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Respiratory Motion, Inc. 

305 Second Avenue, Suite B 
Waltham, Massachusetts 02451 

 
 
U.S. Food and Drug Administration 
Center for Devices and Radiological Health 
Document Mail Center – WO66-G609 
10903 New Hampshire Avenue 
Silver Spring, MD 20993-0002 
May 24, 2012 
 
Office of Device Evaluation: 
 
Subject:  Response to Request for Additional Information for 510(k) 120087  
                Change from Traditional 510(k) to Abbreviated 510(k) 
 
Respiratory Motion, Inc. (RMI) is submitting this response to FDA’s request for additional information, 
dated March 30, 2012.  The response in the enclosed pages includes concise answers and attachments for 
detailed information. 
 
In response to the second question, regarding RMI’s promise to comply with FDA Recognized Standards 
before shipment, RMI is converting the submittal from a Traditional 510(k) to an Abbreviated 510(k).  
RMI has rewritten Chapter 9 to include information for an Abbreviated 510(k). 
 
RMI is enclosing a CD with a pdf file containing this cover letter, the response, and its attachments.  The 
paper copies are printed from this pdf file.  The contents of the paper copy and the pdf file are identical. 
 
Respectfully, 
 
Signed on hard copy 
 
Chas Burr 
510(k) Correspondent for Respiratory Motion, Inc. 
 
cc:  Jenny Freeman, MD, President Respiratory Motion, Inc. 
Encl:   Response to Request for Additional Information, with attachments 
 CD with pdf file 
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There was no modification to the electrodes.  The biocompatibility information provided by 

 also appears in the 510(k) summary for the electrodes, “The 
device was subjected to biocompatibility testing as recommended in the May 1, 1995 FDA 
memorandum entitled: Use of International Standard ISO-10993, “Biological Evaluation of 
Medical Devices Part 1: Evaluation and Testing.  The device was found to be non-irritating, 
non-cytotoxic, and non-sensitizing.” 
  

  
4.   In Section 18, you stated that “Bench performance testing has focused on 

usability.”  However, you did not provide human factors study data.  Please provide 
human factor study on your final finished product according to FDA recognized 
standard “AAMI / ANSI HE75:2009, Human factors engineering - Design of medical 
devices”.  Please provide all labeling and training programs for your proposed 
device. 

 
At the time of the original 510(k), the usability testing had been used to determine usability 
requirements.  Usability requirements were included in the System Requirements.  User Error 
hazards were included in the Risk Management Plan (pages 16-7 and 16-8 of the original 
submission).  The usability requirements and user error hazards were reviewed to develop the 
usability validation protocol and test record form in Appendix 4-1.   
 
Technical usability content is found in the User Manual (Appendix 4-2).  The Training Outline 
(Appendix 4-3) describes the training performed by RMI authorized personnel.   
 
Final usability validation was performed at RMI’s clinical test facility.  Test users, who did not 
have previous experience with ExSpiron, included: 
 

• 5 Anesthesiologists 
• 1 Cardiothoracic surgeon 
• 1 Critical care physician 
• 2 ICU nurses 
• 1 ER nurse 

 
 
Test results showed no difficulties or failures with the final ExSpiron device and training.  The 
ease of use results from use similarities with other common monitoring devices, a user interface 
designed to match typical user workflow, and documentation and training that address unique 
ExSpiron features.  The ten test reports are provided in Appendix 4-4. 
 
 
Promotional claims are listed in Appendix 4-5.   
 
 
  

B4
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Clinical 
  
5.   You have not provided sufficient information to evaluate potential limitations to the 

use or accuracy of the device with respect to clinical conditions or the presence of 
other equipment. Please address how issues of device function that may occur in 
the presence of very high or very low respiratory rates, morbid obesity, dehydration, 
anasarca, hypotension, and implanted or temporary neurostimulators or pacers. If 
there are other conditions or devices that may affect the performance of the device, 
please include them as well in your discussion. Please be aware that the adequacy 
of the clinical trial population cannot be assessed without such information. 
 

Very low and very high respiratory rates 
The ExSpiron’s bioimpedance-determined measurements provide accuracy for a broader range 
of respiratory rates than the measurements of the predicate device.  Conventional spirometers 
respond to the mechanical properties of expired air, i.e., pressure, flow rate, mass, or volume, 
which vary with respiratory rate.  ExSpiron’s bioimpedance measurement is not subject to these 
changes.  RMI in its work with the predicate device has found that the range of ExSpiron 
measurements is at least equivalent to that possible with the predicate device. 
 
At low respiratory rates, e.g., four breaths per minute, airflow is so low that the predicate device 
mechanical spirometer was not responsive through a large portion of each breath.  According to 
the predicate’s specification sheet, the spirometer begins to register flow at 2.5 L/min, a flow rate 
not generally sustained at four breaths per minute.  A comparison to the predicate device is 
therefore not feasible at this rate. 
 
Data from the study presented in the original 510(k) suggest that the ExSpiron measurement 
performance is insensitive to respiratory rate.  Figure 5-1 shows accuracy and precision for each 
of the three measurements (TV, MV, and RR) plotted against RR.  Accuracy and precision are 
within specifications and show no significant correlation in the range of RR from 7 to 23 breaths 
per minute.  Each circle represents measurement performance data for each RR value.  These 
data indicate that ExSpiron’s measurement performance is not sensitive to RR.  Measurement 
performance is within specification for the whole tested range, 7 to 23 breaths per minute.  There 
is no correlation between RR and the accuracy or precision of three measurements (p>0.2 in all 
six cases. 
  

Records processed under FOIA Request 2014-156; Released 10/20/14

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



 
K120087 Additional Info Response  Page 5 of 113 

 
 

Figure 5-1  ExSpiron Measurement Performance plotted against Respiratory Rate 
 
 
In the comparison of graphic displays of the ExSpiron and the Spiro Air-LT diagnostic 
spirometer, subjects were asked to breathe erratically.  The results included samples of high 
frequency breathing and of large and small breaths.  The original 510(k) described tests for three 
subjects.  Figure 5-2 shows the three overlays of ExSpiron volume measurements over Spiro Air-
LT measurements.  The data suggest that ExSpiron responds equivalently to the diagnostic 
spirometer over a broad range of frequencies. 
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Results from the study presented in the original 510(k) demonstrate ExSpiron’s measurement 
performance is not affected by obesity. 
 
Data from the study presented in the original 510(k) indicate that the ExSpiron measurement 
performance is insensitive to BMI.  Figure 5-3 shows accuracy and precision of ExSpiron 
measurement plotted against BMI.  Each circle represents a single subject’s average accuracy or 
precision.  The red lines are the best linear regression fits to each data set with corresponding 
coefficients of determination and p-values listed within each panel.  The charts show lack of 
correlation of ExSpiron measurement performance over the range of BMI’s in the study (p>0.2) 
in all cases.  Note that, reflecting the unfortunate trend in body type found in the US, five 
subjects in the study are obese (BMI>30) and two subjects are morbidly obese (BMI > 40). 
 
    

 
 
 

Figure 5-3  ExSpiron Measurement Performance data plotted against BMI  
 
 

Dehydration and Anasarca 
As with obesity, the state of hydration is expected to shift baseline impedance.  This shift in 
baseline impedance does not affect ExSpiron lung volume measurements because ExSpiron lung 
volume measurements are associated with the volume of air in the thorax during the excursion of 
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20 autocorrelated repeated measures, the 400 = 20*20 observations are equivalent to 57 
independent observations. 

B4
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From formula 3.19 in Chow et al. (‘Sample Size Calculations in Clinical Research’ by Shein-
Chung Chow, Hansheng Wang, ), Jun Shao, Chapman & Hall/CRC Biostatistics Series,2003, the 
paired-difference equivalence test power formula is:   
 

11.  The analyses of percentage accuracy, precision, and bias of an unusually derived 
metric (natural log of the ratio of the device to the predicate measurements) are 
difficult to interpret clinically. Please provide an analysis of the results in terms of 
sensitivity, specificity, positive predictive values, and negative predictive value. 
 
 

Questions 11 and 15 are closely related.  Please see question 15 for the justification of the natural 
log calculation and an analysis of accuracy, precision, and bias based on the Bland-Altman 
formulas. 
 
Sensitivity, specificity, positive predictive value, and negative predictive value are meaningful in 
terms of diagnosis.  The ExSpiron’s intended use is monitoring of respiratory measurements to 
be used as an adjunct to other clinical information.  An analysis of diagnostic power is not 
consistent with the intended use. 
 

B4
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test provided a reasonable validation of a function for which proper performance can be argued 
based on engineering principles. 
 
Individual patient calibration of the ExSpiron to the SpiroAir-LT is equivalent to the individual 
patient calibration performed with a spirometer per the User Manual.  The validation relies on a 
visual comparison of the waveforms of produced by the SpiroAir-LT and by the ExSpiron.  The 
comparison shows the expected result, the waveforms are virtually identical.  See an example 
chart in Figure 13-1.  
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Figure 13-1 

Overlays of an ExSpiron and a Spiro-Air LT waveform 
(Note:  Figure 13-1 spans two pages.) 
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14.  Please provide Bland-Altman plots comparing the ExSpiron against the Wright 
Respirometer, separately for each subject and combined. Please see Bland and 
Altman The Lancet Volume 327, Issue 8476, 8 February 1986, Pages 307–310 for 
more information about Bland-Altman plots. 
 
 

 
 

Figure 14-1 Bland-Altman Plots 
 
RMI performed a Bland-Altman analysis of the clinical trial data in the standard fashion, 
following the guidelines in the Lancet 1986 article.  The analyses confirmed that for all three 
measures the differences between the predicate and ExSpiron are small.  The Bland-Altman 
analyses are consistent with the original analysis in section 20 of RMI’s 510 (k).  The average 
disparity between ExSpiron and the predicate device was confirmed to be small and clinically 
irrelevant (differences of -0.2 bmp, -5ml and  -0.14 L/min for RR, TV, and MV, respectively). 
 
RMI calculated the difference between ExSpiron and the predicate device for each measure 
(MV, TV, and RR) and the average of ExSpiron and the predicate for each measure.  Figure 14-1 
shows the resulting plots.  Data from different subjects are depicted with a different color/symbol 
combination (i.e. blue plus sign is one subject, cyan plus sign in another subject, blue circle is a 
third subject, etc.).  The left column shows individual data from all subjects and from all trials 
whereas the right column shows each subject’s averaged data.  The middle black dashed line on 
each plot depicts the average difference and the upper and lower black dashed lines indicate the 
95% confidence intervals (±2 SD from the mean).  Note that the mean differences between 
devices in all six plots are essentially zero. 
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The bottom row shows the measurement difference in respiratory rate (RR). The left chart shows 
that the majority of the readings are perfectly accurate (difference of 0) and in only 1 trial out of 
400 there is a difference between devices of 2 breaths/min.  The right chart shows that the 
averaged measurements are even more similar between the two devices.  95% of the 
measurement differences are within the range of (-0.27 and 0.22) breaths/min. 
 
The middle row shows the differences in tidal volume (TV) between ExSpiron and the predicate. 
On the left the individual differences are, on average, off by -5.0 ml (ExSpiron overestimates TV 
by 5 ml).  Note that the 95% of the differences are in the range of (-172 and 162) ml and that this 
range is enlarged by the relatively larger disparities measured at large TV (greater than 1000ml).  
While the reported ExSpiron tidal volume measurements are within the clinically acceptable 
range, in fact, for the more clinically relevant portion of  data, 550 ml to 1050 ml (see Lugo G, 
Casstaneda-Hernandez G. Critical care medicine 1997:25 (5) 806-811), the 95% range is even 
better (-151 and 114 ml).  This range is further improved in the averaged data (right middle 
panel), showing that 95% of the differences measured are within (-129 and 119 ml).  Once again, 
the largest differences occur at the largest TVs. It is likely that these unusually large tidal 
volumes were the result of the subject being asked to breathe into the predicate device spirometer 
for the test.  
 
The top row shows the differences in minute ventilation (MV), which is the product of TV and 
RR.  As such, it is not surprising that the MV disparity is somewhat larger than the RR and TV 
(the error in MV is affected by errors in both RR and TV).  Nevertheless, on average ExSpiron 
underestimates MV by only 0.14 L/min (140 ml/min)  Note that the largest errors are seen at 
large minute volumes (12-18 L/min) associated with the unusually large tidal volumes described 
above. 
  
 
 
15.  The calculation method used for quantifying the bias, precision, and accuracy 

(shown on page 20-5) is not a standard statistical method. Rather than using the 
logarithm scale, which could be difficult to interpret, please provide the bias, 
precision, and accuracy on the original raw measurement scale. If there are 
important medical or clinical decision points that are used in clinical practice, please 
incorporate these clinical decision points into the analysis of the ExSpiron against 
the predicate. These points can be incorporated by calculating sensitivity and false 
positive rate for the clinical study. To incorporate the correlated measurements (i.e. 
multiple measurements made on the same subject), please consider using 
bootstrap. For more information about bootstrap, please see Davison and Hinkley 
(1997) Bootstrap Methods and Their Application. 
 

As requested, the statistical analysis has been repeated using a Bland-Altman difference error 
measure, not the logarithm scale.  See Appendix 15-1 Statistical analysis of bias, precision, and 
accuracy.   
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ExSpiron’s intended use is described in the Indications for Use statement: 
 

ExSpiron is a non-invasive system that graphically displays lung volume against time and 
reports an approximate value of: 

• Tidal volume, 
• Respiratory rate, and 
• Minute ventilation. 
 

ExSpiron measurements are used as an adjunct to other clinical information sources to 
determine respiratory status and appropriate therapy. 

 
There are no medical or clinical decision points implied by this intended use.  ExSpiron provides 
measurement information to be used as an adjunct to other clinical information sources.  As a 
measurement device, ExSpiron is evaluated based on measurement performance, accuracy and 
precision.  Evaluation of diagnosis-specific performance, such as sensitivity and specificity, is 
inconsistent with the intended use.  
 

 
  
16.  On page 20-3, you stated that 20 subjects were used for the clinical study.  Please 

provide justification for this sample size From a statistical perspective, it is difficult to 
understand why this is sufficient. 
 

Questions 10 and 16 both ask for justification of the sample size.  Please refer to the response to 
question 10 above for the justification. 
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Appendixes 
 
1-1 Revised Indications for Use Statement 
2-1 Revised Chapter 9, Reliance on Standards 
4-1 Usability Test Record Format 
4-2 Revised User Manual  
4-3 Training Outline 
4-4 Usability Test Results 
4-5 Promotional Claims 
7-1  MediTrace 850 Foam ECG Radiolucetn Electrodes instruction sheet. 
9-1 Subject selection data for each subject 
9-2 Subject selection data across all subjects. 
10-1 Derivation of the Variance Inflation Factor (VIF) 
12-1 Details of bootstrap analysis 
12-2 SAS Code for Mixed Model 
15-1 Statistical analysis of bias, precision, and accuracy 
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Appendix 1-1 
Revised Indications for Use Statement 
 
The revised Indications for Use statement is on the next page. 
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Indications For Use 

 
 

510(k) Number (if known):  K120087 
Device Name:  ExSpiron 
Indications for Use: 
 
ExSpiron is indicated for use by healthcare professionals in healthcare facilities, such as post-operative 
care and critical care units, to monitor breathing in adult patients with potential respiratory compromise.   
 
ExSpiron is a non-invasive system that graphically displays lung volume against time and reports an 
approximate value of: 

• Tidal volume, 
• Respiratory rate, and 
• Minute ventilation. 

 
ExSpiron measurements are used as an adjunct to other clinical information sources to determine 
respiratory status and appropriate therapy. 
 
 
 
 
 
 
 
 
 
 
 
 
Prescription Use ___X____  AND/OR  Over-The-Counter Use______ 
(Part 21 CFR 801 Subpart D)     (Part 21 CFR 801 Subpart C) 
 
(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE IF NEEDED) 

Concurrence of CDRH, Office of Device Evaluation (ODE) 
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Appendix 2-1   
Revised Chapter 9, Reliance on Standards 
 

9. Statement Regarding Reliance on Standards 
 

Before ExSpiron is released for commercial shipment, the system will have completed testing to 
demonstrate conformance to: 

AAMI/ANSI ES 60601-1:2005 Medical electrical equipment – Part 1: General requirement for 
basic safety and essential performance, (General) 
FDA Recognition Number 5-52 
 
IEC 60601-1-2:2001 with Amendment 1:2004 Medical Electrical Equipment - Part 1-2: General 
Requirements for Safety - Collateral standard: Electromagnetic Compatibility - Requirements and 
Tests 
FDA Recognition Number 5-28 
 

AAMI/ANSI ES 60601-1:2005  (USA version of IEC 60601-1 (Third edition)) 
In particular: 

• Class 1 protection against electric shock, operating from a specified supply. 
• IPX2 protection against fluid  
• Type BF applied part, defibrillator proof 
• Continuous duty cycle 
• Not suitable for use with flammable anesthetics 
• No use of risk management processes in lieu of prespecified performance requirements 

 
IEC 60601-1-2 
ExSpiron will comply with Class A emissions and to non-life-supporting levels for immunity. 
EMC Standards: 

• CISPR 11 / EN 55011 Radiated Emissions 
• CISPR 11 / EN 55011 Conducted Emissions 
• IEC 61000-4-3 Radiated Immunity 
• IEC 61000-4-6 Conducted Immunity 
• IEC 61000-4-4 EFT Immunity 
• IEC 61000-4-5 Surge Immunity 
• IEC 61000-4-2 ESD Immunity 
• IEC 61000-4-11 Voltage Dips and Drops 
• IEC 61000-4-8 Magnetic Immunity 
• IEC 61000-3-2 Voltage Harmonics 
• IEC 61000-3-3 Voltage Flicker 

 
Essential performance is the functionality described in the User Manual.  This essential performance 
definition appears in Appendix B Specifications in the User Manual.  (See the revised User Manual is 
Appendix 4-2 of this Additional Information Response.) 
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The patient cable and patient leads will conform to FDA’s Performance Standard for Electrode Lead 
Wires and Patient Cables, 21 CFR 898, and to ANSI/AAMI EC53: 1995/(R)2008 – ECG Cables and 
Wires    
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Appendix 4-1   Test Record  

 
 Test Record 

 

 
 
 

B4

B4

B4
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Appendix 4-2 Revised User Manual 
 
Changes:       Page in this response 

• Revised Indications for Use     39 
• Additional Cautions      46 

o Extreme respiratory rates 
o Extreme changes in hydration 

• Technical Specifications     56 
o Standards 

 IEC 60601-1 
 IEC 60601-1-2 
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DRAFT User Manual 

 

 

 
 

 

User Manual  

 

ExSpiron™ 

Respiratory Variation Monitor™ (RVM)  

 
 

 

 

© Respiratory Motion, Inc. 
305 Second Avenue, Suite B 
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Waltham, MA 02451-1122 
 

General Warning:   
  

DO NOT use this monitor 
• for any purpose other than specified in this manual 
• if parts are broken or missing 
• without reading this user manual 

 
ONLY qualified personnel should use the ExSpironTM Monitor. 
 
The ExSpironTM Monitor is NOT a diagnostic monitor.  The ExSpiron 
should be used as an adjunct to other clinical information to 
determine respiratory status and appropriate therapy. 
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Contact Information 
 

 

 

Respiratory Motion, Inc.  
305 Second Avenue, Suite B 

Waltham MA 02451 
 

Tel: 781-373-1636 
781-373-1635 

Fax: 781-373-1653 
www.respiratorymotion.com  

 

 

Clinical Support: 
clinicalsupport@respiratorymotion.com 

 
Technical Support: 

techsupport@respiratorymotion.com 
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To be added. 
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Introduction 
Intended Use 

ExSpironTM is indicated for use by healthcare professionals in healthcare facilities, such as 
post-operative care and critical care units, to monitor breathing in adult patients with 
potential respiratory compromise.   
 
ExSpironTM is a non-invasive monitor that graphically displays lung volume against time 
and reports an approximate value of: 

• Tidal volume, 
• Respiratory rate, and 
• Minute ventilation. 

 
ExSpironTM measurements are used as an adjunct to other clinical information sources to 
determine respiratory status and appropriate therapy. 
 
 
NOTE:  United States regulation restricts this device to sale by or on the order of licensed 
medical practitioners. 
 

Intended Operators 

ExSpironTM is intended to be operated by trained technicians and clinical professionals.  

 

Brief Description of Device 

The system includes: 

• ExSpironTM Data Acquisition System, including patient cable with leads 
• Touch screen panel computer (Windows 7® Operating System)  
• PC Power Supply  
• ExSpironTM Disposable Electrode Pads  

 
 
 

The ExSpironTM Disposable Electrode Pads should always be used with the ExSpiron 
monitor.  
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Safety Measures 
Warnings  

WARNING:  Electric shock hazard.  The ExSpironTM   monitor is to be opened only by 
Respiratory Motion personnel, their designees, or qualified service engineers.  There are no 
user-serviceable parts inside. 

WARNING: Do not autoclave, gas-sterilize, or immerse any portion of the ExSpironTM 
monitor.  This may create an electric shock hazard or damage internal components. 

 

Cautions 
CAUTION: ExSpironTM disposable electrode sets are designed for single use only and 
should not be re-used.  Reuse may interfere with monitor function.  An electrode pad 
should not be used for more than 24 hours.  Recalibrate the Exspiron™ after changing 
electrode pads.  Dispose of electrode pads s per requirements for biohazard waste. 

CAUTION:  Use only Respiratory Motion ExSpironTM electrode pad sets with the 
ExSpironTM monitor.  Use of other electrodes may interfere with monitor function.  

CAUTION:  Do not use the ExSpironTM monitor with another bioimpedance measurement 
system, such as an impedance cardiograph.  Such devices may cause functional interference 
among the bioimpedance systems. 

CAUTION: Do not mount or store the ExSpironTM monitor under an IV bag or other liquids.  
Fluid leaking onto the monitor may interfere with monitor function and may create an 
electric shock hazard.  (ExSpiron is resistant to the ingress of fluids, with an IPX2 rating.  
However ExSpiron is not waterproof.) 

CAUTION: Before attaching the ExSpironTM monitor to a medical monitoring pole, ensure 
that the pole is specified to carry the weight of the ExSpironTM monitor. 

CAUTION: The accuracy of ExSpiron volume measurements has not been confirmed at 
very high (> 30 breaths per minute) or very low (< 5 breaths per minute) respiratory rates.  
If a patient has a very high or very low respiratory rate, confirm respiratory status with 
other clinical information sources.  

CAUTION: A very large change in patient hydration may affect the calibration.  If a patient 
experiences a large change in hydration, recalibrate the ExSpiron monitor. 

 

Precautions 
The ExSpironTM monitor should not be used as the sole basis for diagnosis or therapy.  
Healthcare professionals should use ExSpironTM measurements as an adjunct to other 
clinical information sources to help determine regulatory status and appropriate therapy.   

The ExSpironTM monitor should not be used as an apnea monitoring system.  
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Cleaning and disinfection 
Clean external surfaces of the ExSpironTM monitor with a cloth dampened with warm 
water.  Cleaning with a mild disinfectant is recommended. 

Disposal 

Dispose of used electrodes as biohazard waste. 

Dispose of used batteries per local or national waste regulations. 

At the end of its life, dispose of or recycle the ExSpironTM monitor per local or national 
regulations. 
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Operation 
Principles of Operation 

Various types of bodily tissue have varying levels of electrical impedance.  Impedance is the 
measure of an object’s opposition to carrying an alternate current.  Air has far more 
impedance than any bodily tissue.  As an individual inhales and exhales, the movement of 
air in and out of the lungs sequentially increases and decreases the level of electrical 
impedance within the thorax.  Similar to standard leads that measure respiratory rate, the 
ExSpironTM measures changes in impedance by passing a low level alternating constant 
current through the thorax.  Respiratory Motion algorithms are able to correlate directly 
these changes in impedance with lung volumes.  Analysis of the respiratory curve yields 
three important parameters: tidal volume of each breath, respiratory rate and minute 
ventilation.  

