.5 mg/kg per

minute, intraportal venous infusion), but not a low dose of

noradrenaline (>0.5 mg/kg per minute), and with angiotensin

II (0.1 ± 0.2 mg/kg per min) as well as hepatic nerve

stimulation, the rise in postsinusoidal resistance was greater

than presinusoidal resistance in pentobarbital-anesthetized

cats (Lautt, Greenway, et al., 1987). Similar observations

were made in anesthetized dogs (Lautt & Legare, 1987). In

these studies, intrahepatic pressure was monitored by a

catheter (that had a sealed tip and two side holes at 3±7

mm from the tip) inserted into the right jugular vein, passed

through the heart, into the inferior vena cava and advanced

into the hepatic vein proximal to the wedged position

(pulled back from the wedged position). It was assumed

that because the side holes were away from the wedged

position, an artifactually high pressure due to partial

obstruction would not occur.

Bohlen et al. (1991) also recorded pressures in the

portal vein, hepatic venule and inferior vena cava (abbre-

viated as Ppv, Phv and Pivc, respectively) in order to

determine the predominant location of intrahepatic resis-

tance. Using the micropipette servo-null technique, a

micropipette was inserted into a hepatic venule at an axis

parallel to the long axis of the venule to measure Phv. It

was found that Phv in the 10- to 30-mm hepatic venules of

anesthetized rats, dogs and rabbits was lower than Ppv, but

higher than Pivc. In rats and dogs, the pressure gradient

from Phv to Pivc was 44% and 31%, respectively, of the

total pressure gradient from Ppv to Pivc. In both species,

portal venous infusion of noradrenaline increased Ppv but

not Phv or Pivc. This decreased the proportion of the Phv to

Pivc gradient in rats and dogs to 19% and 29%, respec-

tively, of the total Ppv to Pivc gradient. These results show

the existence of portal venous (presinusoidal) as well as

hepatic venous (postsinusoidal) intrahepatic resistance sites

in rats, dogs as well as rabbits, with a larger contribution of

resistance from the presinusoidal than postsinusoidal site,

both in the baseline condition, as well as after the admin-

istration of noradrenaline.

Maass-Moreno and Rothe (1992) further examined the

location of hepatic venous resistance in pentobarbital-

anesthetized dogs using double-lumen catheters inserted

through the wall of the vena cava into the hepatic vein.

The catheters had one lumen opened at the tip and the other

at the side at 0.5±1 cm from the tip. They were advanced

inside the hepatic vein as far as possible and were then

retracted at steps of 0.5 cm. In the baseline condition, Ppv,

Phv (near the stopping point) and Pivc were 8.3, 7.3 and 3.8

mmHg. As the catheters were pulled out, Phv remained the

same until the tips crossed a transition point when pressure

decreased suddenly to a level (4.4 mmHg) slightly, but

significantly, larger than Pivc. Thus, as each of the catheters

moved past the transition point, the Phv to Pivc gradient

decreased from about 87% to 13% of the Ppv to Pivc

gradient. Intraportal infusion of either histamine (4 mg/kg

per minute) or noradrenaline (2.6 mg/kg per minute)

increased Ppv and Phv but not Pivc. However, when both

the tip port and the side port were upstream from the

transition point, Phv measured at the tip port was greater

than Phv at the side port. With the tip port positioned

upstream and the side port downstream to the transition

point, there was a much greater difference between Phv

measured by the two ports, as only Phv upstream increased

with the infusions of histamine and noradrenaline. These

results show that hepatic venous resistance in anesthetized

dogs is primarily presinusoidal under the baseline condi-

tions or following the administration of noradrenaline or

histamine. Further studies with the use of catheters with

different diameters show that the location of the transition

point in the hepatic vein depends largely on the size of the

catheter. The transition point for a 2.4-mm OD catheter was

1.4 cm downstream that of a 1.4-mm OD catheter. Anato-

mical examination of the large hepatic veins shows that the

major reduction in diameter of a vein occurs with the

appearance of a side branch. The location of the transition

point was also always associated with branching and the

sudden reduction of the vein diameter. Using a hydraulic

model to simulate a catheter entering a hepatic vein and a

mathematical model to calculate annular flow between two

concentric cylinders, the authors postulated that the pre-

sence of a relatively large catheter inside a small vein can

increase resistance to flow upstream when the external
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diameter of the catheter exceeded 60% of the internal

diameter of the vein. This artifact could occur even when

the pressure is measured from a side port of a catheter.

These results suggest that the major hepatic resistance to

venous flow in the dog occurs upstream to the major (>2

mm ID) hepatic veins.

Presinusoidal or postsinusoidal hepatic venous resistance

maintains a higher PVP or a higher intrahepatic venous

pressure, respectively, relative to the CVP. Intrahepatic

resistance slows splanchnic venous flow and increases

splanchnic pressure, thereby allowing adequate capillary

exchange of fluids, metabolites and nutrients. Due to its

higher pressure and greater compliance than those of the

other venous beds, the splanchnic bed is the most important

venous blood pool in the body. However, increased CVP

can be transmitted back to the portal vein. Mitzner (1974)

claimed that in pentobarbital-anesthetized dogs, an effective

closing pressure existed in the hepatic sinusoid such that

PVP did not change until hepatic outflow pressure was

elevated by 3±4 mmHg. It has, however, been shown in

both the cat and dog that a rapid rise in CVP passively

distends the hepatic venous sphincters such that a percent of

the rise in downstream pressure, no matter how small, is

partially transmitted upstream (Lautt, Greenway, et al.,

1987; Lautt, Legare, & Greenway, 1987). The degree of

transmission of pressure across the sphincters increases with

the increase in CVP. This was confirmed by a later study,

which also showed that hepatic venous resistance is inver-

sely proportional to the distending pressure within the vessel

(Greenway & Lautt, 1988). This distensibility allows the

splanchnic bed to buffer a large change in CVP by transmit-

ting proportionately more downstream pressure to the

upstream compliant splanchnic vessels as CVP increases.

This transmission of pressure expands splanchnic blood

volume and, thereby, reduces venous return and CVP.

The possible existence of venous sphincters in the

hepatic bed to regulate venous resistance is interesting.

Morphological studies have supported the existence of

sphincter-like regions in large hepatic veins (Child, 1954).

Although hepatic venous sphincters have been described in

dogs and cats in functional studies (Lautt, Greenway, et al.,

1987; Legare & Lautt 1987), their existence in other organs

or species of animals has not been documented. Hepatic

venous sphincters are believed not to exist in humans

(Rowell, 1990).

To measure venous resistance of a particular organ, one

must measure blood flow as well as the upstream driving

venous pressure, which is at the level of the venules for

most organs. This is technically difficult, with the excep-

tion of the hepatic bed where the Ppv can be used to

reflect the driving pressure for the hepatic venous bed.

Total body venous resistance is best estimated by: venous

resistance VR=(MCFPÿ right atrial pressure)/CO, or

VR=(MCFPÿCVP)/CO, with MCFP representing the

upstream venous pressure at the level of the venules

(Wang, Lim, & Pang, 1995).

3. Methods for assessing venous function

Information on body venous tone or capacitance (rela-

tionship between transmural pressure and total blood

volume) in whole animals with intact cardiovascular reflex

systems cannot be obtained from studies using isolated

venous preparations and perfused venous beds, which lack

intrinsic modulating mechanisms. Several techniques are

available for the determination of body venous tone or

capacity, all of which, however, have technical limitations.

These include the MCFP method for the determination of

whole body venous tone or venoconstrictor influence, the

constant CO reservoir technique for measuring vascular

compliance and capacity, plethysmography in combination

with venous occlusion for measuring the volume and

compliance of an organ, the linear variable differential

transformer (LVDT) technique for estimating the diameter

of a human dorsal hand vein, blood pool scintigraphy to

measure the intravascular volume of an organ, intravascular

ultrasound (IVUS) imaging to monitor the cross-sectional

area of a large vein, and ultrasonic crystals to estimate the

length or diameter of an organ.

3.1. The MCFP method

The concept of `̀ mean systemic pressure'' at zero flow

originated from E.H. Weber in 1850 and his paper was cited

by Starling (1987). Guyton et al. (1954) produced an

equilibrium pressure, which they termed the MCFP, in the

circulation of pentobarbital-anesthetized dogs by cardiac

arrest (via electrical fibrillation or strong stimulation of both

vagi) or sudden occlusion of the pulmonary artery, followed

immediately by pumping blood from the aorta (via a

cannula inserted via the femoral artery or carotid artery into

the aorta) to the external jugular vein. It was found that

MCFP readings derived from vagal stimulation were lower

than MCFP obtained by electrical fibrillation of the heart,

and this discrepancy might have been due to the vasodilator

effect of acetylcholine. The equilibrium pressure was not

termed `̀ the mean systemic pressure'' because it was

commonly used to indicate pressure in the peripheral

circulation, rather than the entire circulation. At circulatory

arrest, the arterial pressure fell rapidly while venous pres-

sure rose. In this early study, venous pressure was measured

by a catheter inserted into the right atrium. Within 2±6 s

arterial and venous pressures equalized. However, because

the pump continued to operate, arterial pressure continued to

fall below venous pressure after they crossed each other.

MCFP was taken at the point at which arterial pressure and

venous pressure crossed. It was possible to obtain as many

as 20 reproducible MCFP readings from an animal. Since

hypotension would cause reflex sympathetic activation,

MCFP readings were taken within 6±10 s after the initiation

of circulatory arrest before reflex venoconstriction took

place. [Note: It was later shown by Shoukas & Sagawa

(1973) that it took approximately 10±15 s for the capaci-
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tance vessels to alter its volume in response to a change in

pressure in the isolated carotid sinus in pentobarbital-

anesthetized, vagotomized dogs. Interestingly, the time lag

for blood pressure (arteriolar smooth muscle) to respond

was considerably faster (2±5 s).]

The following MCFP measurements were reported (Guy-

ton et al., 1954). MCFP was around 6 mmHg in pentobar-

bital-anesthetized dogs, with zero pressure reading

measured at the right atrium. Spinal anesthesia reduced

MCFP to 5 mmHg, whereas intravenous bolus injection of

a high dose of adrenaline increased it to 16 mmHg. The

MCFP in spinal-anesthetized dogs infused with sufficient

adrenaline to return mean arterial pressure (MAP) to the

baseline level was 0±2 mmHg higher than control MCFP

before spinal anesthesia. An infusion of Tyrode's solution to

raise blood volume to 1.5±1.75 times of baseline caused

increases of both MCFP and MAP.

In chloralose±urethane anesthetized dogs, MCFP was

around 10 mmHg (Drees & Rothe, 1974). Since arterial

pressure in these animals were high (around 140 mmHg),

the very high MCFP was likely a consequence of high

sympathetic tone typical of anesthetized, surgically stressed

animals. MCFP readings between 9 and 10 mmHg were also

reported in pentobarbital-anesthetized, open-chest dogs

(Hirakawa et al., 1984) and chloralose-anesthetized cats

(Bower & O'Donnell, 1991). Drees and Rothe (1974)

reported that reproducible values of MCFP, CO, total

peripheral resistance and HR could be obtained with

repeated MCFP determinations in close succession, as

frequently as three times in 5 min.

In practice, arterial and venous pressure do not equili-

brate when the circulation is stopped. This has been

explained to be due to the presence of a Starling resistor

mechanism at the level of the arterioles (Permutt & Riley,

1963). Magder (1990) has reported that in the in vivo

perfused hind limbs of anesthetized dogs, the arterial pres-

sure at zero flow is dependent on the initial arterial pressure

and is reduced by reactive hyperemia, exercise and treat-

ment with phentolamine (a-adrenoceptor antagonist).

MCFP has been measured in different species of animals

including the rat, dog, calf and pig. The following methods

were used to stop the circulation: electrically induced

ventricular fibrillation, injection of acetylcholine or potas-

sium chloride to stop the heart, pulmonary artery occlusion

and the inflation of a balloon implanted in the right atrium.

Samar and Coleman (1978) developed the first method to

measure MCFP in conscious rats. The pulmonary artery of

anesthetized rats was implanted with a latex balloon located

inside a Silastic cuff. Pulmonary arterial flow was stopped by

inflating the balloon. The rats were given 10±14 days to

recover from open-chest surgery before use. One day prior to

the studies, the rats were again anesthetized to allow the

insertion of a catheter into the femoral artery, for the

measurement of MAP, and into the inferior vena cava via

the femoral vein, at a region between the heart and liver, to

measure CVP. The injection of water (0.04±0.08 ml) into the

balloon simultaneously reduced MAP to about 15 mmHg

and increased CVP to a plateau value within 5 s. This method

allowed eight or more reproducible measurements of MCFP

at intervals of 7 min. Since VPP was about 10 mmHg below

the final arterial pressure, MCFP was calculated by adding

the influence of the amount of trapped arterial blood as

follows: MCFP = VPP + K(FAPÿVPP), where K is the ratio

of arterial to venous compliance and FAP is the final arterial

pressure at circulatory arrest. The arterial to venous com-

pliance ratio was thought to be 1/30 (2.06 and 0.068 ml/

mmHg per kilogram for total systemic vascular compliance

and arterial compliance, respectively), based on values

obtained in pentobarbital-anesthetized, artificially ventilated,

open-chest and vagotomized dogs (Shoukas & Sagawa,

1973). The arterial to venous compliance ratio was later

found by Samar and Coleman (1979) to be 1/106 in sponta-

neously hypertensive rats and 1/76 in normotensive Wistar

Kyoto rats. MCFP was reported to be 7.6 mmHg in con-

scious rats in the Samar and Coleman (1978) study.

