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1. Medical Device User Fee Cover Sheet (From FDA 3601) 

The MDUFMA Cover Sheet is provided in front of the 510(k). 

 

2. CDRH Premarket Review Submission Voluntary Cover Sheet 

The CDRH Premarket Review Submission Cover Sheet is provided in front of the 510(k). 

 

3. 510(k) Cover Letter 

The 510(k) Cover Letter is provided in front of the 510(k). 

 

4. Indication for Use Statement  

The Indication for Use Statement is provided Appendix 1. 
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5. 510(k) Summary 

 
Submitter Information: Möller Medical GmbH  

Wasserkuppenstrasse 29-31  
36043 Fulda, Germany 

Establishment Registration Number:  3006611221 

Contact Person:  Grant Geckeler 
Free lance consultant 
1612 Jenks Drive
Corona, CA 92880 
Phone: +1 714 283 1683   
Fax: +1 714 637 2460 
E-mail: ggeckeler@geoinc.org  

 
Name of Device: 
Common Name: External CSF Drainage System 
Proprietary Name: LiquoGuard CSF System 

Consists of: LiquoGuard CSF System pump and LiquoGuard CSF 
System tube set 

Classification: Shunt, Central Nervous System and Components, Class II, 21 CFR § 
82.5550 

Product Code: JXG   

 

Substantial Equivalence: 
The Möller Medical LiquoGuard CSF System is substantially equivalent to the CSF drainage 
systems listed below with regard to intended use, design, operating principles, and 
materials. 

Integra NeuroSciences Corporation  K030289, K032817 
Codman & Shurtleff, Inc.   K061568 

The Möller Medical LiquoGuard CSF System shares features with, and is substantially 
equivalent with regard to these features, to the intracranial pressure monitor listed below  
(the shared features include CSF pressure monitoring, semiconductor sensor principle, 
display, alarm functions and data recording). 

Camino NeuroCare.TM Inc.   K962928 

 
Device Description: 
Cerebrospinal fluid (CSF) drainage and pressure monitoring in lumbar and ventricular 
applications is the “gold standard” for cases involving trauma, post-operation, shunt 
infection, subarachnoid hemorrhage (SAH) therapy, neurophysiological monitoring during 
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vascular surgery (e.g. TAA and TAAA) and normal-pressure hydrocephalus (NPH) 
diagnosis. For CSF drainage, dripping chambers are still being used widely. In contrast, 
dripping chambers for IV infusion have been mostly replaced by perfusors (syringe pumps). 

The LiquoGuard CSF System consists of a pump and a corresponding tube set with 
pressure sensors. The tube set is inserted into the pump, connected to the intrathecal 
drainage catheter (not part of the product) via Luer-Lock and the LiquoGuard CSF System 
device via cable connector. The device then continuously measures the pressure inside the 
tube and operates a tube pump whenever the actual pressure is higher than a preselected 
target pressure. Thus the LiquoGuard CSF System combines CSF drainage and 
intracranial pressure (ICP) monitoring with integrated alarm and documentation/data 
logging functions, improving safety, simplifying the handling and enhancing patient mobility 
(by its battery back-up). 

 

Intended Use:    

The LiquoGuard CSF System is indicated for the external drainage of cerebrospinal fluid 
(CSF). It connects to any drainage catheter (not part of the product) which is usually 
inserted by the doctor into the lateral or third ventricle of the brain or lumbar subarachnoid 
space in selected patients to reduce intracranial pressure. The LiquoGuard CSF System 
controls CSF pressure, thus taking the role of the conventional CSF dripping chamber and 
collection bag (predicate devices). The device also monitors intracranial pressure and 
cerebrospinal fluid flow during CSF drainage, and provides alarm functions similar to those 
of intracranial pressure monitors. 
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6. Truthful and Accuracy Statement 

The Truthful and Accuracy Statement is provided in Appendix 2. 

 

7. Class III Summary and Certification 

Not Applicable. 

 

8. Financial Certification or Disclosure Statement 

Not Applicable (clinical study is conducted in Europe with a CE marked device). 

 

9. Declarations of Conformity and Summary Reports 

Not Applicable. 

 

10. Executive Summary 

10.1 Registration History 
The LiquoGuard CSF System is CE marked since 2006. All over 200 devices are 
successfully placed on the European market, in South America, Russia, etc. without any 
incident.  

The FDA registration process started in 2007 after major software improvements. This is the 
third attempt at a 510(k). This time the submission includes significant amount at clinical 
data to show safety and efficacy of the device (see Section 10.7) and was extended by a 
secondary predicate device, the ICP monitor, to establish the substantial equivalence with 
regard to some of the technologies used (display, semiconductor sensor, alarm functions).  

10.2 Indications for use  
The LiquoGuard CSF System is indicated for the external drainage of cerebrospinal fluid 
(CSF). It connects to any drainage catheter (not part of the product) which is usually 
inserted by the doctor into the lateral or third ventricle of the brain or lumbar subarachnoid 
space in selected patients to reduce intracranial pressure. The LiquoGuard CSF System 
controls CSF pressure, thus taking the role of the conventional CSF dripping chamber and 
collection bag (primary predicate devices).  
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The LiquoGuard CSF System also monitors CSF pressure and cerebrospinal fluid flow 
during CSF drainage, and provides many alarm functions similar to those offered by 
intracranial pressure monitors (secondary predicate device).  

Note that LiquoGuard is not an intracranial pressure monitor – its intended application is 
CSF drainage, in replacement of a drip chamber. However, if correct height alignment of the 
pressure sensor affixed to the patient’s head is ensured, and as long as the catheter is not 
blocked (e.g. by clotted blood), LiquoGuard may well be used to monitor CSF pressure in 
addition to performing CSF drainage. 

10.3 Device description 
Cerebrospinal fluid (CSF) drainage and pressure monitoring in lumbar and ventricular 
applications is the “gold standard” for cases involving trauma, post-operation, shunt 
infection, subarachnoid hemorrhage (SAH) therapy, neurophysiological monitoring during 
vascular surgery (e.g. TAA and TAAA) and normal-pressure hydrocephalus (NPH) 
diagnosis. For CSF drainage, dripping chambers are still being used widely. In contrast, 
dripping chambers for IV infusion have been mostly replaced by perfusors (syringe pumps). 

The LiquoGuard CSF System consists of a pump and a corresponding tube set with 
pressure sensors. The tube set is inserted into the pump, connected to the intrathecal 
drainage catheter (not part of the product) via Luer-Lock and the LiquoGuard CSF System 
device via cable connector. The device then continuously measures the pressure inside the 
tube and operates a tube pump whenever the actual pressure is higher than a preselected 
target pressure. Thus the LiquoGuard CSF System combines CSF drainage and 
intracranial pressure (ICP) monitoring with integrated alarm and documentation/data 
logging functions, improving safety, simplifying the handling and enhancing patient mobility 
(by its battery back-up). 

10.4 Predicate devices with same indication  
The Möller Medical LiquoGuard CSF System and the Integra LifeSciences (K030289, 
K032817) and Codman & Shrutleff (K061568) “primary” predicate devices listed in this 
application have the same indication.  

10.5  Predicate device with same technological characteristics 
The Möller Medical LiquoGuard CSF System and the Multi-Parameter Monitor (K962928) 
“secondary” predicate device listed in this application have the same technological 
characteristics.  

10.6 Summary of substantial equivalence discussion 
The LiquoGuard CSF System is a tube system with integrated redundantly designed 
pressure sensors, as well as a rotor pump device, into which a part of the tube system is 
inserted in order to perform pressure and volume-controlled CSF drainage. The intrathecal 
CSF drain is used independent of the LiquoGuard CSF System, and the products approved 
for intrathecal CSF drainage can be connected to the LiquoGuard CSF System (but are not 
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part of the system). The indication for insertion of intrathecal drainage will not be affected by 
using the LiquoGuard CSF System.  

The control parameters for the CSF drainage (target pressure, CSF volume) are equal 
between the existing dripping chamber systems and the LiquoGuard CSF System. The 
effective mechanism and the function of the CSF extraction by means of a target value-
controlled rotor pump in the LiquoGuard CSF System is comparable to the CSF extraction 
that is realized after the target pressure is reached by means of an overflow. Therefore, the 
LiquoGuard CSF System offers comparable effectiveness to existing CSF drainage 
systems. 

The measuring sensors are comparable to the ones used in ICP monitors (Multi Parameter 
Monitor), as well as many functions (ICP value display, trend analysis, etc.), alarm settings 
(e.g. high pressure) and components (e.g. battery, display, microcontroller, etc.). 

10.7 Performance Testing - Clinical 
On April 8, 2009 representatives of Möller Medical and of the FDA met in Rockville to 
discuss the need of clinical data and the realization of a clinical trial.  

After consulting the FDA the following points were defined as guideline for the planed 
clinical trial: 

o The clinical question is one of safety – efficacy is assumed based on the fact that the 
CSF draining is already a gold standard in trauma and neurosurgery. 

o Clinical data is requested to answer the issue of whether or not the action of the 
LiquoGuard CSF System pump results in a significant increase in adverse events 
compared to the drip chamber (predicate device). 

o The clinical trial can be done by an observational study, as a control group historical 
data can be used.  

o No scientific study will be necessary. To avoid any bias, it is sufficient to include all 
patients treated with the LiquoGuard CSF System in a facility over some period of 
time the data collection. 

o The data can be collected in Europe. 

On the basis of this guideline Möller Medical defined a study protocol and started the 
clinical trial in 2009 (please refer to Section 20 for detailed information). 

 

11. Device Description 

11.1 Definition of drainage system 
Cerebrospinal fluid (CSF) is drained from a patient using (i) a catheter placed in the third or 
lateral ventricle or lumbar subarachnoidal space, and (ii) a "drainage system" that removes 
any excessive CSF coming out of the catheter, and disposes of the fluid into a collection 
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bag. Conventionally, the drainage system is a dripping chamber which works like a siphon 
or spill: any excessive CSF pressure leads to dripping inside the dripping chamber. 

11.2 Product idea of the LiquoGuard CSF System 
The key disadvantages of the conventional drainage systems are that they have no 
integrated alarm functions, that they are error-prone and they cannot measure ICP and 
drain at the same time with only one access to the patent. A wrong cock position or a 
clogged/disconnected catheter can lead to under- or overdrainage. This problem is solved 
by the LiquoGuard CSF System that replaces the drainage systems above. It consists of (a) 
a tube set that is connected to the catheter just like the conventional dripping chamber. The 
tube set contains a dual pressure sensor measuring the pressure inside the tube at the end 
of the catheter. The other component (b) is an electronically controlled pump removing CSF 
as long as the measured pressure is excessive. The LiquoGuard CSF System detects many 
typically occurring and dangerous situations not caught by dripping chambers and / or ICP 
monitors, e.g. a sudden pressure drop by an accidentally extracted catheter, or a pressure 
staying constant for an extended period of time (which is unphysiological and may indicate 
a clogged/disconnected catheter or an accidentally opened 4-way stop cock). 

11.3 Components of the LiquoGuard CSF System 
The LiquoGuard CSF System consists of the LiquoGuard CSF System pump and the 
LiquoGuard CSF System tube set.  

11.3.1 LiquoGuard CSF System pump 
The LiquoGuard CSF System main (see Figure 1) unit contains a peristaltic pump in which 
the tube set is inserted and connected for operation. It has a blue turning knob and three 
touch keys for user operation, a card slot to insert a memory card and a display to show 
pressure and flow values as well as a pressure and flow history. There are 5 light emitting 
diodes and a speaker for the audible alarms. 

The main unit is software operated by a micro controller and energy supplied by mains or 
battery. 
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Figure 1: Front view of LiquoGuard CSF System  

11.3.2 LiquoGuard CSF System tube set (disposable) 
The LiquoGuard CSF System tube set consists of a polyvinyl chloride (PVC) tubing, luer 
locks, stop cocks, a drainage bag with a reflux valve, specially shaped plastic pieces to 
ensure correct insertion into the pump, and a pressure sensor housing with two piezo-
resistant pressure transducers, a cable for connection to the pump and a sticker to attach 
the sensor housing to the patient’s skin. The tube set is only for use with the LiquoGuard 
CSF System. Please refer to Appendix 3 for the product materials and Appendix 4 the 
packing contents.  

 

 
Figure 2: LiquoGuard CSF System tube set as schematic picture with its individual parts 
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o Independently from P-set: if the measured pressure value (before averaging) is 
lower than the lower alarm limit, stop the pump.  

o Independently from all settings: If measured pressure value (inside the tubing) is 
lower than 2 mmHg, stop the pump. 

11.5 Details regarding the principle 

11.5.1 Two microcontrollers 
There are two microcontrollers. Each one has an analogue to digital converter and 
calculates the actual pressure inside the tube system. These values are communicated 
between the two controllers.  

The system always displays the arithmetic average of the two measured values (the 
diagram shows the master controller's pressure signal). If both values differ by more than 4 
mmHg, an alarm is generated, as the system can't determine which value is the correct 
one. If the two values are within the valid range the average of the two sensors is used to 
control the pump.  

A comment on the “small margin” mentioned above: this is needed to prevent the pump 
from starting/stopping too frequently.  This small margin is called the “hysteresis”; it is a 
standard tool in all regulating devices that use only “on” and “off”-states, like switching a 
pump on or off. In the case of LiquoGuard CSF System, the hysteresis value is configurable 
and defaults to 0.5 mmHg.  

A comment on the “lower alarm limit” mentioned above: The default value of the lower alarm 
setting is 0 mmHg. This setting can be changed by an order of a physician, however the 
allowed values are restricted to be above or equal to a minimum of -15 mmHg, which is a 
small negative value, far too small to tear off and aspirate brain tissue. To put this into 
perspective, note that negative ICPs of -50 mmHg and more occur physiologically in a 
healthy human being. 

Detailing the difference between ICP and pressure in the drainage tubing: The pressure 
inside the tubing is equal to the ICP by the laws of hydrostatics, if there is a non-occluded 
liquid column between the ventricle and the pressure sensors. As this normally is the case 
the measured pressure is displayed as "ICP" on the devices display. However, in the cases 
of catheter occlusion or collapsed ventricles (=closing of the catheter holes by brain tissue), 
the ICP can rise above the pressure inside the tubing. A drip chamber, working on 
hydrostatics alone, drains CSF depending on the pressure inside the tubing. The 
LiquoGuard CSF System does the same – it requires an excess pressure inside the tubing 
for pump operation. In the case of collapsed ventricles, the ICP may be high and yet no 
drainage will occur with both the drip chamber and the LiquoGuard CSF System. The 
effects of the two systems are thus substantially equivalent. 

11.5.2 LiquoGuard CSF System alarm system 
The main safety advantage of the LiquoGuard CSF System over the passive dripping 
chambers and solely pressure measuring ICP monitors is the combination of both systems 
in one device and the sophisticated alarm system: there are many potentially hazardous 
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situations in which LiquoGuard CSF System will call a nurse or doctor by audible and visible 
alarm signals. The following is a summary of all alarms offered: 

Pulsation alarm: 

o LiquoGuard CSF System continuously monitors the physiological pressure 
pulsations caused by the heartbeat.  

o LiquoGuard CSF System will sound an alarm if this pulsation is not present. 

o This is a check if the liquid column between the ventricle and the pressure sensors is 
present. 

o Possible reasons for this include catheter occlusion and collapsed ventricles 
(catheter holes covered by brain tissue). 

Pressure alarms: 

o LiquoGuard CSF System will sound an alarm if the pressure is higher or lower than 
the respective pre-selected alarm limits 

o LiquoGuard CSF System will sound an alarm if the pressure remains constant for an 
extended period of time (Possible reasons include catheter problems with lumbar 
drainage)  

Sensor cross-checking:  

o LiquoGuard CSF System dual pressure sensor technology measures the pressure 
inside the tube with two completely independent transducers.  

o Even the cables are duplicate.  

o If there is any discrepancy between the two sensor readings, LiquoGuard CSF 
System will sound an alarm and shut the pump off as security measure. 

Watchdog functionality: 

o The sensor information is processed by two completely independent microcontrollers 
(that have been programmed by two different software engineers). 

o These controllers read out the two pressure sensors and exchange their results via 
interprocessor communication. 

o LiquoGuard CSF System will sound an audible and visible alarm and shut the pump 
off as security measure if there is any significant discrepancy of the data, or failure 
of the other controller to answer. The alarms are independent as well (different 
speakers and LEDs for each microcontroller). 

o This technology is similar to the safety concepts of avionics in airplanes or the 
redundancy of powerplants. 

Battery alarm: 

o In mobile application, LiquoGuard CSF System monitors the remaining battery time. 

o LiquoGuard CSF System will sound an alarm if the battery is low.  
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11.5.3 Battery back-up 
A rechargeable lead-gel battery is used as backup to ensure the system functionality for up 
to 3 hours while there is no mains power. The device has a charging symbol which goes 
down as the battery discharges.  Before the battery is entirely depleted, an alarm will sound 
and the display will read “Battery empty, connect to AC”. After the battery alarm sounds, 
there is still 5-10 minutes of battery power remaining until the display goes off, at which time 
the alarm continues to sound for a few more minutes until the device deactivates.  

Complete charging of an empty battery is approximately 8 hours. 

Discharging time is getting shorter. For security reasons the rechargeable battery is 
replaced once a year during security checks. The device has to go into service every 12 
months for checks on the security system, dual processor system, communication with 
pressure sensors, and battery. 

11.6 Key Questions & Answers of previous 510(k) application 

11.6.1 Over-drainage  
In patients with elevated ICP but small/slit-like ventricles, the active removal of CSF may 
lead to further ventricular collapse and catheter occlusion with brain tissue or debris, 
necessitating catheter removal/revision with significant potential morbidity/mortality.  

“The LiquoGuard CSF System does not work by “active removal of CSF”; over-
drainage/aspiration is not possible.  In contrast, this danger is present with the predicate 
device (drip chamber). 

To clarify the principle of LiquoGuard CSF System: Although LiquoGuard CSF System is an 
“active” (electrical) device, it does not “aspirate”, meaning it never generates negative 
pressure. The pump only operates if the pressure inside the tube is excessive, i.e. 
necessarily positive (no “suction” or “aspiration”). This is equivalent to the drip chamber 
which drains only when the pressure inside the tube suffices to drive CSF up to the height 
of the drip chamber. Therefore, LiquoGuard CSF System drains CSF exactly when the 
properly adjusted drip chamber would, and LiquoGuard CSF System does not remove CSF 
under the types of conditions that a properly adjusted drip chamber would not.  An “active” 
aspiration of tissue or debris is not possible by design, because the preset target pressure 
is always positive.  

In contrast to the LiquoGuard CSF System, a drip chamber can aspirate tissue and debris if 
it is adjusted at a level lower than the patient or if it falls to the ground.  In these cases, the 
drip chamber can generate a negative pressure inside the catheter equal to the weight of 
the CSF column inside the tubing, reaching from the patient to the drip chamber.  For 
example, with a CSF density of water (1 g/ml) and a drip chamber on the ground (1 m = 3 ft 
below the patient), this corresponds to a negative pressure of –10 kPa = –75 mmHg, clearly 
dangerous for the patient.  

In practice, medical personnel can be very hesitant to report such incidents, but an example 
can be found in MAUDE report # 1221649-1996-00006. In the case cited there, the drip 
chamber fell to the floor, subarachnoidal bleeding and death of the patient followed.  
Another example is MAUDE report # 2648988-2003-00009, where a malfunctioning 
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stopcock led to over-drainage of 200 cc.  Many MAUDE reports mention leakages of drip 
chamber-based drainage sets, which may lead to accidental and unnoticed over-drainage. 

With LiquoGuard CSF System, a leaking tube set, (or disconnected catheter, malfunctioning 
stop cock etc.) will be detected as soon as it lowers the patient’s CSF pressure level below 
the pre-set alarm level. Please see Section 18 test reports 41 and 52, where the reliability 
of pressure alarms and the detection of disconnections are confirmed. 

In small/slit-like ventricles, the catheter holes may be covered by brain tissue which 
prevents drainage by any gravity-fed CSF drainage system. In this case, a drip chamber 
fails to drain and fails to notify medical personnel. LiquoGuard CSF System, lacking an 
excessive pressure in the tubing, fails to drain just like the predicate device.  However, 
LiquoGuard CSF System will most likely either sound the “pulsation invalid” alarm or the 
“pressure too constant” alarm in this case. Please see Section 18 test reports 42, 43 and 
44, where we confirmed the reliability of these alarms as well as the alarm consequences of 
a catheter occlusion. 

To explain the above mentioned alarms: Normally, the pressure pulsations caused by the 
heart beat are detected by LiquoGuard CSF System and can be seen on LiquoGuard’s 
display, as long as the liquid column between ventricle and pressure sensor is complete. 
When the catheter holes are covered by brain tissue (or the catheter is occluded, etc.), this 
liquid column is interrupted and the measured pulsation is lost inside the tubing, where the 
sensors are positioned. As soon as LiquoGuard CSF System registers no pulsations, it 
sounds an alarm.  

To summarize, LiquoGuard CSF System places no additional risks on a patient with 
small/slit-like ventricles.  In contrast, drip chambers – when unattended – may well place 
such risks.  

LiquoGuard CSF System does help to detect potentially deleterious situations because of 
its alarm features, whereas with a drip chamber, medical personnel are not alerted to 
potential problems by the device.” 

11.6.2 Under-drainage  
Patients with elevated ICP may need 5-10 cc of CSF removal quickly to avert cerebral 
herniation, and a fixed setting of drainage may not allow this.  

“We agree that there is a risk of under-drainage, but if this happens, it will not go unnoticed. 
As soon as the ICP (and with it the pressure inside the tubing) raises above the pre-set 
alarm level of LiquoGuard CSF System, the device will sound an alarm and thus call the 
attention of medical personnel to the patient’s condition.  (No such safety feature is present 
with the drip chambers.)  Please see Section 18  test report 41. 

The drainage rate of LiquoGuard CSF System is pre-selected and can be set as high as 50 
ml/h. It can be further adjusted up to 150 ml/h using a password-protected hidden menu. 
Should that not be sufficient – which can be noticed by a continued alarm – the three-way 
stopcock of the tubing set can be connected to another drainage bag to quickly allow 
removal of excessive fluid. 

With drip chambers, a significant risk of accidental and unnoticed under-drainage exists; 
causes include catheter clogging, clogging of air vents, anti-reflux valves and other kinds of 
blockages.  In this context, refer to MAUDE # 1226348-2007-00216 where a blocked anti-
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Additionally, the pressure is constantly being monitored, and an alarm is signaled 
when the pressure leaves the pre-set safety boundaries. 

o Overdrainage can happen with the dripping chamber, e.g. in the case of an 
accidental disconnection, or when the dripping chamber drops to the floor. In 
practice, medical personnel can be very hesitant to report such incidents, but an 
example can be found in MAUDE report # 1221649-1996-00006. In the case cited 
there, the drip chamber fell to the floor, subarachnoidal bleeding and death of the 
patient followed.  Another example is MAUDE report # 2648988-2003-00009, where 
a malfunctioning stopcock led to over-drainage of 200 cc.  Many MAUDE reports 
mention leakages of drip chamber-based drainage sets, which may lead to 
accidental and unnoticed over-drainage. 

With LiquoGuard CSF System, overdrainage because of a leaking tube set, 
disconnected catheter, or malfunctioning stop cock, etc. is simply impossible 
because the pump will stop whenever low pressure is sensed. Additionally, an alarm 
is signaled when the pressure leaves the pre-set safety boundaries. Please see 
Section 18 test reports 41 and 52, where the reliability of pressure alarms and the 
detection of disconnections are confirmed. 

o Catheter or tube clogging: The required fluid column has to be complete and 
unblocked starting from the ventricle only up to the sensors, which is only the 
catheter plus about 100mm of the LiquoGuard CSF System tubing. In the case of 
the dripping chamber, the fluid column has to be complete and unblocked all the 
way from the catheter to the dripping chamber (1000-2000mm). Obviously, the 
chances of tube clogging increase with the length of the tubing. Additionally, 
LiquoGuard CSF System monitors the physiological CSF pressure pulsations of the 
patient, and when these pulsations are lost, it sounds an alarm, indicating that 
something is wrong – possibly a clogged catheter. 