Features of Design 

Device Design 
The ExSpironTM monitor is comprised of a set of electronics and standard computer 
functionality, which collects and analyzes pertinent patient information.  ExSpironTM leads 
originating from the device connect to ExSpironTM electrodes placed in predetermined 
configurations on the patient’s skin.  Electrode configuration and the monitor user interface 
are detailed in Sections 2 and 3. 
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Electrode Configuration 
Electrode configuration is detailed in Figure 1.  There are two electrode pads, designated 1 
and 2 (Fig. 1).  Routine skin preparation following standard hospital procedures should be 
undertaken before electrode pad placement.  The patient’s skin should be thoroughly 
cleansed and failure to do so could interference with the integrity of the ExSpiron™ 
readings. 

Electrode pad 1 should be placed over the sternal notch and extend to the xiphoid process.  
If necessary, the bottom electrode pad can be torn along the perforated edge to allow for 
further extension. 

Electrode pad 2 should be placed along the right mid-axillary line and horizontally in line 
with the xiphoid process and bottom electrode of Electrode pad 1.  

 

 
Figure 1 Standard electrode placement diagram. 

Records processed under FOIA Request 2014-156; Released 10/20/14

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



 
K120087 Additional Info Response  Page 44 of 113 

Monitor Start-up 
1) Plug in the ExSpironTM monitor.  
2) Turn on the monitor via the I/O button. 
3) With the monitor turned on, an ExSpironTM icon will appear on the desktop.  
4) Clicking on this icon will launch the graphical user interface and allow for subject 

data input and data collection.  
User Interface 

The ExSpironTM user interface (UI) contains a graphical representation of the 
respiratory curve, and outputs of three respiratory parameters: minute ventilation (MV), 
tidal volume (TV), and respiratory rate (RR). When the ExSpironTM software is launched or 
a new or different patient is being monitored, the initial starting screen will display only 
the respiratory curve (Fig 2). No values for MV, TV, or RR will be shown.  

 
Figure 2 User Interface. The main screen will illustrate the respiratory curve. Navigate the touch screen using the buttons at 
the right. Beneath the respiratory curve are value boxes and trend curves for the 3 collected respiratory parameters. These 
will appear empty until a patient has been selected and the device calibrated.  

Label Button/ Field Function 

1 Respiratory Curve Shows the patient’s 
respiratory curve in real-
time. 

2 New Session Brings user to patient ID 
screen in order to begin 
monitoring. 
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Patient Selection  

In order to select a patient for monitoring, the user will be prompted with a patient ID 
screen (Fig. 3). Enter the patient’s ID and click Next to move to the next screen. 

 
Figure 3 Patient ID Input Screen. 

 

Label Button/Field Function 

1 ID Field Input the patient’s ID. 

2 Next Once the patient’s ID is 
entered, click Next to move 
to next screen. 

3 Cancel Click to leave the ID screen 
and return to initial 
monitoring screen. 

Selecting a Calibration Setting for a New Patient  
If the patient database does not recognize the patient ID, the new patient calibration screen 
will be shown (Fig. 4). Enter the fields listed; all are required. New Calibration is the only 
option for a new patient. Height, weight, and the calibration information used on the next 
screen will constitute that particular calibration, and it will be stored under the current 
date. Clicking Next will create a patient record and bring the user to the calibration screen.  
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Figure 4 Patient Selection User Interface. Items on the user interface for patient selection. 

 

Label Button/ Field Function 

1 New Calibration This will be the only option for a new 
patient.  

2 Required Information All fields are required. Those listed 
on the left (name, sex, race, date of 
birth) cannot be edited after initial 
entry. Those fields on the right 
(height, weight, method, comments) 
can be edited. Method is a dropbox 
containing options for “estimated” or 
“measured”.  Pick one in order to 
designate the method that was used 
for acquiring height and weight.  

3 Next Brings user to calibration screen. 

4 Back Brings user back to the initial 
monitoring screen. 

 
The calibration screen will prompt the user to click Start and begin collecting data for 
minute ventilation or tidal volume and respiratory rate (Fig. 5). The fields on the right will 
remain disabled until the collection period is over and the progress bar shows that data 
acquisition is complete. At that time, the user can input the collected parameter(s) and click 
Next to go to the calibrated monitoring screen.  
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Figure 5 Calibration screen. After inputting the calibration parameters, the ExSpiron will start acquiring data. 

Label Button/Field Function 
1 Start Begin collecting data for 

calibration (60 seconds). 
2 Minute Ventilation User can enter the 

calculated minute 
ventilation for calibration. 

3 Tidal Volume & 
Respiratory Rate 

User can enter tidal 
volume and respiratory 
rate for calibration. 

4 Next Brings user to monitoring 
screen; remains disabled 
until calibration has 
completed. 

 

Selecting a Calibration Setting for an Existing Patient 
The default screen is used for selecting existing patients (Fig. 6).  The data entry fields 
become available when the operator selects a patient by clicking on an entry in the Patient 
List. Refer to the list below to navigate the Patient Selection UI.  
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Figure 6 Calibration Selection for Existing Patient. 

Label Button/Field Function 
1 New Calibration Selecting this for an existing 

patient allows the user to 
create a new calibration 
setting. 

2 Existing Calibration 
Setting 

Existing calibration settings 
are listed by date and minute 
ventilation.  Select one to set 
calibration to that setting. 

3 Changeable fields In creating a new calibration 
setting, the user can edit the 
height, weight, method, and 
comments fields. 

4 Next Brings user to calibrated 
monitoring screen. 

5 Back Returns user to initial 
monitoring screen. 

 

Navigating the Monitoring Session 
After the desired patient has been selected, the user will be brought to the monitoring 
screen (Fig. 7).  The graphs will automatically populate with the calibrated respiratory 
curve and values and trends for TV, RR, and MV. The buttons at the right allow the user to 
navigate away from the monitoring screen, either to start a new monitoring session, view 
trends, or the run minute-long tests.  
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Figure 5 Monitoring Screen. Displays the calibrated respiratory curve and parameters. 

 

Label Button/Field Function 

1 Respiratory Curve Tracks current respiratory 
curve in near real-time in 
30-second blocks. 

2 New Session Allows the user to select a 
new or different patient 
for monitoring.  

3 Trend Brings user to trending 
screen. 

4 Minute Test Allows user to run discrete 
60-second tests. 

5 Respiratory Rate (RR) Demonstrates graphical 
representation of RR over 
the past 60 minutes and 
provides current RR value. 

6 Tidal Volume (TV) Demonstrates graphical 
representation of TV over 
the past 60 minutes and 
provides current TV value. 

7 Minute Ventilation (MV) Demonstrates graphical 
representation of MV over 
the past 60 minutes and 
provides current MV value. 
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Reviewing Patient Trends 
 
The “Trends” tab graphically displays sequential measurements captured within the 
twenty-four hours of the current session (Fig. 7). Clicking this tab changes the display to 
show plots for respiratory rate, minute ventilation, and tidal volume. Above the plots is a 
dropdown menu which is used to select the time interval for the data in the table. Above 
the trending graphs is a horizontal scroll bar representing time. Move the scroll bar left or 
right to look at trends throughout the patient’s monitoring period. Above the scroll bar is a 
schematic illustrating in blue when periods of ExSpironTM monitoring. 
 

 
 
Figure 6 The Trends Tab. Respiratory rate (RR), minute volume (MV), and tidal volume (TV) trends graphs are plotted versus 
time. 

Label Field Function 

1 Scroll Bar  Moving the scroll 
(corresponds with time) will 
display trending graphs for 
those time periods. 

2 MV Trending Graph MV trends over 60 minutes. 

3 RR Trending Graph RR trends over 60 minutes. 

4 TV Trending Graph TV trends over 60 minutes. 

5 New Session Brings user back to patient ID 
screen. 
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6 Home Brings user back to the 
monitoring screen. 

7 Minute Test Allows user to run discrete 
60-second tests. 

 

Performing Minute Tests 

Clicking on the Minute Test button will temporarily disable the monitoring screen. The 
progress bar demonstrates that the ExSpironTM is collecting data for 60 seconds. After the 
minute test has completed, the results are given as shown below. Click Close to exit the 
results screen and return to the regular monitoring screen.  

 

 

 

 

Clinical Procedure 

The following flow chart details the general procedure for clinical use of the ExSpironTM.  
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Figure 7 Clinical Procedure Flow Chart. Start from patient selection to work through a complete monitoring session. 

 

Signal Quality 
Lack of adequate signal quality can result in a “flat line” displayed on the panel screen.  Flat 
lining can be a result of the following: 

- Electrodes that are not in full contact with the patient’s skin.  Replace the electrode 
pads with new ones and record the event.  Hair and sweat can affect the ability of 
the electrode pads to stick to the skin.  Routine hospital preparation for electrode 
placement, such as abrasive cleansing or shaving of the area should be followed to 
avoid issues such as these.  Electrodes are to be used no longer than 24 hours, but 
can be replaced sooner when necessary. 

- Leads that are not properly attached to the electrodes.  Check lead-electrode 
attachment. 

- Incorrect matching of electrode to lead.  Check that the correct colored lead is 
attached to the correct electrode.  

- Poor signal quality.  Check that electrodes were attached in correct configuration.  
Anatomical differences can also cause poor signal quality. 
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Understanding ExSpiron Readings 

The following information should be used as informational purposes only and not for use of 
the ExSpironTM as a diagnostic tool. 

Respiratory Rate 
Respiratory Rate is defined as the number of breaths per minute.  Respiratory Rate can be 
classified as normal, abnormally fast (tachypnea), abnormally slow (bradypnea), or 
nonexistent (apnea).  

Tidal Volume 
Tidal Volume is the total volume of air displaced between normal inspiration and 
expiration when extra effort is not applied.  

Minute Ventilation 
Minute Ventilation is the total volume of air displaced between normal inspiration and 
expiration over the duration of one minute.  It can also be calculated as the product of tidal 
volume X respiratory rate.  

 

 

Table 1 Normal Ranges of Respiratory Parameters. 

Value Normal Range Description 

Respiratory Rate 12-18 breaths/min Breaths per minute 

Tidal Volume Dependent on gender and 
height.  See graphs and 
tables below. 

Milliliters per single 
breath 

Minute Ventilation RR x TV 

 

Liters of aired breathed in 
one minute 
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Graph 1 Estimated tidal volume in men based on height. 

 

Graph 2 Estimated tidal volume in women based on height. 
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Appendix A  Accessories 

Accessory      Model # 

Exspiron™ Disposable Electrode Pads  200-010 

Exspiron™ Power Supply    200-020 

 

Appendix B Specifications 

Size    Computer 11.9” (H) x 8.7”(W) x 1.7” (D) 
    Module 6.5” (H) x 4.5” (W) x 1.5” (D) 
  
Weight     (Less than ten pounds) 
 
Operating conditions    32o – 95o F 
      20% - 80% non-condensing humidity 
 
Storage and transport conditions  -4o – 112o F 
      20% - 80% non-condensing humidity 
 
 
The Exspiron™ Power Supply is a switching power supply with input range:   
100-240 V ~ 47-63 Hz 1.35 A 
 
Standards compliance: 

• IEC 60601-1 :2005 
• Class 1 protection against electric shock. 
• IPX2 protection against fluid ingress 
• Type BF applied part, defibrillator proof 
• Continuous duty cycle 
• Not suitable for use with flammable anesthetics 

 
• IEC 60601-1-2: 2001 

o Class A Emissions 
 

Essential Performance:  In the event of a disturbance, such as defibrillation, the 
system may require a reboot, which takes less than 90 seconds. 
 
• FCC Certification 
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Appendix 4-3   User Training Outline 
 
User training is led by an experienced user of the ExSpiron. 

Introduction and User Manual 

1.  
 

 
  

 
 

 
 

 
 

 
 

  
 

 
  

 
 
 

 
 
 

 
 

 
 

 
 

 
 

 
 

  

B4

B4
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Appendix 4-5  Promotional Claims 
 

 

Promotional claims 

Promotional labeling for the ExSpiron monitor will include these claims: 
 

• ExSpiron can monitor breathing in adult patients with respiratory compromise or 
potential respiratory compromise. 
 

• ExSpiron assists in monitoring at-risk patients. 
 

• ExSpiron is non-invasive, point-of-care, and quantitative. 
 

• ExSpiron provides quantitative measurement of: 
o Minute Ventilation (MV) 
o Tidal Volume (TV) 
o Respiratory Rate (RR) 

 
• ExSpiron displays measurement values both numerically and graphically, 

displaying trend data. 
 

• MV, TV, and RR are important parameters for assessment of respiratory status.  
ExSpiron helps improve the standard of respiratory monitoring because it displays 
MV, TV, and RR over time.  Changes in values over time can be compared. 
 

• ExSpiron reports measurement in a user-friendly format. 
 

• ExSpiron is easy to use. 
 
• ExSpiron, as a bioimpedance monitor, does not require a breathing device, e.g., a 

spirometer, in the breathing path to obtain MV and TV. 
 

• ExSpiron does not require participation of the patient to generate spirometry-like results. 
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411 Waverley Oaks Road    Building 1, Suite 150   Waltham, MA 02452    (781) 373-1636    www.respiratorymotion.com 

 
 
 
May 14, 2013 
 
U.S. Food and Drug Administration      
Center for Devices and Radiological Health 
Document Control Center (WO66-G609) 
10903 New Hampshire Avenue 
Silver Springs, MD   20993-0002 
 
Re: ExSpiron 1Xi Special 510(k) K130170 (pending) ; ExSpiron 1Xi K120087 
______________________________________________________________________________________________________ 
 
To the Document Control Office: 
 
Respiratory Motion Inc, has moved. Please change the address for K130170 and K120087 to: 
 
Respiratory Motion, Inc. 
411 Waverley Oaks Road 
Building 1, Suite 150 
Waltham, MA  02452 
 
Our phone and fax numbers remain the same: 
(781) 373-1636 Phone 
(781) 373-1653 Fax 
 
Email communication is to me as noted below and to Jenny Freeman at 
jenny.freeman@respiratorymotion.com.  Those details also have not changed.  
 
An ecopy of this letter is attached.  The ecopy is an exact duplicate of the paper copy. 
 
Sincerely, 
 
 
Shelby Morss 
Manager, Quality Systems 
Respiratory Motion Inc. 
305 Second Avenue, Suite B 
Waltham, MA   02451 
shelby.morss@respiratorymotion.com 
 
Attachment:  ecopy CD 

Records processed under FOIA Request 2014-156; Released 10/20/14

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



Records processed under FOIA Request 2014-156; Released 10/20/14

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



 
Respiratory Motion, Inc. ExSpiron™ 510(k) Response – 9/20/12 Page 1 of 39 

 

 

 
Respiratory Motion, Inc. 

305 Second Avenue, Suite B 
Waltham, Massachusetts 02451 

 
 
U.S. Food and Drug Administration 
Center for Devices and Radiological Health 
Document Mail Center – WO66-G609 
10903 New Hampshire Avenue 
Silver Spring, MD 20993-0002 
September 20, 2012 
 
Office of Device Evaluation: 
 
Subject:  Response to September 20 Request for Additional Information for 510(k) 120087  
                 
Respiratory Motion, Inc. (RMI) is submitting this response to FDA’s request for additional information, 
dated September 20, 2012.  The response in the enclosed pages includes concise answers and attachments 
for detailed information. 
 
RMI accepts all comments and believes that the attached response addresses all remaining FDA concerns. 
 
RMI is enclosing a CD with a pdf file containing this cover letter, the response, and its attachments.  The 
paper copies are printed from this pdf file.  The contents of the paper copy and the pdf file are identical. 
 
Respectfully, 

 
 
Chas Burr 
510(k) Correspondent for Respiratory Motion, Inc. 
 
cc:  Jenny Freeman, MD, President Respiratory Motion, Inc. 
Encl.:   CD with pdf file of Response to Request for Additional Information, with attachments  
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Response to September 20 Request for Additional Information 

510(k) K120087 ExSpiron Respiratory Monitor 
Respiratory Motion, Inc. (RMI) 

FDA’s questions are shown in italics. 

1. In your 510(k) Summary page, you stated that the Morgan Spirometer is the 
“gold standard”.  However, the Morgan Spirometer is not the “gold standard” 
because it cannot be used as a continuous monitor.  Your proposed device is 
intended to be used as a continuous monitor.  Thus Morgan Spirometer is not an 
appropriate direct comparator to your proposed device.  Please remove your 
claim that the Morgan Spirometer is the gold standard from your 
submission.  Please provide updated copies of 510(k) Summary page and 
labeling. 

RMI will no longer claim that the Morgan Spirometer is a “gold standard.”   A revised 510(k) 
Summary is found in Appendix 1.  It contains a revised description of clinical testing, as well as 
other changes described in this response.  A revised User Manual is found in Appendix 2.  It 
contains a revised description of clinical testing, as well as other changes described in this 
response. 
 
 

2. In your Indications For Use (IFU) statement, you stated that your proposed 
device can “monitor breathing in patients with potential respiratory 
compromise”.  However, your clinical study did not identify or evaluate specific 
respiratory compromises in patients.  Therefore, please remove the statement 
“with potential respiratory compromise” from your submission.  Please provide 
updated IFU statement page, 510(k) Summary page, and labeling. 

 
RMI is removing “with potential respiratory compromise” from its IFU.  A revised Indications 
for Use form is found in Appendix 3.  A revised 510(k) Summary is found in Appendix 1.  A 
revised User Manual is found in Appendix 2. 
 

3. In your Indications For Use (IFU) statement, you stated that the measurements 
from your proposed device are used “to determine respiratory status and 
appropriate therapy.”  However, your proposed device is a monitor and not a 
diagnostic device.  In addition, you did not provide clinical study that evaluates 
how the user used your proposed device to determine respiratory status and 
appropriate therapy.  Therefore, please remove the statement “to determine 
respiratory status and appropriate therapy” from your submission.  Please 
provide updated IFU statement page, 510(k) Summary page, and labeling. 

 
RMI is removing “to determine respiratory status and appropriate therapy” from the Indications 
for Use.  A revised Indications for Use form is found in Appendix 3.  A revised 510(k) Summary 
is found in Appendix 1.  A revised User Manual is found in Appendix 2. 
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4. You provided promotional claims in Appendix 4-5.  However, you made clinical 
claims about your proposed device without providing supporting evidence from 
your clinical study.  Therefore, please remove the clinical claims identified below 
from your promotional claims.  Please provide updated promotional claims for 
review. 
 
a. You stated that “ExSpiron can monitor breathing in adult patients with 

respiratory compromise or potential respiratory compromise.”  However, your 
clinical study did not identify or evaluate specific respiratory compromises in 
patients. 

  
b. You stated that “ExSpiron assists in monitoring at-risk patients in near real-

time.”  However, your clinical study did not identify or evaluate specific at-risk 
patients. 

  
c. You stated that “ExSpiron helps improve the standard of respiratory 

monitoring because it displays MV, TV, and RR over time.”  However, your 
clinical study did not evaluate how your proposed device improved the 
standard of respiratory monitoring. 

  
d. You stated that “ExSpiron can help physicians identify patients with 

inadequate breathing.”  However, your clinical study did not evaluate how 
your proposed device helped care providers identify patients with inadequate 
breathing. 

  
e. You stated that “ExSpiron can assist physicians’ decision-making by providing 

respiratory status data.”  However, your clinical study did not evaluate how 
your proposed assisted care providers in their decision making process. 

  
5. In your promotional claims in Appendix 4-5, you stated that “ExSpiron is easy to 

use.”  You conducted usability testing on 10 test subjects.  However, the test 
reports provided limited granularity regarding user task performance and limited 
user commentary regarding ease of use.  Therefore, please remove the claim 
“easy to use” from your submission.  Please provide updated promotional claims. 

 
 
RMI accepts FDA’s changes to the promotional claims.  A revised list of promotional claims is 
in Appendix 4. 
  
 
 
 
 
  

Records processed under FOIA Request 2014-156; Released 10/20/14

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



 
Respiratory Motion, Inc. ExSpiron™ 510(k) Response – 9/20/12 Page 4 of 39 

Appendixes 
 

1 Revised 510(k) Summary  
2 Revised User Manual 
3 Revised Indications for Use Statement 
4 Revised Promotional Claims 
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Appendix 1 
Revised 510(k) Summary 
 
The revised Indications for Use statement is on the next page. 
 
The changes are: 

• Removal of “with potential respiratory compromise” and “to determine respiratory status 
and appropriate therapy” from the Indications for Use 

• Removal of references to the “gold standard” in the Clinical Performance Testing section 
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510(k) Summary 

 
510(k) Owner: Respiratory Motion, Inc. 
Address: 305 Second Avenue, Suite B 

Waltham, Massachusetts 02451 
Phone: 781-373-1636 
Fax: 781-373-1653 
Contact person: Jenny Freeman, MD 

 
Date 510(k) 
Summary 
prepared: 

September 20, 2012 

Trade name: ExSpironTM 
Common name: Respiratory Monitor 
Classifications: Monitoring spirometer 

Product code: BZK 
Regulation: 21 CFR 868.1850  
 
Breathing frequency monitor 
Product code BZQ 
Regulation:  21 CFR 868.2375 
 

Predicate devices: For product code BZK, nSpire Wright/Haloscale Respirometer, marketed by 
nSpire Health, Inc. of Longmont, CO  510(k) K091853 
 
For product code BZQ, Philips MPn0 Intellivue Patient Monitors, marketed by 
Philips Healthcare  510(k) K060541 

Device Description: The ExSpiron™ consists of: 
• Bioimpedance measurement system:  A stabilized high frequency 

current generator is connected to two outer electrodes.  The inner four 
electrodes are connected to an adaptive circuit that conditions the 
resulting voltage signal and converts it to digital form.  Firmware 
performs signal acquisition and relays data to the panel PC. 

• Panel PC:  A Windows 7 PC performs signal processing and calibration, 
and runs the graphical user interface (GUI).  The PC takes user input from 
a touch screen through a virtual keyboard and mouse.  The GUI is used 
for recording patient data and displaying the respiratory trace as well as 
scalar values and trends for minute volume, tidal volume, and respiratory 
rate. 

• Single Patient Use ExSpiron™ Electrode Lead Set: An electrode lead 
set containing six electrodes to be placed on the torso.  It delivers current 
and records impedance measurements.  The electrode lead set is also used 
to perform subsystem checks prior to patient measurements. 
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Intended use: ExSpiron™ is indicated for use by healthcare professionals in healthcare facilities, 
such as post-operative care and critical care units, to monitor breathing in adult (at 
least 21 years old) patients.   
 
ExSpiron™ is a non-invasive system that graphically displays lung volume 
against time and reports an approximate value of: 
• Tidal volume, 
• Respiratory rate, and 
• Minute ventilation 
 
ExSpiron™ measurements are used as an adjunct to other clinical information 
sources. 
 