Yamamoto, Trippodo, Ishise, and Frohlich (1980) devel-

oped a simpler method for measuring MCFP in conscious

rats. One day prior to the study, catheters were inserted into

the carotid artery, the thoracic inferior vena cava and

femoral vein of an anesthetized rat for pressure recordings

and the administration of drugs. In addition, a latex balloon-

tipped catheter was inserted into the right atrium via the

right external jugular vein. Circulation was stopped by

injecting water (0.3 ml) into the balloon, which caused a

simultaneous increase in CVP to a plateau value and a

decrease in MAP to 15 ± 25 mmHg within 4 ± 5 s of

circulatory arrest, before reflex sympathetic activation

occurs (at 11±15 s after the cessation of flow). Spinal cord

transection was found to completely inhibit the sondary rise

in MCFP. Since plateau CVP at circulatory arrest was 0.2±

0.3 mmHg less than MCFP, there was a small amount of

trapped arterial blood during circulatory arrest. A correction

factor K was experimentally derived by obtaining first, the

actual MCFP by equilibrating arterial and venous pressures

at circulatory arrest, and then VPP with no blood transfer

and finally, calculating K using the Samar and Coleman's

(1978) equation: MCFP = VPP + K(FAPÿVPP). K was

estimated to be 1/60 in conscious rats. The correction factor

was later verified by conducting MCFP studies in animals

with different blood volumes (following blood transfusion

or haemorrhage). In these studies, the MCFP values deter-

mined experimentally (with rapid equilibration of pressures

via the pumping of 0.26 ml of blood from the arterial to the

venous side) were insignificantly different from readings

calculated from VPP, FAP and K (at 1/60). Mathematical

correction of VPP to obtain MCFP would eliminate the need

to equilibrate arterial and venous pressures immediately

after circulatory arrest. This method allowed 10 or more

reproducible MCFP readings in conscious rats and elimi-

nated open-chest surgery inherent with the Samar and

Coleman method. MCFP was found to be 7.9 mmHg in

conscious rats in the Yamamoto et al. study.
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We have used the method of Yamamoto et al. to measure

MCFP in conscious, unrestrained rats in several studies, but

we used balloons made from a relatively noncompliant

commercial wrap such as Stretch-Tite (Polyvinyl Films,

MA, USA) or Resinite (Borden Chemical, Canada) instead

of latex. Such balloons allow a rapid reduction of MAP and

the attainment of VPP within 3±4 s after the start of

inflation of the atrial balloon under baseline conditions, as

well as following the administrations of vasodilator or

vasoconstrictor drugs.

Theoretically, there is a difference between the cessa-

tion of circulation via cardiac arrest or circulatory arrest.

When flow is stopped by cardiac arrest via the injection of

acetylcholine or electrical fibrillation, all circulation is

stopped. However, when flow is stopped by the inflation

of an atrial implanted balloon or the occlusion of the

pulmonary artery by an occlusive cuff, the heart continues

to beat. The effect of continual cardiac contractile function

on MCFP measurements was assessed by Samar and

Coleman (1978) and Trippodo (1981). Both concluded

that MCFP is indistinguishable from mean systemic pres-

sure measured by the simultaneous occlusions of circula-

tion in the right atrium and thoracic aorta (via the

insertion of another balloon-tipped catheter from the right

common carotid artery into the aortic arch). Similar

measurements between MCFP and mean systemic pressure

suggest that there is minimal contribution of pressure from

the possible shift of blood from the cardiopulmonary to

the systemic circuit.

Although the MCFP technique is perhaps the best avail-

able method for the estimation of body venous tone, it is not

without limitations. By definition, all pressures in the

circulation should be equal to MCFP during circulatory

arrest. It has been shown by Gaddis, Rothe, Tunin, Moran,

and MacAnespie (1986), in chloralose- or pentobarbital-

anesthetized, open-chest dogs with hearts arrested by the

injection of acetylcholine, that CVP measured at 7 s after

cardiac arrest was equal to PVP in normal and hypervolae-

mic states, but CVP was lower than PVP in volume-

depleted animals (10±20 ml/kg haemorrhage). As well,

repeated use of acetylcholine in anesthetized dogs caused

pulmonary congestion and atelectasis. When the heart was

electrically fibrillated to stop flow, CVP was lower than

PVP in normo-, hyper- and hypovolaemic states. In anesthe-

tized pigs, acetylcholine did not consistently stop the heart,

therefore, variable arterial pressure plateaus, and arterial to

VPP differences were obtained (Ogilvie, Zborowska-Sluis,

& Tenaschuk, 1990). When circulation was stopped by the

distention of a balloon inserted into the pulmonary artery

(via a jugular vein) of chloralose-anesthetized cats, there

was equilibration of PVP and CVP at MCFP values above 5

mmHg (Bower & O'Donnell, 1991). It should be noted that

baseline MCFP values in these cats were quite high, at

around 9±10 mmHg. The lack of equilibration of CVP with

PVP also occurred following circulatory arrest in volume-

depleted (ÿ 10%) or expanded ( + 10%) urethane-anesthe-

tized rats, but this problem did not occur in normovolaemic

rats (Cheng & Rankin, 1992). Furthermore, the lack of

equilibration of PVP and CVP in volume-depleted or

expanded states persisted in rats pretreated with the gang-

lionic blocker hexamethonium. Therefore, CVP measured at

7 s following cardiac arrest may not accurately estimate

`̀ total body venous tone'' as it may not completely include

pressure contribution from the splanchnic venous bed.

However, even a lack of complete equilibration of PVP

and CVP does not invalidate the MCFP concept Ð the error

involved is small and has been estimated by Gaddis et al. to

be 0.37 mmHg for each 1-mmHg difference between

plateau PVP and CVP.

We have examined the effect of large changes of MAP on

the equilibration of CVP and PVP in conscious rats, as well

as pentobarbital-anesthetized rats (Tabrizchi, Lim & Pang,

1993). Due to low pressure in the venous circulation,

precautions were taken to ensure that the zero references

for the venous pressures were correct. In the anesthetized

rats, the zero reference for CVP and PVP were taken at the

level of the inferior vena cava and the portal vein lines,

respectively, where the pressures were measured. The posi-

tions of the transducers were verified at autopsy by opening

the thoracic cavity and cutting open the right atrium to drain

the blood. In the conscious rats, the zero references for CVP

and PVP were estimated visually and mathematically cor-

rected at autopsy with each rat raised to roughly the same

position as it was in the conscious state. High doses of

vasoactive drugs, namely, noradrenaline (1.6 mg/kg), angio-

tensin II (1.3 mg/kg) and isoproterenol (0.5 mg/kg) were

intravenously bolus injected into the rats, and CVP as well

as PVP were measured in the baseline condition at the time

of peak pressor response to the drugs just prior to, and at

approximately 5 s following, circulatory arrest. With the

exception of baseline PVP (6.4 � 0.8 vs. 5.3 � 0.3 mmHg),

baseline readings of MAP (99 � 2 vs. 89 � 3 mmHg), HR

(375 � 7 vs. 325 � 7 beats/min) and CVP (2.1 � 0.4 vs.

0.8 � 0.2 mmHg, respectively) in conscious rats were sig-

nificantly higher than the corresponding values in anesthe-

tized rats. In conscious rats, noradrenaline ( + 58 � 3 mmHg,

ÿ 72 � 16 beats/min) and angiotensin II ( + 59 � 9 mmHg,

ÿ 58 � 20 beats/min, respectively) caused a pressor response

and reflex bradycardia. Isoproterenol, on the other hand,

caused hypotension (ÿ 21 � 3 mmHg) and tachycardia

( + 106 � 10 beats/min); the latter was likely mediated via

direct activation of b1-adrenoceptors and hypotension-

induced reflex sympathetic activation. Neither noradrenaline

nor isoproterenol significantly altered CVP or PVP. Angio-

tensin II, on the other hand, increased PVP ( + 2.8 � 1.3

mmHg) significantly and CVP insignificantly. The angio-

tensin II-induced increase in PVP was likely due to

increased intrahepatic venous resistance. Prior to circulatory

arrest, PVP was higher than CVP in the control condition, as

well as at peak pressor or depressor response to each of the

vasoactive drugs before circulatory arrest; however, the two

values were similar during circulatory arrest in the control
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condition, as well as following the injections of noradrena-

line, angiotensin II or isoproterenol. In pentobarbital-

anesthetized rats, noradrenaline and angiotensin II increased

MAP ( + 58 � 6, + 97 � 3 mmHg, respectively) and PVP

( + 3.4 � 0.3, + 9.3 � 1.1 mmHg, respectively) but did not

alter HR or CVP. The lack of hypertension-induced reflex

bradycardia is typical of responses in anesthetized rats.

Isoproterenol decreased MAP (ÿ 38 � 2 mmHg) and

increased HR ( + 153 � 11 beats/min), but it did not alter

CVP or PVP. Prior to circulatory arrest, PVP was greater

than CVP in the baseline condition as well as during peak

pressor or depressor response to each of the vasoactive

drugs. During circulatory arrest, there was a lack of equili-

bration of CVP and PVP (7.8 � 0.3, 10.0 � 0.4 mmHg,

respectively) following the injection of angiotensin II, but

adequate CVP and PVP equilibration in the control condi-

tion as well as following the injections of noradrenaline or

isoproterenol. Therefore, there was adequate equilibration of

PVP and CVP at circulatory arrest in conscious rats but a

lack of pressure equilibration following circulatory arrest

when a high dose of angiotensin II was administered to

anesthetized rats. Because angiotensin II also caused a much

greater rise in baseline PVP than noradrenaline and iso-

proterenol, the lack of equilibration was likely related to

angiotensin II-induced increase in intrahepatic resistance, as

angiotensin II would unlikely increase splanchnic flow. The

results show that pentobarbital anesthesia and/or surgery

may interfere with the equilibration of PVP and CVP during

extreme experimental conditions, such as following an acute

injection of a very high dose of angiotensin II that markedly

increased intrahepatic resistance.

Venoconstriction can induce a change in compliance and/

or unstressed volume. As mentioned previously, unstressed

volume is the volume of blood in the vasculature at zero

transmural pressure, and stressed volume is the difference

between total blood volume and unstressed volume. The

MCFP technique has been used to provide information on

venous capacitance, the relationship between blood volume

and the distending pressure. To accomplish this, compliance

is often estimated from the ratio of a change in blood

volume (via bleeding or transfusion) to a change in MCFP.

The unstressed volume is derived by linear extrapolation to

zero MCFP of the blood volume ± MCFP relationship

(Appleton, Lee, Martin, Olajos, & Goldman, 1986; Chien,

Frohlich, MacPhee, & Pegram, 1992; Gay, Wool, Paquin, &

Goldman, 1986; Glick, Gehman, & Gascho, 1993). This is

based on the assumption that a linear blood volume and

transmural pressure relationship can be obtained. The

assumption is, however, invalid. An infusion or withdrawal

of blood alters capillary pressure and capillary fluid

exchange, thereby making the amount of volume altered

different from that originally added or removed. Therefore,

total blood volume must be measured to obtain the MCFP±

vascular volume curve (Rothe, 1993). This is more difficult

than measuring the volume of blood or fluid added to or

removed from the vasculature. There is indeed evidence that

the MCFP±vascular volume curve is not linear at MCFP

less than about 4 or 5 mmHg due to transcapillary fluid

shifts and viscoelastic creep (Drees & Rothe, 1974; Lee,

Lancaster, Gay, Paquin, & Goldman, 1988). Moreover, a

change in blood volume, however rapid, will alter cardio-

vascular reflexes and venomotor activity, thereby changing

the values of MCFP, compliance and/or unstressed volume

(Drees & Rothe, 1974). Drees and Rothe (1974) evaluated

the effect of graded haemorrhage and transfusion at 0.5, 2

and 5 min after the initiation of a volume change in

chloralose-anesthetised dogs. The slopes of the MCFP±

vascular volume curve or `̀ apparent compliance'' were 2.6,

3.5 and 4.2 ml/kg per mmHg, and intercepts at 0 mmHg

MCFP (or `̀ extrapolated'' unstressed volumes) were ÿ 28,

ÿ 38 and ÿ 43 ml/kg at 0.5, 2 and 5 min following the

initiation of a volume change. A later study showed that

much of the active venoconstrictor influence occurred at 10

s to 5 min following the initiation of haemorrhage (Rothe &

Drees, 1976). This complicates and distorts the meaning of

stressed/unstressed volumes and compliance as determined

by the MCFP technique.