LiquoGuard’s pulsation alarm catches some of the dangerous situations not 
determined when using a drip chamber: As described above LiquoGuard CSF System 
offers an additional safety feature which is unmatched by the drip chamber. The 
LiquoGuard CSF System continuously monitors the physiological pressure pulsations 
caused by the heartbeat. With suitable settings, the LiquoGuard CSF System will sound an 
alarm as soon as this pressure pulsation is not present. This will in many cases detect if the 
liquid column between the ventricle and the pressure sensors is indeed present, i.e. if 
catheter is not occluded or its holes covered by brain tissue in the case of collapsed 
ventricles. However, although the bench test results indicate that this alarm reliably detects 
catheter occlusions and collapsed ventricles, Möller does not claim that the pulsation alarm 
of the LiquoGuard CSF System will determine all the aforementioned medical situations and 
thus sound an alarm in all these conditions. It is merely a safety feature not matched by the 
drip chamber. The operation of the pump is in all cases equivalent to the drip chamber, the 
described pulsation monitoring and alarm function is just an additional safety feature. 

LiquoGuard CSF System cannot accidentally aspirate brain tissue: The pump 
measures the pressure inside the tubing and drains if that pressure is too high. In most 
cases, the pressure inside the tubing will be equal to the ICP by the laws of hydrostatics. 
The crucial point to note is that, if catheter occlusion occurs or the ventricles are collapsed 
such that brain tissue covers the catheter holes, the two pressures may be different. The 
LiquoGuard CSF System measures inside the tubing and will operate the pump only if it 
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determines the pressure inside the tubing as excessive. The drip chamber does exactly 
the same – it drains if there is excessive pressure inside the tubing. Therefore, the two 
drainage methods are substantially equivalent. To aspirate brain tissue (which would be 
dangerous for the patient), a negative pressure inside the tubing would have to be 
induced by pump activity. The LiquoGuard CSF System never does that, because it is using 
exactly that crucial pressure inside the tubing to control the pump.  

Patients with collapsed ventricles can drain less than 100ml/24 hours, no matter if a 
traditional drainage system or the LiquoGuard CSF System is being used. Therefore, a 
patient who has either system is at equal risk for intraventricular catheter occlusion. Since 
the LiquoGuard CSF System pump starts to drain CSF only in a positive pressure range, 
the system only drains excess pressure. This is comparable to a passive pressure valve 
system, such as the highly abundant implanted shunting systems which open in a positive 
pressure range. The LiquoGuard CSF System does not “suck out CSF”; “sucking” implies 
the generation of negative pressure in the tubing, which the LiquoGuard CSF System by 
design never allows to occur. Therefore, the LiquoGuard CSF System is equivalent to a drip 
chamber draining excess pressure by the principle of hydrostatics. All safety aspects of the 
drainage operation are therefore comparable to the predicate device of a traditional drip 
chamber mounted over the zero level of the patient (positive pressure).  

In traditional lumbar CSF drainage, the volume of drained CSF is dependent on more 
than the pressure head of CSF and the level of drip chamber.  It is dependent on: 

a. Level of the head of the patient (positioning). 

b. Level of the dripping chamber. 

c. Diameter of lumbar drainage tube (small tube = less drainage). 

d. Consistence of CSF (viscosity). 

e. Passage of CSF.  

f. Adaptation of dripping chamber to movement of the patient (e.g. patient stands up 
during drainage). 

g. Intermitted occlusion of lumbar drainage due to compression e.g. by processi spinosi 
during retroflexion of the patient. 

h. Absence of nurse during CSF drainage (system open). 

i. Unnoticed disconnection of the lumbar drainage leading to high CSF outflow (which 
drains mostly into the bed). 

This means that in several situations, uncontrolled CSF outflow can occur with traditional 
lumbar CSF drainage with high risks for the patient.  

Patients with continued lumbar CSF drainage to a pressure of 0 mmHg may be at risk for 
cerebral herniation. Exactly this condition can easily and accidentally occur when using a 
conventional dripping chamber. This applies in particular to conditions f, h, i of the list 
above. In all these conditions, the traditional lumbar drainage offers zero safety against 
these risks. In contrast, the LiquoGuard CSF System safeguards against all three critical 
conditions:  
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If the patient stands up, pressure increases, but the sampling flow of the LiquoGuard CSF 
System (e.g. 10 ml/h or whatever the chosen value is) will remain unchanged. Contrast this 
to the drip chamber, which allows in this situation an unlimited (!) outflow of CSF, e.g. more 
than 200 ml within a few minutes depending on parameters a-e in the list above.  

The LiquoGuard CSF System is able to drain CSF continuously over an extended period of 
time. With the drip chamber, however, a nurse has to count the drops and adjust the level of 
the dripping chamber. If the nurse leaves the patient even for some minutes, the flow rate 
can change quickly, endangering the patient.  

In this case, the LiquoGuard CSF System will detect a pressure drop to zero immediately 
due to the disconnection. This will lead to an alarm of the LiquoGuard CSF System. In 
contrast, the traditional lumbar drainage using a drip chamber does not offer any alarm 
system. 

12.2.2 Secondary predicate device: Intracranial pressure monitor 
The Multi Parameter Monitor is to be used for continuously monitoring of intracranial 
pressure with a pressure measurement range of -10 to 250 mmHg. In addition temperature 
is measured and displayed. 

The Multi Parameter Monitor is compact and portable and displays the ICP value, pressure 
waveform, records data continuously, stores data in memory and displays trend on 
command. The Multi Parameter Monitor can be connected to hospital bedside monitor 
system and is designed for standalone use even when not connected to the mains as built 
in rechargeable battery permit monitoring during patient transport. 

The model 110-4BT is made for use by qualified neurosurgeon for direct measurement of 
intracranial pressure and temperature in the parenchyma. The model 110-4HMT is made for 
use by qualified neurosurgeon for direct measurement of intracranial pressure and 
temperature in the ventricles and during the cerebrospinal fluid drainage. Both intend to be 
used with an external drainage system as indicated by individual manufacturers when CSF 
drainage is needed. 

The pressure transducer generally measures the pressure of the surrounding medium. In 
this special case the pressure of the surrounding CSF (ventricular use) respectively the 
brain tissue (parenchymal use). 

The pressure signal is converted into a pressure value by the software / micro controller 
and then displayed to the operator and device internal used for numerous functionality e.g. 
comparison with user set high pressure alarm value. 

Note the similarity between the LiquoGuard CSF System and the secondary predicate 
device (intracranial pressure monitor): 

The Multi Parameter Monitor and the Möller Medical LiquoGuard CSF System consist of the 
following main components: 

o Connection between patient and device 

o Data processing unit 

o Data storage 

o Human interfaces 
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o Screen 

o Buttons 

o Connecting ports for data in- and output 

o Power supply 

o Casing 

Both, the Multi Parameter Monitor and the Möller Medical LiquoGuard CSF System consist 
of all mentioned components. Differences only exist in some details without having effect on 
the general functionality or comparability. The Multi Parameter Monitor for example uses a 
fiber optical data transmission between pressure transducer and processing unit while 
Möller Medicals LiquoGuard CSF System uses wired communication. More differences 
between Multi Parameter Monitor and Möller Medicals LiquoGuard CSF System are given 
in Table 4. 

Beside such minor differences the Integra MPM 1 and the Möller Medical LiquoGuard CSF 
System consist of the same components and are therefore directly comparable. 

Note the key advantages of LiquoGuard CSF System: 

o LiquoGuard CSF System stores copies of safety relevant data directly onto the 
transducer unit (which is connected to the patient) to ensure e.g. abide of maximum 
usage time. Multi Parameter Monitor has no such safety functionality. 

o In various studies sensor drift of ICP sensors has been identified as a major problem 
during ICP measurement. LiquoGuard CSF System solves this problem as it uses 
two pressure transducers. Both pressure values are constantly compared by the 
processing unit. The for device operation used and displayed pressure values can 
therefore be corrected from sensor drift effect or, when the drift gets too big, the 
device can refuse values or the whole tube set. The big and meaningful effect of 
sensor drift was reviewed several times. Appendix 61 shows two such studies. 

As Multi Parameter Monitor, such as all other ICP monitors, only display ICP values 
without validation of these data, the physician has no chance to review these ICP 
values and normally no second and independent ICP value is available, the patient 
is in risk of maltreatment. 

o LiquoGuard CSF System has an enlarged battery running time and can therefore be 
used during long duration consultations (e.g. x-ray). 

o No need to set the zero point anymore because LiquoGuard CSF System tube sets 
are already zero set when delivered. 

o Measurement, recording and display of drained CSF volume. 

 

Note that LiquoGuard is not an intracranial pressure monitor – its intended application is 
CSF drainage, in replacement of a drip chamber. However, if correct height alignment of the 
pressure sensor affixed to the patient’s head is ensured, and as long as the catheter is not 
blocked (e.g. by clotted blood), LiquoGuard may well be used to monitor CSF pressure in 
addition to performing CSF drainage. 
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12.3 Summarizing 
Many if not all risks leading to accidental, cerebral herniation in both systems (traditional 
drainage and ICP monitors) can be reduced or even eliminated by the LiquoGuard CSF 
System. There is no new risk introduced by the LiquoGuard CSF System.  

The LiquoGuard CSF System is working equivalently to a drip chamber, with the additional 
safety that, using LiquoGuard CSF System, a partial or intermittent catheter occlusion may 
be detected in many cases: In difference to the dripping chamber which must be an open 
system during drainage the LiquoGuard CSF System can measure the hydrostatic pressure 
inside the tube (drainage system) during drainage because the drainage system is closed, 
combined with a CSF pressure monitor and its features like displaying pressure values, 
curves and trends and enabling alarm functionality. The principles of measurement are 
comparable to the ICP monitor and its pressure transducer as both systems measure the 
pressure of the surrounding liquid. The only difference is the position of the transducers, 
and the fact that LiquoGuard uses dual transducers for redundancy. 

The LiquoGuard CSF System behaves comparable to a traditional drainage system even in 
the case of a clotted catheter or collapsed ventricles. It is able to sound and display alarms 
to operators, is portable, can be used while not connected to the mains, records and stores 
data and can be connected to bedside monitor systems, same as the Multi Parameter 
Monitor. 

By combining the functionality of dripping chambers with the features of a computer 
operated device (ICP monitor) and adding a peristaltic pump the LiquoGuard CSF System 
benefit is potentiated as some major problems are solved (elimination of sensor drift 
problematic, protection of accidental over and / or under drainage, pressure measurement 
simultaneously with CSF drainage, etc.). 

12.4 Common components of LiquoGuard CSF System and predicate devices 
The Integra LifeSciences, the Codman & Shrutleff systems and the Camino Multi Parameter 
Monitor utilize components such as sterile tubing sets, pressure sensors, CSF drainage 
bags, microcontroller and interfaces that Möller Medical’s LiquoGuard CSF System utilizes 
too. The LiquoGuard CSF System tubing set is made from polyvinyl chloride, the same 
material that the Integra and Codman external tubing sets are made of, along with 
numerous marketed I.V. administration tubing sets. The Möller Medical tubing set has two 
pressure transducers. The Integra tubing set and the Camino Multi Parameter Monitor also 
incorporate a transducer. Additionally, the Möller Medical, Integra and Codman systems all 
include CSF drainage bags. The Möller Medical system and the Camino Multi Parameter 
Monitor display values, curves and trends on a built in monitor, sound alarms via speaker 
and light emitting LED, are operated by pressing foil keypad buttons and are basically 
computer and software controlled. 

By using the LiquoGuard CSF System, in the same way as in existing systems, intrathecal 
pressure can be measured; critical intrathecal pressure increase in the patient can be 
recognized, thereby enabling the required diagnostic and treatment steps to be taken. Since 
the pressure measurement in systems is done via piezo-resistive pressure sensors that are 
attached at reference height to the patient, there is no difference in intrathecal pressure 
measurement. Additional details for comparing these CSF Systems are contained in Table 
3 and Table 4. 
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The initial sterilization validation was performed in 2006 according to ISO 11135:1994 and 
ISO 10993-7:1995. To meet all requirements of the revised standards a re-validation of the 
sterilization was performed in 2010. The validation of 2006 and 2010 together fulfill all 
requirements of the ISO 11135-1:2007 and the ISO 10993-7:2008. 

Please refer to Appendix 11 and Appendix 12 for the sterility validation reports of 2006 
and 2010 for the LiquoGuard CSF System Tubing Set. 

The LiquoGuard CSF System Tubing Set is packaged in a blister of PETG (700µm, medical 
grade), sealed with a Tyvek foil which is in accordance with ISO 11607-1. Proposed shelf 
life is 2 years - please refer to Appendix 13 for the accelerated aging test report. 

 

15. Biocompatibility 

Please refer to Appendix 14 for the biocompatibility testing according to ISO 10993-1 of the 
LiquoGuard CSF System Tubing Set. 

 

16. Software Validation 

The software documentation is in accordance with FDA’s May 2005 guidance document, 
“Guidance for the Content of Premarket Submissions for Software Contained in Medical 
Devices.” 

16.1 Level of concern 
The level of concern is, “Major Level of Concern”, as failures or latent design flaws that 
could directly result in major injury or death to the patient or operator. 

16.2 Software Description 
The software controls the LiquoGuard CSF System pump, which means, the operation with 
the keys and the display as well as the rotation of the motor are controlled by software.  

The LiquoGuard CSF System is constructed in a manner which enables at least one alarm 
trigger between pressure measurement and alarm generation during an error. 

16.3 Device Hazard Analysis 
A device hazard analysis has been conducted on the LiquoGuard CSF System pump. To 
mitigate identified risks, two pressure sensors and two microcontrollers are incorporated as 
a double check to ensure proper functioning of the pump. Additionally, the pump will give off 
an audible alarm in the case that the pump is not operating properly. 

Please refer to Appendix 15 for the detailed Device hazard analysis for the LiquoGuard 
CSF System including the software. 
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52 Disconnected/leaking tube set. 
Test Plan: Verify that an alarm is issued when the tube set is pulled out of 
the patient’s head/body or disconnected at the catheter connection. 

Criterion: Alarm is issued independent of pause mode and device settings. 

Test Procedure: Use demo patient to simulate an application; 1) 
disconnect tube set from catheter and wait for reaction of the device; 2) 
introduce leakage in tube set before the sensor position, simulating a 
catheter that has been pulled out of the patient’s head/body.   Wait for 
reaction of the device (both: for lumbar and ventricular drainage). 

Result: Passed. 

Appendix 47 

53 Battery low. 
Test Plan: Check alarm for low battery. 

Criterion: Alarm is always issued when battery is low, device still functions 
for some time and gives alarm until it shuts off completely. 

Test Procedure: Use demo patient to simulate an application, run device 
on battery as long as possible -- until device shuts off. Supervise device and 
note times of alarms. 

Result: Passed. 

Appendix 48 

54 Main controller/watchdog cross-check. 
Test Plan: Check alarm for internal device error. 

Criterion: Alarm is issued after delay of 20 seconds. 

Test Procedure: Use demo patient to simulate an application; simulate 
defective main controller/defective watch dog by intentionally hard-resetting 
the respective controller (direct manual grounding of reset line) or similar 
measure. 

Result: Passed. 

Appendix 49 

55 Double safety. 
Test Plan: The pressure signal and alarm path from sensors until 
speakers/LEDs is designed as two redundant, independent systems. 

Criterion: In all cases, at least one of the alarm systems works. 

Test Procedure: Simulate various malfunctions and check that an alarm is 
generated. 

Result: Passed. 

Appendix 50 

56 Tube set too old. 
Test Plan: Check alarm for old tube set. 

Criterion: After 5 days information is shown on the display that the tube set 
has to be changed. After 7 days an alarm is generated. 

Test Procedure: Start an application with a tube set; use tube set as long 
as possbible. Check that alarm is coming up. 

Result: Passed. 

Appendix 51 
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20. Performance Testing – Clinical 

The LiquoGuard CSF System has the same indication for use as the primary predicate 
devices (external cerebral spinal fluid (CSF) drainage) and the same technological 
characteristics as the secondary predicate device (intracranial pressure measurement), and 
because all functions can be verified and tested in bench tests, formal clinical performance 
testing was not deemed necessary based on the products risk assessment.  

To present the safety of the LiquoGuard CSF System a clinical trial was started in 2009, 75 
cases have been collected and are included in the study report. The LiquoGuard CSF 
System is CE marked in Europe since 2006 where the study was performed. Please refer to 
Appendix 60 for the study protocols, the results and the discussion. 

 

21. Others 

The LiquoGuard CSF System is CE marked in Europe since 2006. The LiquoGuard CSF 
System is an innovation in the draining of CSF and some of neurosurgeons who are 
working with the LiquoGuard CSF System published their experience with the device. 
Please refer Appendix 61 for some published reports. 

o B.M. Hoelper “Clinical study report of a new pressure and volume controlled CSF 
drainage system (LiquoGuard)”. 

o N. Klemz, B. Luther, P. Köster, T. Nowak, E. Berendes “Continuous Controlled 
Lumbar Spinal Fluid Drainage for Prevention of Spinal Ischemia during 
Thoracoabdominal Surgery of the Aorta”.  

o Manfred Kudernatsch, Suleyman Nauros, Peter A. Winkler (Poster) “Automatical 
Pressure- and Flow-Controlled Ventricular CSF Drainage LiquoGuard®: Two Years 
of Experience with over 50 Children in Pediatric Neurosurgery and Epilepsy 
Surgery”. 

The mentioned publications for the comparison of the LiquoGuard CSF System with the 
secondary predicate device “intracranial pressure monitore” are  submitted in Appendix 61. 

o M. Gelabert-Gonzáles, V. Ginesta-Galan, R. Sernamito-Gareín, A.G. Allut, J. 
Bandin-Diéguez and R.M. Rumbo “The Camino intracranial pressure device in 
clinical practice. Assessment in a 1000 cases”. 

o Giuseppe Citerio, M.D., Ian Piper, Ph.D., Iain R. Chambers, Ph.D., Davide Gallo, 
M.D., Per Enblad, M.D., Karl Kiening, M.D., Arminas Ragauska, Ph.D., Juan 
Sahuquillo, M.D., Barbara Gregson, Ph.D.  “Multicenter Clinical Assessment of the 
Raumedic Neurovent-P Intracranial Pressere Sensor: A Report by the BrainIT 
Group.”. 
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 Page 1/1 
 

March 26, 2012 
 

 
Indications for Use 

 
 
 
 
510(k) Number (if known): TBD 
 
Device Name:  LiquoGuard CSF System 
     
Indications for Use:  
The LiquoGuard CSF system is indicated for the external drainage of cerebrospinal fluid 
(CSF). It connects to any drainage catheter (not part of the product) which is usually in-
serted by the doctor into the lateral or third ventricle of the brain or lumbar subarachnoid 
space in selected patients to reduce intracranial pressure. The LiquoGuard CSF system 
controls CSF pressure, thus taking the role of the conventional CSF dripping chamber and 
collection bag (predicate devices). The LiquoGuard CSF system also monitors intracranial 
pressure and cerebrospinal fluid flow during CSF drainage, and provides many alarm func-
tions not offered by the passive dripping chamber systems.  
 
 
 
 
 
 
 
 
Prescription Use  ___ ___ 
(Part 21 CFR 801 Subpart D) AND/OR Over-The-Counter Use _______ 

(21 CFR 801 Subpart C) 
 
 

(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE OF 
NEEDED) 

______________________________________________________________________ 
Concurrence of CDRH, Office of Device Evaluation (ODE) 
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APPENDIX 2 
 

TRUTHFUL AND ACCURACY 
STATEMENT 
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APPENDIX 3 
 

PRODUCT MATERIALS               
LIQUOGUARD CSF TUBING SET 
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APPENDIX 4 
 

PACKAGING CONTENTS OF THE 
LIQUOGUARD CSF TUBING SET 
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APPENDIX 5 
 

COPIES OF THE 510(K) SUMMARIES 
FOR EQUIVALENT DEVICES 
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K030289 
HERMETIC PLUSTM 

EXTERNAL CSF DRAINAGE SYSTEM 
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K032817 
EXTERNAL DRAINAGE SET 
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K061568 
CODMAN® EDS 3TM 

CSF EXTERNAL DRAINAGE SYSTEM 
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K962928 
MULTI-PARAMETER MONITOR (MPM) 

INTRACRANIAL PRESSUER MONITORING SYSTEM 
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APPENDIX 6 
 

CLINICAL EVALUATION ACCORDING TO 
MEDDEV 2.7.1 
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Clinical evaluation for LiquoGuard 
 

Literature route, acc. to MEDDEV 2.7.1 
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Author of the summarized clinical evaluation 
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Scientific activity and author's publication index 
 
Book (first author) 

Hölper, B.M., Soldner F., Behr R.: Kompendium Neurochirurgie. proINN-Verlag, Rosenheim, 2006 
 
 
Publications (peer review) 

1. Hoelper BM, Reinert MM, Zauner A, Doppenberg E, Bullock R: rCBF in Hemorrhagic, Non-Hemorrhagic and Mixed 
Contusions after severe head injury and its Effect on Perilesional Cerebral Blood Flow. Acta Neurochir (2000) [Suppl] 
76: 21-25 

2. Hoelper BM, Soldner F, Choné L, Wallenfang T: Effect of Intracerebral Lesions Detected in Early MRI on Outcome 
After Acute Head Injury. Acta Neurochir (2000) [Suppl] 76: 265-268 

3. Reinert M, Hoelper B, Doppenberg E, Zauner A, Bullock R: Substrate Delivery and Ionic Balance Disturbance After 
Severe Human Head Injury. Acta Neurochir (2000) [Suppl] 76: 439-444 

4. Soldner F, Hoelper BM, Chone L, Wallenfang T.: Evoked potentials in acute head injured patients with MRI-detected 
intracerebral lesions. Acta Neurochir (Wien) 2001;143(9):873-83  

5. Soldner F, Hoelper BM, Wallenfang T, Behr R.: The translaminar approach to canalicular and cranio-dorsolateral 
lumbar disc herniations. 
Acta Neurochir (Wien). 2002;144(4):315-20 

6. Hoelper BM, Hofmann E, Sporleder R, Soldner F, Behr R: Transluminal Balloon Angioplasty Improves Brain Tissue 
Oxygenation and Metabolism in Severe Vasospasm after Aneurysmal Subarachnoid Hemorrhage: Case Report. 
Neurosurgery 2003; 52(4) 

7. Hoelper BM, Soldner F, Lachner R, Behr R: Enhanced accuracy of MRI image fusion  
by defining a Volume of Interest. Neuroradiology 2003, 45(11), 804-809 

8. Hoelper BM, Alessandri B, Heimann A, Behr R, Kempski O: Brain oxygen monitoring: In-vitro accuracy, long-term drift 
and response-time of Licox- and Neurotrend Sensors. Acta Neurochirurgica 2005, in press 

9. Alessandri B, Hoelper BM, Heimann A, Behr R, Kempski O: Accuracy and stability of temperature probes for 
intracranial application. J Neurosci Meth 139 (2004), 161-165 

10. Hoelper BM, Soldner F, Behr R: Fluoroskopie-kontrollierte Genauigkeit von rahmenloser Neuronavigation beim 
transsphenoidalen Zugang zu Prozessen der Sellaregion. In: Böker, Deinsberger (Hrsg): Schädelbasischirurgie. Acta 
Neurochirurgica Suppl (2004), ISBN 3-211-22324-X 

11. Hoelper BM, Alessandri B, Heimann A, Behr R, Kempski O.: Brain oxygen monitoring: in-vitro accuracy, long-term 
drift and response-time of Licox- and Neurotrend sensors.Acta Neurochir (Wien). 2005 Jul;147(7):767-74. 