Comparison of 
technological 
characteristics: Characteristic ExSpiron™ nSpire 

Philips 
Intellivue 
Monitor Comment 

Intended Use See above  See K091853 

 

See K060541 

 

The clinical application of the 

ExSpiron™ is equivalent to that of 

the nSpire  

 

The comparison to the intended 

use of the Philips monitor is 

restricted to monitoring of 

respiration rate  

 

ExSpiron™ has no alarm function  

 

All devices are used by healthcare 

professionals  

Technology Measurement is 

by thoracic 

bioimpedance  

Measurement is 

by in-line 

turbine flow 

meter  

Measurement 

is by 

bioimpedance  

 

Volume 
Measurements 

Tidal volume 

Minute volume 

Volume vs  time 

chart 

Tidal volume 

Minute volume  

None The time function for the 

minute volume measurement of 

the nSpire is provided by a 

user’s stopwatch  

Rate 
Measurements 

Respiratory rate 

(breaths/min) 

None Respiratory 

rate 

 

Safety IEC 60601-1, 

including 

electrical and 

mechanical 

safety 

Mechanical 

only   Safety 

specifications 

are not given in 

the user manual 

or 510(k) 

summary  

IEC 60601-1, 

etc  

 

 

Nonclinical 
performance 
testing: 

Performance testing confirmed essential performance by IEC 60601-1 and IEC 
60601-1-2 tests and confirmed usability by simulated use by physicians and 
nurses representative of intended users. 
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Clinical 
performance 
testing: 

A clinical study compared simultaneous measurements from the ExSpiron and the 
predicate, Wright spirometer.  (Respiratory rate was calculated using a stop 
watch.)  Twenty subjects representing a broad range of intended patients 
participated in the study.  (Age range: 20-84, BMI range: 19.9-43.2, 11 female, 9 
male)  The study involved two sessions for each subject, an initial session in 
which electrodes were applied, the ExSpiron was calibrated to the individual, and 
each subject performed ten 60-second breathing tests.  Tidal volume, minute 
ventilation, and respiratory rate were measured simultaneously by the ExSpiron 
and the Wright spirometer.  Each subject returned twenty-four hours after the first 
session with the original electrodes still attached.  Using the same individual 
calibration values, a second set of ten 60-second breathing tests was performed. 
 
The results of ExSpiron-Wright study were: 

ExSpiron-Wright 
Minute 

Ventilation 
Tidal 

Volume 
Respiratory 

Rate 

Bias 
Overall -2.1% -1.9% -0.2% 

Day 1 -2.3% -1.7% -0.6% 
Day 2 -1.9% -2.0% 0.2% 

Precision 
Overall 10.5 % 10.3 % 2.0 % 

Day 1 10.2% 9.7% 2.3% 
Day 2 10.8% 10.8% 1.6% 

Accuracy 
Overall 10.7 % 10.4 % 2.0 % 

Day 1 10.4% 9.8% 2.4% 
Day 2 10.9% 11.0% 1.6% 

 
The results indicate that the individual calibration is stable over a 24-hour period. 
 
A similar study was performed comparing the Wright spirometer to the Morgan 
SpiroAir LT diagnostic spirometer.  (The closed cell construction of the Morgan 
spirometer limits the breathing test time to 30 seconds.  A direct comparison of 
the ExSpiron to the Morgan spirometer is suboptimal.)  A different set of twenty 
subjects participated.  (Age range: 20-60, BMI range: 19.0-28.0, 9 female, 11 
male)  Each subject participated in one session performing twenty 30-second 
breathing tests with volume measurements made simultaneously with the Wright 
spirometer and the Morgan diagnostic spirometer. 

 
The Morgan-Wright study results were: 

Wright-
Morgan 

Minute 
Ventilation Tidal Volume 

Bias 0.4% 0.4% 
Accuracy 3.9% 3.9% 

 
Continued on next page. 
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Clinical 
performance 
testing: 
Continued from 
previous page 

Combining the results of the ExSpiron-Wright study and the Wright-Morgan 
study provided calculated estimates of ExSpiron bias and accuracy with respect to 
the Morgan diagnostic spirometer: 

 
ExSpiron-
Morgan 

Minute 
Ventilation Tidal Volume 

Bias -1.7% -1.5% 
Accuracy 9.9% 9.6% 

 
 

Conclusions 
regarding safety 
and effectiveness: 

Based on the comparisons of intended use, and results of nonclinical and clinical 
testing, the ExSpiron™ is substantially equivalent in intended use, safety, and 
effectiveness to the nSpire Respirometer and to the breathing frequency monitor 
function of the Philips Intellivue Patient Monitors. 
 

 

Records processed under FOIA Request 2014-156; Released 10/20/14

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



 
Respiratory Motion, Inc. ExSpiron™ 510(k) Response – 9/20/12 Page 10 of 39 

Appendix 2  

Revised User Manual 
 
The revised draft User Manual begins on the next page. 
 
Changes are: 

• Removal of “with potential respiratory compromise” and “to determine respiratory status 
and appropriate therapy” from the Intended Use section, page 15 

• Removal of references to the term “gold standard” in Appendix C  Clinical Studies to 
Determine Accuracy, starting on page 33 
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DRAFT User Manual 

 

 

 
 

 

User Manual  

 

ExSpiron™ 

Respiratory Variation Monitor™ (RVM)  
 

 

 

© Respiratory Motion, Inc. 
305 Second Avenue, Suite B 
Waltham, MA 02451-1122 
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General Warning:   
  

DO NOT use this monitor 
• for any purpose other than specified in this manual 
• if parts are broken or missing 
• without reading this user manual 

 
ONLY qualified personnel should use the ExSpironTM Monitor. 
 
The ExSpironTM Monitor is NOT a diagnostic monitor.  The ExSpiron 
should be used as an adjunct to other clinical information to 
determine respiratory status and appropriate therapy. 
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Contact Information 
 

 

 

Respiratory Motion, Inc.  
305 Second Avenue, Suite B 

Waltham MA 02451 
 

Tel: 781-373-1636 
781-373-1635 

Fax: 781-373-1653 
www.respiratorymotion.com  

 

 

Clinical Support: 
clinicalsupport@respiratorymotion.com 

 
Technical Support: 

techsupport@respiratorymotion.com 
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Table of Contents 
To be added. 
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Introduction 
Intended Use 

ExSpironTM is indicated for use by healthcare professionals in healthcare facilities, such as 
post-operative care and critical care units, to monitor breathing in adult (at least 21 years 
old) patients.    
 
ExSpironTM is a non-invasive monitor that graphically displays lung volume against time 
and reports an approximate value of: 

• Tidal volume, 
• Respiratory rate, and 
• Minute ventilation. 

 
ExSpironTM measurements are used as an adjunct to other clinical information sources. 
 
 
NOTE:  United States regulation restricts this device to sale by or on the order of licensed 
medical practitioners. 
 

Intended Operators 

ExSpironTM is intended to be operated by trained technicians and clinical professionals.  

 

Brief Description of Device 

The system includes: 

• ExSpironTM Data Acquisition System, including patient cable with leads 
• Touch screen panel computer (Windows 7® Operating System)  
• ExSpironTM Disposable Electrode Pads  

 
 
 

The ExSpironTM Disposable Electrode Pads should always be used with the ExSpiron 
monitor.  
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Safety Measures 
Warnings  

WARNING:  Electric shock hazard.  The ExSpironTM   monitor is to be opened only by 
Respiratory Motion personnel, their designees, or qualified service engineers.  There are no 
user-serviceable parts inside. 

WARNING: Do not autoclave, gas-sterilize, or immerse any portion of the ExSpironTM 
monitor.  This may create an electric shock hazard or damage internal components. 

 

Cautions 
CAUTION: ExSpironTM disposable electrode pad sets are designed for single use only and 
should not be re-used.  Reuse may interfere with monitor function.  An electrode pad set 
should not be used for more than 24 hours.  Recalibrate the Exspiron™ after changing 
electrode pad set.  Dispose of electrode pads sets per requirements for biohazard waste. 

CAUTION:  Use only Respiratory Motion ExSpironTM electrode pad sets with the 
ExSpironTM monitor.  Accuracy of the device cannot be assured unless Respiratory Motion 
ExSpironTM electrode pad sets are specifically used.  
CAUTION:  Other bioimpedance monitors may cause functional interference among the 
ExSpiron and the other monitors.  When using ExSpiron with another bioimpedance monitor, 
confirm that both systems are operating properly.   

CAUTION: Do not mount or store the ExSpironTM monitor under an IV bag or other liquids.  
Fluid leaking onto the monitor may interfere with monitor function and may create an 
electric shock hazard.   

CAUTION: Before attaching the ExSpironTM monitor to a medical monitoring pole, ensure 
that the pole is specified to carry the weight of the ExSpironTM monitor. 

CAUTION: The accuracy of ExSpiron volume measurements has not been confirmed at 
very high (> 30 breaths per minute) or very low (< 5 breaths per minute) respiratory rates.  
If a patient has a very high or very low respiratory rate, confirm respiratory status with 
other clinical information sources.  

CAUTION: The accuracy of ExSpironTM  measurements has not been confirmed for patient 
with a BMI over 43.  If a patient has a BMI outside of this range, confirm respiratory status 
with other clinical information sources. 

CAUTION: A very large change in patient hydration may affect the calibration.  If a patient 
experiences a large change in hydration, recalibrate the ExSpironTM  monitor. 

 

Precautions 
The ExSpironTM monitor should not be used as the sole basis for diagnosis or therapy.  
Healthcare professionals should use ExSpironTM measurements as an adjunct to other 
clinical information sources to help determine regulatory status and appropriate therapy.   
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The ExSpironTM monitor should not be used as an apnea monitoring system.  

 

Cleaning and disinfection 
Clean external surfaces of the ExSpironTM monitor with a cloth dampened with warm 
water.  Cleaning with a mild disinfectant is recommended. 

Disposal 

Dispose of used electrode pad sets as biohazard waste. 

Dispose of used batteries per local or national waste regulations. 

At the end of its life, dispose of or recycle the ExSpironTM monitor per local or national 
regulations. 
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Operation 
Principles of Operation 

Various types of bodily tissue have varying levels of electrical impedance.  Impedance is the 
measure of an object’s opposition to carrying an alternate current.  Air has far more 
impedance than any bodily tissue.  As an individual inhales and exhales, the movement of 
air in and out of the lungs sequentially increases and decreases the level of electrical 
impedance within the thorax.  Similar to standard leads that measure respiratory rate, the 
ExSpironTM measures changes in impedance by passing a low level alternating constant 
current through the thorax.  Respiratory Motion algorithms are able to correlate directly 
these changes in impedance with lung volumes.  Analysis of the respiratory curve yields 
three important parameters: tidal volume of each breath, respiratory rate and minute 
ventilation.  

Features of Design 

Device Design 
The ExSpironTM monitor is comprised of a set of electronics and standard computer 
functionality, which collects and analyzes pertinent patient information.  ExSpironTM leads 
originating from the device connect to ExSpironTM electrode pads placed in predetermined 
configurations on the patient’s skin.  Electrode configuration and the monitor user interface 
are detailed in Sections 2 and 3. 
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Electrode Configuration 
Electrode configuration is detailed in Figure 1.  There are two electrode pads, designated 1 
and 2 (Fig. 1).  Routine skin preparation following standard hospital procedures should be 
undertaken before electrode pad placement.  The patient’s skin should be thoroughly 
cleansed and failure to do so could interference with the integrity of the ExSpiron™ 
readings. 

Electrode pad 1 should be placed over the sternal notch and extend to the xiphoid process.  
If necessary, the bottom electrode pad can be torn along the perforated edge to allow for 
further extension. 

Electrode pad 2 should be placed along the right mid-axillary line and horizontally in line 
with the xiphoid process and bottom electrode of Electrode pad 1.  

 

 
Figure 1 Standard electrode placement diagram. 

Records processed under FOIA Request 2014-156; Released 10/20/14

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



 
Respiratory Motion, Inc. ExSpiron™ 510(k) Response – 9/20/12 Page 20 of 39 

Monitor Start-up 
1) Plug in the ExSpironTM monitor.  
2) Turn on the monitor via the I/O button. 
3) With the monitor turned on, an ExSpironTM icon will appear on the desktop.  
4) Clicking on this icon will launch the graphical user interface and allow for subject 

data input and data collection.  
User Interface 

The ExSpironTM user interface (UI) contains a graphical representation of the 
respiratory curve, and outputs of three respiratory parameters: minute ventilation (MV), 
tidal volume (TV), and respiratory rate (RR). When the ExSpironTM software is launched or 
a new or different patient is being monitored, the initial starting screen will display only 
the respiratory curve (Fig 2). No values for MV, TV, or RR will be shown.  

 
Figure 2 User Interface. The main screen will illustrate the respiratory curve. Navigate the touch screen using the buttons at 
the right. Beneath the respiratory curve are value boxes and trend curves for the 3 collected respiratory parameters. These 
will appear empty until a patient has been selected and the device calibrated.  

Label Button/ Field Function 

1 Respiratory Curve Shows the patient’s 
respiratory curve in real-
time. 

2 New Session Brings user to patient ID 
screen in order to begin 
monitoring. 
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Patient Selection  

In order to select a patient for monitoring, the user will be prompted with a patient ID 
screen (Fig. 3). Enter the patient’s ID and click Next to move to the next screen. 

 
Figure 3 Patient ID Input Screen. 

 

Label Button/Field Function 

1 ID Field Input the patient’s ID. 

2 Next Once the patient’s ID is 
entered, click Next to move 
to next screen. 

3 Cancel Click to leave the ID screen 
and return to initial 
monitoring screen. 

Selecting a Calibration Setting for a New Patient  
If the patient database does not recognize the patient ID, the new patient calibration screen 
will be shown (Fig. 4). Enter the fields listed; all are required. New Calibration is the only 
option for a new patient. Height, weight, and the calibration information used on the next 
screen will constitute that particular calibration, and it will be stored under the current 
date. Clicking Next will create a patient record and bring the user to the calibration screen.  
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Figure 4 Patient Selection User Interface. Items on the user interface for patient selection. 

 

Label Button/ Field Function 

1 New Calibration This will be the only option for a new 
patient.  

2 Required Information All fields are required. Those listed 
on the left (name, sex, race, date of 
birth) cannot be edited after initial 
entry. Those fields on the right 
(height, weight, method, comments) 
can be edited. Method is a dropbox 
containing options for “estimated” or 
“measured”.  Pick one in order to 
designate the method that was used 
for acquiring height and weight.  

3 Next Brings user to calibration screen. 

4 Back Brings user back to the initial 
monitoring screen. 

 
The calibration screen will prompt the user to click Start and begin collecting data for 
minute ventilation or tidal volume and respiratory rate (Fig. 5). The fields on the right will 
remain disabled until the collection period is over and the progress bar shows that data 
acquisition is complete. At that time, the user can input the collected parameter(s) and click 
Next to go to the calibrated monitoring screen.  
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Figure 5 Calibration screen. After inputting the calibration parameters, the ExSpiron will start acquiring data. 

Label Button/Field Function 
1 Start Begin collecting data for 

calibration (60 seconds). 
2 Minute Ventilation User can enter the 

calculated minute 
ventilation for calibration. 

3 Tidal Volume & 
Respiratory Rate 

User can enter tidal 
volume and respiratory 
rate for calibration. 

4 Next Brings user to monitoring 
screen; remains disabled 
until calibration has 
completed. 

 

Selecting a Calibration Setting for an Existing Patient 
The default screen is used for selecting existing patients (Fig. 6).  The data entry fields 
become available when the operator selects a patient by clicking on an entry in the Patient 
List. Refer to the list below to navigate the Patient Selection UI.  
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Figure 6 Calibration Selection for Existing Patient. 

Label Button/Field Function 
1 New Calibration Selecting this for an existing 

patient allows the user to 
create a new calibration 
setting. 

2 Existing Calibration 
Setting 

Existing calibration settings 
are listed by date and minute 
ventilation.  Select one to set 
calibration to that setting. 

3 Changeable fields In creating a new calibration 
setting, the user can edit the 
height, weight, method, and 
comments fields. 

4 Next Brings user to calibrated 
monitoring screen. 

5 Back Returns user to initial 
monitoring screen. 

 

Navigating the Monitoring Session 
After the desired patient has been selected, the user will be brought to the monitoring 
screen (Fig. 7).  The graphs will automatically populate with the calibrated respiratory 
curve and values and trends for TV, RR, and MV. The buttons at the right allow the user to 
navigate away from the monitoring screen, either to start a new monitoring session, view 
trends, or the run minute-long tests.  
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Figure 5 Monitoring Screen. Displays the calibrated respiratory curve and parameters. 

 

Label Button/Field Function 

1 Respiratory Curve Tracks current respiratory 
curve in near real-time in 
30-second blocks. 

2 New Session Allows the user to select a 
new or different patient 
for monitoring.  

3 Trend Brings user to trending 
screen. 

4 Minute Test Allows user to run discrete 
60-second tests. 

5 Respiratory Rate (RR) Demonstrates graphical 
representation of RR over 
the past 60 minutes and 
provides current RR value. 

6 Tidal Volume (TV) Demonstrates graphical 
representation of TV over 
the past 60 minutes and 
provides current TV value. 

7 Minute Ventilation (MV) Demonstrates graphical 
representation of MV over 
the past 60 minutes and 
provides current MV value. 
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Reviewing Patient Trends 
 
The “Trends” tab graphically displays sequential measurements captured within the 
twenty-four hours of the current session (Fig. 7). Clicking this tab changes the display to 
show plots for respiratory rate, minute ventilation, and tidal volume. Above the plots is a 
dropdown menu which is used to select the time interval for the data in the table. Above 
the trending graphs is a horizontal scroll bar representing time. Move the scroll bar left or 
right to look at trends throughout the patient’s monitoring period. Above the scroll bar is a 
schematic illustrating in blue when periods of ExSpironTM monitoring. 
 

 
 
Figure 6 The Trends Tab. Respiratory rate (RR), minute volume (MV), and tidal volume (TV) trends graphs are plotted versus 
time. 

Label Field Function 

1 Scroll Bar  Moving the scroll 
(corresponds with time) will 
display trending graphs for 
those time periods. 

2 MV Trending Graph MV trends over 60 minutes. 

3 RR Trending Graph RR trends over 60 minutes. 

4 TV Trending Graph TV trends over 60 minutes. 

5 New Session Brings user back to patient ID 
screen. 
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6 Home Brings user back to the 
monitoring screen. 

7 Minute Test Allows user to run discrete 
60-second tests. 

 

Performing Minute Tests 

Clicking on the Minute Test button will temporarily disable the monitoring screen. The 
progress bar demonstrates that the ExSpironTM is collecting data for 60 seconds. After the 
minute test has completed, the results are given as shown below. Click Close to exit the 
results screen and return to the regular monitoring screen.  

 

 

 

 

Clinical Procedure 

The following flow chart details the general procedure for clinical use of the ExSpironTM.  
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Figure 7 Clinical Procedure Flow Chart. Start from patient selection to work through a complete monitoring session. 

 

Signal Quality 
Lack of adequate signal quality can result in a “flat line” displayed on the panel screen.  Flat 
lining can be a result of the following: 

- Electrode pads that are not in full contact with the patient’s skin.  Replace the 
electrode pads with new ones and record the event.  Hair and sweat can affect the 
ability of the electrode pads to stick to the skin.  Routine hospital preparation for 
electrode pad placement, such as abrasive cleansing or shaving of the area should be 
followed to avoid issues such as these.  Electrodes are to be used no longer than 24 
hours, but can be replaced sooner if necessary. 

- Leads that are not properly attached to the electrode pads.  Check lead-electrode 
pad attachment. 

- Incorrect matching of electrode pad to lead.  Check that the correct colored lead is 
attached to the correct electrode pad.  

- Poor signal quality.  Check that electrodes were attached in correct configuration.  
Anatomical differences can also cause poor signal quality. 
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Understanding ExSpiron Readings 

The following information should be used as informational purposes only and not for use of 
the ExSpironTM as a diagnostic tool. 

Respiratory Rate 
Respiratory Rate is defined as the number of breaths per minute.  Respiratory Rate can be 
classified as normal, abnormally fast (tachypnea), abnormally slow (bradypnea), or 
nonexistent (apnea).  

Tidal Volume 
Tidal Volume is the total volume of air displaced between normal inspiration and 
expiration when extra effort is not applied.  

Minute Ventilation 
Minute Ventilation is the total volume of air displaced between normal inspiration and 
expiration over the duration of one minute.  It can also be calculated as the product of tidal 
volume X respiratory rate.  

 

 

Table 1 Normal Ranges of Respiratory Parameters. 

Value Normal Range Description 

Respiratory Rate 12-18 breaths/min Breaths per minute 

Tidal Volume Dependent on gender and 
height.  See graphs and 
tables below. 

Milliliters per single 
breath 

Minute Ventilation RR x TV 

 

Liters of aired breathed in 
one minute 
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Graph 1 Estimated tidal volume in men based on height. 

 

Graph 2 Estimated tidal volume in women based on height. 
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Appendix A   Accessories 

Accessory      Model # 

Exspiron™ Disposable Electrode Pads  200-010 

 

Appendix B  Specifications 

Size    Computer 11.9” (H) x 8.7”(W) x 1.7” (D) 
    Module 6.5” (H) x 4.5” (W) x 1.5” (D) 
  
Weight     (Less than ten pounds) 
 
Operating conditions    32o – 95o F 
      20% - 80% non-condensing humidity 
 
Storage and transport conditions  -4o – 112o F 
      20% - 80% non-condensing humidity 
 
 
The Exspiron™ Power Supply is a switching power supply with input range:   
100-240 V ~ 50/60 Hz 2 A 
 
Standards compliance: 

• IEC 60601-1 Second edition  
• Class 1 protection against electric shock. 
• Type BF applied part 
• Continuous duty cycle 
• Not suitable for use with flammable anesthetics 

 
• IEC 60601-1-2: 2001 

o Class A Emissions 
 

• FCC Certification 
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Appendix C  Clinical Studies to Determine Accuracy 

Two similar clinical studies provided ExSpiron accuracy information.  The first study compared 
ExSpiron measurements to measurements made with Wright/Haloscale Respirometer.  This 
study produced measurement performance statistics and confirmed that the ExSpiron calibration 
is stable for 24 hours.  The second study compared the Wright/Haloscale Respirometer to the 
Morgan SpiroAir LT diagnostic spirometer.  Results of the two studies were combined 
mathematically to produce measurement performance statistics relative to the Morgan 
spirometer. 
 

ExSprion – Wright comparison 
 
A clinical study compared simultaneous measurements from the ExSpiron and the Wright 
spirometer.  Twenty subjects representing a broad range of intended patients participated in the 
study.  (Age range: 20-84, BMI range: 19.9-43.2, 11 female, 9 male)  Tidal volume, minute 
ventilation, and respiratory rate were measured simultaneously by the ExSpiron and the Wright 
spirometer.  Each subject returned twenty-four hours after the first session with the original 
electrodes still attached.  Using the same individual calibration values, a second set of ten 60-
second breathing tests was performed. 
 
The results of the ExSpiron comparison indicate that the individual calibration is stable over a 24-hour 
period.   

 

ExSpiron-Wright Comparison 
Minute 

Ventilation Tidal Volume 
Respiratory 

Rate 

Bias 
Overall -2.1% -1.9% -0.2% 
Day 1 -2.3% -1.7% -0.6% 
Day 2 -1.9% -2.0% 0.2% 

Precision 
Overall 10.5 % 10.3 % 2.0 % 
Day 1 10.2% 9.7% 2.3% 
Day 2 10.8% 10.8% 1.6% 

Accuracy 
Overall 10.7 % 10.4 % 2.0 % 
Day 1 10.4% 9.8% 2.4% 
Day 2 10.9% 11.0% 1.6% 

 
 

RMI performed a Bland-Altman analysis of the clinical trial data.  (See Bland and Altman, The 
Lancet, vol. 327, issue 8476, pp. 307-310, February 1986.)  The analyses confirmed that the 
average disparity between ExSpiron and the Wright spirometer was small and clinically 
irrelevant (differences of -0.2 bmp, -5ml and  -0.14 L/min for RR, TV, and MV, respectively). 
 
RMI calculated the difference between ExSpiron and the Wright spirometer for each measure 
(MV, TV, and RR) and calculated the average of ExSpiron and the predicate for each measure.  
The resulting plots are shown below.  Data from different subjects are depicted with a different 
color/symbol combination (i.e. blue plus sign is one subject, cyan plus sign in another subject, 
blue circle is a third subject, etc.).  The charts show each subject’s averaged data.  The middle 
black dashed line on each plot depicts the average difference and the upper and lower black 
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dashed lines indicate the 95% confidence intervals (±2 SD from the mean).  The mean 
differences between devices in all six plots are essentially zero. 

 
 
 

 
 

Figure 1 Bland-Altman plots of ExSpiron-Wright comparison 
 
 

Subject demographics 
The demographics of the twenty subjects are shown in these tables. 