To minimize alterations in cardiovascular reflex activity

associated with a change in blood volume, the blood

volume±MCFP relationship has been obtained in animals

with suppressed autonomic reflex, e.g., after ganglionic

blockade (Appleton et al., 1986; Ogilvie & Zborowska-

Sluis, 1990) or spinal cord transection (Trippodo, 1981).

However, ganglionic blockade does not eliminate the

effects of circulating or locally released vasoactive agents,

such as angiotensin II, vasopressin or endothelium-derived

relaxing and contracting factors whose concentrations may

be altered by a change in blood volume or shear stress. In

some studies, additional vasomotor tone was added via

intravenous infusion of a vasopressor agent, such as

adrenaline (Trippodo, 1981). Drees and Rothe (1974)

reported that despite ganglionic blockade, compliance and

unstressed volumes were both altered by a change in blood

volume. In ganglionic-blocked dogs anesthetized with

chloralose and urethane, the apparent compliances were

2.2, 2.6 and 3.0 ml/kg per mmHg, and extrapolated

unstressed volumes were ÿ 17, ÿ 25 and ÿ 28 ml/kg at

0.5, 2 and 5 min after the initiation of rapid blood volume

changes. These results show that volume compensation is

not entirely reflexogenic and may involve passive transca-

pillary fluid shifts, viscoelastic creep or other factors.

Inability to obtain reliable readings of compliance and

unstressed volume does not invalidate the use of the MCFP

technique to estimate a relationship between blood volume

and MCFP, as long as blood volume is accurately mea-

sured at the time of MCFP readings and not estimated from

the volume added to or removed from the animal, and as

long as it is realized that the slope of the blood volume±

MCFP curve is not the true compliance. However, extra-

polation of the curve to zero pressure to obtain unstressed

volume may lead to unreliable information (Drees &

Rothe, 1974; Trippodo, 1981).
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The MCFP technique has also been used to estimate the

pressure gradient to venous return (MCFPÿ right atrial

pressure) and resistance to venous return [(MCFPÿ right

atrial pressure)/CO]. While right atrial pressure can be

determined in large animals, technical difficulties do not

allow the concurrent measurements of right atrial pressure

and MCFP in small animals, such as a rat. Since mean CVP

is nearly identical to the mean right atrial pressure (Rothe,

1993), venous resistance (VR) may be estimated by the

equation: VR=(MCFPÿCVP)/CO (Wang et al., 1995). It

has been shown in small animals that CVP can be used to

estimate right atrial pressure as long as the venous pressure

waveform is not obstructed by the presence of intravascular

thrombus or extravascular edema (Berg, Lloyd, & Donner-

stein, 1992). Although CVP may be obtained from both

intrathoracic and intraabdominal sites, readings from the

inferior vena cava are more accurate than those from the

superior vena cava, as they are less influenced by inspiration

movements with spontaneous as well as mechanical ventila-

tion (Berg et al., 1992).

To summarize, the MCFP technique has been used to

evaluate the effects of drugs on body venous tone in

conscious and anesthetized animals. This method involves

briefly stopping the circulation, the equilibration of arterial

and venous pressures, and the measurement of CVP at 5±7

s following circulatory arrest. In the absence of a change in

blood volume, an elevation in MCFP denotes an increase in

venous tone or a reduction in venous compliance. Baseline

CVP (without inducing circulatory arrest) is not an index of

body venous tone, since CVP is pressure within a large vein

and the resultant of a pressure drop at arterioles as well as

venules. The use of baseline CVP to reflect body venous

tone is analogous to the use of the capillary pressure to

reflect arteriolar tone.

The MCFP technique does not permit the measurement

of the true unstressed volume or compliance in intact

animals, since the determination requires blood volume

changes, which would alter cardiovascular reflex. The

MCFP technique is, however, the best available method

for the determination of venous tone as it requires minimal

surgical preparation. When used in conscious rats, reprodu-

cible MCFP readings can be obtained, and the animals do

not show visual discomfort in response to a brief (5±8 s)

cessation of flow. When CO and MCFP are measured

concurrently, venous resistance can be calculated.

3.2. The constant CO reservoir technique

The constant CO reservoir technique, also known as the

venous return long-circuit technique, has been used to

obtain information on venous compliance, venous resistance

and unstressed volume. It involves the routing of venous

return through an extracorporeal reservoir back to the right

atrium, the pulmonary artery, or a systemic artery by a pump

that maintains constant CO. A change in reservoir volume is

often interpreted as a reciprocal change in unstressed

volume. This is only true if there is no appreciable transca-

pillary fluid exchange or renal fluid loss. Compliance is

determined by the ratio of a change in volume to a change in

venous pressure through either a temporary elevation of the

height of the outflow tube to increase venous pressure, or an

increase in the resistance of the venous outflow clamp.

Venous pressure is often measured by a catheter inserted

into a central vein and is, therefore, representative of only

the downstream venous pressure.

The constant CO reservoir technique requires the use of

anesthesia and extensive surgery, which affect cardiovascu-

lar reflexes and cause the release of vasoactive substances.

This technique has been used during cardiopulmonary

bypass surgery to concomitantly measure the arterial and

venous effects of drugs in humans (e.g., Boer, Ros, Bovill,

van Brummelen, & van der Krogt, 1990; Gerson, Allen,

Seltzer, Parker, & Markowitz, 1982; Hsu, Hickey, & Forbes,

1979; Hynynen et al., 1989; Minami et al., 1990; Muikku,

Hynynen, SalmenperaÈ, & Heinonen, 1992; Pauca & Roy,

1986; Videcoq, Desmonts, Marty, Hazebroucq, & Lan-

glois, 1987). Cardiopulmonary bypass surgery offers a

unique opportunity for the assessment of the effects of

drugs on the human venous system, but the technique

also has limitations. Due to the constraint of time and

human experimentation, it is not feasible to obtain full

dose±response curves or full equilibration of responses. As

there is a continuous increase in arterial pressure and a

continuous decrease in reservoir volume with the passage

of time (Hynynen et al., 1989; Muikku et al., 1992;

Videcoq et al., 1987), a time-control group is essential in

the design but is omitted.

Other limitations of cardiopulmonary bypass surgery

include the dilution of plasma proteins and haemodilution

as a result of priming of the cardiopulmonary bypass circuit,

hypothermia and associated reductions in metabolic activity

and drug metabolism, exclusion of the lungs from the

circulation due to the use of an oxygenator, which may also

reduce the metabolism of some drugs (e.g., prostaglandins,

5-hydroxytryptamine), binding of drugs (such as thiopen-

tone and nitroglycerin) and plasma proteins to components

of the pulmonary bypass circuit (Levy & Hug, 1988), as

well as the redistribution of blood flow in spite of constant

CO (Hoka, Arimura, Bosnjak, & Kampine, 1992). Cardio-

pulmonary bypass surgery also increases the concentration

of plasma catecholamines, and the elevations are greater

with nonpulsatile than pulsatile perfusion. Minami et al.

(1990) reported that at 5 min after the start of bypass,

plasma adrenaline and noradrenaline were increased 3.5-

and 2.2-fold by nonpulsatile perfusion and 2.6- and 1.6-fold,

respectively, by pulsatile perfusion. Between the end of

bypass and 2 h after the end of bypass, plasma catechola-

mine concentrations were the highest: adrenaline and nora-

drenaline concentrations were increased by 8.5- and 6.7-fold

by nonpulsatile flow and 5.9- and 5.8-fold, respectively, by

pulsatile flow. MAP and total peripheral resistance were also

significantly higher in patients with nonpulsatile (mean of
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61 mmHg and 1055 dyn cm 5 s) than pulsatile (mean of 54

mmHg and 899 dyn cm 5 s, respectively) perfusion at 20±

90 min after the initiation of bypass. Unexpectedly, venous

compliance, determined by raising CVP, was higher with

nonpulsatile flow (2.4 ml/mmHg per kilogram) than pulsa-

tile flow (1.2 ml/mmHg per kilogram). Reduced venous

compliance in patients with pulsatile bypass was associated

with less fluid retention. These results suggest that pulsatile

perfusion in cardiopulmonary bypass surgery causes less

sympathetic activation and fluid retention than the standard

nonpulsatile perfusion.

Many of the limitations associated with cardiopulmon-

ary bypass surgery in humans are also applicable to animal

studies using the constant CO reservoir technique, and

these limitations include: anesthesia, extensive surgery,

haemorrhage largely due to the use of heparin, the use of

donor blood or a physiological solution containing dextran,

haemodilution, contact of blood with tubing and pumps,

haemolysis, increased catecholamine release and alteration

of blood flow distribution. Greenway (1982) warned that

extensive surgery and a change in venous pressure may

alter capillary function (and therefore blood volume) and

may also produce outflow block in the liver. As well, when

a drug alters unstressed vascular volume, it does not imply

that the drug has had its effect on the venous system alone,

since changes in arterial and venous resistances, HR,

cardiac contractility or venous compliance can produce

large changes in unstressed volume (Greenway, 1982).

Furthermore, extracorporeal circuits can decrease the

effects of drugs on CO. In spite of these limitations, the

constant CO reservoir technique is the best available

method for the estimation of drug effects on stressed and

unstressed volumes.

3.3. Plethysmography

Plethysmography has been used to monitor the regional

blood volume of a single organ, e.g., an animal's hind-

quarter, intestinal segment or liver (AÊ blad & Mellander,

1963; Folkow, Lundgren, & Wallentin, 1963; Greenway et

al., 1985; Lewis & Mellander, 1962; Mellander, 1960;

Mellander & Johansson, 1968; Patel, Bose, & Greenway,

1981) or a human's limb (Eckstein & Hamilton, 1957; Litter

& Wood, 1954; Mason & Braunwald, 1965; Zelis & Mason,

1969). The method involves enclosing an organ or part of an

organ in a fluid-filled plethysmograph, which measures the

volume by a piston recorder (Mellander, 1960), or a servo-

controlled recording device (Zink, Delaive, Mazerall, &

Greenway, 1976). A change in the volume of an organ is

used to estimate a change in vascular (or venous) volume.

Alternatively, blood volume in the organ may be calibrated

by a transit time method or a haemoglobin washout method

(Greenway, 1987). Blood flow to the organ can be calcu-

lated from the initial change in volume per unit time

following venous occlusion, or directly measured with a

flow probe. In the case of the liver, hepatic volume, portal

flow, hepatic flow, PVP, intrahepatic pressure and CVP can

be measured (Greenway et al., 1985). In this respect, the

liver is unique in that upstream venous pressure (PVP) is

easily accessible. A hepatic pressure and volume relation-

ship can be constructed by altering either portal venous flow

(by pumping blood into the portal vein at varying rates from

an extracorporeal reservoir) or changing outflow hepatic

pressure through manipulation of the outflow from the

inferior vena cava. These two procedures have been shown

to give similar intrahepatic pressure and hepatic blood

volume relationships.

In humans, venous plethysmography is confined to the

measurement of venous capacitance and arterial resistance

in the calf (Breithaupt, Belz, Kempinski, Schicketanz, &

Dieterich, 1990; Colardyn & Clement, 1990; Litter &

Wood, 1954) or forearm, hand or foot (Colardyn & Clem-

ent, 1990; Eckstein & Hamilton, 1957; Mason & Braun-

wald, 1965; Ogilvie, 1985; Zelis & Mason, 1969). In venous

occlusion plethysmography, a limb segment (e.g., forearm)

is enclosed in a plethysmograph, and a pneumatic cuff is

placed proximal to the site of measurement (e.g., the upper

forearm). The cuff is inflated to produce an occlusion

pressure lower than the diastolic arterial pressure, typically

at 30±50 mmHg, to cause congestion of the venous but not

arterial circulation. Another pneumatic cuff may be applied

distal to the organ (e.g., the wrist) to eliminate blood flow to

the hand during pressure measurements. Venous compliance

is calculated by the ratio of the increment in limb volume for

a set period (e.g., 2 min) following the inflation of the

occlusion cuff to the increment in venous pressure. Pres-

sure±volume curves can also be constructed by inflating the

cuff at different pressures, e.g., from 10 to 50 mmHg.

Venous pressure may be measured by a catheter inserted

into the vein or approximated from the cuff pressure used to

induce venous congestion. Cuff occluding pressures above

10 mmHg have been shown to accurately reflect intravenous

pressure in normotensive patients (Manyari, Malkinson,

Robinson, Smith, & Cooper, 1988). Vascular volume may

be estimated with a water-filled plethysmograph (Eckstein

& Hamilton, 1957; Litter & Wood, 1954) or a mercury-in-

rubber or mercury-in-Silastic strain gauge placed around a

limb (Struckmann, Vissing, & HjortsoÈ , 1992; Zelis &

Mason, 1969). Concurrent determinations of capacitance

and arterial conductance (blood flow/MAP) or arterial

resistance (MAP/blood flow) are also possible when mea-

surements of blood flow and arterial pressure are made. A

noninvasive method commonly used to estimate flow

involves the evaluation of the initial change in blood volume

per unit time (or the initial slope of the blood volume±time

curve) during venous occlusion.