 
Publications (abstacts) 

1. Hölper B, Kurth C, Wieding JU, Schönle PW: Shift Invariance of a Heteroassoziative Self-Organizing Neural Network 
and its Stability after Deletion of Synapses; in: Göttingen Neurobiology Report 1994: proceedings of the 22nd 
Göttingen Neurobiology Conference 1994, Volume 2; hrsg. v. Elsner N, Breer H; Thieme-Verlag, Stuttgart 1994 

2. Hölper B, Kurth C, Wieding JU, Schönle PW: Properties of a New Heteroassociative Self-Organizing Neural Network; 
in: Proceedings of the IASTED International Conference, Artificial Intelligence, Expert Systems and Neural Networks; 
hrsg. v. M.H. Hamaza; IASTED - ACTA PRESS, Anaheim 1994, 8 - 11  

3. Hölper B, Wieding JU, Schönle PU: Properties of a New Heteroassociative Self-Organizing Neural Network: Shift 
Invariance and Its Stability after Deletion of Synapses. IASTED International Conference Artificial intelligence, expert 
systems and neural networks, 4. – 6. Juli 1994, Zürich  

4. Kurth C, Hölper B: Analysis of Synaptic Plasticity based on Hebbian Mechanisms by Simulation of the Olfactory 
Cortex Structure with a Neural Network; in: Learning and Memory : procceding of the 23rd Göttingen Neurobiology 
Conference 1995, Volume II; hrsg. v. Elsner N, Menzel R; Thieme-Verlag, Stuttgart 1995 

5. Kurth C, Hölper B: The Hirarchical Structure of Levels of Complexity in Biological Neural Networks Limits the 
Transferability of Experimental Results in Artificial Neural Networks; in: Göttingen Neurobiology Report 1996: 
procceding of the 24rd Göttingen Neurobiology Conference 1996, Volume 2; hrsg. v. Elsner N, Thieme-Verlag, 
Stuttgart 1996 

6. Hölper BM, Tenckhoff D, Soldner F, Al-Hami S, Wallenfang T (1997): Computer aided neurosurgery is limited by 
emergent properties of the brain: simulation of cortical lesions with artificial neural networks; in: Hütter BO, Gilsbach 
JM (Hrsg): Neuropsychology in Neursurgery, Psychiatry and Neurology. Proceedings of the 1st Aachen Conference, 
December 12-14. 1997, Verlag der Augustinus Buchhandlung Aachen, 1 Auflage  

7. Soldner F, Hölper BM, Choné L, Sporleder R, Wallenfang Th (1998): Datenbankgestützte Klassifikation der 
intraparenchymalen Läsionen in der Computertomographie und Magnetresonanztomographie – ein verläßlicher 
prognostischer Parameter beim akuten Schädel-Hirn-Trauma? Zentralblatt für Neurochirurgie 59, S 217 und Vortrag 
zum European Meeting Neurotrauma 1998, 1.-3. Oktober 1998, Magdeburg 

8. Hölper BM, Sporleder R, Soldner F, Al-Hami S, Wallenfang T: Bestimmung des Outcomes bei Patienten mit 
schwerem Schädel-Hirn-Trauma aus der Kombination diagnostischer nicht-linearer Daten. In: Zentralbl Neurochir. 59 
(1998), p. 44 

9. Hölper BM, Röhrig G, Schreiber T, Taraszow O, Soldner F, Choné L, Wallenfang T: Processing of Evoked Potentials 
and Neuroimaging Data of Head Injured Patients in Artificial Neural Networks in: proceedings of the 27nd Göttingen 
Neurobiology Conference 1999; hrsg. v. Eysel U, Elsner N, Thieme-Verlag, Stuttgart 1999 

10. Hölper BM, Soldner F, Choné L, Wallenfang T: Effect of diffuse injury in brainstem, basal ganglia and corpus callosum 
on outcome after traumatic brain injury. In: Zentralbl Neurochir. 61 (2000), p. 49 
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11. Hölper BM, Soldner F, Behr R: Events during microdialysis and ptiO2 monitoring due to focal and global cerebral 
ischemia. In: Burkert, Winfried (Hrsg): 53. Jahrestagung der Deutschen Gesellschaft für Neurochirurgie 2002: 
Abstracts, p10. Aachen, Shaker, 2002.  

12. Hölper BM, Soldner F, Behr R: Time related analysis of critical multimodal neuromonitoring parameters. In: Burkert, 
Winfried (Hrsg): 53. Jahrestagung der Deutschen Gesellschaft für Neurochirurgie 2002: Abstracts, p 12. Aachen, 
Shaker, 2002.  

13. Hölper BM, Eichler M, Rohlfs J, Soldner F, Behr R: Enhanced accuracy of MRI image fusion by defining a Volume of 
Interest: Less is more!. In: Burkert, Winfried (Hrsg): 53. Jahrestagung der Deutschen Gesellschaft für Neurochirurgie 
2002: Abstracts, p 31. Aachen, Shaker, 2002.  

14. Hölper BM, Soldner F, Sporleder R, Behr R: Sequential SEP during microdialysis-, ICP- and ptio2-monitoring. In: 
Burkert, Winfried (Hrsg): 53. Jahrestagung der Deutschen Gesellschaft für Neurochirurgie 2002: Abstracts, p56. 
Aachen, Shaker, 2002.  

15. Krahl R, Tenckhoff D, Hölper B, Behr R: Isolierter Aufstau des rechten Seitenventrikels – diagnostische Hilfen bei der 
Indikationsstellung zu einer Fensterung des Septum pellucidum. 2. Jahrestagung der Sektion Neuroendoskopie, 
Neuronavigation und intraoperative Bildgegbung der Deutschen Gesellschaft für Neurochirurgie, 4.-5. Oktober 2002 in 
Leipzig 

16. Hölper BM, Alessandri B, Heimann A, Behr R, Kempski O: In-vitro Genauigkeit und Drift von Licox- und 
Neurotrendsensoren. 54. Jahrestagung der Deutschen Gesellschaft für Neurochirurgie 2003: Abstracts, p106. 
Aachen, Shaker, 2003.  

17. Behr R, Müller J, Shehate-Dieler W, Roosen K, Soldner F, Hölper BM: Wiederherstellung von Höreindrücken bei NF-
2-Patienten mit einem hochfrequenten CIS ABI. 54. Jahrestagung der Deutschen Gesellschaft für Neurochirurgie 
2003: Abstracts, p67. Aachen, Shaker, 2003. 

18. Hoelper BM, Soldner F, Choné L, Behr R: Einfluss des Volumen im frühen MRT diagnostizierter intrazerebraler 
Verletzungen auf SEP und Outcome nach Schädel-Hirn-Trauma. 55. Jahrestagung der Deutschen Gesellschaft für 
Neurochirurgie, Köln, 25.-28. Oktober 2004: Abstracts, p.57 

19. Hoelper BM, Soldner F, Janka M, Behr R: Klinische Erfahrungen im metabolischen Monitoring bei schwerer SAB nach 
5-jähriger Erfahrung.  55. Jahrestagung der Deutschen Gesellschaft für Neurochirurgie, Köln, 25.-28. Oktober 2004: 
Abstracts, p. 58 

20. Krahl R, Hoelper BM, Eichler MK, Behr R: Einfluss des Alters und des Fusionsmaterials auf das Ergebnis der 
zervikalen monosegmentalen Fusion. 55. Jahrestagung der Deutschen Gesellschaft für Neurochirurgie, Köln, 25.-28. 
Oktober 2004: Abstracts, p. 74 

21. Martinez R, Hölper BM, Behr R: Patientenalter ohne Einfluss auf die postoperative neurologische und internistische 
Morbidität bei malignen Astrozytomen. 55. Jahrestagung der Deutschen Gesellschaft für Neurochirurgie, Köln, 25.-28. 
Oktober 2004: Abstracts, p. 96 

22. Behr R, Müller J, Hölper BM: Results and experiences with auditory brainstem (ABI) implants. In: Skull base An 
interdisciplinary Approach. 7th European Skull base society congress. Thieme, New York 2005, p. 6-7 

23. Hölper BM, Behr R: Accuracy of Neuronavigation fort her Trans-sphenoidal Approach to the sellar region. In: Skull 
base An interdisciplinary Approach. 7th European Skull base society congress. Thieme, New York 2005, p. 30 

24. Göktas V., Hoelper, B. M., Janka M., Arndt M., Chone L., Martinez R., Behr R.:  Vasospasmusbedingte Gewebe-
Ischämie nach SAB: Lokalisation, Bezug zum Aneurysma und Einfluss auf die Anlage von ptiO2-Sonden.. 57. 
Jahrestagung der Deutschen Gesellschaft für Neurochirurgie 2006.  

25. Janka M., Hoelper B. M., Göktas V., Arndt M., Chone L., Behr R.: Reconstructed computerized angiography and 
transluminal balloon angioplasty: promising methods in the management of severe vasospasm following SAH. 57. 
Jahrestagung der Deutschen Gesellschaft für Neurochirurgie 2006.  

 
Scientific lectures 

1. Hölper B: Computersimulation eines selbstorganisierenden neuronalen Netzwerkes und Untersuchung seines 
Adaptationsverhaltens. Vortrag zur Fortbildungsveranstaltung der neurologischen Klinik Göttingen 27. August 1995, 
Göttingen 

2. Hölper B, Wieding JU, Schönle PU: Properties of a New Heteroassociative Self-Organizing Neural Network: Shift 
Invariance and Its Stability after Deletion of Synapses. Vortrag “IASTED International Conference Artificial 
intelligence, expert systems and neural networks”, 4. – 6. Juli 1994, Zürich  

3. Hölper BM, Soldner F, Al-Hami S, Wallenfang T: Prognosemöglichkeit des Outcomes in der Frühphase des schweren 
Schädel-Hirn-Traumas mit Hilfe neuronaler Netze. Vortrag zur Herbsttagung der Arbeitsgemeinschaft 
Neurotraumatologie der Deutschen Gesellschaft für Neurotraumatologie und Klinische Neuropsychologie am 22. 
November 1997, Kiel  

4. Hölper BM, Tenckhoff D, Soldner F, Al-Hami S, Wallenfang T (1997): Computer aided neurosurgery is limited by 
emergent properties of the brain: simulation of cortical lesions with artificial neural networks. Vortrag zu 
“Neuropsychology in Neursurgery, Psychiatry and Neurology”. 1st Aachen Conference, 12.-14 Dezember 1997  

5. Hölper BM, Sporleder R, Soldner F, Al-Hami S, Wallenfang T (1998): Bestimmung des Outcomes bei Patienten mit 
schwerem Schädel-Hirn-Trauma aus der Kombination diagnostischer nicht-linearer Daten. Zentralblatt für 
Neurochirurgie 59, S 45 und Vortrag am 3. Schwerpunktsymposium Neuro-/Polytrauma; Epidemiologie, 
Pathophysiologie und Therapie, 13.-14. März 1998, Köln  

6. Hölper BM, Wallenfang T: Lance-Adams-Syndrom nach schwerem Schädel-Hirn-Trauma – Klinische, diagnostische 
und therapeutische Besonderheiten. Vortrag zur 6. Nordhessisch-Thüringischen Regionalkonferenz 
Neuropathologie/Neurochirurgie am 25.April 1998, Erfurt  
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7. Hölper BM, Soldner F, Wallenfang T: Integration evozierte Potentiale in das multimodale Neuromonitoring beim 
schweren SHT. Vortrag zur 10. Tagung der Arbeitsgemeinschaft Neurophysiologie der Deutschen Gesellschaft für 
Neurochirurgie am 25./26. September 1998, Würzburg  

8. Hölper BM, Reinert MM, Zauner A, Doppenberg E, Bullock R: rCBF in hemorrhagic, non-hemorrhagic and mixed 
contusions after severe head injury and its effect on perilesional cerebral blood flow. Brain Oedema and Mechanisms 
of Cellular Injury, Vortrag, June 6th – June 10th 1999, Newcastle upon Tyne 

9. Hölper BM, Reinert MM, Zauner A, Doppenberg E, Choi SC, Bullock R: Brain tissue pH-, carbondioxide-, and oxygen-
threshold analysis in relation with outcome in severe human head injury. 3rd Conferende on monitoring of cerebral 
oxygenation and metabolism, Vortrag am 29.-30. April 1999, Berlin  

10. Hölper BM, Soldner F, Wallenfang T: Aktueller Stand des multimodalen Neuromonitorings beim Schädel-Hirn-
Trauma. 3. Thüringer Fachtagung Neurorehabilitation: Das Schädel-Hirn-Trauma, 8. Mai 1999, Bad Liebenstein 

11. Soldner F, Tenckhoff D, Hölper BM, Wallenfang T: Intraoperative NIM-2TM-Monitoring, a warranty of preservation of 
facial nerve in acoustic neuronoma surgery? Vortrag zur 50. Jahrestagung der Deutschen Gesellschaft für 
Neurochirurgie, 5.-9. Juni 1999, München 

12. Hölper BM, Reinert M, Zauner A, Bullock R: Beziehung zwischen ptiO2/paO2-Quotient zum extrazellulären Glutamat 
und Glucose nach schwerem Schädel-Hirn-Trauma. Vortrag zur 25. Arbeitstagung „Intrakranieller Druck, Hirnödem, 
Hirndurchblutung“ der deutschen Gesellschaft für Neurochirurgie, 15.-16. Oktober 1999, Homburg/Saar 

13. Hölper BM, Soldner F, Choné L, Wallenfang T: Bedeutung des MRT in der Frühphase nach Schädel-Hirn-Trauma zur 
Erkennung und Klassifizierung intrazerebraler Läsionen. Vortrag zur 25. Arbeitstagung „Intrakranieller Druck, 
Hirnödem, Hirndruchblutung“ der deutschen Gesellschaft für Neurochirurgie, 15.-16. Oktober 1999, Homburg/Saar 

14. Hölper BM, Soldner F, Choné L, Wallenfang T: Effect of diffuse injury in brainstem, basal ganglia and corpus callosum 
on outcome after traumatic brain injury. Vortrag zum IV Joint Polish-German Neurosurgical Meetin, 20-22. Oktober 
1999, Wroclaw 

15. Hölper BM, Wallenfang Th: Das Schädel-Hirn-Trauma: Vortrag zum 13. Chirurgischen Weiterbildungsseminar des 
Berufsverbandes der deutschen Chirurgen (BDC), 2. Februar 2000, Klinikum Fulda 

16. Söhle M, Hölper BM, Eichler M, Soldner F und Wallenfang Th: Multimodales Neuromonitoring : Hilfreich oder 
verwirrend bei der Überwachung von Patienten mit Schädel-Hirn-Trauma ? Vortrag zur 26. Arbeitstagung 
"Intrakranieller Druck, Hirnödem, Hirndurchblutung" der deutschen Gesellschaft für Neurochirurgie, 13.- 14 Oktober 
2000, Fulda  

17. Hölper BM, Söhle M, Soldner F, Eichler M, Choné L, Wallenfang Th: Bedeutung sequentiell erfaßter evozierter 
Potentiale im Vergleich zum zerebralen biochemischen Monitoring bei erhöhtem intrakraniellen Druck. Vortrag zur 26. 
Arbeitstagung "Intrakranieller Druck, Hirnödem, Hirndurchblutung" der deutschen Gesellschaft für Neurochirurgie, 13.- 
14 Oktober, Fulda 

18. Soldner F, Hölper BM, Wallenfang T: The translaminar fenestration in selected lumbar disc herniation – an alternative 
and effective approach? Vortrag First interdisciplinary world congress on spinal surgery (World Spine), 27. August – 1. 
September 2000, Berlin 

19. Hölper BM: Klinische Erfahrungen mit VectorVision2. Vortrag zum 1. BrainLaboratory, BrainLAB AG, 29. November – 
2. Dezember 2000, München 

20. Hölper BM: Schädel-Hirn-Trauma: Vortrag zum 14. Chirurgischen Weiterbildungsseminar des Berufsverbandes der 
deutschen Chirurgen (BDC), 8. Februar 2001, Klinikum Fulda 

21. Hölper BM: Indikationen und Durchführung der SCS (spinal cord Stimulation). Vortrag zur interdisziplinären 
Schmerzkonferenz, 17.01.2001, Klinikum Fulda 

22. Hölper BM, Wallenfang T: Die intensivmedizinische Behandlung der Patienten mit frischer Subarachnoidalblutung. 
Vortrag in der Akademie für ärztliche Fortbildung und Weiterbildung der Landesärtzekammer Hessen, 24.02.2001, 
Bad Nauheim 

23. Hölper BM: Genauigkeit der automatischen und markerbasierten Bildfusionierung anhand anatomischer Landmarken. 
Vortrag zum 3. Workshop Navigierte Hirnchirurgie, 2.-3. März 2001, Kiel 

24. Hölper BM, Rohlfs J, Soldner F, Wallenfang T: Genauigkeit der Übereinstimmung anatomischer Landmarken nach 
automatischer und markerbasierte Bildfusionierung. Vortrag zur 52. Jahrestagung der Deutschen Gesellschaft für 
Neurochirurgie, 27.-30. Mai 2001, Bielefeld 

25. Hölper BM, Soldner F, Wallenfang T: Klinischer Verlauf nach translaminärer Fensterung bei foraminalen und nach 
cranial sequestrierten lumbalen Bandscheibenvorfällen. Vortrag zur 52. Jahrestagung der Deutschen Gesellschaft für 
Neurochirurgie, 27.-30. Mai 2001, Bielefeld  

26. Hölper BM: Selektive Fusionierung von Bilddaten, Vortrag „Wssenschaftliches  Symposium Neurochirurgie“, 1.-2. 
März 2002, BrainLAB, München 

27. Hölper BM, Soldner F, Behr R: Events during microdialysis and ptiO2 monitoring due to focal and global cerebral 
ischemia. Vortrag „ 53. Jahrestagung der Deutschen Gesellschaft für Neurochirurgie 2002“, 2.-5. Juni 2002, 
Halle/Saale 

28. Hölper BM, Soldner F, Behr R: Time related analysis of critical multimodal neuromonitoring parameters. Vortrag „ 53. 
Jahrestagung der Deutschen Gesellschaft für Neurochirurgie 2002“, 2.-5. Juni 2002, Halle/Saale 

29. Hölper BM, Eichler M, Rohlfs J, Soldner F, Behr R: Enhanced accuracy of MRI image fusion by defining a Volume of 
Interest: Less is more!. Vortrag „ 53. Jahrestagung der Deutschen Gesellschaft für Neurochirurgie 2002“, 2.-5. Juni 
2002, Halle/Saale 

30. Hölper BM, Soldner F, Sporleder R, Behr R: Sequential SEP during microdialysis-, ICP- and ptio2-monitoring. Vortrag 
„ 53. Jahrestagung der Deutschen Gesellschaft für Neurochirurgie 2002“, 2.-5. Juni 2002, Halle/Saale 
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31. Hölper BM, Soldner F, Behr R: Fokale und globale zerebrale Ischämie während ICP-, Mirkodialyse und ptiO2-
Monitoring nach SAB. Vortrag zur Sektion Intrakranieller Druck, Hirnödem und Hirndurchblutung. 28. Jahrestagung 
der Deutschen Gesellschaft für Neurochirurgie Bonn, 18.-19. Oktober 2002 

32. Krahl R, Tenckhoff D, Hölper BM, Behr R: Case Report Leipzig 2002 

33. Hölper BM: Volume of Interest-Fusion: Entwicklung und Prüfung einer neuen Bildfusionsmethode. Vortrag zur 
Verleihung des Wissenschaftlichen Förderpreises 2002 des Vereins zur Förderung der Neurologischen 
Wissenschaften, Frankfurt am Main, 27. November 2002 

34. Hölper BM: Das Schädel-Hirn-Trauma: Vortrag zum 16. Chirurgischen Weiterbildungsseminar des Berufsverbandes 
der deutschen Chirurgen (BDC), 5. Februar 2003, Klinikum Fulda 

35. Behr R, Müller J, Shehate-Dieler W, Roosen K, Soldner F, Hölper BM: Wiederherstellung von Höreindrücken bei NF-
2-Patienten mit einem hochfrequenten CIS ABI. Vortrag zur 54. Jahrestagung der Deutschen Gesellschaft für 
Neurochirurgie 2003, Homburg/Saar.  

36. Hölper BM: Temperaturmessung mit REHAU ICP-Kathetern - Genauigkeit und Langzeitdrift. Luncheon-Vortrag zur 
54. Jahrestagung der Deutschen Gesellschaft für Neurochirurgie 2003, Homburg/Saar.  

37. BM Hölper, B Alessandri, A Heimann, R. Behr, O. Kempski: In-vitro Genauigkeit, Drift und Reaktivitätszeit von Licox- 
und Neurotrendsensoren. Vortrag zur Sektion Intrakranieller Druck, Hirnödem und Hirndurchblutung. 29. 
Jahrestagung der Deutschen Gesellschaft für Neurochirurgie Berlin, 13.-14. Oktober 2003 

38. Eichler MK, Tenckhoff D, Hölper BM, Choné L, Behr R. Cerebralvaskuläre Compliance als prognostischer Indikator 
für die Selektion zur Shuntanlage bei klinisch und radiologisch gesichertem NPH. Vortrag zur Sektion Intrakranieller 
Druck, Hirnödem und Hirndurchblutung. 29. Jahrestagung der Deutschen Gesellschaft für Neurochirurgie Berlin, 13.-
14. Oktober 2003 

39. Kim, D., Behr, R., Hölper, B. M., Soldner, F.: Dorsale lumbale Spondylodese – Ein Erfahrungsbericht. 9. 
Rauischholzhausener Symposium 28. November 2003 

40. Hoelper BM, Soldner F, Choné L, Behr R: Einfluss des Volumen im frühen MRT diagnostizierter intrazerebraler 
Verletzungen auf SEP und Outcome nach Schädel-Hirn-Trauma. Vortrag am 26.04.2004 zur 55. Jahrestagung der 
Deutschen Gesellschaft für Neurochirurgie, Köln, 25.-28. Mai 2004.  

41. Hoelper BM, Soldner F, Janka M, Behr R: Klinische Erfahrungen im metabolischen Monitoring bei schwerer SAB nach 
5-jähriger Erfahrung.  Vortrag am 26.04.2004 zur 55. Jahrestagung der Deutschen Gesellschaft für Neurochirurgie, 
Köln, 25.-28. Mai 2004.  

42. Krahl R, Hoelper BM, Eichler MK, Behr R: Einfluss des Alters und des Fusionsmaterials auf das Ergebnis der 
zervikalen monosegmentalen Fusion. Vortrag am 27.04.2004 zur 55. Jahrestagung der Deutschen Gesellschaft für 
Neurochirurgie, Köln, 25.-28. Mai 2004.  

43. Martinez R, Hölper BM, Behr R: Patientenalter ohne Einfluss auf die postoperative neurologische und internistische 
Morbidität bei malignen Astrozytomen. Vortrag am 28.04.2004 zur 55. Jahrestagung der Deutschen Gesellschaft für 
Neurochirurgie, Köln, 25.-28. Mai 2004.  

44. Hoelper BM, Behr R: ICP in the Environment of Multimodal Neuromonitoring. 13. Hoderuv den, Celostatni 
Sympozium, 3. Juni 2004, Prag.  