 
Age Range 

 20-29 3 
 30-39 3 
 40-49 4 
 50-59 4 
 60-69 2 
 70-79 2 
 80-89 2 
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Gender 
 female 11 
 male 9 
  

   Race 
 Asian 2 
 white 16 
 black 2 
 Hispanic 0 
 

   BMI Range 
 18.5-24.9 11 normal 

25-29.9 4 overweight 
30-39.9 3 obese 
40+ 2 morbidly obese 

 
The range of ages, 20-84, is consistent with ExSpiron’s intended use with adults, at 21 years of age.   
 
The maximum subject body mass index (BMI) was 43.2.   
 
Subject hydration was not controlled in this study.  Test data indicate that measurement performance is 
not sensitive to a subject’s baseline impedance, an indicator of hydration. 
 
 
Wright spirometer - Morgan SpiroAir LT diagnostic spirometer study 
 
A second, similar study was performed comparing the Wright spirometer to the Morgan SpiroAir 
LT diagnostic spirometer.  (The closed cell construction of the Morgan spirometer limits the 
individual breathing test time to 30 seconds.  A direct comparison of the ExSpiron to the Morgan 
spirometer is not feasible.)  A different set of twenty subjects participated.  (Age range: 20-60, 
BMI range: 19.0-28.0, 9 female, 11 male)  Each subject participated in one session performing 
twenty 30-second breathing tests with volume measurements made simultaneously with the 
Wright spirometer and the Morgan diagnostic spirometer. 
 
The results of the Morgan-Wright comparison are consistent with the performance claims in their 
documentation, 2% accuracy for the Morgan and 2% accuracy in the tested flow range for the 
Wright.  The Morgan-Wright study results were: 
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Figure 2: Bland-Altman plots.  The average disparity between the two spirometers was 
confirmed to be small and clinically irrelevant (differences of 9 ml and 0.13 L/min for 
TV and MV, respectively).  Both plots show individual data from all subjects and from 
all trials.  The middle black solid line on each plot depicts the average difference and the 
upper and lower black dashed lines indicate the 95% confidence intervals (±2 SD from 
the mean).  The mean differences between devices in both plots are essentially zero. 

 
 
ExSpiron – Morgan Calculated Measurement Performance 

 
Combining the results of the ExSpiron-Wright comparison and the Wright-Morgan comparison 
provided calculated estimates of ExSpiron bias and accuracy with respect to the Morgan 
diagnostic spirometer: 

 
ExSpiron-
Morgan 

Minute 
Ventilation Tidal Volume 

Bias -1.7% -1.5% 
Accuracy 9.9% 9.6% 
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Appendix 3   
Revised Indications for Use 
 
The Indications for Use form begins on the next page. 

The change is the removal of “with potential respiratory compromise” and “to determine respiratory 
status and appropriate therapy.”  

Records processed under FOIA Request 2014-156; Released 10/20/14

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



 
Respiratory Motion, Inc. ExSpiron™ 510(k) Response – 9/20/12 Page 38 of 39 

Indications For Use 
 
 

510(k) Number (if known):  K120087 
Device Name:  ExSpiron 
Indications for Use: 
 
ExSpiron is indicated for use by healthcare professionals in healthcare facilities, such as post-operative 
care and critical care units, to monitor breathing in adult (at least 21 years of age) patients.   
 
ExSpiron is a non-invasive system that graphically displays lung volume against time and reports an 
approximate value of: 

• Tidal volume, 
• Respiratory rate, and 
• Minute ventilation. 

 
ExSpiron measurements are used as an adjunct to other clinical information sources. 
 
 
 
 
 
 
 
 
 
 
 
 
Prescription Use ___X____  AND/OR  Over-The-Counter Use______ 
(Part 21 CFR 801 Subpart D)     (Part 21 CFR 801 Subpart C) 
 
(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE IF NEEDED) 

Concurrence of CDRH, Office of Device Evaluation (ODE) 
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Appendix 4   
Revised Promotional Claims 
 
Changes are the removal of claims as requested by FDA. 
--- 
 
Promotional labeling for the ExSpiron monitor will include these claims: 
 

• ExSpiron can monitor breathing in adult patients. 
 

• ExSpiron assists in monitoring patients in near real-time. 
 

• ExSpiron is non-invasive, point-of-care, and quantitative. 
 

• ExSpiron provides quantitative measurement of: 
o Minute Ventilation (MV) 
o Tidal Volume (TV) 
o Respiratory Rate (RR) 

 
• ExSpiron can measure MV, TV, and RR in non-ventilated patients. 

 
• ExSpiron displays measurement values both numerically and graphically, 

displaying trend data. 
 

• ExSpiron can quantify a patient’s respiratory status and provide trending data in 
their respiratory parameters. 
 

• MV, TV, and RR are important parameters for assessment of respiratory status.  
ExSpiron displays MV, TV, and RR over time.  Changes in values over time can be 
compared. 
 

• ExSpiron reports measurement in a user-friendly format. 
 

• ExSpiron, as a bioimpedance monitor, does not require a breathing device, e.g., a 
spirometer, in the breathing path to obtain MV and TV. 
 

• ExSpiron does not require participation of the patient to generate spirometry-like results. 
 

• ExSpiron measures respiration without potential contamination that could result from 
having a monitor or probe (e.g. a capnometer or spirometer) in the patient’s air-stream.  

 
• ExSpiron measurements of MV, TV and RR do not rely on the measurement of sound. 

 
• ExSpiron provides objective data about respiratory status that may facilitate better 

patient care. 
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1. Medical Device User Fee Cover Sheet (Form FDA 3601) 
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device, and we will register and pay the fee within 30 days of FDA's approval/clearance of
this device.)
 [ ] NO (If "NO," FDA will not accept your submission until you have paid all fees due to FDA.
This submission will not be processed; see http://www.fda.gov/cdrh/mdufma for additional
information)
6.  IS THIS PREMARKET APPLICATION COVERED BY ANY OF THE FOLLOWING
USER FEE EXCEPTIONS? IF SO, CHECK THE APPLICABLE EXCEPTION.

 [ ] This application is the first PMA submitted by a
qualified small business, including any affiliates

 [ ] The sole purpose of the application is
to support conditions of use for a
pediatric population

 [ ] This biologics application is submitted under
section 351 of the Public Health Service Act for a
product licensed for further manufacturing use
only

 [ ] The application is submitted by a state
or federal government entity for a device
that is not to be distributed commercially

7.  IS THIS A SUPPLEMENT TO A PREMARKET APPLICATION FOR WHICH FEES
WERE WAIVED DUE TO SOLE USE IN A PEDIATRIC POPULATION THAT NOW
PROPOSES CONDITION OF USE FOR ANY ADULT POPULATION? (If so, the application
is subject to the fee that applies for an original premarket approval application (PMA).
 [ ] YES  [X] NO
PAPERWORK REDUCTION ACT STATEMENT 
Public reporting burden for this collection of information is estimated to average 18 minutes
per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of
information. Send comments regarding this burden estimate or any other aspect of this
collection of information, including suggestions for reducing this burden, to the address
below. 

Department of Health and Human Services, Food and Drug Administration, Office of Chief
Information Officer, 1350 Piccard Drive, 4th Floor Rockville, MD 20850 
[Please do NOT return this form to the above address, except as it pertains to comments on
the burden estimate.]
8.  USER FEE PAYMENT AMOUNT SUBMITTED FOR THIS PREMARKET
APPLICATION  

    01-Nov-
2011

Form FDA 3601 (01/2007)

B4

Records processed under FOIA Request 2014-156; Released 10/20/14

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



 
 

 
Respiratory Motion, Inc. ExSpiron 510(k) Page 2-1 

2. CDRH Premarket Review Submission Cover Sheet 
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3. 510(k) Cover Letter 
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Respiratory Motion, Inc. 

305 Second Avenue, Suite B 
Waltham, Massachusetts 02451 

 
 
 
U.S. Food and Drug Administration 
Center for Devices and Radiological Health 
Document Mail Center – WO66-G609 
10903 New Hampshire Avenue 
Silver Spring, MD 20993-0002 
January 3, 2012 
 
Office of Device Evaluation: 
 
Subject:  Traditional 510(k) for ExSpiron developed by Respiratory Motion, Inc. 
 
Respiratory Motion, Inc. is submitting a traditional 510(k) for its new product, ExSpiron. 
 

Administrative Information 
 

Common name Respiratory monitor 
Submitter Respiratory Motion, Inc. 

305 Second Avenue, Suite B 
Waltham, MA 02451 

Contact for this 510(k) Chas Burr 
Chas Burr Q/R Services 
11 Mystic Avenue 
Winchester, MA 01890-2920 
 
chas burr@alum.mit.edu 
781-789-1646 
Fax: 781-723-2422 

Long term contact Jenny Freeman, MD 
Respiratory Motion, Inc. 
305 Second Avenue, Suite B 
Waltham, MA 02451 
 
jfreeman@respiratorymotion.com 
781-373-1526 
Fax: 781-373-1653 

Confidentiality Respiratory Motion, Inc. has disclosed publicly its intent to market the 
device. 
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4. Indications for Use Statement 
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Indications For Use 
 
 

510(k) Number (if known):  Not known at time of submission 
Device Name:  ExSpiron 
Indications for Use: 
 
ExSpiron is indicated for use by healthcare professionals in healthcare facilities, such as post-operative 
care and critical care units, to monitor breathing in patients with potential respiratory compromise.   
 
ExSpiron is a non-invasive system that graphically displays lung volume against time and reports an 
approximate value of: 

• Tidal volume, 
• Respiratory rate, and 
• Minute ventilation. 

 
ExSpiron measurements are used as an adjunct to other clinical information sources to determine 
respiratory status and appropriate therapy. 
 
 
 
 
 
 
 
 
 
 
 
 
Prescription Use _______  AND/OR  Over-The-Counter Use______ 
(Part 21 CFR 801 Subpart D)     (Part 21 CFR 801 Subpart C) 
 
(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE IF NEEDED) 

Concurrence of CDRH, Office of Device Evaluation (ODE) 
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5. 510(k) Summary 
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510(k) Summary 

 
510(k) Owner: Respiratory Motion, Inc. 
Address: 305 Second Avenue, Suite B 

Waltham, Massachusetts 02451 
Phone: 781-373-1636 
Fax: 781-373-1653 
Contact person: Jenny Freeman, MD 

 
Date 510(k) 
Summary prepared: 

January 2, 2012 

Trade name: ExSpironTM 
Common name: Respiratory Monitor 
Classifications: Monitoring spirometer 

Product code: BZK 
Regulation: 21 CFR 868.1850  
 
Breathing frequency monitor 
Product code BZQ 
Regulation:  21 CFR 868.2375 
 

Predicate devices: For product code BZK, nSpire Wright/Haloscale Respirometer, marketed by 
nSpire Health, Inc. of Longmont, CO  510(k) K091853 
 
For product code BZQ, Philips MPn0 Intellivue Patient Monitors, marketed by 
Philips Healthcare  510(k) K060541 

Device Description: The ExSpiron™ consists of: 
• Bioimpedance measurement system:  A stabilized high frequency 

current generator connected to the outer two electrodes.  Two 
measurement channels convert the resulting voltage signal to digital 
form.  Each channel consists of a pair of electrodes placed between the 
two “source” electrodes, and an adaptive circuit to condition the signal.  
Firmware performs signal acquisition and relays data to the panel PC. 

• Panel PC:  A Windows 7 PC that performs signal processing and 
calibration, and runs the graphical user interface (GUI).  The PC takes 
user input from the touch screen through a virtual keyboard and mouse.  
The GUI is used for recording patient data and displaying the 
respiratory trace as well as scalar values and trends for minute 
ventilation, tidal volume, and respiratory rate. 

• Single Patient Use ExSpiron Electrode Pad Set: An electrode set 
containing two electrode pads to be placed on the torso.  It delivers 
current and records impedance measurements.  The electrode pad set is 
also used to perform subsystem checks prior to patient measurements. 
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Intended use: ExSpiron is indicated for use by healthcare professionals in healthcare facilities, 
such as post-operative care and critical care units, to monitor breathing in 
patients with potential respiratory compromise.   
 
ExSpiron is a non-invasive system that graphically displays lung volume against 
time and reports an approximate value of: 
• Tidal volume, 
• Respiratory rate, and 
• Minute ventilation. 
 
ExSpiron measurements are used as an adjunct to other clinical information 
sources to determine respiratory status and appropriate therapy. 
 

Comparison of 
technological 
characteristics: Characteristic ExSpiron nSpire 

Philips 
Intellivue 
Monitor Comment 

Intended Use See above  See K091853 

 

See K060541 

 

The clinical application of the 

ExSpiron is equivalent to that of 

the nSpire  

 

The comparison to the intended 

use of the Philips monitor is 

restricted to monitoring of 

respiration rate  

 

ExSpiron has no alarm function  

 

All devices are used by healthcare 

professionals  

Technology Measurement is 

by thoracic 

bioimpedance  

Measurement is 

by in-line 

turbine flow 

meter  

Measurement 

is by 

bioimpedance  

 

Volume 
Measurements 

Tidal volume 

Minute 

ventilation 

Volume vs  time 

chart 

Tidal volume 

Minute 

ventilation  

None The time function for the 

minute ventilation measurement 

of the nSpire is provided by a 

user’s stopwatch  

Rate 
Measurements 

Respiratory rate 

(breaths/min) 

None Respiratory 

rate 

 

Safety IEC 60601-1, 

including 

electrical and 

mechanical 

safety 

Mechanical 

only   Safety 

specifications 

are not given in 

the user manual 

or 510(k) 

summary  

IEC 60601-1, 

etc  

 

 

Nonclinical testing: Nonclinical testing is for conformance to IEC 60601-1. 
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Clinical performance 
data: 

A clinical study with twenty subjects determined that the ExSpiron™ is 
equivalent in performance to the predicate device, a Wright Respirometer.  The 
study also determined that calibration remained adequate for 24 hours.   
 
Subjects varied in age, ethnicity, and anthropometrics.  Pertinent co-morbidities 
included asthma, chronic obstructive pulmonary disease (COPD), obstructive 
sleep apnea, congestive heart failure, and chronic renal insufficiency.   
 
Measurements of Minute Ventilation (MV), Tidal Volume (TV), and 
Respiratory Rate (RR) were taken simultaneously from the ExSpiron™ and the 
Wright Respirometer.  Each subject completed ten sets of measurements on Day 
1, and another ten sets 24 hours later on Day 2.   
 
Bias, precision, and accuracy were calculated based on the relative error 
between the ExSpiron™ and Wright Respirometer measurements.  Results for 
Day 1 and Day 2 are shown in Tables 1 and 2.  Results for Day 1 and Day 2 
were not statistically different. 

Table 1 - Percentage Bias, Precision and Accuracy on Day 1 
 Minute 

Ventilation 
Tidal Volume Respiratory 

Rate 
Bias -2.3 -1.7 -0.6 
Precision 10. 2 9.7 2.3 
Accuracy 10.4 9.8 2.4 

Table 2 - Percentage Bias, Precision and Accuracy on Day 2 
 Minute 

Ventilation 
Tidal Volume Respiratory 

Rate 
Bias -1.9 -2.0 0.2 
Precision 10.8 10.8 1.6 
Accuracy 10.9 11.0 1.6 

 
Data from both days were combined.  The results, shown in Table 3, 
demonstrate equivalent performance between ExSpiron™ and the Wright 
Respirometer.   
 

Table 3 - Percentage Bias, Precision and Accuracy on Days 1 and 2 
 Minute 

Ventilation 
Tidal Volume Respiratory 

Rate 
Bias -2. 1 -1.9 -0.2 

Precision 10.5 10.3 2.0 
Accuracy 10.7 10.4 2.0 
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Conclusions 
regarding safety and 
effectiveness: 

Based on the comparisons of intended use, and results of nonclinical and 
clinical testing, the ExSpiron is substantially equivalent in intended use, safety, 
and effectiveness to the nSpire Respirometer and to the breathing frequency 
monitor function of the Philips Intellivue Patient Monitors. 

 

Records processed under FOIA Request 2014-156; Released 10/20/14

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



 
 

 
Respiratory Motion, Inc. ExSpiron 510(k) Page 6-1 

6.  Truthful and Accurate Statement 
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7. Class III Summary and Certification 
 
 
A Class III Summary and Certification is not applicable, because the ExSpiron™ is a Class II device. 
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8. Financial Certification Statement 
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10. Executive Summary 
 
Description of the device 
 
The ExSpiron™ is a respiratory monitor that consists of: 

• Bioimpedance measurement system:   
A stabilized high frequency current generator connected to the outer two electrodes.  Two 
measurement channels convert the resulting voltage signal to digital form.  Each channel consists 
of a pair of electrodes placed between the two “source” electrodes and an adaptive circuit to 
condition the signal.  Firmware performs signal acquisition and relays data to the panel PC. 

• Panel PC:   
A Windows 7 PC that performs signal processing and calibration, and runs the graphical user 
interface (GUI).  The PC takes user input from the touch screen through a virtual keyboard and 
mouse.  The GUI is used for recording patient data and displaying the respiratory trace as well as 
scalar values and trends for minute volume, tidal volume, and respiratory rate. 

• Single Patient Use ExSpiron Electrode Lead Set: An electrode set containing two electrode pads 
to be placed on the torso.  It delivers current and records impedance measurements.  The 
electrode lead set is also used to perform subsystem checks prior to patient measurements. 

 
The intended use is: 

ExSpiron is indicated for use by healthcare professionals in healthcare facilities, such as post-
operative care and critical care units, to monitor breathing in patients with potential respiratory 
compromise.   
 
ExSpiron is a non-invasive system that graphically displays lung volume against time and reports 
an approximate value of: 
 

• Tidal volume, 
• Respiratory rate, and 
• Minute ventilation. 

 
ExSpiron measurements are used as an adjunct to other clinical information sources to determine 
respiratory status and appropriate therapy. 

 
 
The ExSpiron functions match two device classifications: 

• Monitoring spirometer, product code BZK, 21 CFR 868.1850 
Predicate device -  nSpire Wright/Haloscale Respirometer, 510(k) K091853 

 
• Breathing frequency monitor, product code BZQ, 21 CFR 868.2375 

Predicate device - Philips MPn0 Intellivue Patient Monitors, 510(k) K060541 
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Device comparison table 

Characteristic ExSpiron™ nSpire 

Philips 
Intellivue 
Monitor Comment 

Intended Use ExSpiron™ is indicated for use 

by healthcare professionals in 

healthcare facilities, such as 

post-operative care and critical 

care units, to monitor breathing 

in patients with potential 

respiratory compromise    

 

ExSpiron is a non-invasive 

system that graphically displays 

lung volume against time and 

reports an approximate value 

of: 

 

• Tidal volume, 

• Respiratory rate, and 

• Minute ventilation  

 

ExSpiron measurements are 

used as an adjunct to other 

clinical information sources to 

determine respiratory status and 

appropriate therapy  
 

“The intended use of the 

Wright/Haloscale 

Respirometer is the 

measurement and monitoring 

of the level of lung 

ventilation achieved by 

intensive care patients, 

during anesthesia and post 

operative recovery  

 

It measures expired volumes 

and thus indicates whether 

adequate ventilation is being 

achieved, whether in open or 

closed circuit or 

spontaneously breathing or 

mechanically ventilated 

patients ” 

 

“Indicated for use by health 

care professionals 

whenever there is a need 

for monitoring the 

physiological parameters of 

patients   Intended for 

monitoring, recording and 

alarming of multiple 

physiological parameters of 

adults, pediatrics and 

neonates in healthcare 

facilities   The MP20, 

MP30, MP40 and MP 50 

are additionally intended 

for use in transport 

situations within healthcare 

facilities  

 

ST Segment monitoring is 

restricted to adult patients 

only  

 

The transcutaneous gas 

measurement (tcpO2 / 

tcpCO2 is restricted to 

neonatal patients only ” 

 

The clinical application of the 

ExSpiron is equivalent to that of 

the nSpire  

 

The comparison to the intended 

use of the Philips monitor is 

restricted to monitoring of 

respiration rate  

 

ExSpiron has no alarm function  

 

All devices are to be used by 

healthcare professionals  

Technology Measurement is by thoracic 

bioimpedance  

Measurement is by in-line 

turbine flow meter  

Measurement is by 

bioimpedance  

 

Volume 
Measurements 

Tidal volume 

Minute volume 

Volume vs  time chart 

Tidal volume 

Minute volume  

None The time function for the minute 

volume measurement of the nSpire 

is provided by a user’s stopwatch  

Rate 
Measurements 

Respiratory rate (breaths/min) None Respiratory rate  

Safety IEC 60601-1, including 

electrical and mechanical safety 

Mechanical only   Safety 

specifications are not given 

in the user manual or 510(k) 

summary  

IEC 60601-1, etc   
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Summary of performance testing 
 
A clinical study with twenty subjects determined that the ExSpiron™ is equivalent in 
performance to the predicate device, a Wright Respirometer.  The study also determined that 
calibration remained adequate for 24 hours.   
 
Subjects varied in age, ethnicity, and anthropometrics.  Pertinent co-morbidities included asthma, 
chronic obstructive pulmonary disease (COPD), obstructive sleep apnea, congestive heart failure, 
and chronic renal insufficiency.   
 
Measurements of Minute Ventilation (MV), Tidal Volume (TV), and Respiratory Rate (RR) 
were taken simultaneously from the ExSpiron™ and the Wright Respirometer.  Each subject 
completed ten sets of measurements on Day 1, and another ten sets 24 hours later on Day 2.   
 
Bias, precision, and accuracy were calculated based on the relative error between the ExSpiron™ 
and Wright Respirometer measurements.  Results for Day 1 and Day 2 are shown in Tables 1 and 
2.  Results for Day 1 and Day 2 were not statistically different. 

Table 1 - Percentage Bias, Precision and Accuracy on Day 1 
 Minute Ventilation Tidal Volume Respiratory Rate 
Bias -2.3 -1.7 -0.6 
Precision 10. 2 9.7 2.3 
Accuracy 10.4 9.8 2.4 

Table 2 - Percentage Bias, Precision and Accuracy on Day 2 
 Minute Ventilation Tidal Volume Respiratory Rate 
Bias -1.9 -2.0 0.2 
Precision 10.8 10.8 1.6 
Accuracy 10.9 11.0 1.6 
 
 
 
Data from both days were combined.  The results, shown in Table 3, demonstrate equivalent 
performance between ExSpiron™ and the Wright Respirometer.   
 

Table 3 - Percentage Bias, Precision and Accuracy on Days 1 and 2 
 Minute Ventilation Tidal Volume Respiratory Rate 

Bias -2. 1 -1.9 -0.2 
Precision 10.5 10.3 2.0 
Accuracy 10.7 10.4 2.0 
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11.    Device Description 

Device Overview 

Introduction 
The system consists of a portable medical grade computer connected by USB to an impedance-measuring 
module.  The impedance-measuring module measures impedance over two channels, utilizing six 
electrodes.  The device has a clamp to allow it to attach to medical monitoring poles.  The monitor is 
designed to be portable (although not operable in transport) and convenient for hospital staff.  The 
electrode pads are applied to the patient and connected to the leads by the user.  
 
The monitor acquires bioelectrical impedance data and determines an approximate value for lung volume, 
from which it is possible to calculate values tidal volume, minute ventilation, and respiratory rate.  The 
monitor then presents the time-series volume data in the form of a scrolling graph.  Calculated values for 
respiratory parameters are averaged over a period of approximately one minute and displayed as scalar 
values, updating with an approximate period of 5 seconds. 
 
Electrodes can be used for up to 24 hours and are disposed after use.  This minimizes the risk of patient 
irritation and cross-patient infection.   
 
The monitor is automatically tested and then the user conducts a calibration procedure before each patient 
monitoring session. 
 