Plethysmography is particularly useful for the measure-

ment of vascular volume in the human limbs since the

method is predominantly noninvasive. There are, however,

limitations to the use of plethysmography. A fluid-filled

plethysmograph may compress cutaneous veins. Plethysmo-

graphy does not directly measure changes in venous
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volume, but rather, the sum of changes of intravascular, as

well as extravascular volumes. Since the blood volume of a

limb comprises approximately 10% of the total tissue within

the limb (Vissing & Nielsen, 1988), a change (or a lack of a

change) in the volume of fat, muscle, bone and connective

tissue can contribute to (or buffer) the total volume change

of the limb (Struckmann et al., 1992). The estimation of

vascular volume or venous volume by plethysmography is

valid only when capillary filtration is not significantly

altered by the occlusive cuff. However, the occlusion of

venous outflow by a cuff has been shown to cause transca-

pillary fluid filtration (Schnizer, Klatt, Baeker, & Rieckert,

1978). Although venous occlusion plethysmography entails

the measurement of pressure from a large vein rather than

the more compliant small vein or venule, the methodology

is valid since it involves the measurement of the venous

congestion pressure, which is an estimate of the upstream

venous pressure. Both anesthesia and surgery are required in

the use of plethysmography to measure volume changes in

an internal organ of an experimental animal.

3.4. The LVDT technique

Nachev, Collier, and Robinson (1971) developed a

method to estimate the diameter of the dorsal hand vein.

In this method, the subject was required to lie supine with

the upper arm resting on a sloping support of 30°. A

microscope was used to optically measure the change in

the size of a dorsal hand vein at a constant congestion

pressure of 45 mmHg. The microscope was first focused on

a marked dot over the summit of a congested hand vein.

Afterwards, the cuff was deflated to allow the vein to

collapse. This was followed by adjusting the microscope

to bring the dot into focus again, and the distance moved

was used to estimate the hand vein diameter. In a later study

by the same investigators, vasoactive drugs were infused

locally into the vein and the vein size was estimated at 7±15

mm downstream (Collier, Nachev, & Robinson, 1972). The

results show that noradrenaline, adrenaline, 5-hydroxytryp-

tamine and angiotensin II caused dose-dependent venocon-

striction. Tachyphylaxis, however, developed rapidly to the

venoconstrictor effects of high doses of angiotensin II. The

constrictor effects of noradrenaline and 5-hydroxytrypta-

mine were blocked by pre-infusions of phentolamine and

methysergide, respectively. The venoconstrictor effect of

adrenaline was potentiated by propranolol. Isoproterenol,

bradykinin, acetylcholine and histamine had no venodilator

effects unless the veins were first preconstricted by an

infusion of noradrenaline or 5-hydroxytryptamine. The

venodilatation effects of isoproterenol and acetylcholine

were blocked by prior infusions of propranolol and atropine,

respectively. Vasopressin caused neither venoconstriction

nor venodilatation.

The LVDT technique, introduced by Aellig (1981), is a

simpler method to measure the responsiveness of the human

dorsal hand vein to vasoactive drugs. The technique

involves the insertion of a butterfly needle into the hand

vein for the administration of drugs, resting of the forearm

on a support at an angle of 30° from the horizontal to

facilitate the emptying of venous blood (to denote maximum

constriction) and placement of the LVDT over the hand vein

at 10 mm downstream from the needle to monitor vein

diameter. A sphygmomanometer cuff is placed on the upper

arm to produce maximum venous congestion (maximum

relaxation) when the cuff is inflated to 45 mmHg. The

difference in readings between venous congestion and

emptying is a measure of the diameter of the vein under a

particular congestion pressure. The effects of small doses of

drugs on venous responses can be assessed in the absence of

systemic effects (Aellig, 1994). It has been estimated that

the dose required to produce a response in a single vein is

about 1000 times less than that required systemically

(Robinson, 1978).

The LVDT technique, though simple and relatively

noninvasive, is associated with a large degree of intersub-

ject variability when it is used to evaluate the venous effect

of vasoactive drugs, e.g., phenylephrine, noradrenaline,

angiotensin II (Alradi & Carruthers, 1985; Luthra, Bor-

kowski, & Carruthers, 1991; Martin, Alexieva, & Car-

ruthers, 1986; Vincent, Blaschke, & Hoffman, 1992). In a

study involving healthy and diabetic patients, it was esti-

mated that a group size of 140 would be required to detect

20% difference in hand vein diameter between the groups

(BloÈchl-Daum, Vierhapper, Eichler, & WaldhaÈusl, 1992),

and this is due to the large variance in drug responses.

Furthermore, responses of cutaneous veins may not be

representative of those of a typical vein, since the cuta-

neous vein is under thermoregulatory control, and its role is

primarily in the control of heat dissipation (Rothe 1983a;

Rowell, 1983). In situ studies in pentobarbital-anesthetized

dogs show that an elevation of either the core temperature

or the local temperature of a hind limb skin flap markedly

reduced venous resistance and increased venous compli-

ance (Deschamps & Magder, 1990). Therefore, the preci-

sion of LVDT studies requires rigid control of the room

temperature in different experiments. In vivo studies in

dogs show that local cooling enhances, whereas local

warming depresses the cutaneous venomotor response to

adrenergic nerve stimulation (Abdel-Sayed, Abboud, &

Calvelo, 1970; Webb-Peploe & Shepherd, 1968b). Interest-

ingly, the potentiation of the contractile responses to

electrical stimulation, noradrenaline, 5-hydroxytryptamine

or adenosine triphosphate by cooling, and the attenuation of

the responses by warming, also occurred in vitro in the

perfused dog saphenous vein as well as the cutaneous vein

(Vanhoutte & Shepherd, 1970). These results suggest that

the potentiation of contraction by cooling of cutaneous

veins in vivo was likely due to increased reactivity of

smooth muscle cells rather than increased neurotransmitter

release. This was further substantiated by the in vitro

findings of the potentiation by cooling of contractile

response in spite of concurrent decreased noradrenaline
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outflow from the isolated saphenous vein strip (Shepherd &

Vanhoutte, 1975). Cooling, however, reduced the contrac-

tile response of the perfused saphenous vein to barium

chloride and potassium chloride, and warming had the

opposite effects (Vanhoutte & Shepherd, 1970). Taken

together, these findings suggest that cooling enhances

excitation±contraction coupling but not the contractile

process of venous smooth muscle cells. Warming has the

opposite effects.

In addition to room temperature, there are other factors

that need to be controlled to increase the precision of

measurement of the diameter of a hand vein. The subject

needs to be acclimatised, and the body position should be

the same for repeated measurements. Since digestion

increases splanchnic flow, the time of the day and the time

of measurements in relation to meals should also be stan-

dardised (Aellig, 1994). Moreover, venous congestion pres-

sure has to be standardized, as it can affect the response to a

drug. It has been shown by Abdelmawla, Langley, Szabadi,

and Bradshaw (1996) that the diameter of the hand vein is

directly related to the congestion pressure. The diameters of

the dorsal hand vein at congestion pressures of 20, 30, 45

and 60 mmHg were 0.30, 0.70, 1.05 and 1.20 mm, respec-

tively. Furthermore, potency (ED50) to noradrenaline was

inversely related to, but efficacy (Emax) to noradrenaline was

not affected by, the magnitude of the congestion pressure.

ED50 to noradrenaline were 3.0 and 8.7 ng/min at conges-

tion pressures of 30 and 45 mmHg, respectively. Therefore,

it is not valid to compare the potency of agonists in different

studies unless the same venous occlusion pressure has been

used. Furthermore, there is little justification for the use of a

congestion pressure higher than 45 mmHg in which the drug

potency may be reduced thereby requiring the use of a

higher drug concentration.

Despite the many limitations, the LVDT method is the

simplest and most easily accessible method for the measure-

ment of venous responses in humans. It allows the con-

struction of complete dose±response curves without undue

systemic effects.

3.5. Blood pool scintigraphy

Blood pool scintigraphy was originally developed to

allow noninvasive assessment of left ventricular function

in man. The method involves intravenous injection of a

radioactive tracer (99mTc-labeled human serum albumin)

followed by selective recording of images at end-systole

and end-diastole using a scintillation camera and an electro-

cardiogram-triggered gating device. The reproducibility of

this technique in the assessment of left ventricular volume

and ejection fraction is comparable to that of biplane

cineangiocardiography (Schelbert et al., 1975).

Blood pool scintigraphy has been adopted to measure the

blood volumes of regional organs in humans and experi-

mental animals. This technique involves the labeling of

erythrocytes with 99mTc-pertechnetate by either in vivo or

in vitro means (Callahan, Froelich, McKusick, Leppo, &

Strauss, 1982; Pavel, Zimmer, & Patterson, 1977), followed

by the measurement of radioactivity of a particular organ

with a scintillation detector or a gamma camera, and

computer analysis of images (Clements, Strelow, Becker,

Vlietstra, & Brown, 1981; Rutlen, Wackers, & Zaret, 1981;

Scott-Douglas et al., 1995; Todo, Tanimoto, Yamamoto, &

Iwasaki, 1986). The radioactivity detected in a particular

organ per unit time is proportional to blood volume, as well

as venous capacity, since a large proportion of blood is

contained in the capacitance vessels. Venous pressure±

blood volume relationship in organs can be constructed to

obtain venous compliance or capacitance.

This scintigraphy method is relatively noninvasive and

reproducible. Blood volumes measured with blood pool

scintigraphy have been shown to correlate well with those

estimated by traditional plethysmography (Clements et al.,

1981; Rutlen et al., 1981) or the constant CO reservoir

technique (Bell & Rutlen, 1990). Blood pool scintigraphy

has been used to estimate the venous capacity of organs in

humans and animals that include the following: the forearm

(Mostbeck & Partsch, 1978; Rutlen et al., 1981; Todo et al.,

1986), calf (Rutlen et al., 1981), limbs (Clements et al.,

1981; Flamm et al., 1990; Mostbeck & Partsch, 1978;

Struckmann et al., 1992) as well as organs inaccessible to

traditional plethysmography, such as the brain (Kuikka,

Ahonen, Koivula, Kallanranta, & Laitinen, 1977), thorax

(Mostbeck & Partsch, 1978), abdomen (Flamm et al., 1990;

Froelich, Strauss, Moore, & McKusick, 1988; Mostbeck &

Partsch, 1978; Smiseth et al., 1987) and lungs (Bell &

Rutlen, 1990; Flamm et al., 1990; Froelich et al., 1988;

Okada et al., 1979; Smiseth et al., 1988).

In the human forearm and abdomen, volume±pressure

relationships have been obtained to estimate compliance and

vascular capacity (Manyari et al., 1988; Manyari, Wang,

Cohen, & Tyberg, 1993; Robinson, Manyari, Tyberg, Fick,

& Smith, 1989). Vascular pressure±volume relationships of

the intestinal bed have also been obtained using the scinti-

graphy method along with measurements of PVP at three or

four different portal pressures (via the inflation of a pneu-

matic constrictor that was placed around the portal vein)

(Scott-Douglas et al., 1995; Semeniuk, Belenkie, & Tyberg,

1998). Repeated curves of human forearm venous pressure±

vascular volume obtained by blood pool scintigraphy have

been shown to be similar to those obtained by the standard

mercury-in-rubber strain-gauge plethysmography (Manyari

et al., 1988).

Manyari et al. (1993) assessed the splanchnic venous

pressure±vascular volume relationship in humans by eleva-

tions of continuous positive airway pressure (CPAP) via a

CPAP mask. Increased CPAP, by increasing intrathoracic

pressure, opposes right atrial emptying, thereby elevating

right atrial pressure, which, in turn, passively increases

splanchnic venous distending pressure. The increase of

airway pressure from 0 to 12 cm of water was found to

increase splanchnic vascular volume by 7%. The pressure±
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vascular volume curves were highly reproducible within and

among subjects. This is the first time a pressure±vascular

volume relationship is obtained by noninvasive means in the

splanchnic vascular bed of humans.

There are several advantages in the use of scintigraphy

for the assessment of venous function. As well, scintigraphy

allows continuous and relatively noninvasive assessment of

intravascular volume for long periods of time. When carried

out in conjunction with reference blood sampling, absolute

intravascular volume can be obtained (Todo et al., 1986).

The technique is easy to use and is sensitive enough to

detect small changes in blood volumes associated with

exercise (Flamm et al., 1990; Froelich et al., 1988), fluid

loading (Scott-Douglas et al., 1995), a change in arterial

flow (Scott-Douglas et al., 1995), elevated venous pressure,

postural changes (Rutlen et al., 1981), congestive heart

failure (Semeniuk et al., 1998; Todo et al., 1986) and

drug-induced venodilatation (Semeniuk et al., 1998).