45. Hoelper BM, Janka M, Soldner F, Eichler M, Martinez R, Behr R: Ergebnisse der transluminalen Ballonangioplastie 
bei schwerem Vasospasmus nach SAB. 30. Jahrestagung der Sektion „Intrakranieller Druck, Hirnödem, 
Hirndurchblutung“, 15.-16.10.2004,  Regensburg 

46. Behr R, Hölper B: Auditory brainstem implant, Word congress of neurosurgery, Sidney 2004 

47. Behr R, Müller J, Hölper B: Results and experiences with Auditory Brainstem Implants. Vortrag am 19.05.2005, 7th 
Congress of the European Skull Base Society, ESBS2005, Fulda 

48. Hölper BM, Behr R: Accuracy of neuronavigation for the transsphenoidal approach to the sellar region. Vortrag am 
20.05.2005, 7th Congress of the European Skull Base Society, ESBS2005, Fulda 

49. Göktas V., Hoelper, B. M., Janka M., Arndt M., Chone L., Martinez R., Behr R.:  Occurrence of regional ischemia after 
subarachnoid hemorrhage and implications on placement of tissue oxygenation sensors. Tagung der Sektion 
„Vaskuläre Neurochirurgie“, 3.-4. Februar 2006, Leipzig 

50. Göktas V., Hoelper, B. M., Janka M., Arndt M., Chone L., Martinez R., Behr R.:  Vasospasmusbedingte Gewebe-
Ischämie nach SAB: Lokalisation, Bezug zum Aneurysma und Einfluss auf die Anlage von ptiO2-Sonden.. 57. 
Jahrestagung der Deutschen Gesellschaft für Neurochirurgie, Essen, 11.-14. Mai 2006. 

51. Janka M., Hoelper B. M., Göktas V., Arndt M., Chone L., Behr R.: Reconstructed computerized angiography and 
transluminal balloon angioplasty: promising methods in the management of severe vasospasm following SAH. 57. 
Jahrestagung der Deutschen Gesellschaft für Neurochirurgie, Essen, 11.-14. Mai 2006.  

52. Behr R, Hölper B, Müller J: Restoration of hearing with auditory brainstem implants in MF2 patients. 9th international 
conference on cochlear implants and related sciences, 14.06. – 17.06. 2006, Vienna 
 

 
Scientific posters 

1. - Hölper B, Kurth C, Wieding JU, Schönle PW: Shift Invariance of a Heteroassoziative Self-Organizing Neural Network 
and its Stability after Deletion of Synapses; in: Göttingen Neurobiology Report 1994: proceedings of the 22nd 
Göttingen Neurobiology Conference 1994, Volume 2; hrsg. v. Elsner N, Breer H; Thieme-Verlag, Stuttgart 1994 

2. Kurth C, Hölper B: Analysis of Synaptic Plasticity based on Hebbian Mechanisms by Simulation of the Olfactory 
Cortex Structure with a Neural Network; in: Learning and Memory : procceding of the 23rd Göttingen Neurobiology 
Conference 1995, Volume II; hrsg. v. Elsner N, Menzel R; Thieme-Verlag, Stuttgart 1995 

3. Kurth C, Hölper B: The Hirarchical Structure of Levels of Complexity in Biological Neural Networks Limits the 
Transferability of Experimental Results in Artificial Neural Networks; in: Göttingen Neurobiology Report 1996: 
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procceding of the 24rd Göttingen Neurobiology Conference 1996, Volume 2; hrsg. v. Elsner N, Thieme-Verlag, 
Stuttgart 1996 
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Product name 
 
LiquoGuard is a CSF drainage system, which is connected to an already existing 
intrathecal CSF drainage with the possibility to measure CSF pressure while 
simultaneously draining the CSF. The volume of drained CSF hereby depends on the 
CSF pressure measured by the system and on the maximum drainage volume 
defined by the operator.  
 
 
Product manufacturer 
 
The manufacturer of the product LiquoGuard and its set of consumables is Möller 
Medical GmbH & Co KG, Wasserkuppenstr. 29-31, 36043 Fulda, Germany.  
 
Purpose 
 
The LiquoGuard system consists of disposable consumables (CSF drainage system) 
and a control/pump unit. The purpose of the system is to measure CSF pressure in 
the CSF drainage system and to remove CSF at a determinable quantity via a 
surgically installed intrathecal CSF drainage, which was selected and installed by 
medical staff independent of the LiquoGuard system and whose indication does not 
depend on the use of the LiquoGuard system.  
 
 
 
 
 
 
 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



 9 

Indications  
 
Pathophysiological principles for the indication of intrathecal space puncture 
The nervous system (brain, meninges) is surrounded by cerebro-spinal fluid (CSF) 
(6, 20). The production and resorption of CSF is in a stable balance (6, 10). Diseases 
or injuries to the nervous system or its surroundings e.g. hemorrhages, infections, 
tumors, cranio-cerebral injury or deformities can disrupt the balance between CSF 
production and resorption; a collection of CSF in the brain or in the meningeal area 
can then lead to increased pressure on the nervous system, which could lead to 
irreversible damage, severe permanent damage or even to death (1, 9, 10, 12-14, 
18-20, 22, 24). In order to avoid this potentially life-threatening situation, CSF is 
drained to the outside (intrathecal  CSF drainage) (7, 10, 13, 23). Analogue to this, 
lumbar CSF drains are used, which are not installed for the correction of a life-
threatening situation, but serve the correction of a CSF fistula or the diagnosis of a 
chronic pathological collection of CSF (normal pressure hydrocephalus).(2, 3, 7, 15, 
23)  
 
"Gold Standard" for the treatment of dysfunctional CSF circulation  
The essential basis for intrathecal CSF drainage is the installation of a drainage 
system in the CSF space. This is performed via ventricle drainage (usually consisting 
of silicon or polyurethane) or a stainless steel cannula (e.g. Duisburg needle) (7). 
Lumbar drainage is achieved by inserting a thin silicon catheter into the intrathecal  
space (2). Both procedures represent today's "Gold Standard" for intrathecal  CSF 
drainage in dependence of the disease and therapy objective (10, 13). A CSF 
drainage system is connected to this CSF conductor, independent of the use of the 
LiquoGuard system. This CSF drainage system is either a system already 
established on the market or it may be the LiquoGuard system. All operative steps to 
install the intrathecal CSF drain must be carried out according to the respective 
indication, independent of the CSF drainage system used later.  
 
Indication for temporary intrathecal liquor drainage 
Fundamentally, the LiquoGuard system does not change the indication for intrathecal 
liquor drainage in any patient, nor does it influence the therapeutical concept, type of 
treatment, therapy objectives or therapy duration. The LiquoGuard system constitutes 
a liquor drainage system, whose most important characteristics comply to other liquor 
drainage systems on the market. Therefore the listed indications for liquor drainage 
must be understood in the broadest sense, without presupposing the use of the 
LiquoGuard system or a comparable liquor drainage system, as these systems are 
interchangeable with each other at all times without the need for a change in therapy 
or further surgery.  

o Communicating hydrocephalus: This summarizes all clinical pictures in 
which liquor production is temporarily in disproportion to liquor resorption, 
usually during cerebral hemorrhage (subarachnoid hemorrhage, 
intraventricular hemorrhage), encephalitis and cranial-cerebral injuries. In most 
cases the cause is resorption dysfunction by obstruction of the Paccioni 
granulation. There is no alternative treatment to intrathecal liquor drainage for 
these clinical pictures.  

o Non-communicating hydrocephalus: Liquor drainage is impaired by a 
partial or complete occlusion of the liquor draining paths. This may occur 
through masses (tumors, cysts, hemorrhage, congenital malformation) near 
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the foramen Monroi, the 3rd ventricle, the aquaduct, the 4th ventricle or the 
foramen Monroi and the foramina Luschkae.  

o Therapy-resistant cerebral swelling: The application of liquor drainage may 
be indicated in therapy-resistant cerebral swelling caused, for example, by 
cranial-cerebral injury, cerebral hemorrhage or subarachnoid hemorrhage or 
by cerebral swelling due to tumors, inflammation or hypoxia, in order to reduce 
intracranial pressure and to bypass trepanation (the removal of a cranial 
bone).  

 
Treatment alternatives to CSF drainage 

o Endoscopy: In a few cases of non-communicating hydrocephalus, 
endoscopic windowing (e.g. of the lamina terminalis) may be created to 
communicated with the external CSF paths. However, this is not indicated in 
all cases of non-communicating hydrocephalus, can only be performed by a 
few, specially trained neurosurgeons who possess the appropriate equipment 
(endoscope) and who are available at the required time. However, external 
CSF drainage cannot be replaced by endoscopic windowing for all clinical 
pictures of non-communicating hydrocephalus.  

o Therapy-resistant cerebral swelling: After exhausting all medicinal forms of 
therapy, the removal of a part of the cranial bone can lead to effective relief of 
the intracranial pressure. The indication as to when external CSF drainage or 
cranial bone removal is performed depends on the primary disease, 
etiopathology, brain swelling dynamics, patho-physiological mechanisms, the 
patient's age, his overall condition, the prognosis and ventricle width and must 
be individually decided by the neurosurgeon. As the surgical risk of CSF 
drainage is considerably lower than that of cranial bone removal, CSF 
drainage at the appropriate medical indication and tenability is preferred to 
removal of cranial bone.  

o Shunt implantation: As a shunt represents an implantable, permanent CSF 
drainage system and external CSF drainage represents temporary CSF relief, 
shunt implantation is no alternative treatment option to CSF drainage.  

 
Contraindications 
The contraindications do not apply to the use of a liquor draining system such as the 
LiquoGuard system, but to the application of intrathecal liquor drainage itself. As, 
however, liquor discharge is only applied in connection with liquor drainage, 
contraindications described below are in connection with the application of external 
liquor drainage only.  
 

o Absolute operative contraindications: Coagulopathy, thrombocythemia.  
o Relative operative contraindications: In superficial or deep infections of 

skin, bone, meninges or brain. Especially in infections of the brain, meninges 
or cerebral chambers (encephalitis, meningitis and ventriculitis) dysfunctional 
CSF resorption indicates relief, as does the simultaneous intake of intrathecal 
antibiotics in the case of ventriculitis.  

o Indication for permanent liquor drainage: If permanent CSF drainage is 
indicated (e.g. in normal-pressure hydrocephalus), a temporary CSF drainage 
would be indicated for diagnostic purposes only (e.g. b-wave diagnostics), but 
not for continuous therapy. This would indicate a CSF shunt system, usually a 
ventriculo-peritoneal shunt or a ventriculo-atrial shunt.  
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PRODUCT DESCRIPTION  
 
LiquoGuard system components 
The LiquoGuard system consists of two components:  
 
1. Disposable tubing set: CSF drainage system with male Luer lock connection (3-

way cock) to connect to an already surgically installed intrathecal CSF drainage. 
Distal to the proximal Luer lock connection (3-way cock) is an attached pressure 
measurement device, in which two piezo-resistant pressure sensors, attached 
independent of one another, measure CSF pressure within the tube lumen. Both 
sensors are embedded in a die-cast component; a connection from the tube lumen 
to the outside does not exist. An attachment clamp is installed in the die-cast 
component enabling the attachment to a standard electrode with a press-stud. A 
cable anchored and connected to the pressure sensor electronics can be 
connected to a confusion proof socket in the LiquoGuard device. A compressible 
tubing system is distally integrated to the pressure sensors, which can be inserted 
into a rotor pump. A CSF collecting bag with a reflux valve is attached to the distal 
end of the tubing system via a 3-way cock.  

2. LiquoGuard device: LiquoGuard consists of a casing with a transport attachment 
(bed, crossbeam, round rod) containing the dually installed evaluation electronics 
of pressure sensors, drive electronics for the rotor pump incl. the rotor pump, drive 
electronics for the monitor incl. the monitor, process electronics for input via 
keyboard and operating wheel, the internal power source (battery) incl. mains 
connection, the display for illustration of various values and data, alarm light 
emitting diodes, the loudspeaker for audible alarm emittance, the card slot for the 
insertion and removal of the memory card, the internal memory electronics and the 
connecting socket for external power supply as well as pressure sensors.  

 
LiquoGuard system functionality 
The CSF drainage system is inserted into the rotor pump by lifting the safety flap, 
whereby the arresting pins in the pump have been designed to be confusion-proof. 
After connecting the pressure sensor cable to the LiquoGuard device and after 
switching on the LiquoGuard device, zero calibration must be carried out on both 
pressure sensors. The CSF drainage system can then be connected to the previously 
and surgically installed intrathecal CSF drainage. Intrathecal CSF drainage is not a 
component of the LiquoGuard system; all approved intrathecal CSF drainage 
systems available on the market may be used. An indication for the installation of 
intrathecal CSF drainage does not depend on the use of the LiquoGuard system 
(consumable goods or LiquoGuard device). The housing with the integrated pressure 
sensors must be attached at the assumed CSF zero height. In the case of intracranial 
application an adhesive electrode is attached to the head near the audible tract, the 
external anatomic landmark of the foramen Monroi, in the case of intrathecal spinal 
application at the height of the proximal end of the catheter. In accordance with 
current literature, alignment of the zero point in intracranial  application should be at 
the height of the foramen Monroi; the zero point in intraspinal application is at the 
height of the intrathecal catheter end (10). The casing with its integrated pressure 
sensors can be clipped to this adhesive electrode. Setting 
 
Setting of therapy-specific parameters 
A therapy during reclining CSF drainage is performed irrespective of the CSF 
drainage system only once CSF has been drained. In this respect CSF drainage 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



 12 

under all clinical conditions is only required as of a positive intrathecal pressure. The 
height of the positive intrathecal  pressure, as of which CSF is drained, depends on 
the disease and etiopathology and is determined individually by medical staff, 
entered as CSF target pressure into the LiquoGuard device via the suitable input 
interfaces and shown in the display. The pressure sensors continuously record CSF 
pressure. If the CSF target pressure is exceeded, the rotor pump is started. CSF is 
removed by the rotation of the pump, conveyed through the CSF drainage system 
and pumped into the CSF collecting bag. The pump stops once the pressure in the 
drainage system returns to the specified target pressure. This control keeps the 
patient's CSF pressure within a pre-defined range (predefined target pressure ± 
Hysteresis, resulting from the regulation, whereby the height of hysteresis is 
adjustable, e.g. 0.5 mmHg). As the closed measurement system enables continuous 
CSF pressure measurement, CSF drainage over and above the target pressure is not 
possible. The volume and speed of CSF drainage can be controlled by rotational 
speed and run-time of the pump. The CSF target volume parameter specified by 
medical staff is used in this respect. This parameter limits the maximum delivery rate 
and simultaneously defines the speed of CSF drainage. If the intrathecal pressure 
lies above or below the upper or lower CSF pressure alarm limit, an optical and 
audible alarm is triggered.  
 
Diagnosis-specific parameters 
The LiquoGuard system displays the diagnosis-specific parameter "intrathecal 
pressure" (ICP) and the drained volume of CSF.  

o Intrathecal CSF pressure: After zero point calibration performed at startup of 
the disposable consumable articles, the two pressure recorders of the tubing 
set integrated into one casing are attached at foramen Monroi level. The CSF 
pressure column between the intrathecal catheter and the pressure sensors is 
the existing intracranial pressure. This pressure is not only the control 
pressure for the LiquoGuard's rotor pump but also represents the Gold 
Standard for determining intracranial  pressure (10, 13). Further diagnostic 
and therapeutical measures depend on this measurement value. As each set 
of consumables can be used only once due to an internal electronic 
registration, repeat pressure measurement or one during application (with 
existing pressure) is not possible.  

o Drained CSF volume: The diameter of the tube inserted in the rotor pump 
and the rotation of the rotor pump defines the volume of drained CSF. This 
volume is electronically displayed (ml/min, ml/h, ml/24h). The collecting bag 
also has a measurement scale which enables reading and controlling of the 
drained liquid volume. The drained CSF volume can indicate an imbalance 
between CSF production and CSF resorption. The therapeutical 
consequences may be a permanent CSF drainage (shunt) for the patient.  
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Literature research on comparable products with the same purpose 
(including reasons of comparability) 
 
Literature selection 
External CSF drainage has been an established and standardized procedure in 
neurosurgery for many years, and beyond question in the entire current neurosurgical 
literature. As the LiquoGuard system does not represent a change in intrathecal 
drainage, its indication and therefore a possible increase in complications, generally 
acknowledged textbooks are used in literature evaluation with regard to CSF 
drainage effectiveness. Data sources for the creation of a literature overview were 
Medline, Pubmed, including the database of the National Center for Biotechnology 
Information (NCBI, www.ncbi.nlm.nih.gov) as well as library indexes on neurosurgical 
textbooks. Additionally, current convention reports of the Deutsche Gesellschaft für 
Neurochirurgie (DGNC) during the last five years were taken into consideration. 
Internet research via current search machines (yahoo, google) on intracranial 
pressure and CSF drainage was also carried out. Overview work from the most 
important and most renowned neurosurgical textbooks were used for citations on the 
topic of CSF drainage. Book articles were cited for respective questions regarding the 
accuracy of pressure sensors, which summarize numerous clinically recognized 
articles and were written by globally recognized specialists in their respective fields. 
As CSF drainage is an established, standardized method, book articles were mostly 
reverted to in connection with indication. Due to the utilization of large overview work 
published by different authors and various publishers worldwide, there is no 
indication that important, even negative literature was not used and would therefore 
distort literature research. No literature sources were explicitly excluded. Citations 
with an unfavorable or negative evaluation, which limit the use of the LiquoGuard 
system, are unknown. All used publications stem from recognized, scientific 
publications and were written by acknowledged experts. The objective of a literature 
evaluation is the illustration on the necessity of CSF drainage and the illustration of 
existing CSF drainage systems and pressure measurement systems, their technical 
details and compliance to the LiquoGuard system.  
 
External CSF drainage 
External CSF drainage is comprised of two systems: a catheter/cannula (intrathecal  
CSF drainage) inserted into CSF space and a CSF drainage system attached to this 
intrathecal CSF drainage (10, 17). 
 
Intrathecal CSF drainage 
The removal of CSF requires the surgical installation of an approved catheter or 
cannula into intrathecal space. This operative procedure is required for respective 
indications (subarachnoid bleeding, cerebral hemorrhage, brain tumors, inflammation 
of CSF paths, displacement of CSF-efferent paths due to tumors and swelling, 
cranio-cerebral injuries) and undisputed in the entire neurosurgical literature as well 
as life-saving in many cases.(1, 9, 10, 12-14, 18-20, 22, 24) Although the insertion of 
intrathecal CSF drainage is a prerequisite for using the LiquoGuard system, it does 
not change the indication of intrathecal CSF drainage due to its comparability with 
previous systems. All intrathecal CSF drainage catheters with female Luer lock 
connections approved for intrathecal CSF drainage, which can be connected to 
available CSF drainage systems, can also be connected to the LiquoGuard system. 
The use of intrathecal CSF drainage is in complete compliance and comparability 
with regard to the application of the system.  
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CSF drainage system 
All CSF drainage systems are connected to the intrathecal CSF drainage and serve 
the measurement of the intrathecal pressure as well as the removal of CSF.(10, 
17)(10, 17) A CSF drainage system consists of various components which in their 
totality result in a functional system. These system components of systems 
established on the market are described below and compared to the LiquoGuard 
drainage system. The procedure is carried out under the same clinical condition, for 
the same clinical purpose of CSF drainage at the same part of the body on 
comparable patients (including age, anatomy, and physiology). CSF is identical; the 
same materials are brought into contact with the same human body fluids (CSF). 
Technically speaking, the identical version (Luer lock connection) with the same 
design exists if we compare the LiquoGuard system with existing CSF drainage 
systems. 
 
 
CSF drainage tube system to pressure measurement system: All CSF drainage 
systems are connected to an intrathecal  CSF drainage (10, 17). Current CSF 
drainage systems as well as the LiquoGuard drainage system consist of a 
transparent plastic tube system with an attached 3-way cock or an alternative CSF 
drainage facility. This applies to CSF drainage systems as well as to the LiquoGuard 
system; both systems are completely comparable with one another regarding this 
construction stage of the entire CSF drainage system. The tubing system is 
technically comparable, CSF drainage facilities (3-way cock) are identical, biological 
properties are appropriate (CSF) and clinical conditions (indication to remove CSF 
via connection (3-way cock) are the same.  
 
Pressure measurement system 
Pressure measurement in existing systems is conducted via a pressure sensor 
integrated into the CSF drainage system or connected to the lumen of the drainage 
system via a 3-way cock (10, 17). Correct intracranial pressure measurement 
requires that the tubing system is distally closed, as an open system cannot create 
pressure and the CSF will flow in direction of the open system (10, 17). The 
alignment of the pressure measurement system must be at zero point level (in the 
case of intrathecal intracranial application this would be the foramen Monroi (8)) in all 
systems (in previous CSF drainage systems as well as in the LiquoGuard drainage 
system). Display of pressure in previous systems was enabled by connection to the 
sensor system at a patient monitor, whereby the LiquoGuard system displays the 
pressure directly via the display integrated in the LiquoGuard device. Existing 
pressure measurement systems and the display of the measured pressure are based 
on the same sensor technology as the piezo-resistant LiquoGuard pressure 
measurement system (8, 21) and are therefore technically comparable as they 
measure the pressure of the same biological body fluid in the same clinically 
comparable patients.  
 
CSF drainage tube system from pressure measurement system to CSF 
collecting bag 
In established systems, CSF is transported to a droplet chamber or a collecting bag 
on the distal side of the pressure measuring system. To measure the intracranial 
pressure, the two existing CSF drainage systems must be distally closed to enable 
reliable pressure measurement. Once the pressure defined by medical staff has been 
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reached, the CSF drainage system will be distally opened. Now CSF can drain via 
the drainage system into the collecting bag, whereby the drop-by-drop addition of 
CSF from the tubing system into the collecting bag must be set to the zero reference 
line (intracranial at foramen Monroi). The system must be opened distal to the 
external air so that the air displaced by inflowing CSF can escape within the 
collecting bag. Once CSF flow is suspended (target pressure is reached) the system 
is closed and pressure measurement is continued. Opening and closing intervals 
depend on the speed of the renewed intracranial pressure increase. In the 
LiquoGuard system CSF drainage occurs in analogue manner. The closing 
mechanism for the completion of correct intrathecal pressure measurement is carried 
out by the rotor pump instead of the 3-way cock or a crimp connection in the 
LiquoGuard system. If the measured intrathecal pressure rises to a pressure defined 
by medical staff (target pressure reached) the rotor pump is activated via its 
electronics and pump rotation leads to CSF removal with transportation of CSF to the 
collecting bag. If the pressure decreases to target pressure (analog to CSF flow 
suspension in existing systems), the rotor pump will stop and CSF drainage is 
suspended. Clinically, the same purpose is pursued under the same conditions, the 
same patient population and the same indication, i.e. the measurement of intrathecal 
pressure and the removal of CSF as of a definable pressure level. Both procedures 
therefore result in the identical clinical effect, the intrathecal pressure decrease as a 
result of CSF drainage. A biological comparability exists between the systems, as the 
same human liquid (CSF) is drained using the same materials. Technical 
comparability exists in the fact that both systems are primarily closed and remove 
CSF up to reaching a target pressure once a certain intrathecal pressure, measured 
with the same measurement technology has been reached. Whether CSF is drained 
by a positive intrathecal pressure via an overflow system (previous established 
systems) or via a rotor pump, is negligible, as further CSF drainage is prevented 
once the CSF target pressure has been reached. With regard to the function of the 
system there are no differences.  
 
CSF volume control 
Control of CSF to be drained is on a visual basis in existing system, by persons 
operating the system reading the CSF level within the collecting bag prior to CSF 
drainage, then opening the CSF drainage system and waiting until the appropriate 
CSF volume has drained into the collecting bag. The LiquoGuard system does 
provide visual control as an analog possibility, as an appropriately comparable scale 
has been attached to the collecting bag, but the calculation of CSF volume from the 
rotation of the pump and the diameter of the drainage tube inserted in the pump is 
more exact and simpler.  
 