Photos 
 
 
 

 
 

Front view of prototype 
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Back view of prototype on medical monitoring pole 
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12. Substantial Equivalence Discussion 

 
This section contains a summary of how FDA’s “510(k) ‘Substantial Equivalence’ Decision Making 
Process” applies to the ExSpiron.  The summary is then followed by a summary comparison table. 
 

510(k) ‘Substantial Equivalence’ Decision Making Process 
 

New Device is Compared to Marketed Device 
For product code BZK, monitoring spirometer, the ExSpiron is compared to the nSpire 
Wright/Haloscale Respirometer, marketed by nSpire Health, Inc. of Longmont, CO.    FDA 
cleared the nSpire respirometer in 510(k) K 091853. 
 
For product code BZQ, breathing frequency monitor, the ExSpiron is compared to the Philips 
MPn0 Intellivue Patient Monitors, marketed by Philips Healthcare.  FDA cleared the Intellivue 
monitor in 510(k) K060541. 

 

Does New Device have Same Indication Statements? 
No. The indication statements are similar but not identical. 
 
The ExSpiron intended use is: 

ExSpiron is indicated for use by healthcare professionals in healthcare facilities, such as 
post-operative care and critical care units, to monitor breathing in patients with potential 
respiratory compromise.   
 
ExSpiron is a non-invasive system that graphically displays lung volume against time and 
reports an approximate value of: 

• Tidal volume, 
• Respiratory rate, and 
• Minute ventilation. 

 
ExSpiron measurements are used as an adjunct to other clinical information sources to 
determine respiratory status and appropriate therapy. 

 
The nSpire intended use (from the 510(k) summary) is: 

“The intended use of the Wright/Haloscale Respirometer is the measurement and 
monitoring of the level of lung ventilation achieved by intensive care patients, during 
anesthesia and post-operative recovery. 

 
It measures expired volumes and thus indicates whether adequate ventilation is being 
achieved, whether in open or closed circuit or spontaneously breathing or mechanically 
ventilated patients.” 
 

The Philips Intellivue Monitors’ intended use is: 
“Indicated for use by health care professionals whenever there is a need for monitoring 
the physiological parameters of patients.  Intended for monitoring, recording and 
alarming of multiple physiological parameters of adults, pediatrics and neonates in 
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healthcare facilities.  The MP20, MP30, MP40 and MP 50 are additionally intended for 
use in transport situations within healthcare facilities. 
 
ST Segment monitoring is restricted to adult patients only. 
 
The transcutaneous gas measurement (tcpO2 / tcpCO2 is restricted to neonatal patients 
only.” 
 
(Note: The Philips monitor can monitor many physiological variables.  For this sake of 
this 510(k), only the breathing frequencey function is applicable.) 

 

Do the Differences Alter the Intended Therapeutic/Diagnostic/etc. Effect (In Deciding, May 
Consider Impact on Safety and Effectiveness)? 

No.  The devices are intended for use by healthcare professionals.  The purpose is to determine 
adequacy of respiration.  Thus, the clinical application of the nSpire and the ExSpiron is 
essentially the same 
 
The Philips Intellivue monitor intended use covers many functions that ExSpiron does not have.  
Only the respiration monitoring is relevant.  ExSpiron has no alarm function. 

 

New Device Has Same Intended Use and May be “Substantially Equivalent”. 
 

Does New Device Have Same Technological Characteristics, e.g., Design, Materials. Etc.? 
Yes.  The ExSpiron uses bioimpedance measurements and calculates volume and breathing 
frequency values.  The Philips Intellivue Monitor uses impedance measurement for measuring 
breathing frequency.  The nSpire uses an in-line turbine to measure flow and calculates volume 
and flow.   

 

Are the Descriptive Characteristics Precise Enough to Ensure Equivalence? 
No. 

 

Are Performance Data Available to Assess Equivalence? 
Yes.  Accuracy of measurements can be determined by clinical studies that simultaneously 
measure patient’s ventilation with both the ExSpiron and the nSpire.  A stop watch is used to 
determine actual breathing frequency.  The study is a clinical experiment because bioimpedance 
measurements must be conducted in a living human.   
 
Safety of bioimpedance testing is determined by specification comparison to bioimpedance 
measurements in the Philips Intellivue monitors, a device with a similar function and by 
conformance to the IEC 60601-1 medical device safety standard.   

 
Performance Data Demonstrate Equivalence? 

Yes.  Data demonstrates that ExSpiron’s displayed values for volumes and rate are equivalent to 
nSpire’s displayed values for volumes and rates. 
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Data in chapter 18 demonstrates that the electrical safety of ExSpiron’s bioimpedance 
measurement is consistent with existing devices that use bioimpedance measurements and 
complies with electrical safety standards. 

 

“Substantially Equivalent” Determination 
 

Records processed under FOIA Request 2014-156; Released 10/20/14

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



 
 

 
Respiratory Motion, Inc. ExSpiron 510(k) Page 12-4  

Comparison of the ExSpiron to the nSpire respirometer and the Philips Intellivue Monitor 

Characteristic ExSpiron nSpire 
Philips Intellivue 

Monitor Comment 
Intended Use ExSpiron™ is indicated for use by healthcare 

professionals in healthcare facilities, such as 

post-operative care and critical care units, to 

monitor breathing in patients with potential 

respiratory compromise    

 

ExSpiron is a non-invasive system that 

graphically displays lung volume against time 

and reports an approximate value of: 

 

• Tidal volume, 

• Respiratory rate, and 

• Minute ventilation  

 

ExSpiron measurements are used as an 

adjunct to other clinical information sources 

to determine respiratory status and appropriate 

therapy  
 

“The intended use of the Wright/Haloscale 

Respirometer is the measurement and 

monitoring of the level of lung ventilation 

achieved by intensive care patients, during 

anesthesia and post operative recovery  

 

It measures expired volumes and thus 

indicates whether adequate ventilation is 

being achieved, whether in open or closed 

circuit or spontaneously breathing or 

mechanically ventilated patients ” 

 

“Indicated for use by health care 

professionals whenever there is a need 

for monitoring the physiological 

parameters of patients   Intended for 

monitoring, recording and alarming of 

multiple physiological parameters of 

adults, pediatrics and neonates in 

healthcare facilities   The MP20, MP30, 

MP40 and MP 50 are additionally 

intended for use in transport situations 

within healthcare facilities  

 

ST Segment monitoring is restricted to 

adult patients only  

 

The transcutaneous gas measurement 

(tcpO2 / tcpCO2 is restricted to neonatal 

patients only ” 

The clinical application of the ExSpiron is equivalent to 

that of the nSpire  

 

The comparison to the intended use of the Philips 

monitor is restricted to monitoring of respiration rate  

 

ExSpiron has no alarm function  

 

All devices are to be used by healthcare professionals  

Technology Thoracic bioimpedance In-line turbine flow meter Thoracic bioimpedance  

Volume 
Measurements 

Tidal volume 

Minute ventilation 

Volume vs  time chart 

Tidal volume 

Minute ventilation 

None The time function for the minute ventilation 

measurement of the nSpire is provided by a user’s 

stopwatch  

Rate 
Measurements 

Respiratory rate (breaths/min) None Respiratory rate  

Safety IEC 60601-1, including electrical and 

mechanical safety 

Mechanical only   Safety specifications are 

not given in the user manual or 510(k) 

summary  

IEC 60601-1, etc   
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13. Proposed Labeling 

 

Product Label 
 
Respiratory Motion, Inc. 
305 Second Avenue, Suite B 
Waltham, MA 02451 
USA 
781-373-1635 

ExSpiron™  
Respiratory Monitor 
Model: 200 
SN: 12345 

 Input Volts: 19V  2.63A 
 

  

(NRTL Mark for IEC 60601-1) 

 
 

Note:  Specification for the mains input is on the power supply accessory:  100 – 240 V~, 50 – 60 Hz   
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DRAFT User Manual 

 

 

 
 

 

User Manual  

 

ExSpiron™ 

Respiratory Variation Monitor™ (RVM)  

 
 

 

 

© Respiratory Motion, Inc. 
305 Second Avenue, Suite B 
Waltham, MA 02451-1122 
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General Warning:   
  

DO NOT use this monitor 
• for any purpose other than specified in this manual 
• if parts are broken or missing 
• without reading this user manual 

 
ONLY qualified personnel should use the ExSpironTM Monitor. 
 
The ExSpironTM Monitor is NOT a diagnostic monitor.  The ExSpiron 
should be used as an adjunct to other clinical information to 
determine respiratory status and appropriate therapy. 
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Contact Information 
 

 

 

Respiratory Motion, Inc.  
305 Second Avenue, Suite B 

Waltham MA 02451 
 

Tel: 781-373-1636 
781-373-1635 

Fax: 781-373-1653 
www.respiratorymotion.com  

 

 

Clinical Support: 
clinicalsupport@respiratorymotion.com 

 
Technical Support: 

techsupport@respiratorymotion.com 
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Introduction 
Intended Use 

ExSpironTM is indicated for use by healthcare professionals in healthcare facilities, such as 
post-operative care and critical care units, to monitor breathing in patients with potential 
respiratory compromise.   
 
ExSpironTM is a non-invasive monitor that graphically displays lung volume against time 
and reports an approximate value of: 

• Tidal volume, 
• Respiratory rate, and 
• Minute ventilation. 

 
ExSpironTM measurements are used as an adjunct to other clinical information sources to 
determine respiratory status and appropriate therapy. 
 
 
NOTE:  United States regulation restricts this device to sale by or on the order of licensed 
medical practitioners. 
 

Intended Operators 

ExSpironTM is intended to be operated by trained technicians and clinical professionals.  

 

Brief Description of Device 

The system includes: 

• ExSpironTM Data Acquisition System, including patient cable with leads 
• Touch screen panel computer (Windows 7® Operating System)  
• PC Power Supply  
• ExSpironTM Disposable Electrode Pads  

 
 
 

The ExSpironTM Disposable Electrode Pads should always be used with the ExSpiron 
monitor.  
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Safety Measures 
Warnings  

WARNING:  Electric shock hazard.  The ExSpironTM   monitor is to be opened only by 
Respiratory Motion personnel, their designees, or qualified service engineers.  There are no 
user-serviceable parts inside. 

WARNING: Do not autoclave, gas-sterilize, or immerse any portion of the ExSpironTM 
monitor.  This may create an electric shock hazard or damage internal components. 

 

Cautions 
CAUTION: ExSpironTM disposable electrode sets are designed for single use only and 
should not be re-used.  Reuse may interfere with monitor function.  An electrode pad 
should not be used for more than 24 hours.  Recalibrate the Exspiron™ after changing 
electrode pads.  Dispose of electrode pads s per requirements for biohazard waste. 

CAUTION:  Use only Respiratory Motion ExSpironTM electrode pad sets with the 
ExSpironTM monitor.  Use of other electrodes may interfere with monitor function.  

CAUTION:  Do not use the ExSpironTM monitor with another bioimpedance measurement 
system, such as an impedance cardiograph.  Such devices may cause functional interference 
among the bioimpedance systems. 

CAUTION: Do not mount or store the ExSpironTM monitor under an IV bag or other liquids.  
Fluid leaking onto the monitor may interfere with monitor function and may create an 
electric shock hazard.  (ExSpiron is resistant to the ingress of fluids, with an IPX2 rating.  
However ExSpiron is not waterproof.) 

CAUTION: Before attaching the ExSpironTM monitor to a medical monitoring pole, ensure 
that the pole is specified to carry the weight of the ExSpironTM monitor. 

 

Precautions 
The ExSpironTM monitor should not be used as the sole basis for diagnosis or therapy.  
Healthcare professionals should use ExSpironTM measurements as an adjunct to other 
clinical information sources to help determine regulatory status and appropriate therapy.   

The ExSpironTM monitor should not be used as an apnea monitoring system.  
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Cleaning and disinfection 
Clean external surfaces of the ExSpironTM monitor with a cloth dampened with warm 
water.  Cleaning with a mild disinfectant is recommended. 

Disposal 

Dispose of used electrodes as biohazard waste. 

Dispose of used batteries per local or national waste regulations. 

At the end of its life, dispose of or recycle the ExSpironTM monitor per local or national 
regulations. 
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Operation 
Principles of Operation 

Various types of bodily tissue have varying levels of electrical impedance.  Impedance is the 
measure of an object’s opposition to carrying an alternate current.  Air has far more 
impedance than any bodily tissue.  As an individual inhales and exhales, the movement of 
air in and out of the lungs sequentially increases and decreases the level of electrical 
impedance within the thorax.  Similar to standard leads that measure respiratory rate, the 
ExSpironTM measures changes in impedance by passing a low level alternating constant 
current through the thorax.  Respiratory Motion algorithms are able to correlate directly 
these changes in impedance with lung volumes.  Analysis of the respiratory curve yields 
three important parameters: tidal volume of each breath, respiratory rate and minute 
ventilation.  

Features of Design 

Device Design 
The ExSpironTM monitor is comprised of a set of electronics and standard computer 
functionality, which collects and analyzes pertinent patient information.  ExSpironTM leads 
originating from the device connect to ExSpironTM electrodes placed in predetermined 
configurations on the patient’s skin.  Electrode configuration and the monitor user interface 
are detailed in Sections 2 and 3. 

Records processed under FOIA Request 2014-156; Released 10/20/14

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



 
 

 
Respiratory Motion, Inc. ExSpiron 510(k) Page 13-10  

Electrode Configuration 
Electrode configuration is detailed in Figure 1.  There are two electrode pads, designated 1 
and 2 (Fig. 1).  Routine skin preparation following standard hospital procedures should be 
undertaken before electrode pad placement.  The patient’s skin should be thoroughly 
cleansed and failure to do so could interference with the integrity of the ExSpiron™ 
readings. 

Electrode pad 1 should be placed over the sternal notch and extend to the xiphoid process.  
If necessary, the bottom electrode pad can be torn along the perforated edge to allow for 
further extension. 

Electrode pad 2 should be placed along the right mid-axillary line and horizontally in line 
with the xiphoid process and bottom electrode of Electrode pad 1.  

 

 
Figure 1 Standard electrode placement diagram. 
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Monitor Start-up 
1) Plug in the ExSpironTM monitor.  
2) Turn on the monitor via the I/O button. 
3) With the monitor turned on, an ExSpironTM icon will appear on the desktop.  
4) Clicking on this icon will launch the graphical user interface and allow for subject 

data input and data collection.  
User Interface 

The ExSpironTM user interface (UI) contains a graphical representation of the 
respiratory curve, and outputs of three respiratory parameters: minute ventilation (MV), 
tidal volume (TV), and respiratory rate (RR). When the ExSpironTM software is launched or 
a new or different patient is being monitored, the initial starting screen will display only 
the respiratory curve (Fig 2). No values for MV, TV, or RR will be shown.  

 
Figure 2 User Interface. The main screen will illustrate the respiratory curve. Navigate the touch screen using the buttons at 
the right. Beneath the respiratory curve are value boxes and trend curves for the 3 collected respiratory parameters. These 
will appear empty until a patient has been selected and the device calibrated.  

Label Button/ Field Function 

1 Respiratory Curve Shows the patient’s 
respiratory curve in real-
time. 

2 New Session Brings user to patient ID 
screen in order to begin 
monitoring. 
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Patient Selection  

In order to select a patient for monitoring, the user will be prompted with a patient ID 
screen (Fig. 3). Enter the patient’s ID and click Next to move to the next screen. 

 
Figure 3 Patient ID Input Screen. 

 

Label Button/Field Function 

1 ID Field Input the patient’s ID. 

2 Next Once the patient’s ID is 
entered, click Next to move 
to next screen. 

3 Cancel Click to leave the ID screen 
and return to initial 
monitoring screen. 

Selecting a Calibration Setting for a New Patient  
If the patient database does not recognize the patient ID, the new patient calibration screen 
will be shown (Fig. 4). Enter the fields listed; all are required. New Calibration is the only 
option for a new patient. Height, weight, and the calibration information used on the next 
screen will constitute that particular calibration, and it will be stored under the current 
date. Clicking Next will create a patient record and bring the user to the calibration screen.  
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Figure 4 Patient Selection User Interface. Items on the user interface for patient selection. 

 

Label Button/ Field Function 

1 New Calibration This will be the only option for a new 
patient.  

2 Required Information All fields are required. Those listed 
on the left (name, sex, race, date of 
birth) cannot be edited after initial 
entry. Those fields on the right 
(height, weight, method, comments) 
can be edited. Method is a dropbox 
containing options for “estimated” or 
“measured”.  Pick one in order to 
designate the method that was used 
for acquiring height and weight.  

3 Next Brings user to calibration screen. 

4 Back Brings user back to the initial 
monitoring screen. 

 
The calibration screen will prompt the user to click Start and begin collecting data for 
minute ventilation or tidal volume and respiratory rate (Fig. 5). The fields on the right will 
remain disabled until the collection period is over and the progress bar shows that data 
acquisition is complete. At that time, the user can input the collected parameter(s) and click 
Next to go to the calibrated monitoring screen.  
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Figure 5 Calibration screen. After inputting the calibration parameters, the ExSpiron will start acquiring data. 

Label Button/Field Function 
1 Start Begin collecting data for 

calibration (60 seconds). 
2 Minute Ventilation User can enter the 

calculated minute 
ventilation for calibration. 

3 Tidal Volume & 
Respiratory Rate 

User can enter tidal 
volume and respiratory 
rate for calibration. 

4 Next Brings user to monitoring 
screen; remains disabled 
until calibration has 
completed. 

 

Selecting a Calibration Setting for an Existing Patient 
The default screen is used for selecting existing patients (Fig. 6).  The data entry fields 
become available when the operator selects a patient by clicking on an entry in the Patient 
List. Refer to the list below to navigate the Patient Selection UI.  

 

Records processed under FOIA Request 2014-156; Released 10/20/14

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



 
 

 
Respiratory Motion, Inc. ExSpiron 510(k) Page 13-15  

 
Figure 6 Calibration Selection for Existing Patient. 

Label Button/Field Function 
1 New Calibration Selecting this for an existing 

patient allows the user to 
create a new calibration 
setting. 

2 Existing Calibration 
Setting 

Existing calibration settings 
are listed by date and minute 
ventilation.  Select one to set 
calibration to that setting. 

3 Changeable fields In creating a new calibration 
setting, the user can edit the 
height, weight, method, and 
comments fields. 

4 Next Brings user to calibrated 
monitoring screen. 

5 Back Returns user to initial 
monitoring screen. 

 

Navigating the Monitoring Session 
After the desired patient has been selected, the user will be brought to the monitoring 
screen (Fig. 7).  The graphs will automatically populate with the calibrated respiratory 
curve and values and trends for TV, RR, and MV. The buttons at the right allow the user to 
navigate away from the monitoring screen, either to start a new monitoring session, view 
trends, or the run minute-long tests.  
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Figure 5 Monitoring Screen. Displays the calibrated respiratory curve and parameters. 

 

Label Button/Field Function 

1 Respiratory Curve Tracks current respiratory 
curve in near real-time in 
30-second blocks. 

2 New Session Allows the user to select a 
new or different patient 
for monitoring.  

3 Trend Brings user to trending 
screen. 

4 Minute Test Allows user to run discrete 
60-second tests. 

5 Respiratory Rate (RR) Demonstrates graphical 
representation of RR over 
the past 60 minutes and 
provides current RR value. 

6 Tidal Volume (TV) Demonstrates graphical 
representation of TV over 
the past 60 minutes and 
provides current TV value. 

7 Minute Ventilation (MV) Demonstrates graphical 
representation of MV over 
the past 60 minutes and 
provides current MV value. 
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Reviewing Patient Trends 
 
The “Trends” tab graphically displays sequential measurements captured within the 
twenty-four hours of the current session (Fig. 7). Clicking this tab changes the display to 
show plots for respiratory rate, minute ventilation, and tidal volume. Above the plots is a 
dropdown menu which is used to select the time interval for the data in the table. Above 
the trending graphs is a horizontal scroll bar representing time. Move the scroll bar left or 
right to look at trends throughout the patient’s monitoring period. Above the scroll bar is a 
schematic illustrating in blue when periods of ExSpironTM monitoring. 
 

 
 
Figure 6 The Trends Tab. Respiratory rate (RR), minute volume (MV), and tidal volume (TV) trends graphs are plotted versus 
time. 

Label Field Function 

1 Scroll Bar  Moving the scroll 
(corresponds with time) will 
display trending graphs for 
those time periods. 

2 MV Trending Graph MV trends over 60 minutes. 

3 RR Trending Graph RR trends over 60 minutes. 

4 TV Trending Graph TV trends over 60 minutes. 

5 New Session Brings user back to patient ID 
screen. 
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6 Home Brings user back to the 
monitoring screen. 

7 Minute Test Allows user to run discrete 
60-second tests. 

 

Performing Minute Tests 

Clicking on the Minute Test button will temporarily disable the monitoring screen. The 
progress bar demonstrates that the ExSpironTM is collecting data for 60 seconds. After the 
minute test has completed, the results are given as shown below. Click Close to exit the 
results screen and return to the regular monitoring screen.  

 

 

 

 

Clinical Procedure 

The following flow chart details the general procedure for clinical use of the ExSpironTM.  
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Figure 7 Clinical Procedure Flow Chart. Start from patient selection to work through a complete monitoring session. 

 

Signal Quality 
Lack of adequate signal quality can result in a “flat line” displayed on the panel screen.  Flat 
lining can be a result of the following: 

- Electrodes that are not in full contact with the patient’s skin.  Replace the electrode 
pads with new ones and record the event.  Hair and sweat can affect the ability of 
the electrode pads to stick to the skin.  Routine hospital preparation for electrode 
placement, such as abrasive cleansing or shaving of the area should be followed to 
avoid issues such as these.  Electrodes are to be used no longer than 24 hours, but 
can be replaced sooner when necessary. 

- Leads that are not properly attached to the electrodes.  Check lead-electrode 
attachment. 

- Incorrect matching of electrode to lead.  Check that the correct colored lead is 
attached to the correct electrode.  

- Poor signal quality.  Check that electrodes were attached in correct configuration.  
Anatomical differences can also cause poor signal quality. 
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Understanding ExSpiron Readings 

The following information should be used as informational purposes only and not for use of 
the ExSpironTM as a diagnostic tool. 

Respiratory Rate 
Respiratory Rate is defined as the number of breaths per minute.  Respiratory Rate can be 
classified as normal, abnormally fast (tachypnea), abnormally slow (bradypnea), or 
nonexistent (apnea).  

Tidal Volume 
Tidal Volume is the total volume of air displaced between normal inspiration and 
expiration when extra effort is not applied.  

Minute Ventilation 
Minute Ventilation is the total volume of air displaced between normal inspiration and 
expiration over the duration of one minute.  It can also be calculated as the product of tidal 
volume X respiratory rate.  

 

 

Table 1 Normal Ranges of Respiratory Parameters. 

Value Normal Range Description 

Respiratory Rate 12-18 breaths/min Breaths per minute 

Tidal Volume Dependent on gender and 
height.  See graphs and 
tables below. 

Milliliters per single 
breath 

Minute Ventilation RR x TV 

 

Liters of aired breathed in 
one minute 
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Graph 1 Estimated tidal volume in men based on height. 

 

Graph 2 Estimated tidal volume in women based on height. 
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Appendix A  Accessories 

Accessory      Model # 

Exspiron™ Disposable Electrode Pads  200-010 

Exspiron™ Power Supply    200-020 

 

Appendix B Specifications 

Size    Computer 11.9” (H) x 8.7”(W) x 1.7” (D) 
    Module 6.5” (H) x 4.5” (W) x 1.5” (D) 
  
Weight     (Less than ten pounds) 
 
Operating conditions    32o – 95o F 
      20% - 80% non-condensing humidity 
 
Storage and transport conditions  -4o – 112o F 
      20% - 80% non-condensing humidity 
 
 
The Exspiron™ Power Supply is a switching power supply with input range:   
100-240 V ~ 47-63 Hz 1.35 A 
 
Standards compliance: 
IEC 60601-1 ,  

• Class 1 protection against electric shock. 
• IPX2 protection against fluid ingress 
• Type BF applied part, defibrillator proof 
• Continuous duty cycle 
• Not suitable for use with flammable anesthetics 

 
IEC 60601-1-2 
FCC Certification 
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18. Performance Testing – Bench 
 

 (For bench safety testing, see section 9, Reliance on Standards.) 
 