There are several disadvantages to the use of scintigra-

phy. Accessibility of the technique is low and operating cost

is high. For this reason, the studies are normally carried out

in humans who are undergoing diagnostic procedures for

which the blood pool has been labeled. Correction of

background and attenuation of radioactivity are technically

complex (Bell & Rutlen, 1990; Manyari et al., 1988; Peters,

Neuser, Schaden, & Arndt, 1992; RisoÈe, Smiseth, Rootwelt,

Sire, & Simonsen, 1993; Scott-Douglas et al., 1995).

Furthermore, the calculation of absolute blood volume with

reference blood sampling of an organ can lead to an error

greater than 30%, since organs and blood have dissimilar

attenuation (Flamm et al., 1990). Attenuation also differs

among individuals who are lean, edematous, or obese. The

study of a whole visceral or thoracic organ and the complete

exclusion of radioactivity from peripheral organs are diffi-

cult due to the partial overlap of some organs (Bell &

Rutlen, 1990). As well, red blood cells can be damaged

resulting in the loss and subsequent excretion of radio-

activity. Movement of an organ and variable background

contamination from adjacent tissue may occur during the

course of a study. When used in humans, some loss of

precision with the measurement of organ radioactivity is

unavoidable, since a low amount of radioactivity has to be

used (Peters et al., 1992).

3.6. IVUS imaging and ultrasonic crystals

Ultrasound imaging was initially developed as a non-

invasive extracorporeal technique to image body organs.

The inaccessibility of deep structures led to the development

of intracorporeal ultrasound to increase the quality of

imaging, and later to intraluminal ultrasound or IVUS to

measure the dimensions of cardiac chambers and large

vessels. The primary application of IVUS is to reveal the

pathology of vascular lesions and provide precise images for

guidance and assessment of intervention devices, e.g., the

sizing of angioplasty devices (Tobis et al., 1991). The reader

should read the review by Cavaye and White (1993) on the

IVUS imaging technique.

IVUS has been used to monitor the cross-sectional areas

of a large vein and artery of anesthetized rabbits (Schwar-

zacher, Weidinger, Schemper, & Raberger, 1992) and con-

scious dogs (Nonaka & Ueno, 1991). In the study by

Schwarzacher et al. (1992), an ultrasound catheter was

advanced into the abdominal aorta and the inferior vena

cava of anesthetized rabbits. The ultrasound transducer was

connected to an imaging console, which generated 360°
transaxial real-time images that were continuously recorded

on videotapes, and evaluated, via a planimetry system, to

yield the cross-sectional area of blood vessels. Unfortu-

nately, the size of the IVUS catheter prevents the use of this

technology in vessels smaller than the aorta or the inferior

vena cava of rabbits. Therefore, the usefulness of the present

IVUS methodology in small animals is limited, since small

veins and venules are the primary sites of control of venous

resistance, compliance and capacity.

Ultrasonic crystals have been used to estimate the

changes in the length or diameter of an organ, such as the

spleen and the liver (Maass-Moreno & Rothe, 1991; Rutlen,

Vengen, & Ilebekk, 1990; Stokland, Thorvaldson, Ilebekk,

& Kiil, 1982; Thorvaldson, Stokland, & Ilebekk, 1990). The

ultrasonographic technique involves suturing a pair of

ultrasonic piezoelectric crystals across two surfaces at the

opposite ends of an organ in order to measure the distance

between the surfaces. The principle of the methodology

involves electrically stimulating the piezoelectric crystal for

a brief moment to cause it to vibrate, which causes it to emit

a high frequency sound that propagates through the tissue

until it hits a receiver on the other side, or is reflected by an

interface and returns to the original crystal. The received

ultrasound signal causes a vibration of the crystal and

generates an appropriate electrical voltage to reflect the

distance traveled. Greenway and Rothe (1992) assessed

the precision of this technique in the estimation of the

dimensions of the spleen and liver relative to the precision

obtained by weighing and servo-controlled volume plethys-

mography, respectively. The crystals were attached with one

to four stitches at varied positions over the surface of the

spleen and liver. When each crystal was attached by three

stitches to the spleen, the crystal tended to lift and buckle

when the spleen contracted. When attached by a single

stitch, a linear relationship between the thickness and weight

was obtained with nerve stimulation of the spleen. In the

liver, however, individual thickness measurements using the

crystals were not in agreement with those using plethysmo-

graphy. This was not due to buckling, as even glued crystals

had different responses at the same time on the same liver.

Average responses from randomly placed crystal pairs were

similar to those from plethysmography, but the overall

variability was greater for the crystals. The results suggest

that the liver does not uniformly alter its shape during active

venoconstriction. The authors concluded that the `̀ ultrasonic

crystals, when appropriately attached, can reliably monitor
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changes in spleen volume. For the liver, however, the

variability in thickness responses at different sites on the

same livers is high. Unless a large number of observations

are made, the results will be unreliable.'' Clearly, ultrasonic

crystals, due to their ease of use, are extremely useful in

detecting volume changes in organs provided that the

accuracy and precision of the measurements are adequately

assessed and precautions are taken to overcome the limita-

tions (Rothe & Maass-Moreno, 1998).

4. Conclusion

Since the venous system contains approximately 70% of

the blood volume, an alteration of venous tone affects

venous capacity, venous return and CO. Drugs that interfere

with venous function cause the pooling of blood in the

capacitance vessels and this leads to the reduction of CO

and hypotension. Information on body venous tone cannot

be obtained from in vitro studies using preparations that are

devoid of cardiovascular reflex and neurohumoral influence.

Many techniques have been developed to evaluate venous

function. The merits and limitations of these techniques

must be realized so that selection of appropriate methodol-

ogies for the evaluation of venous activity is possible, and

meaningful interpretation of the results can be made.
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REVIEW

Non-Invasive Neuroimaging Using Near-Infrared Light

Gary Strangman, David A. Boas, and Jeffrey P. Sutton

This article reviews diffuse optical brain imaging, a
technique that employs near-infrared light to non-inva-
sively probe the brain for changes in parameters relating
to brain function. We describe the general methodology,
including types of measurements and instrumentation
(including the tradeoffs inherent in the various instrument
components), and the basic theory required to interpret
the recorded data. A brief review of diffuse optical
applications is included, with an emphasis on research
that has been done with psychiatric populations. Finally,
we discuss some practical issues and limitations that are
relevant when conducting diffuse optical experiments. We
find that, while diffuse optics can provide substantial
advantages to the psychiatric researcher relative to the
alternative brain imaging methods, the method remains
substantially underutilized in this field. Biol Psychiatry
2002;52:679–693 © 2002 Society of Biological Psychia-
try

Key Words: NIRS, non-invasive, functional brain activ-
ity, diffuse optical tomography, optical imaging

Introduction

Neuroimaging Methods

Several non- or minimally-invasive neuromonitoring
techniques for examining functional brain activity are

currently available to the psychiatric researcher and clini-
cian. Historically, electroencephalography (EEG) was the
first to appear on the scene, followed by other technologies
including positron emission tomography (PET) and single-
positron emission computed tomography (SPECT), mag-
netoencephalography (MEG), and most recently func-
tional magnetic resonance imaging (fMRI). These
methods are often categorized in terms of whether they
provide direct or indirect information about brain function.
Direct methods include MEG, EEG, and event-triggered
EEG (also called event related potentials; ERPs), each of
which monitors a direct consequence of brain electromag-
netic activity. In particular, EEG and ERP record the

electrical fields generated by neuronal activity, while
MEG records the magnetic fields induced by such activity.
PET, SPECT and fMRI, on the other hand, are indirect
methods in that they generally monitor hemodynamic
changes consequent to brain electrical activity. PET and
SPECT brain imaging operate by monitoring the decay of
blood-borne radioactive isotopes as they pass through the
brain. FMRI, in contrast, detects changes in the local
concentration of deoxyhemoglobin via its effect on im-
posed magnetic fields. While each of these techniques has
its own distinct advantages, at present the direct methods
tend to have limited spatial resolution, whereas the indirect
methods can only detect neuronal activity after it has been
filtered by a complex and poorly-understood neurovascu-
lar coupling function.

Diffuse Optical Methods

A lesser-known technology for monitoring brain function
capitalizes on the absorption and scattering properties of
near-infrared light to provide information about brain
activity. It was long thought that the scattering of light by
tissue made it impossible to recover information from
anything but the most superficial layers of tissue (e.g.,
microscopy). Indeed, most long-standing optical tech-
niques in use in the neurosciences are for superficial
tissues only (Villringer and Chance 1997). Some 25 years
ago, however, it was discovered that useful information
could be obtained from thick tissue samples, including
brain monitoring using light applied to and detected from
the scalp (Jobsis 1977). This finding spurred the develop-
ment of diffuse optics as a technique for human brain
monitoring. The technique goes variously by the names of
near-infrared spectroscopy (NIRS), diffuse optical tomog-
raphy (or topography; DOT) and/or near-infrared imaging
(NIRI). All of the techniques are based on essentially the
same concept—shine light onto the scalp, detect it as it
exits the head, and use the absorption spectra of the light
absorbing molecules (chromophores) present in tissue to
interpret the detected light levels as changes in chro-
mophore concentrations.

To compare the spatial and temporal sensitivity of these
various brain imaging techniques, we present Figure 1,
modeled after a similar figure by (Churchland and
Sejnowski 1988). It is clear that MEG and ERPs are strong
in temporal sensitivity but relatively weak in terms of
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spatial sensitivity. In contrast, fMRI, PET and SPECT are
stronger in spatial sensitivity but weak in terms of tempo-
ral resolution. Diffuse optical techniques, in comparison,
can provide excellent temporal sensitivity as well as
reasonable spatial sensitivity. When multiple colors of
light are used, moreover, spectroscopic information about
the sampled tissue also becomes available, thereby afford-
ing the promise of quantifying the concentrations of the
various hemoglobin species-oxyhemoglobin, deoxyhemo-
globin, and the sum of these (total hemoglobin, which is
proportional to blood volume).

In addition to hemoglobin-based measures of brain
activity, diffuse optical techniques also make non-hemo-
globin-based measures feasible. For example, by record-
ing data from several wavelengths simultaneously, one can
measure other tissue chromophores, including cytochrome
oxidase. As a marker of metabolic demands, cytochrome
oxidase measurements can provide more direct informa-
tion about neuronal activity than hemoglobin changes
(Heekeren et al 1999; Jobsis et al 1977). There is also
evidence to suggest that diffuse optical methods can detect
cell swelling that occurs in the 50–200 milliseconds
following neuronal firing, which would be an even more
direct measure of neuronal activity than the hemodynamic
or metabolic markers (Gratton and Fabiani 2001; Stein-
brink et al 2000; Stepnoski et al 1991). This type of “fast”
signal appears to be significantly smaller than the hemo-
dynamic signals (on the order of a .01% signal change).
With sufficiently fast and sensitive electronics, however,
such signals could be feasibly recorded by the same
equipment as the hemodynamic signals. (The spatial

correspondences between these various signals remain to
be investigated.) Thus, diffuse optical techniques may be
simultaneously capable of providing both indirect and
more direct methods of neuronal activity monitoring-
complementary sources of information about brain func-
tion.

The primary advantages of the optical approach, how-
ever, lie in areas not explicitly represented by Figure 1. In
particular, the instrumentation—which is completely non-
invasive—can be made portable, unobtrusive, low-cost,
low-power, and can even be made robust to motion
artifacts (e.g., Totaro et al 1998). For the psychiatric
researcher, these additional strengths can bring otherwise
previously unthinkable projects into the realm of possibil-
ity. For example, with proper fiber coupling, extensive
movement can be tolerated, opening up the possibility of
studying infants, small children, patients with severe
movement disorders, or other highly animated subjects,
without sedation. The portability and near-zero run-time
cost of the instrument affords bedside (or home) monitor-
ing for extended periods, which could be useful for
monitoring the effects of slowly acting drugs, or slowly
evolving pathologies. And, the fact that near infrared light
is non-ionizing means that there is no limit to the number
of scans one can undergo.

Figure 1. Comparison of the spatial and temporal sensitivities of
six non- or minimally-invasive neuroimaging methods.

Figure 2. Absorption factors for the primary light absorbers
(chromophores) in biological tissue in the near-infrared wave-
length range (HbR, deoxyhemoglobin, HbO2, oxyhemoglobin).
The relatively low absorption factors between roughly 650 and
950 nm provide an “optical window” in tissue through which one
is able to see changes in oxy- and deoxyhemoglobin deep within
tissue, including the head.
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The “Optical Window”

Diffuse optical recordings depend on two critical charac-
teristics of the electromagnetic spectrum as it interacts
with biological tissue. First, while biological tissue is
relatively opaque to visible light, it is not totally opaque,
as demonstrated by a simple experiment. Darken a room,
shine a flashlight through your hand and notice that the
white light from the flashlight exits with a red hue,
indicating that the tissue least absorbs the redder wave-
lengths. Near-infrared (NIR) light—from approximately
650–950 nm—is even more weakly absorbed by tissue
than the red wavelengths (Figure 2). As a result, this range
of wavelengths is often called an “optical window” into
biological tissue. This property allows light of these
wavelengths to penetrate several centimeters through tis-
sue and still be detected.