Illustration and measurement of CSF pressure and CSF volume  
In existing systems, the pressure recorder is attached to the installed patient 
monitoring system in an appropriate stationary unit like arterial pressure 
measurement. The illustration of intrathecal pressure is then possible via this patient 
monitor. In the LiquoGuard system the intrathecal pressure is displayed in the 
LiquoGuard device itself. Furthermore, and unlike previous systems, the LiquoGuard 
system permits trend display of previously measured values and data storage 
(without patient information) onto a suitable memory medium, as well as data transfer 
to a patient monitoring system. Compliance is therefore given, but the LiquoGuard 
system provides additional functions.  
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Alarm limits for ICP 
In existing systems as in the LiquoGuard system, the upper and lower alarm limit of 
intrathecal pressure can be defined. Both systems activate a comparable visual and 
audible alarm once alarm limits are reached. In existing systems this is carried out via 
the patient monitor, whereas the LiquoGuard system has integrated alarm functions, 
whereby the alarm functions can also be activated via the connected patient monitor. 
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Assessment criteria to prove the efficiency and safety of the 
product 
 
The fact that intrathecal CSF drainage is applied in the same way by both the existing 
systems as well as the LiquoGuard system makes an assessment of intrathecal CSF 
drainage unnecessary. The efficiency of intrathecal CSF drainage is globally 
undisputed. It represents a routine procedure as therapy for intracranial  pressure 
increase (1, 9, 10, 12-14, 18-20, 22, 24).  
 
Expected effect of a CSF drainage system 
The expected effect of a CSF drainage system consists of enabling sterile CSF 
extraction in identifiable quantities via an intrathecally inserted cerebro-spinal fluid 
drainage in case of intrathecal pressure increase beyond a certain threshold (target 
pressure) and when a pressure sensor is connected to be able to measure 
intrathecal pressure reliably by appropriate means ("Gold standard" for intracranial 
pressure measurement) (5, 8, 13, 21).  
Both established systems and the LiquoGuard System make intrathecal CSF 
pressure measurement possible via integrated pressure measurement in the CSF 
drainage system. (7, 11, 21, 23) In order to enable pressure measurement, a 
pressure sensor must be integrated in the tube system or in the ventricle drainage 
region and zero-point calibration executed for both systems.  
For intracranial pressure measurement in conventional systems, the tube system is 
closed distal to the pressure sensor. Only then does a closed pressure distal position 
exist, which can be used for intracranial pressure measurement. However, it is not 
possible to drain any CSF from these systems during this period. In the case of an 
intrathecal pressure increase in excess of a defined value, CSF extraction takes 
place by opening the system - for conventional systems by means of the differential 
pressure between the intrathecal catheter and the height of the distal CSF drainage 
system tube which leads to the CSF collecting basin. However, if the CSF drainage is 
open, reliable and correct pressure measurement for existing systems is not possible. 
Quantification of the CSF volume withdrawn is made visually for these systems, 
using a measurement scale which is attached to the CSF collection bag.  
 
The LiquoGuard System records intrathecal pressure via the external attachment of 
pressure sensors at the level of the respective reference point. It is neither necessary 
to open nor to close the CSF drainage system because, if the target pressure is 
exceeded, CSF is withdrawn using the rotor pump and when target pressure is 
achieved CSF withdrawal stopped. As opposed to the existing systems, continuous 
intrathecal pressure measurement is possible, providing additional safety for the 
patient during CSF drainage as opposed to risks. The quantification of CSF 
withdrawn is also visual, using a measurement scale which is attached to the CSF 
collection bag. However, in addition, the amount of CSF withdrawn can be calculated 
using the number of rotations of the rotor pump and the tube diameter, providing two 
alternative methods for CSF quantification.  
All in all, the use of the same correcting variables (target pressure, CSF quantity) and 
the same measurement systems (intrathecal pressure measurement via an externally 
attached piezo-resistant pressure sensor) for both systems (existing CSF drainage 
systems and LiquoGuard System) provide comparable effectiveness with regard to 
intrathecal pressure reduction and the quantity of CSF withdrawn. 
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Assessment of the safety of CSF withdrawal 
With regard to the period of CSF withdrawal, the quantity of CSF withdrawn differs 
between the existing systems and the LiquoGuard System.  
The CSF quantity for existing systems during the course of time is dependent on the 
diameter and length of the CSF drainage system, the length and diameter of the 
intrathecal CSF drainage, the viscosity of the CSF, the height of the distal drainage 
system (target pressure), the ratio between the patient's CSF production and CSF 
absorption and the current prevailing intrathecal pressure. It is not possible to 
determine the CSF drainage amount exactly over the course of time using these 
systems as the additional times for the named factors cannot be determined (e.g. the 
CSF absorption rate). Therefore discontinuous CSF withdrawals are necessary, 
leading repeatedly to slow pressure increase (system closed) and quick pressure 
loss (distally open system). This can result in quick pressure loss in conventional 
systems, which can lead to an undesired quick pressure drop with the risk of an 
aneurysm rupture, especially in case of vascular malformation (aneurysm). Moreover 
for existing systems opening the system distally is dependent on the presence of a 
person who operates the drainage system closure mechanism. Hence intrathecal 
pressure can increase until the respective staff opens the system. As the controls of 
the rotor pump in the LiquoGuard system always depend on the currently measured 
intrathecal pressure and the respective target pressure, undesired fast changes in 
pressure and pressure reductions are impossible due to permanently controlled CSF 
drainage. There is no clinical indication for discontinuous CSF withdrawals, making 
continuous CSF drainage whilst maintaining the target pressure the therapeutic 
objective in all cases.  
Moreover, it is also possible to quantify the exact CSF amount to be withdrawn over 
the course of time because, despite the unknown factors, the amount of CSF to be 
withdrawn depends on the diameter of the tube system and the rotational speed of 
the rotor pump and whether both influencing factors are known. The existing CSF 
drainage systems do not enable a time-based depiction of the CSF drainage amount. 
It is possible to read out the CSF amount in the drip chamber, however time-based 
references cannot be established in as far as the drip chamber is not emptied at very 
short time intervals, also restricting accuracy (low readout accuracy for low CSF 
amounts) (7). The CSF drainage system LiquoGuard enables highly precise 
measurement of the CSF feed rate with high time-based resolution, a balance for 
every hour or every 24 hours and depiction of the continuous feed rate. These 
parameters can be applied for controlling the pump (setting the maximum total feed 
rate per hour), not otherwise possible if using conventional systems without incurring 
personnel costs. This additional parameterization of the discharge flow with a time-
based course may be of special significance for certain clinical pictures and 
concerns, in particular, withdrawal from ventricle drainage. In order to reduce the 
CSF feed rate, the height distance between foramen Monroi and the drip chamber of 
an open system is increased here. However this also means that pathological and 
thus high-risk high intracranial pressure might have to be tolerated. LiquoGuard can 
avoid this risk by reducing the CSF feed rate and increasing the upper alarm limit 
slightly, still maintaining CSF drainage, even if within a restricted scope.  
Existing systems have a CSF collecting basin which must have an external opening 
via an air filter. Blocking up, unintentional or deliberate (e.g. whilst transporting 
patients) closure of the air filter hinders CSF drainage because the air must escape 
through the incoming CSF. By contrast, an external opening via an air filter is not 
required for the LiquoGuard System because the rotor pump transports the extracted 
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CSF to the collection bag. In this way the risk of an unwanted insufficient CSF 
drainage can be considerably reduced using the LiquoGuard System. As the 
insertion of the LiquoGuard tube set in the rotor pump works confusion-proof in one 
direction, pumping in the opposite direction (distal to proximal) due to user error is not 
possible. Nonetheless, even if there is a rotor pump malfunction and the rotational 
direction of the pump is incorrect, the risk of danger to the patient is very low because 
only the CSF amount actually in the tube system is discharged retrograde and this 
can also occur in conventional systems in a similar manner if the distal end of the 
CSF discharge system is attached higher and due to the hydrostatic pressure CSF 
can run retrograde to the intrathecal CSF drainage. As the LiquoGuard System 
provides constant pressure monitoring, danger to the patient due to increased 
intrathecal pressure due to retrograde CSF flow can be ruled-out. This is not possible 
distally if conventional systems are used and CSF drainage is open. This means that 
by using the LiquoGuard System the risk of danger to the patient due to retrograde 
CSF flow is considerably lower than in existing systems.  
CSF drainage is only possible when using existing systems when the ventricle 
drainage is opened, the 3-way cock is open and the air filter for the CSF collecting 
basin is opened (10, 17). Unintended closure of the CSF drainage system at any one 
of these points leads to a system occlusion which may remain unnoticed. In contrast, 
an occlusion of the LiquoGuard CSF drainage system is noticed as there is no CSF 
pulsation (occlusion proximal to the pressure sensors) or through an increase of the 
intrathecal pressure values (occlusion distal to the pressure sensors) auf. This leads 
to direct recognition of danger to the patient if the LiquoGuard System is used and 
the possibility to avert it, thus minimizing the risk of danger to the patient.  
However, the systems used to date have had different disadvantages, caused 
physically with regard to the open system with an air filter when CSF drainage is 
desired. As conventional drainage is a distally open system (external pressure 
compensation is possible in the CSF collecting basin via an air filter), it is not possible 
to measure CSF pressure in a distally opened external tube system correctly (7, 21).  
CSF drainage is controlled using the height of the distal tube system which must 
always be set in accordance with the patient's height (7, 11, 17, 21). A change in the 
height of the intrathecal catheter in relation to the distal tube system inevitably 
causes a change to the differential pressure (target pressure) which remains 
unnoticed if distal CSF drainage takes place in the current systems. This means that 
the risk for the patient that either an uncontrolled high amount of CSF (differential 
pressure lower than wanted, distance between intrathecal CSF drainage and external 
drainage lower) or too low a CSF quantity (differential pressure higher than wanted, 
distance between intrathecal CSF drainage and external drainage higher) is drained. 
The LiquoGuard application can reduce this risk considerably because the pressure 
sensor attached externally to the patient at the height of the intrathecal catheter is 
carried along when the patient moves, thus averting any pressure changes. This 
formation not only decreases the amount of work for medical staff in its clinical 
application and daily routine - it also reduces the risk of incorrectly high or low CSF 
drainage.(4) 
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Assessment of pressure measurement safety 
Existing CSF drainage systems possess two varieties of pressure measurement with 
CSF drainage. The Gold Standard describes the attachment of a pressure sensor to 
the ventricle drainage and alignment at foramen Monroi level (10, 11). However, 
pressure measurement is only possible with a tubing system closed distal to the 
pressure sensor, this arrangement does not permit simultaneous drainage and 
pressure measurement (16). What is disadvantageous and risky to the patient is that 
an open system and therefore a deactivated pressure measurement does not 
guarantee the observation of a tube occlusion or a disconnection.  The second 
variety permits measurement of brain pressure via a pressure sensor directly inserted 
in the ventricle system, attached at the tip of the ventricle drainage (16, 21). In this 
case the distal catheter part is open and permits CSF drainage. However, as 
simultaneous CSF drainage creates an open system, the value of the intraventricular 
pressure measurement is determined by the height of the drip chamber. Both 
systems currently available normally work with only one pressure measurement. This 
means that in case of a technical pressure sensor fault the measurements would lose 
their reliability, usually a technical redundancy for the safety of the patient does not 
apply. The CSF drainage system LiquoGuard permits simultaneous pressure 
measurement and CSF drainage in a closed system. All previously existing risks of 
unnoticed dysfunctional CSF drainage (disconnection, catheter occlusion) are 
therefore solved and lead to considerable improvement of patient safety. As this is a 
closed system, pressure measurement is possible with simultaneous CSF drainage. 
Simultaneous pressure wave analysis also permits statements on the functionality of 
ventricle drainage, which is also not possible with the pressure sensors attached to 
the tip of the ventricle drainage. As both pressure sensors as well as the device-
internal processing are redundant in the catheter system, the risk of a technical error 
measurement as in previous systems can be virtually excluded, as a drift of both 
sensors in the same direction (positive/negative) in the exact same time resolution 
with identical amplitude can be classified as unlikely.  
All pressure sensors require zero-point calibration before application. In this respect, 
existing systems do not differ from the LiquoGuard system. However, previous 
systems permit further zero-point calibrations, which denote two significant risks: 1. 
the system must be open to air, which promotes germ entry into the tubing system; 2. 
erroneous, subsequent zero-point calibration with adjoining liquid column can cause 
an erroneous, low pressure measurement, which can lead to erroneously low 
intrathecal pressure measurements. As zero point calibration in the LiquoGuard 
system can only be performed once during initialization of the system and as 
calibration is recorded in the sensory memory, a second, perhaps erroneously low 
calibration is impossible. This significantly increases patient safety.  
Wrong attachment of the sensor in connection with the zero point (usually foramen 
Monroi) or unobserved detachment of the pressure sensor can lead to incorrect 
intrathecal pressure values. This could also lead to erroneous measurement of high 
intrathecal pressures resulting in CSF drainage. However, as the connection tube 
between CSF drainage and the pressure sensor is short, pressure difference is only 
marginal and has no significant influence. In contrast, the CSF collecting bag in 
existing systems can detach itself from the attachment clamp and fall to the ground. 
As the connection tube between intrathecal CSF drainage and CSF collecting bag is 
long, there is a risk of significant pressure differences, which could denote a hazard 
to the patient. This risk can be significantly reduced due to the technical properties of 
the LiquoGuard system.  
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Safety assessment in CSF drainage occlusion 
To ensure correct CSF drainage it must be guaranteed that the entire tubing system, 
starting at the ventricle catheter to the drip chamber, is not closed (e.g. by 3-way 
cocks, kinks in the tube, displacement of the inner tube lumen by blood coagulation, 
etc.) and that pressure balance in the drip chamber to the outside is guaranteed (air 
filter connected and not jammed, clamp at air filter open).(17) Air filter jamming in 
particular is difficult to recognize in previous systems, as an external visual inspection 
(all connections open) does not recognize malfunction and can only be noticed and 
corrected during air filter exchange or pressure measurement. Recognition of a 
situation potentially critical for the patient is not possible in previous systems. As 
pressure measurement is always simultaneously connected to drainage in the new 
LiquoGuard system, continuous pressure monitoring is possible. An occlusion 
proximal to pressure sensors is immediately recognized by the absence of the 
appropriate CSF pressure curve and an alarm is triggered. The occlusion distal to the 
pressure sensor system is measured by an increase in CSF pressure and an alarm is 
generated when the upper pressure limit specified by the physician is exceeded. In 
both systems the removal of a distal tube occlusion and a positive pressure 
difference between intrathecal pressure and target pressure to the achievement of 
the target pressure removes a comparable volume of CSF. All in all, the risk of an 
unnoticed system occlusion can be reduced by the additional measuring systems 
integrated in LiquoGuard and continuous pressure measurement during CSF 
drainage without creating additional risks in the application.  
 
Safety assessment to maintain CSF target pressure 
All previous systems are based on a distally open tubing system; the desired CSF 
pressure is set via height adjustment in the drip chamber of the CSF drainage (16, 
21, 23). The problem is that when the position of the patient's head is changed (e.g. 
bed position, self-mobilization of the patient such as sitting up, turning, etc) the height 
of the drip chamber must be readjusted. If this is not performed, an undesired, large 
volume of CSF may drain (drip chamber too low in relation to patient's head) or too 
little CSF is drained (drip chamber too high). This results in serious risks to the 
patient, as overdrainage with reduced ventricle pressure may cause rupture of bridge 
veins and transtentorial herniation (clamping) (17). Too little drainage can cause 
increased CSF pressure and lead to pressure damage in the nervous system (22). 
The LiquoGuard CSF drainage system avoids these risks as follows: both pressure 
sensors are configured in such a way that they can be attached at the height of the 
patient's foramen Monroi by adhesive electrodes. Positioning of the height of the 
rotor pump and collecting bag is therefore completely independent of patient position. 
The pressure sensor follows all changes in the position of the head. However, this is 
only possible if the pressure sensors have been correctly attached to the head. As 
the proximal connection piece to the ventricle catheter is very short, the pressure 
difference in case of detachment and suspension in relation to previous systems (drip 
chamber falls to the ground) is limited. All in all, the system's independence from 
patient position leads to a significant reduction in risk to the patient and to much 
easier handling in the daily clinical application.  
 
Safety assessment for disconnection during CSF drainage system application 
The disconnection of the tubing system in all previous systems, occurring 
occasionally during permanent lumbar CSF drainage (patient removes proximal 
tubing system during change in position or disconnects it when disorientated) leads 
to spontaneous emptying of CSF to the outside with the risk of a negative CSF 
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pressure (risk of herniation, hemorrhage) and CSF infection (no existing sterility, 
open CSF drainage serves as port of germ entry(17)). As permanent lumbar drainage 
is commonly applied in wards without a monitoring unit, the disconnection is only 
recognized after longer periods of time and after loss of significant CSF volumes(2) 
(17). The LiquoGuard drainage system can detect the problem immediately by 
measuring acute pressure reduction caused by disconnection in the catheter system 
and signal an appropriate alarm. The risk to the patient caused by unrecognized CSF 
drainage over longer periods of time is significantly reduced by the use of the 
LiquoGuard system.  
 
Safety assessment for sterility of CSF drainage systems 
For physical reasons, existing systems require an external system opening for CSF 
drainage. An air filter must be connected to the CSF collecting container, which can 
lead to cross-contamination. This risk can be reduced by using the LiquoGuard 
system, as it is a closed system and does not require the use of an air filter.  
Existing systems can be reused contrary to the determination of suitability, whereas 
multiple use or re-sterilization in the LiquoGuard system is impossible due to single 
zero point calibration. This excludes the risk of unintentional multiple use of 
disposable products. All other consumable goods in contact with human body fluids 
are comparable to the LiquoGuard system and do therefore not denote any additional 
risk of infection.  
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Summary 
 
Verification of effectiveness 
 
The LiquoGuard CSF drainage system is a tube system with integrated redundantly 
designed pressure sensors, as well as a rotor pump device, into which a part of the 
tube system is inserted in order to perform pressure and volume-controlled CNS 
drainage. The intrathecal CSF drain is used independent of the LiquoGuard system, 
and the products approved for intrathecal CSF drainage and pressure measurement 
can be connected to the LiquoGuard system. The indication for insertion of an 
intrathecal drainage will not be affected by using the LiquoGuard system. As the 
control parameters for the CSF drainage (target pressure, CSF volume) are equal 
between the existing systems and the LiquoGuard system, the measuring sensors 
are comparable and the effective mechanism and the function of the CSF extraction 
by means of a target value-controlled rotor pump in the LiquoGuard system is 
comparable to the CSF extraction that is realized after the target pressure is reached 
by means of an overflow. Therefore, the LiquoGuard system offers comparable 
effectiveness to existing CSF drainage systems. Thus both systems similarly enable 
CSF drainage as a treatment up to target pressure in order to reduce intrathecal 
pressure, which makes it possible to treat intrathecal pressures leading to a perfusion 
deficit of the central nervous system. There is technically similar to standard shunt 
valves with regard to the automated pressure-related CSF flow control. Such devices 
usually work by tensioning a valve via a spring tension and can be adjusted from 
outside mechanically, magnetically or by any other suitable method, depending on 
the design. At a certain preset CSF pressure definable from outside, the valve opens 
and allows the CSF to flow, until the CSF pressure is below the preset pressure, 
causing the valve to close automatically (5, 7). This active pressure-controlled CSF 
drainage is realized in the LiquoGuard system in an analogue way.  
By using the LiquoGuard system, in the same way as in existing systems, intrathecal 
pressure can be measured; critical intrathecal pressure increase in the patient can be 
recognized, thereby enabling the required diagnostic and treatment steps to be 
taken. Since the pressure measurement in both systems is done via piezo-resistive 
pressure sensors that are attached at reference height to the patient, there is no 
difference in intrathecal pressure measurement. 
 
  
 
Risk evaluation of the system 
 
Intrathecal pressure measurement 
In the LiquoGuard system, the technical requirements for pressure measurement are 
comparable to the existing CSF pressure measurement systems that work via a liquid 
column communicating to the intrathecal space. Both the positioning of the pressure 
sensors in the tube system as well as the orientation of the pressure sensor in 
relation to the intrathecal catheter is comparable. Contrary to other systems, 
however, the LiquoGuard system is designed such that the pressure measurement is 
performed twice, and in the event of measuring a differing pressure between both 
sensors, an alarm is activated enabling the malfunction of a sensor to be noticed 
immediately. Since a faulty measurement of the intrathecal pressure can pose a risk 
for the patient (excessive CSF pressure risking a compression and perfusion deficit 
of the CNS, insufficient CSF pressure risking a tensile stress on CNS structures 
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leading to hemorrhages, vessel ruptures and shear injuries), the double 
measurement with mutual control of both pressure sensors allows the significant 
reduction of the risk of faulty pressure measurement in comparison to existing 
systems. The prevention of pressure equalization to ambient air pressure with 
already inserted systems, with the consequence of a wrong high or wrong low 
intrathecal pressure reading, further increases the safety of the patient in the 
LiquoGuard system.  
 
CSF extraction 
The LiquoGuard system, contrary to existing systems, allows continuous pressure 
measurement even during CSF extraction. Therefore, there are no further additional 
risks associated with using the LiquoGuard, but rather the risk of an uncontrolled 
CSF extraction under existing systems (wrong difference height set, patient moves 
during CSF extraction with open system, height of CSF drainage bag changes during 
CSF extraction, CSF drainage system is disconnected while drainage is in progress) 
can be significantly reduced by using the LiquoGuard system. Thus the risk of 
excessive CSF pressure risking a compression and perfusion deficit of the CNS, or of 
insufficient CSF pressure risking a tensile stress on CNS structures leading to 
hemorrhages, vessel ruptures and shear injuries can be reduced by using 
LiquoGuard. Hemorrhages (13, 17) caused by the application of intrathecal CSF 
drainage are not affected by the used CSF drainage system; there is no increased 
hemorrhage risk by using the LiquoGuard system. Other risk sources for the patient 
such as wrong catheter positions (11, 17) are also not related to the CSF drainage 
system and pose an independent risk that is neither reduced nor increased by using 
the LiquoGuard. .  
 
Quantification of the CSF extraction volume 
A comparable visual determination of the extracted CSF volume by reading the 
quantity of CSF on scales attached to the drainage bags, allows a basic CSF volume 
determination with both existing CSF drainage systems and the LiquoGuard system. 
Additionally, the LiquoGuard system can compute the extracted CSF volume by 
means of the number of rotations of the rotor pump and the tube diameter, thereby 
allowing not only a safety-relevant redundancy of the CSF volume determination, but 
also a quantification of the CSF volume in high time resolution.  
 