Bench performance testing has focused on usability.  Respiratory Motion (RM) has consulted 
with anesthesiologists, intensive care nurses, respiratory therapists, surgeons, and emergency 
department physicians to develop usability requirements.  RM software developers, 
engineers, and clinical specialists worked with users to design a functional, clinically 
appropriate user interface.  Users “walked through” typical clinical use scenarios, tracing the 
use of product features.  Users simulated manipulation of the monitor controls, display, and 
lead components to confirm requirements for labeling and user interface.  The goal is to 
make ExSpiron™ use intuitive, reducing reliance on user memory, vigilance, and need to 
reference the user manual. 

 
In the initial walk-throughs, RM assessed user manual content and training needs.  Mock-ups 
were constructed and revised based on user feedback.  Lead design and placement were 
reviewed with the clinicians to determine optimal configuration consistent with conventions 
and natural mappings.  Clinicians reviewed software design and display output to determine 
primary and frequently used functions, and to simplify and streamline the user interface for 
ease of use and optimal functionality in hospital settings.  Visible graphics and familiar, 
typical language simplify the user interface and user actions, e.g., the number of controls per 
screen.  ExSpiron™ follows use and expectations similar to those of existing hospital 
equipment to reduce confusion and associated risks.  
 
To identify usability hazards and assess risks, RM conducted simulated use studies (as well 
as the clinical trials described in section 20, Performance Testing – Clinical).  Hospital floor 
and patient room layouts and clinical workflow were considered and assessed.  Strategies to 
mitigate and control risks encountered in the clinical setting were developed.   
 
Validation of usability requirements, consistent with IEC 62366, will be completed prior to 
commercial distribution of ExSpiron™.  
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19. Performance Testing – Animal 
 

Not applicable.  There was no animal testing. 
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20. Performance Testing – Clinical 
 
ClinicalTrial.gov requirements do not apply because the clinical study does not compare health outcomes.  
The study compares measurements made with the ExSpiron™ and the predicate device to determine 
relative measurement performance. 
   

Clinical Study Objectives 
A study was performed with volunteer human subjects to demonstrate performance equivalence in 
comparison to the predicate device.  An ancillary objective was confirmation of performance of the 
graphical display, a feature not included in the predicate device, by comparison to the graphical display of 
a diagnostic spirometer that has the feature.  (Note: ExSpiron™ is not classified as a diagnostic 
spirometer.) 

• The study demonstrated performance of the ExSpiron system as compared to the Wright 
Respirometer by simultaneously collecting data from both devices.   

• The ExSpiron was calibrated to the Wright Respirometer on Day 1. Measurements were collected 
from both devices for each participant on Day 1 and Day 2 and were analyzed to determine 
accuracy and precision. 

• As an ancillary study, since the Wright Respirometer cannot provide a graphical display of the 
data, a SpiroAir-LT spirometer (SpiroAir-LT, Morgan Scientific, Haverhill, MA) was also used 
in order to visually compare the ExSpiron data to a known spirometry standard.  Results of the 
ancillary study are found in the section titled Comparison of Graphics Displays on page 20-7 
 
 

Study Protocol 
The goal of this clinical study was to show the performance of the ExSpiron system in measuring minute 
ventilation (MV), respiratory rate (RR) and tidal volume (TV).  Twenty-four subjects from a broad 
ambulatory population were recruited.  Male and female subjects of varied ethnicities and with a broad 
range of heights, weights, and BMIs were recruited for this study.  Subjects with substantive 
cardiopulmonary co-morbidities were included.  The ExSpiron ™ six-lead system was used to measure 
thoracic bioimpedance as compared to the Wright Respirometer, an FDA-approved spirometer in current 
clinical use.  All data collection was performed by two specifically trained clinical technicians, each with 
previous hands-on experience with both devices.   
 
Protocol for Minute Tests using Wright nSpire Respirometer  

 Protocol 
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6. To gather the values for TV, MV and RR from the Wright Respirometer, the technician recorded 

the TV for each breath measured by the Wright Respirometer, the MV shown on the Wright 
Respirometer at the end of the test and the counted RR.  ExSpiron™ data was electronically 
captured.  A respiratory curve, TV (average), RR and MV were displayed in near-real time and 
stored digitally. 
 
(Note: the predicate device for the breathing frequency monitor function, a Philips monitor, was 
not used.  “Predicate” RR data was determined by counting cycles within the 60-second interval.  
The “stop watch” comparison was discussed in pre-IDE communications.) 
 

7. The ExSpiron™ displayed the normalized (scaled to 60 seconds) values for TV (average), MV, 
and RR as well as the exact length of time for which the trial ran.  
 

8. The subject was instructed to cease the test immediately if any unusual symptoms were noted.  If 
technical difficulties occurred (such as mouthpiece leakage, computer malfunction or nose-clip 
displacement) the subject was asked to repeat one or more 60 second tests.  
 

9. Participants were asked to leave the electrode pads on until their return visit the following day.  
They were also asked not to bathe or allow the electrodes to get too wet or sweaty to the best of 
their ability. 

 
Day 2 Protocol 

1. On the second day, measurements were taken using electrode pads placed on Day 1.  If any 
electrodes were “falling off” or not firmly affixed, they were replaced. 
 

2. Previous calibration from Day 1 was used, i.e. no new calibration was performed. 
 

3. The same testing procedure was followed as on Day 1 (Steps 5-8) with a second group of ten 60-
second measurement sets recorded. 

B4
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4. Once the second test is completed on Day 2, the electrodes are removed and skin is checked for 
irritation.  All disposables are discarded. 
 

Summary of Results 
Here we provide the results of our predicate study that support substantial equivalence of the ExSpiron™ 
when compared with the Wright/Haloscale Respirometer.  

We demonstrated that the ExSpiron™ had clinically useful measurements of minute ventilation (MV), 
tidal volume (TV) and respiratory rate (RR), substantially equivalent to the Wright/Haloscale 
Respirometer. 

• Overall percent accuracy for MV, TV and RR were 10.7, 10.4 and 2.0 respectively.   
• Overall percent precision for MV, TV and RR were 10.5, 10.3 and 2.0 respectively.  

 
We demonstrated that ExSpiron™ measurements were similar on Day 1 and Day 2 of the study, 
confirming that the device successfully maintains calibration over a 24-hour period, with similar accuracy 
and precisions on both days.  

• MV percent accuracy / precision  (10.4 / 10.2 and 10.9 / 10.8)  for Day 1 and Day 2 respectively 
• TV percent accuracy / precision  (9.8 / 9.7 and 11.0 / 10.8)  Day 1 and Day 2 respectively 
• RR percent accuracy / precision  (2.4 / 2.3 and 1.6 / 1.6)  Day 1 and Day 2 respectively 

 

Study Population  
Subjects varied in age, ethnicity, and anthropometrics.  Pertinent co-morbidities included asthma, chronic 
obstructive pulmonary disease (COPD), obstructive sleep apnea, congestive heart failure and chronic 
renal insufficiency.  Twenty-four subjects enrolled in the study.  However, four subjects were excluded.  
The ExSpiron failed to calibrate with one subject due to insufficient signal quality, therefore data was not 
collected.  (ExSpiron™ automatically monitors signal quality and provides an error message warning the 
operator of poor signal quality.)  Three subjects did not return within the allotted timeframe for the second 
session of the study.  Twenty subjects completed the study according to protocol.  Tables 1 and 2 show 
the demographics of the subject cohort who completed the study according to protocol.  

Table 1 - Subject Cohort Demographics 
Demographic n (%) 

Male 9 (45) 
Female 11 (55) 
White 16 (80) 
Black 2 (10) 
Asian 2 (10) 
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Table 2 Subject Cohort Anthropometrics 
Anthropometric Range Mean  Standard Deviation 

Age (years) 20-84 49.1 ±18.7 
Height (inches) 60-71 65.9 ±3.2 
Weight (pounds) 117-233 164.0 ±36.3 
BMI 19. 9-43.2 26.6 ±6.3 

 

Predicate  
Because the ExSpiron™ uses a human bioimpedance measurement to calculate volumes, it cannot be 
evaluated in the same way as a standard spirometer, which is tested by injecting a known volume of air.  
Therefore, we compare the ExSpiron™ to simultaneously collected spirometer volumes in a human 
subject.  The monitoring spirometer predicate used in this study is the Wright /Haloscale Respirometer 
(nSpire Health, Inc., Longmont, CO, USA).  Its user manual reports that the devices are calibrated to 
deliver 2% accuracy for continuous flow at 16 l/min and 5-10% accuracy for continuous flow at 60 l/mini.  
These values are based on bench testing data.  However, continuous flow ratings are not indicative of how 
the device performs in human use, where flow rates are highly variable and never continuous.  In settings 
designed to simulate clinical testing, the Wright Respirometer shows an average accuracy of 
approximately 12% with errors as high as 20%ii,iii.  The Wright/Haloscale Respirometer predicate itself is 
not truly a “gold standard”.  Predicate error contributes to the results of the comparison study error 
analysis. The reported ExSpiron errors hence only provide the upper limit on ExSpiron measurement 
error characteristics, since a part of the uncertainties can be attributed to the predicate.  

 

Data Analysis 
ExSpiron and Wright Respirometer (predicate) measurements were compared in the following two ways:  

1. Results based on the currently accepted definitions of bias, precision and accuracy presented in 
this summary and elaborated on Additional Analysis of Data. 
 

2. Results based on the historically important standard of the intra-class correlation coefficient 
(ICC) developed by R.A  Fisheriv presented in Additional Analysis of Data.  
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In the analysis below: “Day” describes “Day 1” or “Day2”; “test” describes each 60 second measurement 
set of ExSpiron and Wright Respirometer data; “subject” describes each person completing the study with 
data on both Day 1 and Day 2.  

Data analyses were approached in the following 6 ways:  

1. across all 20 tests for all subjects from both days,  
2. across all 10 tests for all subjects from “Day 1”,  
3. across all 10 tests for all subjects from “Day 2”, 
4. per subject using an average of the 20 tests from both days,  
5. per subject using an average of the 10 tests from “Day 1”, and  
6. per subject using an average of the 10 tests for “Day 2”.  

 

 A summary of these results is provided below with greater detail to be found in Appendix B.  
 

Precision, Bias, and Accuracy 
The statistical calculations for bias, precision and accuracy are based on the ExSpiron™ relative errors, 
calculated as follows: 

Error = natural log(ExSpiron™ measurement / Predicate measurement) 

Relative errors are used because the parameters being measured in this study (MV, TV and RR) are 
constantly changing, and relative errors have uniform significance over the whole range of measurement 
variations.  The logarithmic scale is used because it gives equal weight to errors which vary by the same 
factor above or below the true value.  This generally corresponds to clinical considerations. 

The measured parameters, “bias”, “precision” and “accuracy” values, were calculated over different test 
subsets: all tests, “Day 1” for all subjects, “Day 2” for all subjects, and for each subject separately.  

We use the following definitions:  

• “bias” is a mean value of all errors in the selected subset,  
• “precision” is the standard deviation of the errors , and  
• “accuracy” is the square root of the mean squared error  

 

Mean values for bias, precision and accuracy for all tests are presented in Table 3.  

Table 3 - Percentage Bias, Precision and Accuracy on Days 1 and 2 Combined 
 Minute Ventilation Tidal Volume Respiratory Rate 

Bias -2. 1 -1.9 -0.2 
Precision 10.5 10.3 2.0 
Accuracy 10.7 10.4 2.0 

Mean values of bias, precision and accuracy for each individual subject are presented in Appendix B. 
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The bias, precision and accuracy calculations demonstrate clinical relevance of the results and substantial 
equivalence of the ExSpiron™ to the Wright/Haloscale Respirometer predicate.  
 

Stability over 24 Hours 
Bias, precision and accuracy were also calculated independently for Day 1 and Day 2.  Table 4 shows 
results calculated for Day 1, and Table 5 shows results calculated for Day 2.  

Table 4 - Percentage Bias, Precision and Accuracy on Day 1 
 Minute Ventilation Tidal Volume Respiratory Rate 

Bias -2.3 -1.7 -0.6 
Precision 10. 2 9.7 2.3 
Accuracy 10.4 9.8 2.4 
 

Table 5 – Percentage Bias, Precision and Accuracy on Day 2 
 Minute Ventilation Tidal Volume Respiratory Rate 

Bias -1.9 -2.0 0.2 
Precision 10.8 10.8 1.6 
Accuracy 10.9 11.0 1.6 

As shown in the Tables 4 and 5, accuracy, precision and bias remains stable 24 hours after calibration, 
demonstrating continued substantial equivalence to the predicate and clinical utility over this period.  

Figure 1 shows ExSpiron™ values for all 400 tests (20 subjects, 10 tests per day, 2 days) plotted against 
the values calculated using the predicate.  

 

 
Figure 1 - ExSpiron Outputs vs. Spirometer Calculations 

 
In Figure 1, the solid lines represent 20% relative error.  These charts demonstrate relevant clinical 
accuracy of the ExSpiron where 93.2% of the minute ventilation tests were within 20% accuracy.  
Regarding tidal volume, 95.0% of the tests fell within 20% accuracy, and 100% of respiratory rate 
measurements were within 20% accuracy as compared to the Wright/Haloscale Respirometer predicate.  
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Conclusion 
 
The results of the ExSpiron™ 24 hour study comparing against the Wright/Haloscale Respirometer 
predicate demonstrate that the ExSpiron™ device delivers results with substantially equivalent accuracy 
(10.7% for minute ventilation and 10.4% for tidal volume) in human subject testing.  The accuracy of 
respiratory rate measurements compared to manual counting was 2.0%.  This supports the clinical 
relevance and substantial equivalence of the ExSpiron™ at baseline and for a period of up to 24 hours. 
 

Comparison of Graphic Displays 
 
The ExSpiron™ presents respiratory volume data collected over time in the form of a respiratory curve.  
There is no similar feature on the predicate device, the Wright Respirometer.  The ExSpiron™ graphic 
display was compared to that of the SpiroAir-LT, Morgan Scientific, Haverhill, MA).  The SpiroAir-LT is 
not a predicate device because it is a diagnostic spirometer, as opposed to a monitoring spirometer.  It 
cannot be used continuously for longer than 30 seconds because of its closed breathing circuit.   
 
The last three subjects of the study were asked to breathe both normally and “erratically” into a filtered 
mouthpiece connected to the SpiroAir-LT to evaluate the correlation under various conditions between 
ExSpiron respiratory curves and SpiroAir-LT curves.  Each of the three subjects were asked to complete 
eight breathing trials consisting of one calibration run, four normal breathing runs, and three erratic 
breathing runs.  Because of the closed breathing circuit in the SpiroAir-LT spirometer, tests were run for 
approximately 30 seconds.  ExSpiron™ data were calibrated using the SpiroAir-LT calibration run.  
The SpiroAir-LT was set at approximately six liters when beginning a test run so that there was sufficient 
air in the drum for the subject to breathe.  Because of this, each run has an arbitrary offset from zero.  For 
comparison, volume data from the ExSpiron™ and SpiroAir-LT were centered around zero to remove the 
arbitrary offset.  
 
Pearson correlations were computed for each run, yielding an average correlation of 0.967 across all runs 
(0.966 for normal breathing and 0.969 for erratic breathing).  Figure 2 shows example respiratory curves 
for normal and erratic breathing from the ExSpiron and SpiroAir-LT.  The graph on the right represents 
the correlation between ExSpiron™ curves and the spirometer curves.  
 
 

 
Figure 2- Normal and Erratic Respiratory Curves for the ExSpiron and the SpiroAir-LT 
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The high degree of correlation between ExSpiron™ respiratory curves and SpiroAir-LT curves confirms 
ExSpiron™’s capability to track and display respiratory curves. 

 

Additional Analysis of Data 
 
This section provides a more detailed assessment of accuracy and bias, additional graphic assessments, 
considerations in calibrating the data, and assessment using the intra-class correlation coefficient (ICC).  
It also provides ancillary supporting data and analysis of the respiratory curve with visual presentation. 
 
ExSpiron™ and predicate measurements were compared in two ways, the first using currently accepted 
definitions of bias and accuracy and the second using the important standard of the intra-class correlation 
coefficient (ICC) developed by R.A.Fishervi.  Both approaches draw on analysis of variance (ANOVA) 
wherein total variation is decomposed into sources, between variation and within variation.  When 
divided by the associated degrees of freedom we obtain the mean square between (MSB) and the mean-
square within (MSW) variations.  
 
The first approach establishes the level of bias, precision and accuracy.  The second approach uses 
ANOVA models for the data that produce estimates of the ICC and an assessment of the role of the factor 
Day, which represents the amount of time between calibration and measurement.  If the factor Day is 1, 
time since calibration is less than 1 hour, and if the factor Day is 2, time since calibration is 
approximately 24 hours.  
 

Bias, Precision and Accuracy 
Data were acquired in two sessions, on Day 1 and Day 2, with approximately 24 hours separating them.  
Bias, precision and accuracy were calculated for each subject for each session, then for each subject over 
both sessions.  The relatively constant levels of accuracy and precision calculated on Day 1 and Day 2 
demonstrates continued validity of calibration and clinical relevance over a 24-hour period.  
 
Formulae for calculating relative error, bias, precision and accuracy can be found in the “Summary of 
Results” section. 
 
The following tables present the values of bias, precision, and accuracy (as percentages) for each of MV 
(Table 6), TV (Table 7) and RR (Table 8).  They are presented as per subject and per subject per day 
calculated over the whole set of tests, as well as separately broken out into Day 1 tests and Day 2 tests.  
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Table 6 - Bias, Accuracy and Precision of Minute Ventilation Calculations (Percentage) 
 Days 1 and 2 Day 1 Day 2 
 Bias Precision Accuracy Bias Precision Accuracy Bias Precision Accuracy 
1 1.8 13.2 13.0 -3.1 11.5 11.2 6.1 13.7 14.4 
2 -6.1 4.5 7.5 -3.8 4.0 5.4 -8.4 3.9 9.2 
3 3.9 4.3 5.7 6.7 2.9 7.3 1.1 3.5 3.5 
4 11.2 8.0 13.7 17.8 4.7 18.4 4.7 4.2 6.1 
5 1.2 9.6 9.5 -1.6 12.3 11.7 3.9 5.4 6.4 
6 -7.7 7.0 10.2 -4.1 5.1 6.4 -11.2 7.0 13.0 
7 -2.8 4.8 5.5 -1.4 4.5 4.5 -4.3 5.0 6.4 
8 -8.4 7.3 11.0 -8.4 8.7 11.9 -8.4 5.7 10.0 
9 -4.7 7.8 8.9 -5.2 3.6 6.2 -4.3 10.7 11.0 
10 -5.0 10.5 11.4 -7.3 11.9 13.5 -2.7 8.9 8.9 
11 10.9 6.7 12.7 6.3 3.0 6.9 15.5 6.2 16.6 
12 -7.1 7.1 9.9 -4.6 8.5 9.3 -9.6 4.7 10.6 
13 -7.6 9.4 11.9 -8.9 7.4 11.4 -6.1 11.6 12.5 
14 1.0 3.7 3.7 0.8 3.3 3.3 1.2 4.1 4.1 
15 -16.2 5.8 17.2 -17.3 7.6 18.7 -15.1 2.8 15.3 
16 2.5 7.7 7.9 1.2 4.0 4.0 3.8 10.2 10.4 
17 8.5 7.7 11.3 3.6 6.8 7.4 13.5 4.9 14.2 
18 -10.7 9.6 14.3 -9.7 8.7 12.7 -11.7 10.8 15.6 
19 2.0 5.2 5.5 2.3 6.7 6.7 1.8 3.4 3.7 
20 -8.1 9.3 12.2 -8.0 10.1 12.5 -8.1 9.0 11.8 

Table 7 - Bias Accuracy and Precision of Tidal Volume Calculations (Percentage) 
 Days 1 and 2 Day 1 Day 2 
 Bias Precision Accuracy Bias Precision Accuracy Bias Precision Accuracy 
1 1.8 13.3 13.0 -3.0 11.4 11.2 6.2 13.8 14.5 
2 -6.6 4.5 7.9 -3.8 4.0 5.3 -9.3 3.2 9.8 
3 3.9 4.4 5.8 6.8 3.0 7.4 1.1 3.7 3.7 
4 11.6 8.2 14.1 18.5 4.2 19.0 4.7 4.4 6.2 
5 2.7 8.6 8.8 1.8 10.9 10.5 3.5 5.9 6.6 
6 -9.1 6.9 11.3 -4.6 3.9 5.9 -13.5 6.3 14.8 
7 -2.4 4.9 5.3 -1.3 4.3 4.2 -3.4 5.4 6.2 
8 -8.1 6.9 10.6 -7.9 8.2 11.1 -8.5 5.4 9.9 
9 -5.5 7.6 9.2 -6.2 2.6 6.7 -4.8 10.7 11.2 
10 -5.0 10.3 11.2 -7.4 11.8 13.4 -2.6 8.6 8.5 
11 10.7 6.7 12.5 6.2 3.0 6.8 15.3 6.2 16.4 
12 -6.4 7.2 9.5 -3.6 8.8 9.1 -9.2 3.7 9.8 
13 -7.0 9.1 11.3 -9.0 7.3 11.3 -4.8 10.9 11.3 
14 1.1 3.6 3.6 1.0 3.3 3.3 1.2 4.0 4.0 
15 -13.9 6.4 15.2 -12.8 8.5 15.1 -15.0 2.8 15.3 
16 2.5 7.7 7.9 1.3 4.1 4.1 3.7 10.2 10.4 
17 8.5 7.7 11.3 3.7 7.0 7.6 13.2 5.0 14.1 
18 -11.0 9.4 14.3 -9.0 9.6 12.8 -12.9 9.3 15.6 
19 2.2 5.2 5.5 2.3 6.7 6.7 2.0 3.6 3.9 
20 -7.0 7.9 10.4 -5.8 7.1 8.9 -8.2 8.9 11.7 
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Table 8 - Bias Accuracy and Precision of Respiratory Rate Calculations (Percentage) 
 Days 1 and 2 Day 1 Day 2 
 Bias Precision Accuracy Bias Precision Accuracy Bias Precision Accuracy 
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2 0.4 1.9 1.9 0.0 0.0 0.0 0.8 2.6 2.6 
3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
4 -0.4 1.7 1.7 -0.8 2.4 2.4 0.0 0.0 0.0 
5 -1.5 3.4 3.7 -3.5 3.7 4.9 0.5 1.6 1.6 
6 1.6 2.6 3.0 0.6 1.8 1.8 2.7 2.9 3.8 
7 -0.3 1.3 1.3 0.0 0.0 0.0 -0.6 1.8 1.8 
8 -0.3 1.4 1.4 -0.6 1.9 1.9 0.0 0.0 0.0 
9 0.8 2.4 2.5 0.9 3.0 3.0 0.6 1.9 1.9 
10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
12 -0.6 2.0 2.0 -0.7 2.2 2.2 -0.6 1.8 1.8 
13 -0.7 2.0 2.1 0.0 0.0 0.0 -1.4 2.8 3.0 
14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
15 -2.5 3.7 4.4 -4.7 4.0 6.0 0.0 0.0 0.0 
16 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
17 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
18 0.4 2.8 2.7 -0.7 2.2 2.2 1.3 3.0 3.1 
19 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
20 -1.2 3.1 3.3 -2.3 4.2 4.6 0.0 0.0 0.0 

 

Mean absolute values of bias, precision, and accuracy were also calculated over all subjects, using the 
following formulae, with results shown in Table 9.  
 