The second critical characteristic of NIR light as it
interacts with biological tissue is also apparent in Figure 2.
The two dominant chromophores for the NIR wavelength
range just happen to be two biologically relevant markers
for brain activity: oxyhemoglobin (HbO2) and deoxyhe-
moglobin (HbR). Thus, NIR wavelengths pass relatively
easily through tissue, and their absorption can provide
information relevant to brain function.

Having described what makes the technique possible,
we next discuss the methodology details, including the
types of measurements one can make, the nature of diffuse
optical monitoring equipment, and the basic underlying
theory necessary for data interpretation. We will then
review brain research applications of diffuse optical tech-
niques—with an emphasis on psychiatric patient groups—
and will finally discuss the practical issues presently faced
by optical researchers.

Methods and Materials

Types of Diffuse Optical Measurements

The amplitude of the recorded signal in a diffuse optical
measurement is determined by two factors: (i) absorption
of light by the tissue, and (ii) light scattering within the
tissue. An increase in either factor results in a decrease in
detected light levels, and a corresponding decrease in
signal. The goal of diffuse optical measurements is to
detect such changes and, in some cases, determine whether
the change was due to a change in absorption or scattering
by the tissue under investigation. As mentioned, absorp-
tion changes are predominantly driven by changes in
hemoglobin concentrations. When a diffuse optical probe
is placed on the head, the observed hemoglobin changes
reflect underlying brain activity (Kleinschmidt et al 1996;
Villringer et al 1997). Scattering changes, in contrast, have
a less clear relevance to the psychiatric researcher in large

part because the sources of scattering changes within the
head are only partly understood. For example, scattering
may be higher in regions with dense fiber tracts (differ-
ences thereby being observable across subjects or evolving
over time). However, the importance of scattering changes
to normal and diseased brain activity and baseline states
remains to be investigated in detail. Presently, most optical
brain monitoring experiments simply assume scattering
remains essentially constant during the experiment and
that all observed signal fluctuations are due to changes in
absorption.

Three main categories of diffuse optical measurements
have been developed: time domain, frequency domain and
continuous wave measurements (Table 1). Time domain,
or time-resolved, systems introduce into tissue extremely
short (picosecond) incident pulses of light, which are
broadened and attenuated by the various tissue layers (e.g.,
skin, skull, cerebrospinal fluid and brain). A time domain
system detects the temporal distribution of photons as they
leave the tissue, and the shape of this distribution provides
information about tissue absorption and scattering. In
frequency domain systems, the light source shines contin-
uously but is amplitude-modulated at frequencies on the
order of tens to hundreds of megahertz. Information about
the absorption and scattering properties of tissue are
obtained by recording the amplitude decay and phase shift
(delay) of the detected signal with respect to the incident
signal (Chance et al 1998). In continuous-wave (CW)
systems, light sources emit light continuously, like fre-
quency domain systems, but at constant amplitude, or
modulated at frequencies not higher than a few tens of
kilohertz (which provides stray-light rejection). CW sys-
tems measure only the amplitude decay of the incident
light.

Each of these techniques has intrinsic advantages and
drawbacks, the characteristics of which are outlined in
Table 1. The choice of measurement mode is basically
determined by the type of information one needs to collect.
For the psychiatric researcher interested in monitoring
brain function changes over time, a frequency domain or
continuous wave instrument would typically be sufficient;
the added spatial specificity of time domain instruments
and the ability to separate absorption and scattering effects
is not clearly necessary for such measurements.

Point Measurements vs. Imaging

Each of the three instrument types can in theory be
deployed in either point measurement or imaging config-
urations. Fundamentally, the difference between a point-
measurement instrument and an imaging instrument lies
merely in the number and geometrical arrangement of
sources and detectors. In particular, a point-measurement
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instrument requires only one source location and one or
more detector locations. In contrast, a true imaging instru-
ment requires that each detector be able to detect light
from two or more source locations.

Consider first the spectroscopy (NIRS), or point mea-
surement, instrument (Figure 3A). As seen in Figure 2, the
two dominant absorbers in tissue for the NIR wavelength
range are HbO2 and HbR. Because the absorption coeffi-
cients of these two species are always roughly the same
order of magnitude in the NIR range, any measurement at
a single wavelength will be significantly affected by
changes in the concentration of either of the two species,
confounding the interpretation of any single measurement.
However, as alluded to earlier, simultaneous measure-
ments made at two wavelengths can be used to separate
the two types of changes, resulting in simultaneously
acquired concentration changes for both HbO2 and HbR.
A NIRS instrument for brain recordings will therefore
emit light at two (or more) wavelengths through a source
optical fiber into the head, and measure the exiting light
for each wavelength at a detector location some distance
away. Three or more wavelengths can be used either to (i)
improve the measures of HbO2 and HbR, or (ii) extract
changes in other, less-absorbing species such as water,
and/or cytochrome oxidase (Heekeren et al 1999; Matcher
et al 1994). All of this can be accomplished with just one
(multi-color) source location and one detector location.

An imaging instrument, in contrast, requires multiple
source and detector locations arranged in such a way so as
to provide overlapping measurement sensitivities (Figure
3B). The overlapping measurements can be mathemati-
cally combined, in a self-consistent way, to generate a
spatial image of changes in remitted light over time
beneath the probe (Arridge 1999; Arridge and Schweiger
1997). If data from multiple colors are simultaneously

gathered at every detector location, spectroscopic images
(images of both HbO2 and HbR) can be generated.

Instrumentation Components

To evaluate the appropriateness of optical instrumentation
for a given application requires some understanding of the
components that comprise such an instrument. Any diffuse
optical instrument will require, at a minimum, three

Table 1. Characteristics of the Three Main Types of Diffuse Optical Measurements

Measurement
Type Advantages Disadvantages Example Uses References

Time domain Spatial resolution
Penetration depth
Most accurate separation of

absorption and scattering

Sampling rate
Instrument size/weight
Stabilization/cooling
Cost

Imaging cerebral oxygenation
and hemorrhage in
neonates, breast imaging

(Benaron and Stevenson 1993;
Chance et al 1988; Hebden
et al 1997)

Frequency domain Sampling rate
Relatively accurate

separation of absorption
and scattering

Penetration depth Cerebral and muscle
oximetry, breast imaging

(Franceschini et al 2000;
Gratton et al 1997; Jiang et
al 1995; Pogue and
Patterson 1994)

Continuous wave Sampling rate
Instrument size, weight and

simplicity
Cost

Penetration depth
Difficult to separate

absorption and scattering

Finger pulse oximeter
Functional brain experiments

(as per fMRI)

(Nioka et al 1997; Schmitz et
al 2000; Siegel et al 1999)

fMRI, functional magnetic resonance imaging

Figure 3. Two example continuous-wave optical instruments.
(A) An example NIRS experimental setup, including 2 instru-
ments, optical fibers for conducting light to and from the head,
and a recording computer. Each instrument provides two light
colors (690 and 830 nm) and four avalanche photodiode detec-
tors, affording four separate spectroscopic point-measurements.
(B) An example DOT instrument, consisting of sixteen detectors
(top two rows of connectors), and eighteen laser sources (bottom
four rows of connectors). Sources are modular, but typically
consist of nine 690 nm lasers and nine 830 nm laser diodes. With
an appropriate geometrical arrangement of sources and detectors
(top), image reconstruction becomes possible. NIRS, near–
infrared spectroscopy; DOT, diffuse optical tomography.
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primary components: a NIR light source, a detector, and
electronics for the two. The ideal light source provides
multiple discrete NIR wavelengths each at relatively high,
tunable power—a type of light source that does not
presently exist. Instead, one of three types of light sources
is typically used to provide sufficient NIR light for diffuse
optical monitoring of brain, as shown in Table 2. Gener-
ally speaking, the source tradeoffs depend on two factors:
the need for discrete wavelengths and the need for more
power. Power is important because detected signals are
typically on the order of 10 pW for a source-detector
separation of 4 cm, or a loss of 7–9 orders of magnitude in
light power. Increasing power can help compensate for
this loss, within the safe exposure limits (see Safety
Considerations, below).

Detectors form the next critical component of a diffuse
optical instrument. Fundamentally, the detection of the
extremely low light levels leaving the head requires
sensitive detectors, and the four broad classes of optical
detectors that are presently in use are outlined in Table 3.
The choice of detector is dependent on the particulars of
the application. In neuroimaging, as with optical imaging
of deep tissue in general, highly sensitive detectors are
essential and speed is often highly valued. This suggests
the use of PMTs or APDs, respectively. (Though SPDs
have been used effectively and are better for use in
applications requiring a wide range of incident flux.)
Where many wavelengths are desired, CCDs are often
used in conjunction with a white light source. The remitted
light can be dispersed by a prism onto the CCD, which

allows the simultaneous detection of many wavelengths
and easily varied spectral resolution.

The final component in a diffuse optical device is the
electronic hardware. While the details of the electronics
will be of minimal importance to the psychiatric re-
searcher, an understanding of what the electronics must
achieve is useful for instrument evaluation. Any given
detector is sensitive to all wavelengths of light, and there
usually are many source colors and/or source locations to
be monitored by any given detector. The electronics must
therefore be engineered to allow separation of the various
colors and locations. This is achieved in multiple ways.
With a CCD camera, separation is achieved spatially, by
dispersing light colors across the surface of the detector.
The other detectors require modulating and/or multiplex-
ing the sources and then decoding the detector signal so
that the colors and locations can be monitored without
generating so-called “cross-talk” interference with one
another, whereby light from one source is actually inter-
preted as coming from another source. Minimizing cross-
talk can be achieved by time-sharing sources (turn only
one on at a time), or various multiplexing schemes (I-Q
modulation (Siegel et al 1999); or frequency modulation
or time-division multiplexing (Boas et al 2002)). Gener-
ally speaking, the electronic needs for an optical instru-
ment are minimal and could easily be loaded onto a single
digital signal-processing chip. The overall instrument size,
therefore, is determined predominantly by the size of the
detectors plus the light sources, as well as the power
supply required to stably drive the sources and electronics.

Table 2. Types of Light Sources Used in Diffuse Optical Measurements

Source Type Power Range Available Colors Comments

Filtered white light (e.g. tungsten lamp
with NIR filter)

Low (�5 mW) Flexible and variable color resolution Better color resolution means
less power per color

Light emitting diodes (LEDs) Low to Medium (�1 to 30 mW) 30 nm band surrounding nominal color Inexpensive
Laser diodes (e.g. in a laser pointer) Low to High (�1 to �500 mW) Discrete colors (�1 nm)

Limited color choices
More expensive

NIR, near-infrared; LEDs, light emitting diodes

Table 3. Types of Detectors Used in Diffuse Optical Measurements

Detector Type Speed Sensitivity Dynamic Range Example Application

Silicon photodiodes (SPDs) Medium (up to 10 kHz) Low High (�100 dB) Multi-use instrument where light
levels span many orders of
magnitude

Avalanche photodiodes (APDs) Fast (�100 MHz) High Medium (�60 dB) Adult human measurements
Photomultiplier tubes (PMTs) Fast (�100 MHz) Very high below 820 nm,

then drops rapidly
Medium (�60 dB) Adult human measurements

Charge-coupled devices (CCDs) Slow (up to 1 kHz) Variable Up to 60 dB Simultaneous detection of many
wavelengths (e.g., from
tungsten lamp)
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There are a wide variety of instruments currently in use,
both commercial (Colier et al 1997; Cope and Delpy 1988;
Franceschini et al 2000; Gomersall et al 1998; Kawaguchi
et al 2001; Quaresima et al 2000) and custom-built
(Grosenick et al 1999; Konishi et al 2000; Ntziachristos et
al 1999; Pogue et al 1997; Schmitz et al 2000; Siegel et al
1999) reflecting the possible tradeoffs when engineering
such instruments. The tradeoffs can be made in all three
areas just discussed: detectors, light sources, and instru-
ment electronics. The detector choice largely determines
the instrument sensitivity, maximum sampling rate and
dynamic range. The type of light source determines the
amount of spectroscopic data and, in part, the penetration
depth (based on the power available). Light modulation/
demodulation schemes determine the number of colors
and locations that can simultaneously be “seen” by a
detector, and they also affect the maximum possible
sampling rate for each instrument. The remaining post-
detector recording electronics ultimately determine the
instrumentation bandwidth, sample rate, total number of
samples, the options for post-recording filtering and pro-
cessing, and occasionally the instrument’s dynamic range.
All existing instruments handle these tradeoffs differently.
Again, for research questions involving changes in func-
tional brain activation within and across subjects (includ-
ing patient populations), an instrument using APD photo-
detectors and emitting at least 2–4 colors of light per
source location would typically be sufficient. The required
number of sources and detectors—and hence the nature of
the electronics—is determined by the spatial nature of the
question at hand (few needed for hemispheric compari-
sons, and many for more precise spatial localization).