Closed vs. open CSF drainage system: Existing systems allow reliable intrathecal 
pressure measurement with a closed CSF drainage system, and CSF drainage with 
an opened CSF drainage system. If the CSF drainage system is occluded distally 
from the pressure measurement (clogging of tubing system, tube closed by 3-way 
cock, clogging or closing of air filter at the CSF drainage bag) and the pressure 
measurement is not connected to the liquid column, a very high CSF pressure may 
build up without being noticed. This can lead to a severe risk for the patient, as it may 
result in a compression of the CNS with the danger of a perfusion deficiency. The risk 
of an unnoticed CSF pressure increase can be significantly reduced due to the 
continuous CSF pressure measurement with the closed system (LiquoGuard 
system), no air filter is required, and the CSF pressure measurement is possible 
simultaneously and independently from each other at any given time. The risk of a 
malfunction of the rotor pump control in the LiquoGuard system through a faulty 
pressure measurement is highly unlikely due to the double pressure measurement 
design.  
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Disconnection and occlusion of the CSF drainage system 
With existing systems in closed status as well as with the LiquoGuard system, during 
connected liquid column, any disconnection of the system with CSF leak can be 
immediately noticed due to a rapid drop in pressure at the pressure sensors below 
the lower pressure limit. Contrary to the LiquoGuard system, where it is possible to 
recognize a disconnection even under CSF drainage conditions, this is not possible 
with the existing systems under deactivated pressure measurement during CSF 
drainage. Here the danger is that CSF can leak out unnoticed in large quantities with 
the risk for the patient that due to insufficient CSF pressure there is a risk of tensile 
stress on CNS structures leading to hemorrhages, vessel ruptures and shear injuries. 
This risk can be significantly reduced by using the LiquoGuard system, without any 
identifiable additional risks for the patient. An occlusion proximal to the pressure 
sensors will lead to a suppression of pressure pulsations, which in existing CSF 
drainage systems can be visually displayed via a patient monitor connected to the 
pressure sensor, and in the LiquoGuard system both via a connected patient monitor 
as well as via the display of the LiquoGuard device. Contrary to existing systems, 
however, the LiquoGuard system is computing the pulsations and triggers an 
acoustic and visual alarm above or below defined alarm parameters. This will make 
the clinical staff aware of a possible system occlusion proximal to the pressure 
sensors. There are no other additional risks involved for the patient, but the risk of an 
unnoticed intrathecal pressure increase with the consequence of a compression and 
perfusion deficiency of the CNS can be significantly reduced by the LiquoGuard 
system in comparison to the existing systems. An occlusion distally from the pressure 
sensors will in both systems equally cause the CSF drainage to be suspended. With 
existing systems, this situation may remain unnoticed if the pressure sensor is not 
connected to the liquid column (e.g. by connecting the pressure sensors via 3-way 
cock). With the LiquoGuard system, a distal occlusion will lead to a measurable 
pressure increase, which will trigger an acoustic and visual alarm when the upper 
alarm limit for the CSF pressure measurement is exceeded. Therefore, the 
continuous CSF pressure measurement by means of the LiquoGuard affords a 
significant improvement of the CSF pressure monitoring with a decrease in the 
patient risk.  
 
CSF system sterility 
Handling the connection of the CSF drainage system to the CSF drain is comparable 
in all CSF drainage systems, here there are no identifiable additional risks by using 
the LiquoGuard. However, with an open system a bacterial contamination through the 
air filter might occur, which is not possible with a closed system (LiquoGuard). 
Additionally, the rotor pump prevents a CSF reflux from the tube/drainage bag 
system into the intrathecal space, which further reduces the infection risk. Any 
multiple use of the tube system with a possible germ contamination is virtually 
impossible due to the electronic protection and unique zero calibration of the 
pressure sensors. All in all there are no indications of any increased infection risk by 
using the LiquoGuard system; there are rather significantly less points of entry for a 
bacterial contamination of the system with the LiquoGuard system. Using the 
LiquoGuard system has no influence on the principle risk of an infection of the CSF 
drainage system (8, 17). 
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Conclusion 
 
It has been shown in the existing recognized literature that the CSF drainage is a 
recognized and established method in neurosurgery for many years for the diagnostic 
and treatment of patients with diseases of the CNS. The risks associated with the 
surgical insertion of a CFS drain are not depending on the CSF drainage system 
chosen and thus not on the use of the LiquoGuard system. The objective of 
intrathecal pressure measurement and CSF extraction is achieved both by existing 
CSF drainage systems as well as by the LiquoGuard system in comparable 
effectiveness. Contrary to existing systems, however, by using the LiquoGuard 
system, the risks of erroneous pressure measurement, sensor fault, and false 
pressure measurement by changing the reference height of the patient, unnoticed 
catheter occlusion and catheter disconnection as well as the infection risk can be 
reduced.  
Biologically, the identical material is used for the drainage (CSF). Neither insertion 
technique, material nor the indications are influenced or altered by using the 
LiquoGuard. Therefore, there is no difference in the surgical risks for inserting the 
relevant ventricular or lumbar drainage when using the LiquoGuard. The intrathecal 
drainage is inserted with the identical patient population at the same place in the 
body (ventricular system, lumbar CFS system) (7, 13). The pressure measurement is 
performed by piezo-resistive pressure sensors that are established and described for 
the use in intracranial pressure measurement (10, 11, 21). Fundamental risks that do 
not depend on the method of CSF drainage and occur after insertion of a CSF drain 
(ventricular catheter, permanent lumbar drainage catheter) are described in major 
trials; these are infections (8, 17), hemorrhages (13, 17), wrong catheter positions 
(11, 17), occlusions (17), overdrainage (17).  
The surgical procedures will not be changed in any way; also the indications for a 
surgical intervention remain unchanged. No material risk can be identified, as existing 
systems are made of comparable material and are used as soon as sterile catheter 
material becomes available.  
In summary, from a functional point of view existing systems are identical to the 
LiquoGuard system (CSF drainage, pressure measurement), but the pressure-
controlled CSF drainage via a rotor pump (LiquoGuard) offers a clear reduction of 
technical, application-specific and patient-specific risk sources, without generating 
new risk sources at the same time. All patient-relevant risks of usual systems can be 
significantly reduced by using the LiquoGuard. There is no additional risk to users or 
third parties.. 
 
 
 
 
 
 
Fulda, 23. August 2006 
 
 
 
Dr. med. B.M. Hölper 
Neurosurgical Specialist 
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(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



 Traditional 510(k) Submission  
Appendix 12  

 

 

 
 

 
 
 
 

APPENDIX 12 
 

STERILITY VALIDATION REPORT 

 

 

 

 

(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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ACCELERATED AGING TEST REPORT     
(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Page 1

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Page 2

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Page 3

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Page 4

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4)Software Document

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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SOFTWARE DESIGN SPECIFICATIONS 
(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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SOFTWARE DESIGN SPECIFICATIONS 
(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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SOFTWARE DESIGN SPECIFICATIONS 
(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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

 

 

 

 

(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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APPENDIX 23 
 

SOFTWARE DESIGN SPECIFICATIONS 
(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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

 

 

 

 

(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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APPENDIX 25 
 

SOFTWARE DESIGN SPECIFICATIONS 
(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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APPENDIX 26 
 

SOFTWARE DESIGN SPECIFICATIONS 
(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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APPENDIX 27 
 

SOFTWARE DESIGN SPECIFICATIONS 
(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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APPENDIX 28 
 

SOFTWARE DESIGN SPECIFICATIONS 
(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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

 

 

 

(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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

 

 

 

(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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

 

 

 

 

(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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ELECTROMAGNETIC COMPATIBILITY, 
DIN EN 60601-1-2 

 

 

 

 

(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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APPENDIX 33 
 

TEST REPORT 11:  
(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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TEST REPORT 12:  
      

 

 

 

 

(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



 Traditional 510(k) Submission  
Appendix 36  
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TEST REPORT
(b)(4) 

(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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TEST REPORT
(b)(4) 

(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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

 

 

 

 

(b)(4) 

(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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TEST REPORT (b)(4) 

(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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

 

 

 

 

(b)(4) 

(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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

 

 

 

 

(b)(4) 

(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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

 

 

 

 

(b)(4) 

(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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TEST REPORT
(b)(4) 

(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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APPENDIX 48 
 

TEST REPORT

 

 

 

 

(b)(4) 

(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



 Traditional 510(k) Submission  
Appendix 49  

 

 

 
 

 
 
 
 

APPENDIX 49 
 

TEST REPORT
(b)(4) 

(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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

 

 

 

 

(b)(4) 

(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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

 

 

 

 

(b)(4) 

(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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

 

 

 

 

(b)(4) 

(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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

 

 

 

 

(b)(4) 

(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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APPENDIX 54 
 

TEST REPORT

 

 

 

 

(b)(4) 

(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



 Traditional 510(k) Submission  
Appendix 55  
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TEST REPORT

 

 

 

 

(b)(4) 

(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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

 

 

 

 

(b)(4) 

(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4)Test Report
Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



 

 

 
 

 

 

 

 

 

(b)(4)Test Report

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



 

(b)(4)Test Report
Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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

 

 

 

 

(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016
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Summary.  

 

Introduction. Lumbar and ventricular CSF drainage is applied in various indications 

in neurosurgery. Until now, open hydrostatic systems mostly including a dripping 

chamber were used. This report presents first experimental and clinical experience 

using a new, closed CSF drainage system capable of simultaneously draining CSF 

and measuring CSF pressure (LiquoGuard®).  

 

Material and Methods. CSF pressure is measured by a dual external pressure 

sensor device taped at an anatomical reference point of the patient and CSF is 

drained by a peristaltic pump. For ventricular application, drainage is pressure 

controlled, while in lumbar drainage a constant flow rate can be defined. For 

experimental evaluation, hydrostatic pressure as well as comparison to an 

independent pressure sensor technique was calculated for static pressures and 

pressure changes. During clinical application, intraventricular pressure measured by 

the new system was compared to established ICP devices (internal and external 

pressure transducers) in 16 patients. Lumbar drainage with constant flow rate was 

performed in 4 patients.    

 

Results.  

Experimental data comparing the LiquoGuard® pressure sensor to hydrostatic 

pressure levels and pressure measured by an calibrated pressure measurement 

device revealed in ranges < 100 mmHg a high accuracy with deviation of 0 – 3 

mmHg. Ventricular CSF pressure also was comparable to established sensors 

(Raumedic Neurovent and standard external pressure transducer). Calculated 

drained volume differed from measured volume within the drainage bag < 5 % if total 

CSF amount was > 100 ml. Slit ventricle syndrome was detected early by loss of 

CSF pulsation, oscillating CSF pressure and reduction of CSF outflow. Catheter 

occlusion was stated if CSF pressure remained low in contrast to slit ventricle 

syndrome.  

 

Discussion.  

Both experimental and clinical data indicates that the new device allows a precise 

external CSF pressure measurement with low sensor drift along with the possibility to 
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drain CSF simultaneously due to a closed drainage system. This results in several 

clinical advantages: Adjustment of a dripping chamber is not necessary any more 

leading to enhanced patient safety and mobility. Lumbar drainage is facilitated by a 

constant flow rate. Critical conditions such as slit ventricle syndrome or catheter 

occlusion can be detected by the integrated CSF pulsation detection in addition to 

alterations in CSF pressure and outflow. Therefore, the system can facilitate handling 

of ventricular and lumbar drainage and might enhance safety for the patient.   
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I INTRODUCTION (BACKGROUND AND RATIONALE) 
 

Lumbar and ventricular drainage of CSF is a daily routine method in neurosurgical 

practice (3, 5, 10, 18) in several indications. Ventricular CSF drainage might be 

needed in situations caused either by obstruction of CSF outflow (e.g. by 

subarachnoid haemorrhage, obstruction of CSF flow by tumor or blood as well as 

infectious diseases) of distrubtion of CSF resorption (1, 4, 5, 9-11, 13-15, 17, 19). 

Furthermore, lumbar CSF drainage is needed to treat CSF fistulas or establish 

diagnosis in normal pressure hydrocephalus (6). However, several important 

disadvantages occur with current ventricular and lumbar systems. For pressure 

controlled CSF drainage, permanent alignment of the dripping chamber to anatomical 

reference points is necessary. Furthermore, reliable measurement of ICP is possible 

only in a closed drainage system: by positioning the dripping chamber for example 

above the reference point, only the hydrostatic pressure difference between the fluid 

level inside the tube and the pressure sensor is measured. Other nursing problems 

such as disconnection and occlusion of the CSF drainage are frequently registered 

with long time delay. Additional, technical inconsistencies of pressure measurement 

due to sensor malfunctions (e.g. sensor drift) and incorrect handling (wrong zero 

leveling, incorrect adaptation to the monitoring system) might cause wrong ICP 

readings. By this, the patient might be without surveillance of CSF pressure and 

imprecise determination of drained CSF volume. In lumbar drainage, nowadays it is 

very difficult to achieve a continuous CSF flow over time, since CSF outflow depends 

on position of the catheter, pressure difference between catheter and dripping 

chamber, positioning of the patient and CSF-dynamics (CSF production, resorption 

and outflow).  

The presented new system (LiquoGuard®) is an externally closed system which might 

allow drainage of CSF parallel to CSF pressure measurement. Technically, in 

contrast to the dripping chamber the system is externally closed by a peristaltic pump 

and by this it allows simultaneous CSF drainage and pressure measurement. 

Therefore, there should be no need for a dripping chamber due to pressure 

controlled drainage. Additional, continuous CSF flow especially in the use of lumbar 

drainage might be possible.   
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II STUDY OBJECTIVE AND DESIGN 
 
Study Objective 

Purpose of this study was to evaluate if dripping chambers can be replaced by the 

LiquoGuard® system without any clinical changes and if the LiquoGuard® system is 

reliable concerning the applicability, accuracy of CSF drainage and CSF pressure 

measurement. The intend of the LiquoGuard® device to minimize most sources of 

error mentioned above due to the closed fluid system is evaluated. Furthermore, 

clinical practice in mounting the pressure sensors at the reference point is studied. In 

addition, LiquoGuard® is observed in the following clinical situations: catheter 

disconnection, catheter occlusion and collapsed ventricles. The accuracy of both 

sensors and the frequency of inconsistencies between both sensors (sensor drift) will 

be analyzed. For lumbar drainage, the ability of the LiquoGuard® system to drain 

CSF continuously and the accuracy of drained fluid volume are further examined.  

 

Study Design 

For 20 Patients requiring external CSF drainage (ventricular or lumbar) instead of the 

usually applied dripping chamber the external CSF drainage system LiquoGuard® is 

used with the same intend to treat. Since the presented new system (LiquoGuard®) is 

a externally closed system which allows drainage of CSF parallel to CSF pressure 

measurement, the ICP will be compared to an independent alternative ICP and the 

calculated CSF volume is compared to the collected CSF volume.  
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III SAFETY AND EFFECTIVENESS PARAMETERS 
 

A. Key Safety Parameters 
CSF pressure. Most important for ventricular CSF drainage is the correct adjustment 

of intraventricular pressure. This is performed either externally by adjusting the 

dripping chamber or by mounting (either taping or fixing by suture) of the ICP 

pressure sensors (LiquoGuard®). By this, LiquoGuard® must allow to drain 

comparable CSF volumes to maintain intraventricular CSF pressure. To exclude 

increased ventricular CSF pressure due to inadequate drainage, an additional 

external pressure sensor was installed parallel to the LiquoGuard® CSF pressure 

sensors. Furthermore, alarm functions are activated if CSF pressure is out of 

physiological ranges.  

Drained CSF volume. The CSF volume drained by LiquoGuard® was calculated by 

the device and displayed. Furthermore, the amount of collected CSF was measured 

afterwards. To exclude a larger deviation of drained CSF volume, it was possible to 

read the collected volume outside the drainage bag. Therefore, assuming that a 

withdraw of a larger amount of CSF might lead to a decrease of CSF pressure, 

additionally the CSF pressure was measured and a lower CSF pressure alarm was 

predefined. By this, the drainage of larger CSF amounts should be registered.  

 

B. Key Effectiveness Parameters 
Aim of each ventricular and lumbar CSF drainage is to allow CSF flow from the CSF 

space to an external reservoir, either with determination of the CSF pressure (most 

ventricular drainage systems) or of the CSF volume (most lumbar drainage systems). 

Therefore, the effectiveness of the LiquoGuard® system has to be determined by its 

ability to withdraw CSF from the intrathecal space (ventricular or lumbar), either 

controlled by the CSF pressure or by the volume. Since the withdrawn CSF can be 

sampled in the drainage bag, the effectiveness of the LiquoGuard®-System can be 

measured directly and immediately during clinical practice.  
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IV PATIENT ENROLEMENT 
 

A. Inclusion Criteria 
In the study, neurosurgical patients with the need of a ventricular or lumbar drainage 

were included.  All patients underwent an operative procedure to introduce an 

external drainage catheter into the CSF space. However, this was done independent 

of the use of a conventional system or the LiquoGuard® system. Indications with the 

need of an external drainage are subarachnoid hemorrhage, intraventricular 

hemorrhage, head trauma, ventriculitis, CSF fistula and normal pressure 

hydrocephalus.  

 

B. Exclusion Criteria 
Since the operative procedure to apply an external drainage device does not differ 

between the conventional drainage systems and the evaluated system, no additional 

operative or nursing step must be done. Therefore, there are no exclusion criteria 

that can be assumed to be exclusion criteria for the use of the LiquoGuard® system 

which differ from the exclusion criteria for all external CSF drainage systems. For 

completion, relative exclusion criteria for external lumbar or ventricular drainage (both 

conventional dripping chamber and LiquoGuard® system) are pathologies in 

haemeostasis, coagulopathies, and severe infections disease. However, in many 

cases CSF drainage has to be applied immediately in life threatening situations.  
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V STUDY MATERIALS AND METHODS 
 

A. Description of Device 
The LiquoGuard® system (Moeller Medical, Fulda, Germany) consists of a device 

including a peristaltic pump, inputs for pressure sensors, and several external 

interfaces. The external drainage system consists of a tube with two integrated 

pressure sensors. The tube can be inserted into the peristaltic pump and the sensors 

are connected to the pressure sensor interface. After zeroing of the sensors, CSF 

drainage can be immediately started and current ICP, CSF pulsation (for ventricular 

drainage) as well as withdrawn CSF volume are displayed. Sensor information 

provided by the manufacturer is a sensor accuracy ± 0,375 mmHg, long-term drift of 

< 1 mmHg and a total system deviation of < 2 mmHg, manufacturer states that the 

volume calculated by the device deviates ± 15% in maximum. Upper and lower ICP 

alarm threshold can be set. For ventricular drainage, pulsation of the CSF is 

detected, displayed and loss of pulsation leads to an activation of an alarm function.  

 

B. Patient Entry 
For evaluating the possibility of continuous CSF drainage, the LiquoGuard® system 

was connected the ventricular drainage in 16 patients and lumbar drainage in 4 

patients. In ventricular application, the LiquoGuard® pressure sensor was taped to 

the patient head at the level of the foramen Monroi and ICP was measured by an 

additional intraventricular applied pressure sensor catheter (Raumedic Neurovent®) 

or by an external pressure transducer connected to the external tubing system by a 

three way connector.   

 

C. Surgical Procedure 
For application of the LiquoGuard® CSF drainage system no surgical procedure is 

needed. However, the application of each external CSF device requires an operative 

procedure independent on the use of the external drainage system. For ventricular 

drainage, a burr hole was performed according to standard landmarks (about 2 cm 

lateral of the superior sagittal sinus and 0.5 cm anterior to the coronal suture, mostly 

right-sided). After incision of the dura, a ventricular catheter was introduced with a 
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length of about 5-6 cm into the ventricular system until CSF dropped out of the 

drainage. Then, the catheter was either tunneled and sutured to the skin or was fixed 

by a PEEK bolt (Raumedic). For lumbar drainage, a standard lumbar drainage kit 

(Integra) was used. The intrathecal space was approached in the level of L3/4 or 

L4/5 by a Touhy-Needle and the lumbar catheter was introduced in cranial direction 

with a length of 5-15 cm. Externally, the catheter was sutured to the skin and 

additionally taped.   

 

D. Postoperative Care 
After ventriculostomy, ICP was adjusted to 10-20 mmHg depending on the disease of 

the patient and according to the previous standard of the height of the dripping 

chamber. Drained CSF volume was set in the range between 5 to 25 ml/h for 

ventricular drainage. Upper alarm was set at 20 – 40 mmHg, lower alarm at 0-5 

mmHg according to the patient’s disease. ICP measured by the external independent 

pressure sensor was either recorded automatically every minute or manually by the 

nursing staff every half hour along with the ICP displayed by the LiquoGuard®, 

Drained CSF volume was collected and measured every 24 hours for balance. 

Furthermore, the complete drained CSF volume was measured and simultaneously 

the volume calculated and displayed by the LiquoGuard® was recorded.  

For lumbar drainage, flow rate was set to 5 – 13 ml/h, upper pressure alarm at 40 – 

70 mmHg, lower pressure alarm at 0 - 5 mmHg. Pressure from LiquoGuard® and the 

additional pressure sensor was time locked collected for the complete monitoring 

time. 

Each alarm of the LiquoGuard® had to be prompted by the nursing staff. In cases of 

an exceeding ICP either the CSF flow rate was increased or other standard steps 

(medical treatment of elevated ICP or diagnostic procedures) were performed. In 

cases of an ICP below the lower alarm the threshold was either further lowered, the 

position of the patient was altered or the mounting of the ICP sensor was checked. In 

cases of a pulsation alarm and/or a low ICP without visible CSF pulsation, continuity 

of the ventricular or lumbar catheter was checked and in case of an obstruction the 

catheter was flushed.  
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E. Patient Follow-up 
Each patient was followed up during the time of treatment and several days after 

treatment routinely for clinical signs of CSF infections. However, since the treatment 

is finished after withdrawing of the ventricular or lumbar catheter, no further follow-up 

is required and was performed concerning the external CSF drainage system.  
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VI STATISTICAL METHODS 
After collection of ICP data, the difference between both values was calculated and 

statistically evaluated for significant differences (Mann-Whitney-U Test). CSF volume 

was displayed by the LiquoGuard® with hourly and daily balance and total drained 

CSF amount. The withdrawn CSF volume colleted in the drainage bag was measured 

and the difference was calculated. All statistical Analysis was performed by using 

SPSS (V. 12.0).  
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loss of CSF pulsation. For lumbar application, continuous CSF drainage is possible 

even during mobilization of the patient, while catheter occlusion, malpositioning and 

disconnection of the catheter were prompted by an alarm.  

 

Collapsed ventricles.  

In two patients collapsed 

ventricles were detected in 

cranial CT. Prior to CT, in both 

patients the ICP measured by 

the LiquoGuard® system altered 

in an oscillating fashion below 

the desired ICP, CSF pulsation 

was lost and the CSF flow rate 

was reduced (Figure 3). Pausing 

of CSF drainage led to an 

equilibration of ICP at 

pathological levels (> 35 mmHg) 

with CSF pulsation.  
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Figure 3. Decrease of CSF outflow or production 

from the ventricles leads to decrease in CSF flow 

displayed by the LiquoGuard® (as seen in the 

blue line) indicating a clinical situation which 

might be due to collapsed ventricles. Since CSF 

flow is very low, the amount of drained CSF by 

the LiquoGuard® is also in very low ranges and a 

withdraw of small amount of CSF leads to 

sudden and high changes in ICP. This can be 

seen in an increase of ICP oscillation, here in the 

range between 0 and 20 mmHg.  
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the LiquoGuard®. Any occurring alarms, handling problems by the nursing staff were 

documented.    
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VIII  DISCUSSION / CONCLUSIONS 
 

Experimental work showed a very stable and reliable pressure measurement by the 

LiquoGuard® which works in the ranges provided by the manufacturer (complete 

deviation of the pressure < 2 mmHg). No differences were found in hydrostatic 

pressure differences and in continuous increase and decrease of pressure. The 

deviations of the pressure sensor is comparable to other external applied CSF 

pressure sensors (8, 21) and drift is even lower compared to miniaturized sensors 

applied into the intradural space (2, 7, 8, 12, 16) Therefore, the applied sensor 

seems to be suitable for low pressure seen in intracranial and lumbar applications. In 

clinical setup, ventricular pressure was also measured with high reliability compared 

to commercially available external and internal pressure sensors. Sensor drift seen in 

most sensors applied intracranially is negligible and malfunction of one pressure 

sensor can be detected easily due to the dual architecture of the system. There is 

only one commercially available system (Raumedic Neurovent duo, 16) offering the 

possibility to measure two pressures, but in contrast to this the LiquoGuard® 

compares the two measured pressures continuously. The slight difference between 

the pressure measured by the LiquoGuard® compared to the external pressure 

sensor was due to slight differences in positioning the sensor related to the level of 

the foramen Monroi. The LiquoGuard® pressure system can be taped using an ECG 

electrode to the patient head, the risk of deviation concerning the measured pressure 

might be reduced, since usually the external pressure transducer is either fixed at the 

holding device with is mounted at the bed or directly fixed on the pillow. The fixation 

of the LiquoGuard® pressure system directly at the patient allows for lumbar and 

ventricular application a continuous adaptation, the risk of measured pressure which 

is not corrected to the anatomical reference point of the patient is therefore 

minimized. In two patients, symptoms of intracranial hypotension relieved after 

changing the lumbar drainage from discontinuous to continuous manner.   