 Mean Absolute Bias = mean of absolute values of bias over all subjects 
 Mean Precision = mean value of precision over all subjects 
 Mean Accuracy = mean value of accuracy over all subject 

Instead of averaging over all tests, if we use the averages of the 20 tests per individual subject presented 
above in Tables 6-8 to derive these mean values for bias, precision and accuracy, we obtain the results in 
Table 9.  Similar results derived from different methodologies supports the validity of the conclusions. 

Table 9 - Mean Values for Bias, Precision and Accuracy (Averaged over Individual Subjects) 
Parameter Mean Absolute Bias Mean Precision Mean Accuracy 
MV 6.4 7.5 10.2 
TV 6.3 7.3 9.9 
RR 0.5 1.4 1.5 

 

Figures 3, 4, and 5 show the output from the ExSpiron™ for each 60-second test for each subject 
compared to the test output from the predicate on Day 1, Day 2 and Days 1 and 2 combined. This 
represents 200 tests for Day 1 (10 tests for each of 20 subjects on each day), 200 tests for Day 2, and 400 
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tests in the combined data set.  Day 1 tests are represented by blue points and Day 2 tests are represented 
by red points.  The dotted lines delineate 10% accuracy and the solid lines delineate 20% accuracy.  

 
Figure 3 - Respiratory Metrics by Test, Day 1 

 
Figure 4 - Respiratory Metrics by Test, Day 2 

 
Figure 5 - Respiratory Metrics by Test, Days 1 and 2 

 

As shown in Figure 5, 93% of MV measurements, 95% of TV measurements and 100% of RR 
measurements are within 20% accuracy.  
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Data in Figures 6 and 7 represent mean values computed for MV, TV and RR for each individual subject 
for each day (Day 1 and Day 2), figure 7 overlays data from Day 1 and Day 2.  Each point represents the 
mean value of the 10 tests performed on each subject.  Mean values for each subject on Day 1 are 
represented by blue points and mean values for each subject on 2 tests are represented by red points.  
Again, the dotted lines delineate 10% accuracy and the solid lines delineate 20%. 
 

 
Figure 6 - Mean Respiratory Metrics by Subject on Day 1 

 
Figure 7 - Mean Respiratory Metrics by Subject on Day 2 

 
Figure 8 - Mean Respiratory Metrics by Subject, Days 1 and 2 

When the mean values of the ten measurements per session are compared, 90% of MV measurements, 
90% of TV measurements and 100 % of RR measurements fall within 10% accuracy.  100% of MV 
measurements and 100% of TV measurements fall within 20% accuracy.  
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Intra-class Correlation  
An ANOVA analysis was done after restoring the raw scale of the data (removing log-transform)  
 
The Pearson correlation and intra-class correlation coefficient (ICC) were used to assess the overall 
associations between Wright spirometer and ExSpiron.  A repeated measures ANOVA model was used to 
calculate the ICC with each pair of measurements regarded as a repeated measure.  In the setting of 
ANOVA where n = 2 for pairs,  
 

MSB = mean square between pairs variation,  

MSW = mean square within pairs variation, and with n = 2 

ICC ~ (MSB – MSW)/(MSB + MSW).  

This simplification arises in the one-way ANOVA modelvii.  Note that ICC = 1 only if MSW = 0; that is, 
the values within each pair are equal.  The Pearson correlation is one whenever the measurements are 
linearly related, a far less restrictive assumption.  
 
The ICC compares variation between subjects to variation within subjects.  Two ANOVA models were 
studied.  First, we pooled the data over the two days and modeled only the paired measurement, referred 
to as ‘no model’ in the table below.  Second, we studied variation between days 1 and 2 using the factor 
’Day’ as a fixed effect.  
 
 

Table 6 - Pearson and Intra-class Correlations in two Repeated Measures ANOVA Models 
Observation Pearson ICC - No Model ICC - Day 

Minute Ventilation 0.877 0.858 0.865 
Tidal Volume 0.948 0.934 0.936 

Respiratory Rate 0.996 0.996 0.996 
 
The overall Pearson and ICC-associations between the predicate and ExSpiron was near 0.86 for MV, 
near 0.94 for TV, and greater than 0.99 for RR.  The factor ‘Day’ had no effect of the ICC measure of 
agreement, indicating that the factor ‘Day’ did not affect accuracy.  Correlation values close to 1.0 
indicate the MSW is very small, about zero, relative to MSB, as in the case MSW = 0 and ICC = 1.  The 
factor ‘Day’ in the MV and RR models day was highly significant but had a small effect altering the 
response by 0.5 units. In the TV model the estimated Day effect was not significant P = 0.23.  
 

Normalizing the ExSpiron and the Wright Respirometer 
To gather the values for TV (average), MV and RR from the spirometer for each breathing trial, the 
technician first recorded the MV shown on the Wright Respirometer at the end of the trial.  During each 
trial, the technician read off each TV readings into a voice recorder.  After the test completed, the 
technician transcribed the sequential TV readings into a spreadsheet as listed in the voice recording and 
the average TV was calculated.  Each TV represented one breath.  By counting the number of TV 
readings, the technician determined the number of breaths taken (RR).  
 
Due to differences in functionality of the ExSpiron™ and the Wright Respirometer, values taken from 
each during this study needed to be normalized to be compared correctly and to minimize error.  Since the 
spirometer only records exhalations, by stopping exactly at 60 seconds, the final breath could be truncated 
or excluded altogether depending on where in the breath the minute ended. In order to avoid this problem 
and record all full breaths, the ExSpiron™ continued to record data until the technician ended the test.  
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The technician ended each test after the last breath was completed.  This “extra” time was recorded by 
ExSpiron™ and used to normalize the values to 60-seconds for all values from both devices. This allowed 
for the most accurate comparison of data from the two devices.  
 
 
 
 

 
                                                      
i nSpire Health Ltd. Wright/Haloscale Respirometer: Operating Instructions. Hertford, England; 1986. 
ii Isley AH, Hart JD, Withers RT, Roberts JG. Evaluation of five small turbine-type respirometers used in adult 
anesthesia. J ClinMonit. 1993, 9: 196-201.  
iii Wernerus H, Silva G, Wanner A. Accuracy of Drager and Wright ventilation meters. Respiratory Care. 1978, 
23(9): 856-859.  
iv Fisher R. Statistical Methods for Search Workers. Edinburgh: Oliver and Boyd, 1925.  
v Snedecor GW and Cochran W, Statistical Methods 5th ed. equation 10.20.1 Ames, Iowa: Iowa State University 
Press, 1956.   
vi Fisher R. Statistical Methods for Search Workers. Edinburgh: Oliver and Boyd, 1925. 
vii Snedecor GW and Cochran W, Statistical Methods 5th ed. equation 10.20.1 Ames, Iowa: Iowa State University 
Press, 1956.   
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Respiratory Motion, Inc. 

305 Second Avenue, Suite B 

Waltham, Massachusetts 02451 

 

 

U.S. Food and Drug Administration 

Center for Devices and Radiological Health 

Document Mail Center – WO66-G609 

10903 New Hampshire Avenue 

Silver Spring, MD 20993-0002 

September 13, 2012 

 

Office of Device Evaluation: 

 

Subject:  Response to Request for Additional Information for 510(k) 120087  

                 
Respiratory Motion, Inc. (RMI) is submitting this response to FDA’s request for additional information, 

dated March 30, 2012.  The response in the enclosed pages includes concise answers and attachments for 

detailed information. 

 

In May, a response was submitted, but FDA rejected it because it inappropriately requested to change 

from a Traditional 510(k) to an Abbreviated 510(k).  This response replaces the May response in total.  

This response includes material from the May response that has not changed, additional material added 

based on conversations with FDA reviewers, and some material that has changed from the May response.  

There is no distinction made in this response.  Other than references to the original 510(k) submittal, this 

response stands on its own 

 

RMI is enclosing a CD with a pdf file containing this cover letter, the response, and its attachments.  The 

paper copies are printed from this pdf file.  The contents of the paper copy and the pdf file are identical. 

 

Respectfully, 

 
 

Chas Burr 

510(k) Correspondent for Respiratory Motion, Inc. 

 

cc:  Jenny Freeman, MD, President Respiratory Motion, Inc. 

Encl.:   CD with pdf file of Response to Request for Additional Information, with attachments  
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Response to Request for Additional Information 
510(k) K120087 ExSpiron Respiratory Monitor 

Respiratory Motion, Inc. (RMI) 

FDA’s questions are shown in italics. 

1. You provided Indications For Use statement page in Section 4.  However, you did 
not indicate whether your proposed device is prescription use or over-the-counter 
use.  Please clarify and provide an updated Indications For Use statement page. 
 
RMI unintentionally omitted indicating that the ExSpiron is intended for prescription use.  A 

corrected Indications for Use Statement is in Appendix 1-1.  The corrected Indications for 

Use Statement also includes a change limiting the intended patients to “adult (at least 21 

years of age)”.  A modified 510(k) Summary is in Appendix 1-2. 
 
2. In Section 9 and 17, you stated that your proposed device will conform to standards 

and validation testing.  Please be advised that we expect all testing to be completed 
prior to 510(k) clearance.  Therefore, please provide completed test report and data 
on your proposed device in its final finished form. 
 
Standards testing has been completed.  In particular, testing to IEC 60601-1 and to IEC 

60601-1-2 has been satisfactorily completed by The Compliance Management Group of 

Marlborough, Massachusetts.  A revised Chapter 9, Reliance on Standards, is found in 

Appendix 2-1. 

 
 
3.  

 
  

   
 

   
  
b.   Please clarify whether you made any modifications to the electrodes identified 

above. 
 
No modifications were made to the electrodes per se.  Relative positioning is provided by an 

overlay.  The patient contacting part of the overlay is medical grade polyethylene foam tape, 

coated on one side with non-sensitizing acrylic adhesive  

 states that the tape has been tested for cytotoxicity, 

irritation, and sensitization. 

  
c.    If you made any modifications to the electrodes in the predicate device, then please 

provide detailed description of all modifications.  In addition, please provide 
biocompatibility testing. 

B4

B4
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There was no modification to the electrodes.   

“The 

device was subjected to biocompatibility testing as recommended in the May 1, 1995 FDA 

memorandum entitled: Use of International Standard ISO-10993, “Biological Evaluation of 

Medical Devices Part 1: Evaluation and Testing.  The device was found to be non-irritating, 

non-cytotoxic, and non-sensitizing.” 

  

  
4.   In Section 18, you stated that “Bench performance testing has focused on 

usability.”  However, you did not provide human factors study data.  Please provide 
human factor study on your final finished product according to FDA recognized 
standard “AAMI / ANSI HE75:2009, Human factors engineering - Design of medical 
devices”.  Please provide all labeling and training programs for your proposed 
device. 

 
At the time of the original 510(k), the usability testing had been used to determine usability 

requirements.  Usability requirements were included in the System Requirements.  User Error 

hazards were included in the Risk Management Plan (pages 16-7 and 16-8 of the original 

submission).  The usability requirements and user error hazards were reviewed to develop the 

usability validation protocol and test record form in Appendix 4-1.   

 

Technical usability content is found in the User Manual (Appendix 4-2).  The Training Outline 

(Appendix 4-3) describes the training performed by RMI authorized personnel.   

 

Final usability validation was performed at RMI’s clinical test facility.  Test users, who did not 

have previous experience with ExSpiron, included: 

 

 5 Anesthesiologists 

 1 Cardiothoracic surgeon 

 1 Critical care physician 

 2 ICU nurses 

 1 ER nurse 

 

 

Test results showed no difficulties or failures with the final ExSpiron device and training.  The 

ease of use results from use similarities with other common monitoring devices, a user interface 

designed to match typical user workflow, and documentation and training that address unique 

ExSpiron features.  The ten test reports are provided in Appendix 4-4. 

 

 

Promotional claims are listed in Appendix 4-5.   
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Clinical 
  
5.   You have not provided sufficient information to evaluate potential limitations to the 

use or accuracy of the device with respect to clinical conditions or the presence of 
other equipment. Please address how issues of device function that may occur in 
the presence of very high or very low respiratory rates, morbid obesity, dehydration, 
anasarca, hypotension, and implanted or temporary neurostimulators or pacers. If 
there are other conditions or devices that may affect the performance of the device, 
please include them as well in your discussion. Please be aware that the adequacy 
of the clinical trial population cannot be assessed without such information. 
 

Very low and very high respiratory rates 
The ExSpiron’s bioimpedance-determined measurements provide accuracy for a broader range 

of respiratory rates than the measurements of the predicate device.  Conventional spirometers 

respond to the mechanical properties of expired air, i.e., pressure, flow rate, mass, or volume, 

which vary with respiratory rate.  ExSpiron’s bioimpedance measurement is not subject to these 

changes.  RMI in its work with the predicate device has found that the range of ExSpiron 

measurements is at least equivalent to that possible with the predicate device. 

 

 

  

 

 

 

 

Data from the study presented in the original 510(k) suggest that the ExSpiron measurement 

performance is insensitive to respiratory rate.  Figure 5-1 shows accuracy and precision for each 

of the three measurements (TV, MV, and RR) plotted against RR.  Accuracy and precision are 

within specifications and show no significant correlation in the range of RR from 7 to 23 breaths 

per minute.  Each circle represents measurement performance data for each RR value.  These 

data indicate that ExSpiron’s measurement performance is not sensitive to RR.  Measurement 

performance is within specification for the whole tested range, 7 to 23 breaths per minute.  There 

is no correlation between RR and the accuracy or precision of three measurements (p>0.2 in all 

six cases. 
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Figure 5-1  ExSpiron Measurement Performance plotted against Respiratory Rate 

 

 

In the comparison of graphic displays of the ExSpiron and the Spiro Air-LT diagnostic 

spirometer, subjects were asked to breathe erratically.  The results included samples of high 

frequency breathing and of large and small breaths.  The original 510(k) described tests for three 

subjects.  Figure 5-2 shows the three overlays of ExSpiron volume measurements over Spiro Air-

LT measurements.  The data suggest that ExSpiron responds equivalently to the diagnostic 

spirometer over a broad range of frequencies. 
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Figure 5-2 Overlays of Graphic Displays 

ExSpiron and Spiro Air-LT 

(Figure spans two pages) 

 

 

 

 

  

 

ExSpiron provides information to help assess respiratory distress.  Because the existence of very 

low or very high respiratory rates is a sign of respiratory distress, RMI is adding this Caution to 

the User Manual: 

 

The accuracy of ExSpiron volume measurements has not been confirmed at very high (> 

30 breaths per minute) or very low (< 5 breaths per minute) respiratory rates.  If a 

patient has a very high or very low respiratory rate, confirm respiratory status with other 

clinical information sources.  

 

 

Morbid obesity 
Obesity and other body conditions affecting body composition are expected to shift baseline 

impedance.   
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Results from the study presented in the original 510(k) demonstrate ExSpiron’s measurement 

performance is not affected by obesity. 

 

Data from the study presented in the original 510(k) indicate that the ExSpiron measurement 

performance is insensitive to BMI.  Figure 5-3 shows accuracy and precision of ExSpiron 

measurement plotted against BMI.  Each circle represents a single subject’s average accuracy or 

precision.  The red lines are the best linear regression fits to each data set with corresponding 

coefficients of determination and p-values listed within each panel.  The charts show lack of 

correlation of ExSpiron measurement performance over the range of BMI’s in the study (p>0.2) 

in all cases.  Note that, reflecting the unfortunate trend in body type found in the US, five 

subjects in the study are obese (BMI>30) and two subjects are morbidly obese (BMI > 40). 

 

    

 
 

 

Figure 5-3  ExSpiron Measurement Performance data plotted against BMI  

 

To ensure proper use, a Caution will be added to the User Manual:   

 

The accuracy of ExSpiron measurements has not been confirmed for patient with a BMI 

over 43.  If a patient has a BMI outside of this range, confirm respiratory status with 

other clinical information sources. 
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Dehydration and Anasarca 
As with obesity, the state of hydration is expected to shift baseline impedance.  This shift in 

baseline impedance does not affect ExSpiron lung volume measurements  

 

 

  

 

The state of hydration was not measured or controlled during the study.  As noted, the primary 

impact of the state of hydration is on the baseline impedance.  

.  Figure 5-4 shows measurement performance versus baseline 

impedance.  Each circle represents an individual subject’s averaged data.  The analysis 

demonstrates that measurement performance does not correlate with baseline impedance (p>0.2 

in all cases).  Accuracy and precision hold across the range of baseline impedance. 

 

      

 
 

 Figure 5-4  Measurement Performance plotted against Baseline Impedance  
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ExSpiron does not rely on baseline impedance, and ExSpiron measurement performance is not 

significantly affected by hydration.  RMI cannot rule out minor changes in measurement 

performance associated with a large change in hydration within the 24-hour period after a 

calibration, due to potential changes in impedance “gain”.  To ensure proper use, a Caution will 

be added to the User Manual:   

 

A very large change in patient hydration may affect the calibration.  If a patient 

experiences a large change in hydration, recalibrate the ExSpiron monitor. 

 

 

Hypotension 
Hypotension should have a negligible effect on ExSpiron’s measurement performance.  

Hypotension and low cardiac output may influence the small signals measured by cardiac 

impedance devices.  However, because ExSpiron’s measurements are based on the larger 

impedance differences between air and body tissue, they should be immune to cardiac output or 

hypotension.   

 

Blood pressure was neither measured nor controlled in the ExSpiron studies. 

 

Implanted or Temporary Neurostimulators or Pacers 
ExSpiron measures bioimpedance using a 50 kHz stimulation current.  A notch filter in the 

sensor restricts interference from other frequencies, ensuring that the significantly lower 

frequency pulses from a pacemaker or neurostimulator do not affect the 50 kHz bioimpedance 

measurement.   

 

Another bioimpedance device with stimulating current in the 50 kHz frequency range may affect 

ExSpiron’s measurement.  The User Manual contains the Caution: 

 
 

  
6.   Please provide clinical and statistical justification as to how your patient inclusion 
and exclusion criteria are representative of the entire intended patient population. 
 
The purpose of this study is based on the ExSpiron intended use: 

 

ExSpiron is a non-invasive system that graphically displays lung volume against time and 

reports an approximate value of: 

• Tidal volume, 

• Respiratory rate, and 

• Minute ventilation. 
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ExSpiron measurements are used as an adjunct to other clinical information sources to 

determine respiratory status and appropriate therapy. 

 

Because ExSpiron is intended to monitor, not to diagnose, the study’s purpose is to demonstrate 

that ExSpiron’s measurement performance is comparable to a clinically viable predicate device.  

The inclusion/exclusion criteria provide a broad sampling of subjects over which to demonstrate 

measurement performance. 

 

The inclusion criterion for the study was: 

 Males and females 18 to 90 years of age, of varying racial origins and body types, and 

with or without chronic respiratory diseases 

 

The exclusion criteria were: 

 Lactating or pregnant females 

 Subjects that have been hospitalized for asthma or COPD in the past 30 days 

 

The justification for the inclusion criterion is the demonstration of clinically useful accuracy 

across a broad spectrum of adult subjects.  The justification for the exclusion criteria is the 

reduction of risk to vulnerable subject populations.   

 

There is no reason to believe that the respiratory bioimpedance changes in lactating or pregnant 

females would be different from the general adult population.  Exclusion of lactating or pregnant 

females is a common practice in clinical trials because it reduces risk to infants and fetuses.   

 

Individuals who had been recently hospitalized with asthma or COPD (chronic obstructive 

pulmonary disease) subjects were excluded from the study to reduce the risk of respiratory 

distress caused by the effort of breathing through the predicate spirometer device.  The clinical 

trial was performed at RMI’s facility, so emergency medical facilities were not immediately 

available if there were a serious episode induced by breathing through the spirometer.  Because 

the ExSpiron monitor does not add to the breathing workload, it is not considered a hazard to 

these subjects.  Inclusion of asthma and COPD subjects who had not been hospitalized in the last 

30 days provided confidence in the measurement performance in such subjects.  Among the 

twenty subjects in the ExSpiron study, seven were smokers; two had a history of asthma, and one 

had a history of COPD. 

 
  
7.  The clinical trial studied the device over a 24 hour period, but the device description 

does not provide information about the upper limits of duration of use of the 
electrode pads.  Because testing should be done over the expected duration of use, 
please provide information about the upper limit of use of the electrode pads. 
 

RMI chose the 24-hour period as a conservatively short estimate of the duration for which the 

function of the ExSpiron system remains stable.  The estimate is based primarily on the 

possibility of changes in electrode contact.  Drift in ExSpiron calibration is not expected to be 

significant within twenty-four hours.  Daily electrode replacement ensures optimal function.  The 

clinical trial confirmed that measurement performance remains stable over 24 hours.  
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Information on the 24-hour re-calibration appears in the User Manual in the first Caution in the 

Safety Measures section, the Clinical Procedure, and the Signal Quality section.  See Appendix 

4-2. 

 

 

 

 

  
8.   The Indications for Use statement does not specify an age range for intended use, 
but the clinical trial was conducted in subjects 20 years of age and older.  Please modify 
the Indications for Use statement to indicate the age ranges for which the device may 
be used.  If the age range is greater than that provided in the clinical testing, please be 
aware that additional testing may be needed to support the claim. 
 

The Indications for Use statement has been modified to indicate “adult (at least 21 years of age) 

patients”.  The subjects in the clinical trial ranged from 20 to 84 years of age.  Please see the 

tabular data in appendices 9-1 and 9-2 for age distribution.  See Appendix 1-1 for the modified 

Indications for Use. 

  
 
9.   The 20 patients were selected to represent various ethnicity, disease states, and 
BMI values, but you have not provided specific information.  Please provide line data in 
tabular form for each subject with respect to the selection variables. 
 
A table of selection variables data for each subject is in Appendix 9-1.  Tables showing the 

distribution of these data across all subjects are in Appendix 9-2. 

    
 
10.  You have not provided a sample size justification for the 20 patient trial.  Please 

provide a sample size justification. 
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From formula 3.19 in Chow et al. (‘Sample Size Calculations in Clinical Research’ by Shein-

Chung Chow, Hansheng Wang, ), Jun Shao, Chapman & Hall/CRC Biostatistics Series,2003, the 

paired-difference equivalence test power formula is:   
 

 

 
 

2 2

2

z z
ESS

B

  







 

 

11.  The analyses of percentage accuracy, precision, and bias of an unusually derived 
metric (natural log of the ratio of the device to the predicate measurements) are 
difficult to interpret clinically. Please provide an analysis of the results in terms of 
sensitivity, specificity, positive predictive values, and negative predictive value. 
 
 

Questions 11 and 15 are closely related.  Please see question 15 for the justification of the natural 

log calculation and an analysis of accuracy, precision, and bias based on the Bland-Altman 

formulas. 

 

Sensitivity, specificity, positive predictive value, and negative predictive value are meaningful in 

terms of diagnosis.  The ExSpiron’s intended use is monitoring of respiratory measurements to 

be used as an adjunct to other clinical information.  An analysis of diagnostic power is not 

consistent with the intended use. 
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These results show no effect of day on the accuracy or precision of the ExSpiron.  See Appendix 

12-1 for details of the bootstrap analysis.  The last page of Appendix 12-1 contains bootstrap 

analysis results using the original equation (Eq. 1) and the corrected one (Eq. 2). 

 

 

Testing the Factor DAY as a Predictor of Accuracy 

RMI has directly modeled accuracy from the 400 pairs, each pair consisting of the two 

measurements, one for each device.  The outcome y is then the paired difference divided by the 

predicate measurement.  RMI repeated the analysis with the log(ratio) definition of y.  Previously 

RMI had modeled the raw data, including device as a factor, and reported the intra-class 

correlation coefficient, ICC, as a summary measure of accuracy.  RMI never claimed that day 

was not a factor in predicting raw values, but only that any such day-difference had no effect on 

accuracy.  In particular, RMI showed that raw-data models including or excluding the factor 

DAY had negligible effect on the estimate of the ICC.  RMI made no major assertions about 

whether or not the factor DAY was significant.  
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The basic model has outcome variable RE and one predictor variable, day.  The two 

measurements of interest were MV and TV because, as shown above, the standard deviation of 

RE for the variable, RR, was very small, 0.02, and accuracy is very  

 

 

 

REFERENCE    

( Kenward, M. G. and Roger, J. H. (1997), “Small Sample Inference for Fixed Effects 

from Restricted Maximum Likelihood,” Biometrics 53: 983-997 and Littell, R. C., 

Milliken, G. A., Stroup, W. W., and Wolfinger, R. D.(1996), SAS System for Mixed 

Models. SAS Institute Inc.: New York).  