Safety Considerations

Whenever considering the use of a novel, in-vivo moni-
toring technology, the issue of safety must be addressed.
Unlike MEG and EEG which are passive recording tech-
niques, diffuse optical techniques—like MRI and PET—
operate by depositing energy into the subject and record-
ing changes in that energy when remitted. For diffuse
optical recordings, safety considerations revolve around
maximum safe exposure durations and power densities for
near-infrared light, which are defined by the American
National Standards Institute (2000). NIR light is non-
ionizing (unlike, for example, ultraviolet and shorter light
wavelengths), so the primary concern has been with tissue
heating. For brain monitoring, heating is most relevant for
the skin of the scalp, as the vast majority (�95%) of the
NIR power is deposited in this layer. The exact limit
depends on many factors, including the wavelength, co-
herence (lasers vs. other light sources), duration and area
of exposure, but the power required for diffuse optical

measurements—even for relatively large source-detector
separations (and hence 7–9 orders of magnitude in total
signal loss)—remains well below the level where tissue
damage from heating might occur (Ito et al 2000). That
limit, the maximum permissible exposure for skin (assum-
ing incoherent light and continuous illumination), ranges
from .2 W/cm2 at 630 nm to .4 W/cm2 at 850 nm. The
limits are substantially lower for eye exposure, particularly
for coherent sources, and hence caution must always be
exercised with respect to inadvertent eye exposure to the
light sources. At present, there is little information on the
direct effects of NIR light on brain tissue. On the positive
side, there is evidence that the NIR wavelength range can
provide therapeutic benefits via photodynamic therapy
(Schmidt et al 1996) and can even promote wound healing
(Whelan et al 2001), though the mechanism by which this
latter effect occurs is still under investigation.

Basic Theory

Modified Beer-Lambert Law (MBLL)

To quantify changes in concentrations of absorbing spe-
cies, a model of light diffusing through tissue is required.
A traditional approximation to the full photon migration
theory is called the modified Beer-Lambert Law (MBLL),
which is an empirical description of optical attenuation in
a highly scattering medium (Cope et al 1987). A change in
the concentration of an absorbing species causes the
detected light intensity to change and, according to the
MBLL, the concentration change is proportional to the
logarithm of the detected light intensity during the change
divided by the light intensity before the change. The
proportionality constant is comprised of two, simple con-
ceptual pieces: (1) a measure of the path length the
scattered light actually traveled through the tissue (decom-
posed as the source-detector separation times a quantity
called the differential pathlength factor), and (2) the
extinction coefficient of the absorbing species. The
source-detector separation is easily measured along the
surface of the head, and the extinction coefficient for a
given species can be looked up in tables. The differential
pathlength factor is either measured (with a time-domain
or frequency domain instrument) or it is estimated (for a
continuous wave measurement).

As already mentioned, in order to determine the contri-
bution of multiple chromophores (e.g., oxy- and deoxyhe-
moglobin), we must take measurements at one or more
wavelengths per chromophore to be resolved. For exam-
ple, by measuring the change in light intensity at two
wavelengths, and using the known extinction coefficients
of oxyhemoglobin (εHbO2

) and deoxyhemoglobin (εHbR) at
those wavelengths (from Figure 2), one can then sepa-
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rately determine the concentration changes of oxyhemo-
globin and deoxyhemoglobin by solving the two equations
with two unknowns for �[HbR] and �[HbO2]. This
approach can be generalized to more than two wave-
lengths (Cope et al 1991).

Beyond MBLL

The MBLL method provides a reasonable first approxi-
mation to calculating concentration changes. However,
this model is dependent on knowledge about the precise
spatial location and extent of any change in [HbR] and/or
[HbO2] relative to the location of the source and detector
(Boas et al 2001). Without such knowledge, a simplifying
assumption is typically made wherein any concentration
changes are assumed to be uniform throughout the entire
sampling region (Cope and Delpy 1988; Cope et al 1991).
For measurements in settings such as functional brain
activity, this assumption is violated. In an adult human, the
scalp and skull range from approximately 1 to 2 cm thick,
depending on the subject and the region on the head
(Figure 4). Moreover, a lack of significant findings in
these layers from whole-head functional MRI scanning
suggest that these layers generally exhibit little or no
change in hemodynamic variables during task perfor-
mance. Thus, the region of hemoglobin change will
typically be focal relative to the entire sampling region for
a given source-detector pair. The consequences of violat-
ing the global-change assumption are only beginning to be
characterized (Uludag et al 2002). Thus far, however, the
validity of the technique has tested favorably against
several other monitoring modalities (Kleinschmidt et al
1996; Terborg et al 2000; Villringer et al 1997) and
theoretical studies suggest that any resulting errors can be
limited to less than 10% (Strangman et al., unpublished).
One way to further reduce such focal-change errors is to
use an imaging instrument and associated image recon-
struction algorithms. Imaging, by definition, accounts for
the focal nature of changes by replacing the MBLL with
reconstruction algorithms that find a self-consistent spatial
“explanation” for the observed multiple overlapping mea-
surements. This will be discussed further in Image Recon-
struction, below.

Neuromonitoring Applications

Physiology

An example time series from a CW NIRS instrument
appears in Figure 5, obtained from probe located over
position C3 in the International 10/20 system (approxi-
mately over left primary motor cortex) on a subject sitting
upright, quietly resting with eyes open. The high-fre-
quency oscillations correspond to the cardiac cycle,

whereas the low frequency oscillations likely correspond
to Mayer wave oscillations (Obrig et al 2000). Simple
measures such as these can provide useful physiological
information, but for functional monitoring such baseline
signals can confound data interpretation. With sufficient
temporal resolution, as is available in the data in Figure 5,
it becomes possible to model and remove some such
physiological changes (e.g., heart rate), resulting in a
cleaner signal and substantially increased signal-to-noise
ratio for functional changes (Gratton and Corballis 1995).

Figure 4. (A) An example sensitivity plot for light traveling in a
homogeneous, highly scattering medium for a continuous-wave
or frequency-domain measurement. Arrows indicate the location
of a source (left) and detector (right), and colors indicate the
number of detected photons that reached any given point in the
homogeneous medium. White, reds and yellows indicate the
highest numbers (and hence the highest sensitivities), blues and
purples indicate progressively lower sensitivities. (B) A similar
plot for light traveling through the head of an example subject.
Contour lines appear every half-order of magnitude and end at
the sensitivity limit of our NIRS instrument. Anatomical MRI
scans were performed and segmented into 1 mm voxels labeled
as air, scalp, skull, CSF or brain. Simulations of light propagation
through both media were performed in 3D—using different
optical properties for each tissue type—to determine the spatial
distribution of light flux through the head based on the source-
detector positioning shown. NIRS, near–infrared spectroscopy;
MRI, magnetic resonance spectroscopy; CSF, cerebral spinal
fluid.
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The inset in Figure 5 shows the same signal when sampled
at 1 Hz—a typical recording rate for fMRI—wherein there
is insufficient information for such modeling, making
signal interpretation for this subsampled signal more
difficult than with the higher sampling rate. Fast record-
ings not only improve temporal signals, but they can also
enhance spatial localization by detecting the temporal
properties of structures (e.g., localizing an artery by
looking for pulsations in the signal; Barbour et al 2001).
Slow physiological changes—ones that evolve on a time-
scale similar to that of the hemodynamic response to brain
activation (such as Mayer waves)—must be reduced or
eliminated by other techniques, such as the use of event
related experimental paradigms (Rosen et al 1998).

Basic Research

In the functional brain imaging arena, diffuse optical
techniques are not as widespread as other methods, but
they have been applied in a variety of fields in both basic
and clinical neuroscience and neuroimaging. Figure 6
shows example responses recorded in a simple motor task,
as compared to the simultaneously acquired, spatially
co-registered fMRI signal from primary motor cortex in a
human volunteer. To summarize the procedure: after
consent to a protocol approved by the Massachusetts
General Hospital review board, we fitted a subject with a
continuous-wave diffuse optical apparatus (Figure 3A),

positioned over the left sensorimotor area. The subject was
then positioned for scanning in a Siemens Sonata 1.5T
scanner, and anatomical SPGR images were collected to
enable the identification of fiducial markers near the fiber
tips. This allowed post-scanning co-localization of the
optical probes in the MR imaging space. The subject
performed eight 16 sec blocks of a right-hand tapping task
(onsets indicated by vertical bars in Figure 6), interleaved
with 16 sec periods of rest. Statistical maps of the fMRI
were used to select activated voxels near the surface of the
cortex, four of which were averaged to produce the fMRI
timeseries in the figure. Once the optical fibers were
identified in the MR imaging space, we selected the
source-detector pair closest to the identified region of fMR
activation, converted the data to HbO2 and HbR concen-
trations, and plotted the results. The decrease in [HbR]
mirrors the observed increase in the blood-oxygenation
level dependent fMRI signal, with good correspondence
between the two recording modalities. The inset shows the
signal obtained from a source-detector pair several cm
from the activated region.

The diffuse optical results for this motor task are typical
of brain activation, and hence similar findings have been

Figure 5. Optical density change [OD��log(Ifinal/Ibaseline),
where I is the measured light intensity] recorded from position
C3 (i.e., over primary motor cortex) in a seated subject during
quiet rest. Several physiological oscillations are evident includ-
ing the cardiac cycle and Mayer waves. Inset shows the same
signal sampled at 1 Hz, illustrating the loss of information that
can occur with slower sampling, as is the case with fMRI. The
relatively high speed of optical instruments allows more com-
plete interpretation of collected data, which can in turn increase
the signal-to-noise ratio for changes due to functional brain
activity. fMRI, functional magnetic resonance imaging.

Figure 6. Raw time courses for a single run of a simple motor
task, consisting of eight 16 sec periods of finger tapping
alternating with 16 sec periods of rest. Vertical bars indicate
onset of motor activity. (A) fMRI time course for left primary
motor cortex during right finger tapping, averaged over four
significantly activated voxels. (B) Changes in [HbO2] and [HbR]
as determined from the source-detector pair closest to the fMRI
activation. Inset shows control HbR and HbO2 timecourses from
a measurement several centimeters away from the activated
region (same y-axis scaling). fMRI, functional magnetic reso-
nance imaging.
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demonstrated in the visual system (Villringer et al 1993;
Wobst et al 2001), the somatosensory system (Beese et al
1998; Obrig et al 1996; Steinbrink et al 2000), the auditory
system (Sakatani et al 1999a; Sato et al 1999), and with
language stimuli (Sato et al 1999; Watanabe et al 1998)
and other cognitive tasks (Hoshi and Tamura 1993; LaBar
et al 1999; Villringer et al 1994). In general, these studies
find spatially localized increases in [HbO2] and corre-
sponding decreases in [HbR] in response to functional
challenge, with onsets around 2 sec following task onset
and times-to-peak in the 5–9 sec range. All such findings
are as expected from fMRI studies. Moreover, the partic-
ular brain regions exhibiting such changes are typically
concordant with the findings from other neuroimaging
modalities, at least in those cases where similar paradigms
have been investigated. Interestingly, the HbR changes
appear to be somewhat more spatially localized than the
HbO2 changes (Hirth et al 1996), although the reason for
this is still under investigation.

The potential basic research questions that remain and
can be addressed with diffuse optical techniques are
numerous. One possibility is to examine hemodynamic
responses as a function of task or disease—not only in
terms of amplitude and onset times, but also the relative
contributions by HbO2 and HbR, and the timing relation-
ships between these hemodynamic components. Some
initial steps in this direction specifically for psychiatric
populations are mentioned in the following section. An-
other possibility is the investigation of spatial distributions
of activity (and how such distributions evolve over time)
as a function of task, subject population or even, in a more
clinical setting, as a function of treatment for a given
disease. In general, a research question for which one of
the other brain monitoring modalities might be considered,
particularly if it involves more superficial cortical regions,
will likely be amenable to diffuse optical techniques.

Clinical Applications

One of the first clinical applications of diffuse optical
techniques for functional brain monitoring was the inves-
tigation of fetal, neonatal and infant cerebral oxygenation
and functional activation. This population was of interest
because other neuroimaging methods were (and are) not
feasible given the high activity level of such subjects. In
this domain, the diffuse optical approach has helped
uncover developmental alterations in the cerebral hemo-
dynamic response to auditory and visual stimulation
(Meek et al 1998; Zaramella et al 2001), has helped
characterize changes in cerebral perfusion as a function of
surgical events such as bypass and reperfusion (Kurth et al
1995), and has provided measures of fetal brain oxygen
supply during labor (Aldrich et al 1995) and post birth-

asphyxia (van Bel et al 1993). In another major effort,
several groups are working towards employing diffuse
optics in monitoring adults with ischaemic and hemor-
rhagic stroke, although this effort is still in its early stages
(Kirkpatrick et al 1998; McKinley et al 1996; Stankovic et
al 1999; Stankovic et al 2000; Vernieri et al 1999; Wolf et
al 1997).