The calculation of drained CSF volume gives further diagnostic information especially 

for diagnosis of critical situations such as slit ventricle syndrome and catheter 

occlusions. Furthermore, other therapeutically strategies might be modified using this 

parameter such as indication for CSF shunting and withdrawing the external 

ventricular drainage. Detection of CSF pulsation might indicate easily catheter 

occlusion and slit ventricle syndrome and offers easy and early additional information 
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to the neurosurgical staff, since catheter occlusion can not be detected by a pressure 

sensor mounted at the tip of the catheter. The only limiting factor might be if air 

comes into the drainage which then might lead to deviations between calculated and 

measured CSF volume. However, since ICP curve will be dumped by air, ICP 

pressure pulsation will be reduced.  

In conclusion, this new system offers new possibilities for neurosurgical patients for 

treatment in both, lumbar and ventricular application. The dual pressure sensor 

technique, independence to a dripping chamber and possibility to drain CSF and 

measure the CSF pressure simultaneously offers an additional safety and mobility for 

the patient.   
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Continuous controlled lumbar spinal fluid drainage for 
prevention of spinal ischemia during thoracoabdominal 
surgery of the aorta 
 
 
Despite various therapeutic applications, attempts to substantially reduce ischemia associated 
neurological failures following thoracoabdominal aorta surgery have been unsuccessful. The 
challenge is to find better methods to determine and improve spinal cord perfusion. In addition 
to the use of shunts, left heart bypasses using pump systems, lowering body temperature, 
MEP monitoring, as well as clamp-and-repair techniques and inclusion of the spinal arteries in 
the reconstruction of the aorta, other suitable methods include fluid drainage systems such as 
the continuous closed variant (LiquoGuard) proposed. 
 
Method 
 
The current practice of lumbar drainage involves manual, irregular fluid withdrawal. The application of 
LiquoGuard by Möller Medical GmbH, enables for the first time, a continuous, pressure-controlled fluid 
drainage. Furthermore, in contrast to the established drop-chamber systems, this drainage system is closed and 
sterile (Fig. 1). 
The fluid flow is controlled by a pre-programmed spinal pressure and a set maximum flow rate. Excessive 
drainage is avoided since underpressure never occurs. A pre-operative, time-consuming adjustment of the 
pressure transducer is not required since the sensor unit can be secured to the nape of the patient quickly and 
easily. 
 
Case history 
 
A 65-year old patient underwent surgery for a symptomatic thoracoabdominal aortic aneurysm Crawford Type 
III. A large, penetrating ulcer (PAU) on the right side indicated a high risk of perforation. A tubular prosthesis 
had previously been implanted as a result of an infrarenal abdominal aortic aneurysm. Due to the specific 
position of the TAA in the visceral segment of the aorta, an endovascular procedure was excluded. 
The operation technique consisted in a left thoracoabdominal, extraperitoneal approach with an internal aorto-
aortal shunt implantation. Resection of the aneurysm was performed by using a tubular prosthesis, with the 
inclusion of the spinal arteries TH 11 and 12, as well as all visceral arteries. Cooled, pharmacological rinsing 
perfusion was temporarily performed on an intestinal artery and a renal artery respectively. After successful 
reconstruction of the aorta, the internal shunt was removed and the thoracolaparotomy wound closed. 
Prior to anaesthetisation, the patient received a thoracic peridural catheter to ensure analgesia. Another catheter 
was inserted in the L4/5 spinal region for lumbar drainage and incorporated with the LiquoGuard system. The 
drainage tube was fitted into the pump. The pressure sensor connector was connected to the pump and a zero 
balance performed. The interspinal pressure limit was set at 10 mmHg. The continuous flow rate was set at a 
mean value of 20 ml per hour and the application started. The system operated in a continuous and smooth 
manner throughout the duration of the surgery. Manual intervention was not required, thus ensuring that the 
system was permanently sterile, unlike conventional methods of manual fluid withdrawal via drop-chamber 
systems. Interspinal pressure peaks were particularly evident during aortic cross-clamping (Fig. 2). However, 
the pressure never exceeded 12 mmHg. The flow rate set avoided pressure peaks occurring from the outset. 
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During the duration of the surgery, a total of 25 ml of fluid were drained by the LiquoGuard system without the 
need for intervention by the anaesthetist. 
 
With a total drainage of 174 ml during the post-operative stage, the catheter was smoothly removed after 72 
hours. 
The patient indicated no post-operative neurological failure following a brief weaning stage. None of the feared 
side effects of lumbar drainage were noted. 
 
Discussion 
 
Spinal ischemia is a complication arising during thoracoabdominal aortic surgery. Over the past 25 years the 
incidence rate has ranged between 5 and 20% [7, 14]. Neurological failures such as sensorial deficit, paraparesis 
and paraplegia have resulted. As with so-called hybrid procedures, even modern techniques such as endoluminal 
stent-graft implantation in the treatment of thoracoabdominal aneurysmata (TAAA), constitute a risk of 
neurological failures, albeit to a lesser degree [2].  The paraparesis and paraplegia incidence rates are 4.2% and 
8.5% respectively [21]. 
Often further complications arise during post-operative procedures, thus increasing patient morbidity. In 
particular, higher incidence in pneumonia and increased reintubation resulting from diaphragmatic respiratory 
impairment, are reported. Other examples include renal failure, urinary passage infections and major decubitus 
ulcers. The mortality rate with full paraplegia is recorded at about 20% [18]. Even in cases of anastasis, a 
complete recovery is the exception rather than the rule. 
The protection of the spinal cord, therefore, is important during thoracoabdominal aorta reconstruction. The 
most common neurological safeguard is measuring the fluid pressure in the lumbar spinal canal and draining 
spinal fluid [17]. Since cross-clamping of the thoracic aorta causes increased pressure in the spinal canal, 
continuous lumbar drainage can reduce spinal cord compartment lesions. This increased intrathecal pressure is 
further strengthened by a secondary reperfusion-related tissue oedema resulting from a disturbance of the blood-
spinal cord barrier [13]. The spinal cord oedema also impacts on the microcirculation. Spinal perfusion is 
influenced by the ratio of the spinal perfusion pressure to the tissue pressure in the osseous compartment. 
Clinical data recorded in prospective randomised studies on the protection derived from spinal fluid drainage, 
indicate the neuroprotective advantages of spinal cord fluid drainage during and after thoracic aorta cross-
clamping; these studies, however, have been repeatedly challenged [6, 8, 18]. Intraoperative spinal canal 
pressure monitoring is, therefore, recommended. In the event that the pressure limit of 15 mmHg is exceeded, 
fluid can be removed through a lumbar drainage in lying position in order to reduce the spinal pressure and raise 
the perfusion pressure in the spinal cord [3, 4, 12, 16]. The intraspinal pressure limit should not exceed 10 to 12 
mmHg [4, 9]. Post-operative drainage monitoring is continued for another 72 hours in order to prevent a 
secondary pressure increase [1, 11, 17]. 
Temporary side effects and permanently manifest complications due to cerebrospinal fluid drainage are seldom 
reported in conjunction with thoracoabdominal aortic procedures. Catheter-associated meningitis (1.2%) and 
catheter fracture (1.8%) can be caused by the common intermittent fluid withdrawal in drop-chamber systems. 
Intraspinal haematoma (3.2%) and intracranial subdural haematoma due to excessive manual drainage (3.5%) 
are also reported [5, 10, 15, 20, 22]. From an anaesthesiological and legal perspective, therefore, indications in 
favour of lumbar fluid drainage are to be considered crucial [20]. In 2000, Coselli et at. [7] indicated a reduction 
in paraplegia and paraparesis of 80% in patients with thoracic aorta aneurysms where lumbar fluid drainage had 
been performed. 
 
Conclusion 
 
Fluid drainage within a sterile system (LiquoGuard) can minimise the incidence of temporary 
side effects and permanently manifest complications resulting from the particular surgical 
method, allowing for a broader application.  
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Fig. 1  LiquoGuard Fig. 2  Fluid pressure and flow during surgery and during the 

post-operative stage 
 
 
 
Abstract 
© Springer Medizin Verlag 2009 
N. Klemz · B. Luther · P. Köster · T. Nowak · E. Berendes  
 
Continuous controlled lumbar spinal fluid drainage for prevention of spinal ischemia during 
thoracoabdominal surgery of the aorta 
 
Abstract 
 
Spinal ischemia is an unresolved problem in thoracoabdominal surgery of the aorta. As a result, 
neurological failures such as sensory deficits occur, as well as paraparesis and paraplegia. Therefore, 
protection of the spinal cord during thoracoabdominal surgery is a major challenge. The most 
commonly used method of neurologic surveillance is measurement of spinal fluid drainage and cere-
brospinal pressure in the lumbar spinal canal. Complications such as meningitis or spinal catheter 
fracture can be caused by intermittent fluid withdrawal in the drop-chamber system. Further 
complications include intraspinal hematoma and intracranial subdural hematoma due to excessive 
manual drainage. So far, cerebrospinal fluid drainage systems have been manual and unbalanced. 
Using LiquoGuard (Möller Medical), continuous pressure-controlled cerebrospinal fluid drainage has 
been enabled for the first time. Furthermore, this drainage system is closed and sterile, in contrast to 
established drop-chamber systems. 
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1. Medical Device User Fee Cover Sheet (From FDA 3601) 

The MDUFMA Cover Sheet is provided in front of the 510(k). 

 

2. CDRH Premarket Review Submission Voluntary Cover Sheet 

The CDRH Premarket Review Submission Cover Sheet is provided in front of the 510(k). 

 

3. 510(k) Cover Letter 

The 510(k) Cover Letter is provided in front of the 510(k). 

 

4. Indication for Use Statement  

The Indication for Use Statement is provided Appendix 1. 
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5. 510(k) Summary 

 
Submitter Information: Möller Medical GmbH  

Wasserkuppenstrasse 29-31  
36043 Fulda, Germany 

Establishment Registration Number:  3006611221 

Contact Person:  Grant Geckeler 
Free lance consultant 
4375 Prado Road, Suite 103 
Corona, CA 92880 
Phone: +1 714 283 1683   
Fax: +1 714 637 2460 
E-mail: ggeckeler@geoinc.org  

 
Name of Device: 
Common Name: External CSF Drainage System 
Proprietary Name: LiquoGuard CSF System 

Consists of: LiquoGuard CSF and LiquoGuard CSF Tubing Set  

Classification: Shunt, Central Nervous System and Components, Class II, 21 CFR § 
82.5550 

Product Code: JXG   

 

Substantial Equivalence: 
The Möller Medical LiquoGuard CSF system is substantially equivalent to the CSF drainage 
systems listed below in terms of intended use, design, operating principles, and materials. 

Integra NeuroSciences Corporation  K030289, K032817 
Codman & Shurtleff, Inc.   K061568 

 
Device Description: 
Cerebrospinal fluid (CSF) drainage in lumbar and ventricular applications is the “gold 
standard” for cases involving trauma, post-operation, shunt infection, subarachnoid 
hemorrhage (SAH) therapy and normal-pressure hydrocephalus (NPH) diagnosis. For CSF 
drainage, dripping chambers are still being used widely. In contrast, dripping chambers for 
IV infusion have been mostly replaced by perfusors (syringe pumps). 

The LiquoGuard CSF system consists of a pump and a corresponding tube set with 
pressure sensors. The tube set is inserted into the pump and connected to the intrathecal 
drainage catheter (not part of the product). The device then continuously measures the 
pressure inside the tube and operates a tube pump whenever the actual pressure is higher 
than a preselected target pressure. Thus the LiquoGuard CSF system combines CSF 
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drainage and intracranial pressure (ICP) monitoring with integrated alarm and 
documentation/data logging functions, improving safety, simplifying the handling and 
enhancing patient mobility (by its battery back-up). 

Intended Use:    

The LiquoGuard CSF system is indicated for the external drainage of cerebrospinal fluid 
(CSF). It connects to any drainage catheter (not part of the product) which is usually 
inserted by the doctor into the lateral or third ventricle of the brain or lumbar subarachnoid 
space in selected patients to reduce intracranial pressure. The LiquoGuard CSF system 
controls CSF pressure, thus taking the role of the conventional CSF dripping chamber and 
collection bag (predicate devices). The LiquoGuard CSF system also monitors intracranial 
pressure and cerebrospinal fluid flow during CSF drainage, and provides many alarm 
functions not offered by the passive dripping chamber systems.  
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6. Truthful and Accuracy Statement 

The Truthful and Accuracy Statement is provided in Appendix 2. 

 

7. Class III Summary and Certification 

Not Applicable. 

 

8. Financial Certification or Disclosure Statement 

Not Applicable (clinical study is conducted in Europe with a CE marked device). 

 

9. Declarations of Conformity and Summary Reports 

Not Applicable. 

 

10. Executive Summary 

10.1 Registration History 
The LiquoGuard CSF System is CE marked since 2006. All over 180 devices are 
successfully placed on the European market without any incident.  

The FDA registration process started in 2007 after major software improvements. This is the 
third attempt at a 510(k). This time the submission includes significant amount at clinical 
data to show safety and efficacy of the device (see Section 10.6).  

10.2 Indications for use  
The LiquoGuard CSF system is indicated for the external drainage of cerebrospinal fluid 
(CSF). It connects to any drainage catheter (not part of the product) which is usually 
inserted by the doctor into the lateral or third ventricle of the brain or lumbar subarachnoid 
space in selected patients to reduce intracranial pressure. The LiquoGuard CSF system 
controls CSF pressure, thus taking the role of the conventional CSF dripping chamber and 
collection bag (predicate devices). The LiquoGuard CSF system also monitors intracranial 
pressure and cerebrospinal fluid flow during CSF drainage, and provides many alarm 
functions not offered by the passive dripping chamber systems.  
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10.3 Device description 
Cerebrospinal fluid (CSF) drainage in lumbar and ventricular applications is the “gold 
standard” for cases involving trauma, post-operation, shunt infection, subarachnoid 
hemorrhage (SAH) therapy and normal-pressure hydrocephalus (NPH) diagnosis. For CSF 
drainage, dripping chambers are still being used widely. In contrast, dripping chambers for 
IV infusion have been mostly replaced by perfusors (syringe pumps). 

The LiquoGuard CSF system consists of a pump and a corresponding tube set with 
pressure sensors. The tube set is inserted into the pump and connected to the intrathecal 
drainage catheter (not part of the product). The device then continuously measures the 
pressure inside the tube and operates a tube pump whenever the actual pressure is higher 
than a preselected target pressure. Thus the LiquoGuard CSF system combines CSF 
drainage and intracranial pressure (ICP) monitoring with integrated alarm and 
documentation/data logging functions, improving safety, simplifying the handling and 
enhancing patient mobility (by its battery back-up). 

10.4 Predicate devices with same indication  
The Möller Medical LiquoGuard CSF and the Integra LifeSciences (K030289, K032817) and 
Codman & Shrutleff (K061568) predicate devices listed in this application have the same 
indication.  

10.5 Summary of substantial equivalence discussion 
The LiquoGuard CSF drainage system is a tube system with integrated redundantly 
designed pressure sensors, as well as a rotor pump device, into which a part of the tube 
system is inserted in order to perform pressure and volume-controlled CSF drainage. The 
intrathecal CSF drain is used independent of the LiquoGuard CSF system, and the products 
approved for intrathecal CSF drainage can be connected to the LiquoGuard CSF system 
(but are not part of the system). The indication for insertion of intrathecal drainage will not 
be affected by using the LiquoGuard CSF system.  

The control parameters for the CSF drainage (target pressure, CSF volume) are equal 
between the existing systems and the LiquoGuard CSF system. The measuring sensors are 
comparable and the effective mechanism and the function of the CSF extraction by means 
of a target value-controlled rotor pump in the LiquoGuard CSF system is comparable to the 
CSF extraction that is realized after the target pressure is reached by means of an overflow. 
Therefore, the LiquoGuard CSF system offers comparable effectiveness to existing CSF 
drainage systems. 

10.6 Performance Testing - Clinical 
On April 8, 2009 representatives of Möller Medical and of the FDA met in Rockville to 
discuss the need of clinical data and the realization of a clinical trial. After consulting the 
FDA the following points were defined as guideline for the planed clinical trial: 

o The clinical question is one of safety – efficacy is assumed based on the fact that the 
CSF draining is already a gold standard in trauma and neurosurgery. 

o Clinical data is requested to answer the issue of whether or not the action of the 
LiquoGuard pump results in a significant increase in adverse events compared to 
the drip chamber (predicate device). 
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o The clinical trial can be done by an observational study, as a control group historical 
data can be used.  

o No scientific study will be necessary. To avoid any bias, it is sufficient to include all 
patients treated with the LiquoGuard in a facility over some period of time the data 
collection. 

o The data can be collected in Europe. 

On the basis of this guideline Möller Medical defined a study protocol and started the 
clinical trial in 2009 (please refer to Section 20 for detailed information). 

 

11. Device Description 

11.1 Definition of drainage system 
Cerebrospinal fluid (CSF) is drained from a patient using (i) a catheter placed in the third or 
lateral ventricle or lumbar subarachnoidal space, and (ii) a "drainage system" that removes 
any excessive CSF coming out of the catheter, and disposes of the fluid into a collection 
bag. Conventionally, the drainage system is a dripping chamber which works like a siphon 
or spill: any excessive CSF pressure leads to dripping inside the dripping chamber. 

11.2 Product idea of the LiquoGuard CSF system 
The key disadvantages of the conventional drainage systems are that they have no 
integrated alarm functions and that they are error-prone. A wrong cock position or a 
clogged/disconnected catheter can lead to under- or overdrainage. This problem is solved 
by the LiquoGuard CSF system that replaces the drainage systems above. It consists of (a) 
a tube set that is connected to the catheter just like the conventional dripping chamber. The 
tube set contains a dual pressure sensor measuring the pressure inside the tube at the end 
of the catheter. The other component (b) is an electronically controlled pump removing CSF 
as long as the measured pressure is excessive. The LiquoGuard CSF system detects many 
typically occurring and dangerous situations not caught by the dripping chambers, e.g. a 
sudden pressure drop by an accidentally extracted catheter, or a pressure staying constant 
for an extended period of time (which is unphysiological and may indicate a 
clogged/disconnected catheter). 

11.3 Components of the LiquoGuard CSF system 
The LiquoGuard CSF system consists of the LiquoGuard CSF pump and the LiquoGuard 
tube set.  

11.3.1 LiquoGuard CSF pump 
The LiquoGuard CSF main (see Figure 1) unit contains a peristaltic pump in which the tube 
set is inserted and connected for operation. It has a blue turning knob and three touch keys 
for user operation, a card slot to insert a memory card and a display to show pressure and 
flow values as well as a pressure and flow history. There are 5 light emitting diodes and a 
speaker for the audible alarms. 
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Figure 1: Front view of LiquoGuard CSF  

11.3.2 Disposable tube set  
The tube set consists of a polyvinyl chloride (PVC) tubing, luer locks, stop cocks, a drainage 
bag with a reflux valve, specially shaped plastic pieces to ensure correct insertion into the 
pump, and a pressure sensor housing with two piezo-resistant pressure transducers and a 
cable for connection to the pump. The tube set is only for use with the LiquoGuard CSF. 
Please refer to Appendix 3 for the product materials and Appendix 4 the packing contents.  

 
Figure 2: LiquoGuard tube set as schematic picture with its individual parts 

The tube set exists in two variants which only differ in the length of the PVC tubing 
(1500mm and 2000mm). All components are exactly the same. The tube set is supplied as 
disposable sterile product.  
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o Independently from P-set: if the measured pressure value (before averaging) is 
lower than the lower alarm limit, stop the pump.  

o Independently from all settings: If measured pressure value (inside the tubing) is 
lower than 2 mmHg, stop the pump. 

 

11.5 Details regarding the principle 

11.5.1 Two microcontrollers 
There are two microcontrollers. Each one has an analogue to digital converter and 
calculates the actual pressure inside the tube system. These values are communicated 
between the two controllers.  

The system always displays the arithmetic average of the two measured values (the 
diagram only shows the master controller's pressure signal). If both values differ by more 
than 4 mmHg, an alarm is generated, as the system can't determine which value is the 
correct one. If the two values are within the valid range the average of the two sensors is 
used to control the pump.  

A comment on the “small margin” mentioned above: this is needed to prevent the pump 
from starting/stopping too frequently.  This small margin is called the “hysteresis”; it is a 
standard tool in all regulating devices that use only “on” and “off”-states, like switching a 
pump on or off. In the case of LiquoGuard, the hysteresis value is configurable and defaults 
to 0.5 mmHg.  

A comment on the “lower alarm limit” mentioned above: The default value of the lower alarm 
setting is 0 mmHg. This setting can be changed by an order of a physician, however the 
allowed values are restricted to be above or equal to a minimum of -15 mmHg, which is a 
small negative value, far too small to tear off and aspirate brain tissue. To put this into 
perspective, note that negative ICPs of -50 mmHg and more occur physiologically in a 
healthy human being. 

Detailing the difference between ICP and pressure in the drainage tubing: The pressure 
inside the tubing is equal to the ICP by the laws of hydrostatics, if there is a non-occluded 
liquid column between the ventricle and the pressure sensors. This is normally the case; 
therefore the measured pressure is displayed as "ICP" on the device. However, in the cases 
of catheter occlusion or collapsed ventricles (=closing of the catheter holes by brain tissue), 
the ICP can rise above the pressure inside the tubing. A drip chamber, working on 
hydrostatics alone, drains CSF depending on the pressure inside the tubing. The 
LiquoGuard does the same – it requires an excess pressure inside the tubing for pump 
operation. In the case of collapsed ventricles, the ICP may be high and yet no drainage will 
occur with both the drip chamber and the LiquoGuard. The effects of the two systems are 
thus substantially equivalent. 

11.5.2 LiquoGuard CSF alarm system 
The main safety advantage of the LiquoGuard CSF system over the passive dripping 
chambers is the sophisticated alarm system: there are many potentially hazardous 
situations in which LiquoGuard will call a nurse or doctor by audible and visible alarm 
signals. The following is a summary of all alarms offered: 
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Pulsation alarm: 

o LiquoGuard CSF continuously monitors the physiological pressure pulsations 
caused by the heartbeat.  

o LiquoGuard CSF will sound an alarm if this pulsation is not present. 

o This is a check if the liquid column between the ventricle and the pressure sensors is 
present. 

o Possible reasons for this include catheter occlusion and collapsed ventricles 
(catheter holes covered by brain tissue). 

Pressure alarms: 

o LiquoGuard CSF will sound an alarm if the pressure is higher or lower than the 
respective pre-selected alarm limits 

o LiquoGuard CSF will sound an alarm if the pressure remains constant for an 
extended period of time (Possible reasons include catheter problems with lumbar 
drainage)  

Sensor cross-checking:  

o LiquoGuard CSF dual pressure sensor technology measures the pressure inside the 
tube with two completely independent transducers.  

o Even the cables are duplicate.  

o If there is any discrepancy between the two sensor readings, LiquoGuard will sound 
an alarm and shut the pump off as security measure. 