 

 

  

 

REFERENCE 

(Linear Mixed Models for Longitudinal Data by Geert Verbeke  

and Geert Molenbergs Springer 2000 NY section 6.2.4).  
 

Sample SAS code appears in Appendix 12-2  SAS Code for Mixed Model. 

 
Relative error is unrelated to the factor ‘day’.  For the outcome RE(MV) the unadjusted 

analysis,  assigned p-values to the factor 

‘day’ from 0.71 to 0.79.  For RE(TV) the analogous p-values were 0.96 to 0.98.  For the outcome 

log(accuracy) for MV the p-values ranged from 0.75 to 0.82 and for TV from 0.90 to 0.92. 

 
 
13.  On page 20-7, a three subject study is described which the ExSpiron is compared 

to the SpiroAir-LT in order to determine whether the graphical display can track 
respiratory curves accurately. Using only three subjects is a small sample size, 
rendering any generalizations to the entire intended use population questionable. 
Also, the SpiroAir-LT was used to calibrate the ExSpiron, which may introduce bias. 
It is also unclear that only the SpiroAir-LT will be used for calibration in routine 
clinical practice. In addition to addressing these concerns, please provide plots 
which superimpose the tracings from the SpiroAir-LT and ExSpiron on the same 
graph, with clear legends that clearly depict the device producing each tracing.  
 

The short study’s purpose is only to provide a reasonable validation that ExSpiron’s graphical 

display of time plots works appropriately.  

 

The clinical study with the predicate device demonstrated ExSpiron’s measurement performance 

across a broad subject population for single measurements.  Time plots of a collection of single 

measurements typically do not need a confirmation of accuracy separate from the accuracy of 

individual measurements.   

 

RMI performed the time plot confirmation with the SpiroAir-LT, a diagnostic spirometer, which 

is not a predicate for the ExSpiron, but which has a graphic display function.  The three-subject 
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test provided a reasonable validation of a function for which proper performance can be argued 

based on engineering principles. 

 

Individual patient calibration of the ExSpiron to the SpiroAir-LT is equivalent to the individual 

patient calibration performed with a spirometer per the User Manual.  The validation relies on a 

visual comparison of the waveforms of produced by the SpiroAir-LT and by the ExSpiron.  The 

comparison shows the expected result, the waveforms are virtually identical.  See an example 

chart in Figure 13-1.  
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Figure 13-1 

Overlays of an ExSpiron and a Spiro-Air LT waveform 

(Note:  Figure 13-1 spans two pages.) 
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14.  Please provide Bland-Altman plots comparing the ExSpiron against the Wright 
Respirometer, separately for each subject and combined. Please see Bland and 
Altman The Lancet Volume 327, Issue 8476, 8 February 1986, Pages 307–310 for 
more information about Bland-Altman plots. 
 
 

 
 

Figure 14-1 Bland-Altman Plots 
 
RMI performed a Bland-Altman analysis of the clinical trial data in the standard fashion, 

following the guidelines in the Lancet 1986 article.  The analyses confirmed that for all three 

measures the differences between the predicate and ExSpiron are small.  The Bland-Altman 

analyses are consistent with the original analysis in section 20 of RMI’s 510 (k).  The average 

disparity between ExSpiron and the predicate device was confirmed to be small and clinically 

irrelevant (differences of -0.2 bmp, -5ml and  -0.14 L/min for RR, TV, and MV, respectively). 

 

RMI calculated the difference between ExSpiron and the predicate device for each measure 

(MV, TV, and RR) and the average of ExSpiron and the predicate for each measure.  Figure 14-1 

shows the resulting plots.  Data from different subjects are depicted with a different color/symbol 

combination (i.e. blue plus sign is one subject, cyan plus sign in another subject, blue circle is a 

third subject, etc.).  The left column shows individual data from all subjects and from all trials 

whereas the right column shows each subject’s averaged data.  The middle black dashed line on 

each plot depicts the average difference and the upper and lower black dashed lines indicate the 

95% confidence intervals (±2 SD from the mean).  Note that the mean differences between 

devices in all six plots are essentially zero. 
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The bottom row shows the measurement difference in respiratory rate (RR). The left chart shows 

that the majority of the readings are perfectly accurate (difference of 0) and in only 1 trial out of 

400 there is a difference between devices of 2 breaths/min.  The right chart shows that the 

averaged measurements are even more similar between the two devices.  95% of the 

measurement differences are within the range of (-0.27 and 0.22) breaths/min. 

 

The middle row shows the differences in tidal volume (TV) between ExSpiron and the predicate. 

On the left the individual differences are, on average, off by -5.0 ml (ExSpiron overestimates TV 

by 5 ml).  Note that the 95% of the differences are in the range of (-172 and 162) ml and that this 

range is enlarged by the relatively larger disparities measured at large TV (greater than 1000ml).  

While the reported ExSpiron tidal volume measurements are within the clinically acceptable 

range, in fact, for the more clinically relevant portion of  data, 550 ml to 1050 ml (see Lugo G, 

Casstaneda-Hernandez G. Critical care medicine 1997:25 (5) 806-811), the 95% range is even 

better (-151 and 114 ml).  This range is further improved in the averaged data (right middle 

panel), showing that 95% of the differences measured are within (-129 and 119 ml).  Once again, 

the largest differences occur at the largest TVs. It is likely that these unusually large tidal 

volumes were the result of the subject being asked to breathe into the predicate device spirometer 

for the test.  

 

The top row shows the differences in minute ventilation (MV), which is the product of TV and 

RR.  As such, it is not surprising that the MV disparity is somewhat larger than the RR and TV 

(the error in MV is affected by errors in both RR and TV).  Nevertheless, on average ExSpiron 

underestimates MV by only 0.14 L/min (140 ml/min)  Note that the largest errors are seen at 

large minute volumes (12-18 L/min) associated with the unusually large tidal volumes described 

above. 

  

 
 
15.  The calculation method used for quantifying the bias, precision, and accuracy 

(shown on page 20-5) is not a standard statistical method. Rather than using the 
logarithm scale, which could be difficult to interpret, please provide the bias, 
precision, and accuracy on the original raw measurement scale. If there are 
important medical or clinical decision points that are used in clinical practice, please 
incorporate these clinical decision points into the analysis of the ExSpiron against 
the predicate. These points can be incorporated by calculating sensitivity and false 
positive rate for the clinical study. To incorporate the correlated measurements (i.e. 
multiple measurements made on the same subject), please consider using 
bootstrap. For more information about bootstrap, please see Davison and Hinkley 
(1997) Bootstrap Methods and Their Application. 
 

As requested, the statistical analysis has been repeated using a Bland-Altman difference error 

measure, not the logarithm scale.  See Appendix 15-1 Statistical analysis of bias, precision, and 

accuracy.   
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Figure 15-1 shows a summary comparison of measurement performance as determined by the 

Bland-Altman analysis and by the logarithm-based analysis in the original submittal.  The results 

and conclusions of the studies, with the Bland-Altman error variable and with logarithm variable 

error are virtually identical. 

 

 
 Log based analysis Bland-Altman analysis 

 Absolute 
bias 

Precision Accuracy Absolute 
bias 

Precision Accuracy 

MV 6.4 7.5 10.2 6.4 7.5 10.1 

TV 6.3 7.3 9.9 6.4 7.2 9.9 

RR 0.5 1.4 1.5 0.5 1.4 1.5 

 

Figure 15-1 

Summary Comparison of Log-based analysis and Bland-Altman analysis 

 

 

RMI used the logarithm-based analysis for ease of calculation.  The log-based values are 

identical to the standard error values as a first order approximation.  As shown below, for errors 

less than 25%, the values are virtual identical. 

 

As Bland and Altman point out, given two measurements, X and Y, of the same quantity Z 

generated by two different devices, the best estimate of the true value of Z is the average of X 

and Y: 

 

 
1

2
Z X Y 

 
 

The best estimate of the error between the two measurements is: 

 

 
1

Y X
error

X Y





B4

Records processed under FOIA Request 2014-156; Released 10/20/14

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



Records processed under FOIA Request 2014-156; Released 10/20/14

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



Records processed under FOIA Request 2014-156; Released 10/20/14

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



 

Respiratory Motion, Inc. ExSpiron™ 510(k) Page 24 of 141 

ExSpiron’s intended use is described in the Indications for Use statement: 
 

ExSpiron is a non-invasive system that graphically displays lung volume against time and 

reports an approximate value of: 

• Tidal volume, 

• Respiratory rate, and 

• Minute ventilation. 

 

ExSpiron measurements are used as an adjunct to other clinical information sources to 

determine respiratory status and appropriate therapy. 

 
There are no medical or clinical decision points implied by this intended use.  ExSpiron provides 

measurement information to be used as an adjunct to other clinical information sources.  As a 

measurement device, ExSpiron is evaluated based on measurement performance, accuracy and 

precision.  Evaluation of diagnosis-specific performance, such as sensitivity and specificity, is 

inconsistent with the intended use.  

 
 

  
16.  On page 20-3, you stated that 20 subjects were used for the clinical study.  Please 

provide justification for this sample size From a statistical perspective, it is difficult to 
understand why this is sufficient. 
 

Questions 10 and 16 both ask for justification of the sample size.  Please refer to the response to 

question 10 above for the justification. 
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Since the Request for Additional Information, FDA reviewers in conference with RMI 
asked for a study that allowed comparison to a “gold standard” for respiratory volume 
measurement.   
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Appendixes 
 

1-1 Revised Indications for Use Statement 

1-2 Revised 510(k) Summary 

2-1 Revised Chapter 9, Reliance on Standards 

4-1 Usability Test Record Format 

4-2 Revised User Manual  

4-3 Training Outline 

4-4 Usability Test Results 

4-5 Promotional Claims 

7-1   Electrodes instruction sheet. 

9-1 Subject selection data for each subject 

9-2 Subject selection data across all subjects. 

10-1 Derivation of the Variance Inflation Factor (VIF) 

12-1 Details of bootstrap analysis 

12-2 SAS Code for Mixed Model 

15-1 Statistical analysis of bias, precision, and accuracy 

17-1 Description of Wright-Morgan comparison study 

17-2 Calculation of ExSpiron-Morgan measurement performance 

17-3  Validation of serial configuration of the Wright and Morgan spirometers in the Wright-

Morgan study 
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Appendix 1-1 
Revised Indications for Use Statement 
 

The revised Indications for Use statement is on the next page. 
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Indications For Use 
 
 

510(k) Number (if known):  K120087 

Device Name:  ExSpiron 

Indications for Use: 
 

ExSpiron is indicated for use by healthcare professionals in healthcare facilities, such as post-operative 

care and critical care units, to monitor breathing in adult (at least 21 years of age) patients with potential 

respiratory compromise.   

 

ExSpiron is a non-invasive system that graphically displays lung volume against time and reports an 

approximate value of: 

• Tidal volume, 

• Respiratory rate, and 

• Minute ventilation. 

 

ExSpiron measurements are used as an adjunct to other clinical information sources to determine 

respiratory status and appropriate therapy. 

 

 

 

 

 

 

 

 

 

 

 

 

Prescription Use ___X____  AND/OR  Over-The-Counter Use______ 
(Part 21 CFR 801 Subpart D)     (Part 21 CFR 801 Subpart C) 
 
(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE IF NEEDED) 

Concurrence of CDRH, Office of Device Evaluation (ODE) 
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Appendix 1-2  

510(k) Summary 
 

The 510(k) Summary that begins on the next page replaces completely the 510(k) Summary in 

chapter 5 of the original K120087 510(k).  The Indications for Use have been modified to 

restricted intended patients to adults, at least 21 years old.  Sections describing bench testing and 

clinical testing have been added. 
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510(k) Summary 

 
510(k) Owner: Respiratory Motion, Inc. 

Address: 305 Second Avenue, Suite B 

Waltham, Massachusetts 02451 

Phone: 781-373-1636 

Fax: 781-373-1653 

Contact person: Jenny Freeman, MD 

 

Date 510(k) 

Summary 

prepared: 

September 13, 2012 

Trade name: ExSpiron
TM

 

Common name: Respiratory Monitor 

Classifications: Monitoring spirometer 

Product code: BZK 

Regulation: 21 CFR 868.1850  

 

Breathing frequency monitor 

Product code BZQ 

Regulation:  21 CFR 868.2375 

 

Predicate devices: For product code BZK, nSpire Wright/Haloscale Respirometer, marketed by 

nSpire Health, Inc. of Longmont, CO  510(k) K091853 

 

For product code BZQ, Philips MPn0 Intellivue Patient Monitors, marketed by 

Philips Healthcare  510(k) K060541 

Device Description: The ExSpiron™ consists of: 

 Bioimpedance measurement system:  A stabilized high frequency 

current generator is connected to two outer electrodes.  The inner four 

electrodes are connected to an adaptive circuit that conditions the 

resulting voltage signal and converts it to digital form.  Firmware 

performs signal acquisition and relays data to the panel PC. 

 Panel PC:  A Windows 7 PC performs signal processing and calibration, 

and runs the graphical user interface (GUI).  The PC takes user input from 

a touch screen through a virtual keyboard and mouse.  The GUI is used 

for recording patient data and displaying the respiratory trace as well as 

scalar values and trends for minute volume, tidal volume, and respiratory 

rate. 

 Single Patient Use ExSpiron™ Electrode Lead Set: An electrode lead 

set containing six electrodes to be placed on the torso.  It delivers current 

and records impedance measurements.  The electrode lead set is also used 

to perform subsystem checks prior to patient measurements. 
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Intended use: ExSpiron™ is indicated for use by healthcare professionals in healthcare facilities, 

such as post-operative care and critical care units, to monitor breathing in adult (at 

least 21 years old) patients with potential respiratory compromise.   

 

ExSpiron™ is a non-invasive system that graphically displays lung volume 

against time and reports an approximate value of: 

• Tidal volume, 

• Respiratory rate, and 

• Minute ventilation 

 

ExSpiron™ measurements are used as an adjunct to other clinical information 

sources to determine respiratory status and appropriate therapy. 

 

Comparison of 

technological 

characteristics: Characteristic ExSpiron™ nSpire 

Philips 
Intellivue 
Monitor Comment 

Intended Use 
See above  See K091853 

 

See K060541 

 

The clinical application of the 

ExSpiron™ is equivalent to that of 

the nSpire  

 

The comparison to the intended 

use of the Philips monitor is 

restricted to monitoring of 

respiration rate  

 

ExSpiron™ has no alarm function  

 

All devices are used by healthcare 

professionals  

Technology Measurement is 

by thoracic 

bioimpedance  

Measurement is 

by in-line 

turbine flow 

meter  

Measurement 

is by 

bioimpedance  

 

Volume 
Measurements 

Tidal volume 

Minute volume 

Volume vs  time 

chart 

Tidal volume 

Minute volume  

None The time function for the 

minute volume measurement of 

the nSpire is provided by a 

user’s stopwatch  

Rate 
Measurements 

Respiratory rate 

(breaths/min) 

None Respiratory 

rate 

 

Safety IEC 60601-1, 

including 

electrical and 

mechanical 

safety 

Mechanical 

only   Safety 

specifications 

are not given in 

the user manual 

or 510(k) 

summary  

IEC 60601-1, 

etc  

 

 

Nonclinical 

performance 

testing: 

Performance testing confirmed essential performance by IEC 60601-1 and IEC 

60601-1-2 tests and confirmed usability by simulated use by physicians and 

nurses representative of intended users. 

Records processed under FOIA Request 2014-156; Released 10/20/14

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



 

Respiratory Motion, Inc. ExSpiron™ 510(k) Page 32 of 141 

Clinical 

performance 

testing: 

A clinical study compared simultaneous measurements from the ExSpiron and the 

predicate, Wright spirometer.  (Respiratory rate was calculated using a stop 

watch.)  Twenty subjects representing a broad range of intended patients 

participated in the study.  (Age range: 20-84, BMI range: 19.9-43.2, 11 female, 9 

male)  The study involved two sessions for each subject, an initial session in 

which electrodes were applied, the ExSpiron was calibrated to the individual, and 

each subject performed ten 60-second breathing tests.  Tidal volume, minute 

ventilation, and respiratory rate were measured simultaneously by the ExSpiron 

and the Wright spirometer.  Each subject returned twenty-four hours after the first 

session with the original electrodes still attached.  Using the same individual 

calibration values, a second set of ten 60-second breathing tests was performed. 

 

The results of ExSpiron-Wright study were: 

ExSpiron-Wright 

Minute 

Ventilation 

Tidal 

Volume 

Respiratory 

Rate 

Bias 

Overall -2.1% -1.9% -0.2% 

Day 1 -2.3% -1.7% -0.6% 

Day 2 -1.9% -2.0% 0.2% 

Precision 

Overall 10.5 % 10.3 % 2.0 % 

Day 1 10.2% 9.7% 2.3% 

Day 2 10.8% 10.8% 1.6% 

Accuracy 

Overall 10.7 % 10.4 % 2.0 % 

Day 1 10.4% 9.8% 2.4% 

Day 2 10.9% 11.0% 1.6% 

 

The results indicate that the individual calibration is stable over a 24-hour period. 

 

Because of concern that the Wright spirometer might not provide a “gold 

standard” comparison, a similar study was performed comparing the Wright 

spirometer to the Morgan SpiroAir LT diagnostic spirometer.  (The closed cell 

construction of the Morgan spirometer limits the breathing test time to 30 

seconds.  A direct comparison of the ExSpiron to the Morgan spirometer is 

suboptimal)  A different set of twenty subjects participated.  (Age range: 20-60, 

BMI range: 19.0-28.0, 9 female, 11 male)  Each subject participated in one 

session performing twenty 30-second breathing tests with volume measurements 

made simultaneously with the Wright spirometer and the Morgan diagnostic 

spirometer. 

 

The Morgan-Wright study results were: 

Wright-

Morgan 

Minute 

Ventilation Tidal Volume 

Bias 0.4% 0.4% 

Accuracy 3.9% 3.9% 

 

Continued on next page. 
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Clinical 

performance 

testing: 

Continued from 

previous page 

Combining the results of the ExSpiron-Wright study and the Wright-Morgan 

study provided calculated estimates of ExSpiron bias and accuracy with respect to 

the “gold standard” Morgan diagnostic spirometer: 

 

ExSpiron-

Morgan 

Minute 

Ventilation Tidal Volume 

Bias -1.7% -1.5% 

Accuracy 9.9% 9.6% 

 
 

Conclusions 

regarding safety 

and effectiveness: 

Based on the comparisons of intended use, and results of nonclinical and clinical 

testing, the ExSpiron™ is substantially equivalent in intended use, safety, and 

effectiveness to the nSpire Respirometer and to the breathing frequency monitor 

function of the Philips Intellivue Patient Monitors. 
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Appendix 2-1   
Revised Chapter 9, Reliance on Standards 
 

9. Statement Regarding Reliance on Standards 
 

ExSpiron has completed certification testing for IEC 60601 (second edition) and IEC 60601-1-2.  Cover 

pages of the preliminary test reports are included at the end of this section.  The test house,  

 is accredited to ISO/IEC 17025:2005 for these 

standards by the American Association for Laboratory Accreditation. 

The IEC 60601 compliance includes class 1 (grounded) safety and type BF applied part.  The 

component standards for IEC 60601-1-2 are listed in the test provided test report cover pages. 

The patient cable and patient leads conform to FDA’s Performance Standard for Electrode Lead Wires 

and Patient Cables, 21 CFR 898, and to ANSI/AAMI EC53: 1995/(R)2008 – ECG Cables and Wires and 

AAMI/ANSI EC 12:2000(R)2010.  Testing was performed by the suppliers, Merit Cables, Inc. and 

Covidien. 
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Appendix 4-2  

Revised User Manual 
 
The draft revised User Manual begins on the next page. 
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Contact Information 
 

 

 

Respiratory Motion, Inc.  

305 Second Avenue, Suite B 

Waltham MA 02451 

 

Tel: 781-373-1636 

781-373-1635 

Fax: 781-373-1653 

www.respiratorymotion.com  

 

 

Clinical Support: 

clinicalsupport@respiratorymotion.com 

 

Technical Support: 

techsupport@respiratorymotion.com 
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Table of Contents 
To be added. 
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Appendix 4-5  

 Promotional Claims 
 
Promotional labeling for the ExSpiron monitor will include these claims: 
 

 ExSpiron can monitor breathing in adult patients with respiratory compromise or 
potential respiratory compromise. 
 

 ExSpiron assists in monitoring at-risk patients in near real-time. 
 

 ExSpiron is non-invasive, point-of-care, and quantitative. 
 

 ExSpiron provides quantitative measurement of: 
o Minute Ventilation (MV) 
o Tidal Volume (TV) 
o Respiratory Rate (RR) 

 
 ExSpiron can measure MV, TV, and RR in non-ventilated patients. 

 
 ExSpiron displays measurement values both numerically and graphically, 

displaying trend data. 
 

 ExSpiron can quantify a patient’s respiratory status and provide trending data in 
their respiratory parameters. 
 

 MV, TV, and RR are important parameters for assessment of respiratory status.  
ExSpiron helps improve the standard of respiratory monitoring because it displays 
MV, TV, and RR over time.  Changes in values over time can be compared. 
 

 ExSpiron can help physicians identify patients with inadequate breathing. 
 

 ExSpiron reports measurement in a user-friendly format. 
 

 ExSpiron can assist physicians’ decision-making by providing respiratory status 
data. 
 

 ExSpiron is easy to use. 
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 ExSpiron, as a bioimpedance monitor, does not require a breathing device, e.g., a 

spirometer, in the breathing path to obtain MV and TV. 

 

 ExSpiron does not require participation of the patient to generate spirometry-like results. 

 

 ExSpiron measures respiration without potential contamination that could result from 

having a monitor or probe (e.g. a capnometer or spirometer) in the patient’s air-stream.  

 

 ExSpiron measurements of MV, TV and RR do not rely on the measurement of sound. 

 

 ExSpiron provides objective data about respiratory status that may facilitate better 

patient care. 
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Appendix 7-1   
 

 

B4
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Appendix 9-2 
Subject selection data across all subjects 
 

Age Range 
 20-29 3 
 30-39 3 
 40-49 4 
 50-59 4 
 60-69 2 
 70-79 2 
 80-89 2 
 

   Gender 
 female 11 
 male 9 
 

   Race 
 Asian 2 
 white 16 
 black 2 
 Hispanic 0 
 

   BMI Range 
 18.5-24.9 11 normal 

25-29.9 4 overweight 

30-39.9 3 obese 

40+ 2 morbidly obese 
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Appendix 10-1  

Derivation of the Variance Inflation Factor  (VIF) 
 

The variance inflation factor (VIF) for compound symmetric variance-covariance matrices 

appears in many texts and is trivial to derive.  The analogous VIF for autocorrelated data is 

seldom found but equally easy to derive:  

 

The k = 20 repeated measurements per subject are autocorrelated, the AR1 option in the 

‘repeated’ statement of SAS Mixed model procedure.  The term,     , the(i,j) term in the 20-by-

20 autocorrelation matrix, M,  is r**|i-j|, where r is the correlation between adjacent 

measurements.  VIF is the sum of the terms in the matrix divided by 20, the sum of the terms 

when r = 0.  With dimension k = 20 the geometric series has sum: 

  ∑  

 

   

  
         

     
⁄  

Let T denote the sum of the terms in the upper triangular part of M, then T =              . 

The sum of the terms in M =      and       
 ⁄        Finally, ESS = 20k/VIF. 
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Appendix 12-1   B4

B4
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