Relatively few psychiatric applications of diffuse opti-
cal techniques have thus far been reported. Hock and
colleagues have examined Alzheimer’s patients during
verbal fluency and other cognitive tasks, finding decreases
in HbO2 and total hemoglobin (HbT�HbO2�HbR) rela-
tive to baseline in the parietal lobe (Hock et al 1996; Hock
et al 1997). Both young and elderly controls demonstrate
increases in both parameters in the same region, support-
ing the idea that Alzheimer’s may result in damage to the
parietal lobe itself, or to regions with significant inputs to
the parietal lobe. Two groups have looked at schizophrenia
patients. The first found unusual, “dysregulated” patterns
of HbO2 and HbR change—i.e., increases in HbO2 were
not necessarily paralleled by decreases in HbR, and vice
versa—in frontal regions of schizophrenic patients as
compared to healthy subjects during a mirror drawing task
(Okada et al 1994). The second group showed that the
typical pattern of right-lateralized activation during a
continuous performance test was absent in schizophrenic
patients (Fallgatter and Strik 2000). A third psychiatric
population, namely depressed patients, have also been
examined with diffuse optical techniques, finding reduced
frontal activation during a verbal fluency test relative to
controls (Matsuo et al 2000), and atypical lateralization of
frontal activation responses (more strongly favoring the
non-dominant hemisphere) during a mirror drawing test
(Okada et al 1996).

In addition to cognitive studies, evaluations of the
hemodynamic response have also been completed during
deep brain stimulation in Parkinson’s patients (Murata et
al 2000; Sakatani et al 1999b), during induced seizures in
patients with intractable epilepsy (Watanabe et al 2000),
and during magnetic brain stimulation for the treatment of
depression (Eschweiler et al 2000). For the Parkinson’s
patients, frontally recorded oxygenation varied dramati-
cally depending on the rate and location of stimulation.
The study of epilepsy patients suggested that NIRS could
be a useful non-invasive probe for localizing seizure foci.
And, in the case of magnetic brain stimulation for depres-
sion, NIRS-derived total hemoglobin concentrations actu-
ally predicted the patient’s response to treatment.

Clearly, such work only begins to address questions
about the nature of functional circuit disruption in psychi-
atric populations. It does, however, suggest that (i) diffuse
optical techniques are sufficiently sensitive to detect such
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changes, and (ii) that the information provided about both
HbR and HbO2—unavailable from other brain imaging
methods—may be important in certain psychiatric disor-
ders. The discovery of substantial “dysregulation” of
hemodynamic parameters in patient populations is likely
to become important in the interpretation of other psychi-
atric brain imaging data. Moreover, it would appear that
diffuse optical techniques have considerable potential not
only in characterization and ongoing evaluation of psychi-
atric diseases, but also in diagnosis and outcomes predic-
tion.

The fact that relatively few such papers have ap-
peared—certainly in comparison to PET and fMRI stud-
ies—and the broad applicability of the technique across
populations and research questions, suggests that psychi-
atric research is still wide open for the application of
diffuse optical techniques. As just one example, there has
been surprisingly little cortical activation testing of patient
groups with motor dysfunction—e.g., Huntington’s, ob-
sessive compulsive, and Parkinson’s patients—for which
diffuse optical methods are particularly well suited. Other
opportunities await the proper combination of research
interest, study population and instrument selection.

Current Issues

The advantages that diffuse optical techniques can provide
brain researchers are substantial. These include portability,
unobtrusiveness and low cost. As with any technique,
however, these advantages come with some limitations,
and so we consider here the issues that need to be
considered when designing diffuse optics experiments.

Non-invasive Spatial Localization

As with EEG, MEG and PET, diffuse optical methods
cannot provide anatomical images or other direct measures
of anatomy—at least not of the sort people have come to
expect with the availability of MRI. To afford between-
subject comparisons for functional brain changes in a
diffuse optical setting, therefore, an extrinsic frame of
reference is required. With over 50 years of experience,
EEG researchers have developed an external-referential
system—the International 10-20 system—which provides
21 standardized electrode placement positions (Harner and
Sannit 1974), and has been expanded to dense sensor grids
of 256 detectors (Suarez et al 2000). While such a system
is technically only self-consistent, efforts have been made
to determine the location of various major anatomical
landmarks relative to the standard 10-20 system locations
(Homan et al 1987; Steinmetz et al 1989). Between-
subject variability is still substantial, but such references
can be of considerable help in orienting the optical

researcher by standardizing placement positions and eas-
ing the challenge of communicating to others the place-
ments on the surface of an irregularly shaped object such
as the head. Again, precise positioning is only important
for situations where functional changes are confined to
known, small regions of the brain, which (arguably) tends
to be less true for many psychiatric diseases.

Another aspect of localization in optical studies arises
from fiber placement. A single (“point”) measurement
with optical techniques is slightly more complicated than,
for example, an EEG electrode placement, because an
optical measurement requires two fibers (a source and
detector); an EEG point measurement requires only a
single electrode location. An example sensitivity profile of
a source-detector pair on an adult human head appeared in
Figure 4. Each contour corresponds to the absorption of
half an order of magnitude in light levels. One can
therefore see that the sensitivity to changes in brain tissue
will be maximal below and between the source and
detector. As an approximate rule of thumb—for frequency
domain and continuous wave measurements—the depth of
maximum brain sensitivity is approximately half the
source-detector separation distance. Thus, for a source-
detector separation of 3 cm, the region of maximum brain
sensitivity will be found between the source and detector
fiber tip locations, and roughly 1.5 cm below the surface
of the scalp, though banana-shaped region of sensitivity
extends both above and below this depth. The maximum
overall sensitivity, as evident in Figure 4, is actually at
each fiber tip. It is typically assumed, however, that the
scalp and skull produce little or no change in hemoglobin
concentrations, which implies that observed changes lo-
calize to brain tissue (Firbank et al 1998). The sensitivity
pattern for time domain measurements, on the other hand,
is variable, affording deeper sensitivities by selectively
rejecting light that travels exclusively through these su-
perficial tissue layers.

Regardless of the measurement type, however, the fact
that tissue strongly scatters light means spatial resolution
decreases with depth. Localizing activation to the amyg-
dala, for example, is not feasible, and cingulate cortex
would be difficult (see also the discussion on penetration
depth in the following section). Superficial cortex, includ-
ing (but not limited to) dorsolateral prefrontal cortex,
superior parietal cortex, and language and primary senso-
rimotor areas, on the other hand, are all within detectable
limits of the current diffuse optical tools.

Coupling, Light Levels, and Penetration Depth

Another challenge for optical methods can be achieving
good, stable optical contact and sufficient light levels
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detected from the subject. Several issues affect coupling:
hair (absorption and instability), hair follicles (follicles
strongly absorb near infrared wavelengths), skin color or
variations (darker skin regions are typically more absorb-
ing of NIR wavelengths), and general fiber stability
against the head (a function of rigidity, strain relief, torque
and subject comfort). Such variables make a generalized
solution to the coupling problem challenging for in vivo
diffuse optics experiments. Many solutions have been
implemented for holding the optical fibers—with a goal of
rigidity, plus flexibility with respect to head shape. A few
examples include: fibers inserted through modified motor-
cycle helmets, thermoplastic molded to the contours of
each subject’s head, spring-loaded fibers attached to semi-
rigid plastic forms, and fibers embedded in neoprene
rubber forms. New and improved coupling methods are
continuously being developed.

Once fibers are relatively stable, and properly coupled
to the head (i.e., no extra-cranial light leakage from source
to detector), the remaining determinants of detected light
levels are tissue optical properties and instrument proper-
ties. Instrument properties, including the instrument speed/
sensitivity tradeoffs, were discussed earlier. As for sub-
jects, since both hair and hair follicles are strongly
absorbing at the wavelengths of interest, hair-free portions
of the head (or subjects with thinner or lighter colored
hair) usually provide improved signal strength and pene-
tration depth for optical recordings. It is nevertheless
possible to record through the hair with many instruments.
The thickness of the subject’s scalp and skull are also
relevant to monitoring brain function, as thicker scalps and
skulls will both absorb more light and will require larger
separations to achieve sensitivity to brain chromophores.
The parameters vary not only between subjects, but also
around the head within a given subject, and are unknowns
unless an MRI scan is available. Geometrical factors (e.g.,
source-detector separations, whether sources and detectors
point towards or away from one another, etc.) are addi-
tional signal-level determinants, but work is underway to
help quantify these effects.

While there are clearly a substantial number of factors
contributing to signal detection, it is important to remem-
ber that penetration depth is fundamentally a function of
contrast. A very large change (e.g., a hemorrhage) in the
thalamus of an adult human may be detectable by a diffuse
optical instrument, though with poor spatial resolution. In
comparison, a small change—as found with functional
activation—may only be detectable 1–2 cm below the
surface of the cortex. As mentioned, while penetration
depth increases with source-detector separation, current
diffuse optical instruments can only detect light with
maximum source-detector separations of up to 5 or 6 cm
on an adult head. This contrasts with an infant head, where

light may well be detectable when transmitted straight
through from one side of the head to the other, due to a
thinner skull, smaller head, less hair and smaller follicles.

In sum, there is an abundance of factors that can
influence signal levels aside from the instrumentation
hardware. The practical consequence of these factors is
straightforward: some initial trial and error is typically
required to maximize signal quality for a given combina-
tion of instrument, study population, and probed brain
area. In general, these factors affect healthy and patient
populations equally and in many cases, such empirical
work has already been completed (e.g., the initial work
discussed under Neuromonitoring Applications, above). In
our experience, the signals from diffuse optical recordings
are inadequate in fewer than 10% of volunteers.

Absolute Quantification of Hemoglobin Species

Presently, most non-invasive diffuse optical brain mea-
surements are capable of only detecting changes, much
like blood oxygenation level dependent fMRI. Removing
an optical probe and replacing it, even if placed in the
“exact” same position on the head, will inevitably result in
different coupling efficiencies between the fibers and the
head. As a result, absolute oxy- and deoxyhemoglobin
concentration measurements taken on separate days can-
not yet be reliably compared. This would preclude studies
where, for example, it is necessary to compare baseline
oxygenation states during the temporal evolution of a
disease state. The use of relative measures, however, can
go a long way (as shown by the extensive application of
fMRI and non-catheterized PET studies); for example,
functional modulation (i.e., changes from baseline) can be
monitored and compared over the evolution of a disease.
Moreover, the diffuse optical method retains the potential
for providing such absolute measures (see below).

Image Reconstruction

Imaging provides one potential—though as yet not fully
realized—solution to the absolute quantification problem.
By recording from many source-detector pairs simulta-
neously, (i) the coupling efficiencies can be accounted for,
and (ii) the overlapping measurements can be combined to
generate self-consistent measurements across regions in a
way that is impossible with point measurements. The
resulting image therefore provides more accurate, absolute
and quantitative measures of hemoglobin concentrations.
The present limitation for this procedure is the theory of
image reconstruction. In the case of brain imaging, the
activation regions and optical probes are both distributed
in three dimensions, with non-uniformly varying incidence
orientations of the probes. Moreover, the tissues consist of
highly non-uniform, undulating layers of optically distinct
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types. Image reconstruction investigations generally con-
centrate on reconstructions from either flat or circular,
semi-infinite, uniform media (Arridge and Schweiger
1997; Paulsen and Jiang 1995; Pogue et al 1999), although
a few more complicated geometries have been considered
(Schweiger and Arridge 1999). Present research is begin-
ning to focus on algorithms that can generate 3D images
from measurements made on a curved, layered structure
such as the head (Bluestone et al 2001). The advances hold
great promise for using optical methods to detect function-
ally localized activity in the brain, and to eventually
provide absolute measures of HbR and HbO2 concentra-
tions, thereby allowing comparison of single measure-
ments across days or even years.

Summary and Conclusions

Diffuse optical methods have several advantages over
existing technologies for brain monitoring, including ex-
cellent temporal resolution coupled to reasonable spatial
resolution, spectroscopic information for hemodynamic
events, portability, unobtrusiveness, and the ability to be
achieved by low-power and low-cost instruments that are
robust to motion artifacts. The technology is also com-
pletely non-invasive, unlike PET and SPECT. For the
psychiatric researcher, these strengths facilitate the inves-
tigation of several difficult populations such as infants,
small children, and patients with claustrophobia and se-
vere movement disorders. The portability and low run-
time cost of the instrument affords bedside or home
telemetry and monitoring for extended periods of time.
This in turn can be useful for monitoring the time course
of pathologies and associated behaviors, as well as the
effects of various interventions, including drugs. Tradeoffs
include difficulty with precise anatomical localization
with respect to the brain (as with all other non-invasive
technologies except MRI), and relatively poor penetration
and localization in depth. For investigations of cortical
activation, however, and especially when referenced to an
external landmark system (e.g., the international 10/20
system), diffuse optical methods can provide opportunities
unavailable with any other existing technology.
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