Watchdog functionality: 

o The sensor information is processed by two completely independent microcontrollers 
(that have been programmed by two different software engineers). 

o These controllers read out the two pressure sensors and exchange their results via 
interprocessor communication. 

o LiquoGuard CSF will sound an audible and visible alarm and shut the pump off as 
security measure if there is any significant discrepancy of the data, or failure of the 
other controller to answer. The alarms are independent as well (different speakers 
and LEDs for each microcontroller). 

o This technology is similar to the safety concepts of avionics in airplanes or the 
redundancy of powerplants. 

Battery alarm: 

o In mobile application, LiquoGuard CSF monitors the remaining battery time. 

o LiquoGuard CSF will sound an alarm if the battery is low.  

11.5.3 Battery back-up 
A rechargeable lead-gel battery is used as backup to ensure the system functionality for up 
to 3 hours while there is no mains power. The device has a charging symbol which goes 
down as the battery discharges.  Before the battery is entirely depleted, an alarm will sound 
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and the display will read “Battery empty, connect to AC”. After the battery alarm sounds, 
there is still 5-10 minutes of battery power remaining until the display goes off, at which time 
the alarm continues to sound for a few more minutes until the device deactivates.  

Complete charging of an empty battery is approximately 8 hours. 

Discharging time is getting shorter. For security reasons the rechargeable battery is 
replaced once a year during security checks. The device has to go into service every 12 
months for checks on the security system, dual processor system, communication with 
pressure sensors, and battery. 

 

11.6 Key Questions & Answers of previous 510(k) application 

11.6.1 Over-drainage  
In patients with elevated ICP but small/slit-like ventricles, the active removal of CSF may 
lead to further ventricular collapse and catheter occlusion with brain tissue or debris, 
necessitating catheter removal/revision with significant potential morbidity/mortality.  

“The LiquoGuard does not work by “active removal of CSF”; over-drainage/aspiration is not 
possible.  In contrast, this danger is present with the predicate device (drip chamber). 

To clarify the principle of LiquoGuard: Although LiquoGuard is an “active” (electrical) device, 
it does not “aspirate”, meaning it never generates negative pressure. The pump only 
operates if the pressure inside the tube is excessive, i.e. necessarily positive (no “suction” 
or “aspiration”). This is equivalent to the drip chamber which drains only when the pressure 
inside the tube suffices to drive CSF up to the height of the drip chamber. Therefore, 
LiquoGuard drains CSF exactly when the properly adjusted drip chamber would, and 
LiquoGuard does not remove CSF under the types of conditions that a properly adjusted 
drip chamber would not.  An “active” aspiration of tissue or debris is not possible by design, 
because the preset target pressure is always positive.  

In contrast to the LiquoGuard System, a drip chamber can aspirate tissue and debris if it is 
adjusted at a level lower than the patient or if it falls to the ground.  In these cases, the drip 
chamber can generate a negative pressure inside the catheter equal to the weight of the 
CSF column inside the tubing, reaching from the patient to the drip chamber.  For example, 
with a CSF density of water (1 g/ml) and a drip chamber on the ground (1 m = 3 ft below the 
patient), this corresponds to a negative pressure of –10 kPa = –75 mmHg, clearly 
dangerous for the patient.  

In practice, medical personnel can be very hesitant to report such incidents, but an example 
can be found in MAUDE report # 1221649-1996-00006. In the case cited there, the drip 
chamber fell to the floor, subarachnoidal bleeding and death of the patient followed.  
Another example is MAUDE report # 2648988-2003-00009, where a malfunctioning 
stopcock led to over-drainage of 200 cc.  Many MAUDE reports mention leakages of drip 
chamber-based drainage sets, which may lead to accidental and unnoticed over-drainage. 

With LiquoGuard, a leaking tube set, (or disconnected catheter, malfunctioning stop cock 
etc.) will be detected as soon as it lowers the patient’s CSF pressure level below the pre-set 
alarm level. Please see Section 18 test reports 41 and 52, where the reliability of pressure 
alarms and the detection of disconnections are confirmed. 
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In small/slit-like ventricles, the catheter holes may be covered by brain tissue which 
prevents drainage by any gravity-fed CSF drainage system. In this case, a drip chamber 
fails to drain and fails to notify medical personnel. LiquoGuard, lacking an excessive 
pressure in the tubing, fails to drain just like the predicate device.  However, LiquoGuard will 
most likely either sound the “pulsation invalid” alarm or the “pressure too constant” alarm in 
this case. Please see Section 18 test reports 42, 43 and 44, where we confirmed the 
reliability of these alarms as well as the alarm consequences of a catheter occlusion. 

To explain the above mentioned alarms: Normally, the pressure pulsations caused by the 
heart beat are detected by LiquoGuard and can be seen on LiquoGuard’s display, as long 
as the liquid column between ventricle and pressure sensor is complete. When the catheter 
holes are covered by brain tissue (or the catheter is occluded, etc.), this liquid column is 
interrupted and the measured pulsation is lost inside the tubing, where the sensors are 
positioned. As soon as LiquoGuard registers no pulsations, it sounds an alarm.  

To summarize, LiquoGuard places no additional risks on a patient with small/slit-like 
ventricles.  In contrast, drip chambers – when unattended – may well place such risks.  

LiquoGuard does help to detect potentially deleterious situations because of its alarm 
features, whereas with a drip chamber, medical personnel are not alerted to potential 
problems by the device.” 

11.6.2 Under-drainage  
Patients with elevated ICP may need 5-10 cc of CSF removal quickly to avert cerebral 
herniation, and a fixed setting of drainage may not allow this.  

“We agree that there is a risk of under-drainage, but if this happens, it will not go unnoticed. 
As soon as the ICP (and with it the pressure inside the tubing) raises above the pre-set 
alarm level of LiquoGuard, the device will sound an alarm and thus call the attention of 
medical personnel to the patient’s condition.  (No such safety feature is present with the drip 
chambers.)  Please see Section 18  test report 41. 

The drainage rate of LiquoGuard is pre-selected and can be set as high as 50 ml/h. It can 
be further adjusted up to 150 ml/h using a password-protected hidden menu. Should that 
not be sufficient – which can be noticed by a continued alarm – the three-way stopcock of 
the tubing set can be connected to another drainage bag to quickly allow removal of 
excessive fluid. 

With drip chambers, a significant risk of accidental and unnoticed under-drainage exists; 
causes include catheter clogging, clogging of air vents, anti-reflux valves and other kinds of 
blockages.  In this context, refer to MAUDE # 1226348-2007-00216 where a blocked anti-
reflux-valve was followed by patient’s death. An under-drainage situation cannot go 
unnoticed when using the LiquoGuard (see above).” 

 

In patients requiring lumbar intrathecal catheterization for CSF diversion (which is usually 
performed to allow dural healing after surgery to prevent/fix CSF leak), under-drainage may 
prevent sufficient CSF removal that is needed for dural closure. This would put the patient 
at increased risk for wound infection/meningitis.  
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monitored, and an alarm is signalled when the pressure leaves the pre-set safety 
boundaries. 

o Overdrainage can happen with the dripping chamber, e.g. in the case of an 
accidental disconnection, or when the dripping chamber drops to the floor. With 
LiquoGuard CSF, overdrainage is simply impossible because the pump will stop 
whenever low pressure is sensed. Additionally, an alarm is signalled when the 
pressure leaves the pre-set safety boundaries. 

o Catheter or tube clogging: The required fluid column has to be complete and 
unblocked starting from the ventricle only up to the sensors, which is only the 
catheter plus about 100mm of the LiquoGuard CSF tubing. In the case of the 
dripping chamber, the fluid column has to be complete and unblocked all the way 
from the catheter to the dripping chamber (1000-2000mm). Obviously, the chances 
of tube clogging increase with the length of the tubing. Additionally, LiquoGuard CSF 
monitors the physiological CSF pressure pulsations of the patient, and when these 
pulsations are lost, it sounds an alarm, indicating that something is wrong – possibly 
a clogged catheter. 

 
LiquoGuard’s pulsation alarm catches some of the dangerous situations not 
determined when using a drip chamber: As described above LiquoGuard CSF offers an 
additional safety feature which is unmatched by the drip chamber. The LiquoGuard CSF 
system continuously monitors the physiological pressure pulsations caused by the 
heartbeat. With suitable settings, the LiquoGuard will sound an alarm as soon as this 
pressure pulsation is not present. This will in many cases detect if the liquid column 
between the ventricle and the pressure sensors is indeed present, i.e. if catheter is not 
occluded or its holes covered by brain tissue in the case of collapsed ventricles. However, 
although the bench test results indicate that this alarm reliably detects catheter occlusions 
and collapsed ventricles, Möller does not claim that the pulsation alarm of the LiquoGuard 
will determine all the aforementioned medical situations and thus sound an alarm in all 
these conditions. It is merely a safety feature not matched by the drip chamber. The 
operation of the pump is in all cases equivalent to the drip chamber, the described pulsation 
monitoring and alarm function is just an additional safety feature. 

LiquoGuard CSF cannot accidentally aspirate brain tissue: The pump measures the 
pressure inside the tubing and drains if that pressure is too high. In most cases, the 
pressure inside the tubing will be equal to the ICP by the laws of hydrostatics. The crucial 
point to note is that, if catheter occlusion occurs or the ventricles are collapsed such that 
brain tissue covers the catheter holes, the two pressures may be different. The LiquoGuard 
CSF system measures inside the tubing and will operate the pump only if it determines the 
pressure inside the tubing as excessive. The drip chamber does exactly the same – it 
drains if there is excessive pressure inside the tubing. Therefore, the two drainage methods 
are substantially equivalent. To aspirate brain tissue (which would be dangerous for the 
patient), a negative pressure inside the tubing would have to be induced by pump activity. 
The LiquoGuard CSF system never does that, because it is using exactly that crucial 
pressure inside the tubing to control the pump.  

Patients with collapsed ventricles can drain less than 100ml/24 hours, no matter if a 
traditional drainage system or the LiquoGuard CSF system is being used. Therefore, a 
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patient who has either system is at equal risk for intraventricular catheter occlusion. Since 
the LiquoGuard pump starts to drain CSF only in a positive pressure range, the system only 
drains excess pressure. This is comparable to a passive pressure valve system, such as 
the highly abundant implanted shunting systems which open in a positive pressure range. 
The LiquoGuard CSF system does not “suck out CSF”; “sucking” implies the generation of 
negative pressure in the tubing, which the LiquoGuard CSF system by design never allows 
to occur. Therefore, the LiquoGuard CSF system is equivalent to a drip chamber draining 
excess pressure by the principle of hydrostatics. All safety aspects of the drainage 
operation are therefore comparable to the predicate device of a traditional drip chamber 
mounted over the zero level of the patient (positive pressure).  

 

In traditional lumbar CSF drainage, the volume of drained CSF is dependent on more 
than the pressure head of CSF and the level of drip chamber.  It is dependent on: 

a. Level of the head of the patient (positioning). 

b. Level of the dripping chamber. 

c. Diameter of lumbar drainage tube (small tube = less drainage). 

d. Consistence of CSF (viscosity). 

e. Passage of CSF.  

f. Adaptation of dripping chamber to movement of the patient (e.g. patient stands up 
during drainage). 

g. Intermitted occlusion of lumbar drainage due to compression e.g. by processi spinosi 
during retroflexion of the patient. 

h. Absence of nurse during CSF drainage (system open). 

i. Unnoticed disconnection of the lumbar drainage leading to high CSF outflow (which 
drains mostly into the bed). 

This means that in several situations, uncontrolled CSF outflow can occur with traditional 
lumbar CSF drainage with high risks for the patient.  

Patients with continued lumbar CSF drainage to a pressure of 0 mmHg may be at risk for 
cerebral herniation. Exactly this condition can easily and accidentally occur when using a 
conventional dripping chamber. This applies in particular to conditions f, h, i of the list 
above. In all these conditions, the traditional lumbar drainage offers zero safety against 
these risks. In contrast, the LiquoGuard safeguards against all three critical conditions:  

If the patient stands up, pressure increases, but the sampling flow of the LiquoGuard CSF 
system (e.g. 10 ml/h or whatever the chosen value is) will remain unchanged. Contrast this 
to the drip chamber, which allows in this situation an unlimited (!) outflow of CSF, e.g. more 
than 200 ml within a few minutes depending on parameters a-e in the list above.  

The LiquoGuard CSF system is able to drain CSF continuously over an extended period of 
time. With the drip chamber, however, a nurse has to count the drops and adjust the level of 
the dripping chamber. If the nurse leaves the patient even for some minutes, the flow rate 
can change quickly, endangering the patient.  
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Sterigenics 
Kasteler Straße 45 
Geb. G525 65203 

Wiesbaden – Germany 

The EtO sterilization process has been successfully validated in accordance with ISO 
11135-1. In addition, the EtO residual analyze was performed according to ISO 10993-7 
and all requirements were met.  

The initial sterilization validation was performed in 2006 according to ISO 11135:1994 and 
ISO 10993-7:1995. To meet all requirements of the revised standards a re-validation of the 
sterilization was performed in 2010. The validation of 2006 and 2010 together fulfill all 
requirements of the ISO 11135-1:2007 and the ISO 10993-7:2008. 

Please refer to Appendix 11 and Appendix 12 for the sterility validation reports of 2006 
and 2010 for the LiquoGuard CSF Tubing Set. 

The LiquoGuard CSF Tubing Set is packaged in a blister of PETG (700µm, medical grade), 
sealed with a Tyvek foil which is in accordance with ISO 11607-1. Proposed shelf life is 2 
years - please refer to Appendix 13 for the accelerated aging test report. 

 

15. Biocompatibility 

Please refer to Appendix 14 for the biocompatibility testing according to ISO 10993-1 of the 
LiquoGuard CSF Tubing Set. 

 

16. Software Validation 

The software documentation is in accordance with FDA’s May 2005 guidance document, 
“Guidance for the Content of Premarket Submissions for Software Contained in Medical 
Devices.” 

16.1 Level of concern 
The level of concern is, “Major Level of Concern”, as failures or latent design flaws that 
could directly result in major injury or death to the patient or operator. 

16.2 Software Description 
The software controls the LiquoGuard CSF pump, which means, the operation with the keys 
and the display as well as the rotation of the motor are controlled by software.  

The LiquoGuard CSF is constructed in a manner which enables at least one alarm trigger 
between pressure measurement and alarm generation during an error. 

16.3 Device Hazard Analysis 
A device hazard analysis has been conducted on the LiquoGuard CSF pump. To mitigate 
identified risks, two pressure sensors and two microcontrollers are incorporated as a double 
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16.9 Verification and Validation 
Verification and validation of the LiquoGuard CSF have been conducted. Please refer to 
Appendix 31 for the list of bench tests that have been conducted. 

 

17. Electromagnetic Compatibility and Electrical Safety 

The Möller Medical LiquoGuard CSF pump has been tested in accordance and meets the 
following electromagnetic compatibility and safety standards: 

Relevant Directives: 
93/42/EEC: Directive of 14 June 1993 concerning medical devices. 

73/23/EEC: Directive of 19 February 1973 concerning low voltage, with modification 
of 93/68/EEC. 

Electromagnetic Immunity and Emission: 
DIN EN 60601-1-2, Publication date: 2002-10: Medical electrical equipment - Part 1-
2: General requirements for safety; Collateral standard: Electromagnetic 
compatibility - Requirements and tests. 

DIN EN 55011, Publication date: 2003-08: Industrial, scientific and medical (ISM) 
radio-frequency equipment - Radio disturbance characteristics - Limits and methods 
of measurement (IEC/CISPR11:1997, modified + A1:1999 + A2:2002); German 
version EN5501:1998 + A1:1998 + A2:2002. 

Copies of the Electromagnetic Compatibility reports for LiquoGuard CSF are included in 
Appendix 32. 

 

18. Performance Testing – Bench  
(b)(4) 
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19. Performance Testing – Animal 

Because the LiquoGuard CSF has the same indication for use as the predicate devices 
(external cerebral spinal fluid (CSF) drainage), and because all functions can be verified 
and tested in bench tests, animal performance testing was not deemed necessary based on 
the products risk assessment. 

 

20. Performance Testing – Clinical 

The LiquoGuard CSF has the same indication for use as the predicate devices (external 

(b)(4) 
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cerebral spinal fluid (CSF) drainage), and because all functions can be verified and tested 
in bench tests, formal clinical performance testing was not deemed necessary based on the 
products risk assessment.  

To present the safety of the LiquoGuard CSF System a clinical trial was started in 2009, 75 
cases have been collected and are included in the study report. The LiquoGuard CSF 
system is CE marked in Europe since 2006 where the study was performed. Please refer to 
Appendix 60 for the study protocols, the results and the discussion. 

 

21. Others 

The LiquoGuard CSF System is CE marked in Europe since 2006. The LiquoGuard CSF 
System is an innovation in the draining of CSF and some of neurosurgeons who are 
working with the LiquoGuard published their experience with the device. Please refer 
Appendix 61 for some published reports. 

o B.M. Hoelper “Clinical study report of a new pressure and volume controlled CSF 
drainage system (LiquoGuard)”. 

o N. Klemz, B. Luther, P. Köster, T. Nowak, E. Berendes “Continuous Controlled 
Lumbar Spinal Fluid Drainage for Prevention of Spinal Ischemia during 
Thoracoabdominal Surgery of the Aorta”.  

o Manfred Kudernatsch, Suleyman Nauros, Peter A. Winkler (Poster) “Automatical 
Pressure- and Flow-Controlled Ventricular CSF Drainage LiquoGuard®: Two Years 
of Experience with over 50 Children in Pediatric Neurosurgery and Epilepsy 
Surgery”. 
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INDICATION FOR USE STATEMENT 
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March 26, 2012 
 

 
Indications for Use 

 
 
 
 
510(k) Number (if known): TBD 
 
Device Name:  LiquoGuard CSF System 
     
Indications for Use:  
The LiquoGuard CSF system is indicated for the external drainage of cerebrospinal fluid 
(CSF). It connects to any drainage catheter (not part of the product) which is usually in-
serted by the doctor into the lateral or third ventricle of the brain or lumbar subarachnoid 
space in selected patients to reduce intracranial pressure. The LiquoGuard CSF system 
controls CSF pressure, thus taking the role of the conventional CSF dripping chamber and 
collection bag (predicate devices). The LiquoGuard CSF system also monitors intracranial 
pressure and cerebrospinal fluid flow during CSF drainage, and provides many alarm func-
tions not offered by the passive dripping chamber systems.  
 
 
 
 
 
 
 
 
Prescription Use  ___ ___ 
(Part 21 CFR 801 Subpart D) AND/OR Over-The-Counter Use _______ 

(21 CFR 801 Subpart C) 
 
 

(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON ANOTHER PAGE OF 
NEEDED) 

______________________________________________________________________ 
Concurrence of CDRH, Office of Device Evaluation (ODE) 
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APPENDIX 2 
 

TRUTHFUL AND ACCURACY 
STATEMENT 
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APPENDIX 3 
 

PRODUCT MATERIALS               
LIQUOGUARD CSF TUBING SET 
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APPENDIX 4 
 

PACKAGING CONTENTS OF THE 
LIQUOGUARD CSF TUBING SET 
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APPENDIX 5 
 

COPIES OF THE 510(K) SUMMARIES 
FOR EQUIVALENT DEVICES 
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K030289 
HERMETIC PLUSTM 

EXTERNAL CSF DRAINAGE SYSTEM 
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K032817 
EXTERNAL DRAINAGE SET 
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Author of the summarized clinical evaluation 
 
�������	
����

���������	��
����
���������������
�������������������
������
�������������������������� ��!
"���������#
�$��
	��
��� %��&�' �����
�#(��)���� �*������
��+��,�
����	��
�%�


��������
���
�����
��	�����
��������

��-.�/���-�� 0�����/�������"�1�������2' ����
��-��3����4� �����
���������2' ����#5�
�"��/5��6�"/2' ���������
%�
���4�3�.7����� !"
�8/�9
� ��/���
�)����:�)�
 ������

*��������
�.7�����#;
�<��)����(
���
'����<���"��"�����+%�
�7�����3��7���4� =���
�
"��)�>������������������������
������'����
�'����
)���' 
�'��
��+������'���
�

1�

����"75�
"���)�
�
��������
��������

�47���4�3�?7����� ����'�����"�������� ������"/+�"�)��;
�<��)�����
������
"�
�
� �7���&�� !
������������,���
����
�
� ?7������ &
���������� ���,���
����
�
@7�����3�@7���-� 1��'��'���A���B�2��"�����
��!
���
�������'�
������ ��:��
 ���/C��������)�������
�

D�� ���) �<�
��
��C������"������ ��C���6�)����)�������
�2�
�����)' ��
&���+��������-� *��������
�������'���)�����)�6�� ���E	E��<���"����
�
������������

&��-�����-�� ���
��
"���� ����"������������'�����'�������� ������'����'�������� ������"/+�"�)��

;
�<��)�����
������
"�
�6�� �� ����))�������
�E*��������)��������
��
���
���)�)����6��
�����'����
����
���
��6��>)�����
�������
���������"�'��������)E�
#2����<�)��
B�1����������/F��:�����%��������E+E��

� �
��������
��
���������
��
��������	
�������

.7���-�3��7����� +'��<���)��
���
��
�� ��
����)��"�'���'��
�'���� ��������*��
�'��������������
��������
� )�
� �
��������
��
�����������������
�� 

�47�����3?7����� :�)���' ����� ��*����
6���� �;
�<��)������:�' ��
���G��"�
���#;2+%��C������"�'���

2��"�����
�1����:��	����'>��
��1����+����������H)�6��>�"��������)���' ��
��
���'��
����
���))�����
��'����������������)��

�
��������
��
���������
���������

@7�����3�?7&44.� +'��<���)��))�)��
��� �)�'��
��
�� ��
����)��"�'���'��
�'���� ��������*��
�'��
&44& +6������� ��)'��
���'����8����
������"�'���)'��
'�)��
&44� /�&44?� *���)�������'���
��#(������
�+))�'�����
���C����)��"��
)%�
�
!���������
"��
������	���

���?��&44.� :�'�"
����
��)�
����)��"�'���)��'����)������ �����<�
'��������'���' ���������))��
�
��������
��
������	���

2�
'��?7&44.� +'��<���)�
����)��"�'���)��'����)������ ��
����)��"�'���'��
�'���� ��������*��
�'���
�
��������
"����

� � !
���'��
�������))�������)�����
���
���
���'����������������)���
�
����)��"�'����
��
)�<��

'������<�������
����
���'��
����)�
)��)�#)������ ��H)������'����
��
��,%���<�������
���
��"���� �)��
���))�))��
��������'����������������������'�����
�����"�
'��#
����
���
��)%��
��<������
�������"���)��
���"���� �)���

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



 3 
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Conference 1995, Volume II; hrsg. v. Elsner N, Menzel R; Thieme-Verlag, Stuttgart 1995 
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11. Hölper BM, Soldner F, Behr R: Events during microdialysis and ptiO2 monitoring due to focal and global cerebral 
ischemia. In: Burkert, Winfried (Hrsg): 53. Jahrestagung der Deutschen Gesellschaft für Neurochirurgie 2002: 
Abstracts, p10. Aachen, Shaker, 2002.  
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Shaker, 2002.  
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17. Behr R, Müller J, Shehate-Dieler W, Roosen K, Soldner F, Hölper BM: Wiederherstellung von Höreindrücken bei NF-
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Oktober 2004: Abstracts, p. 74 
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Scientific lectures 
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Göttingen 

2. Hölper B, Wieding JU, Schönle PU: Properties of a New Heteroassociative Self-Organizing Neural Network: Shift 
Invariance and Its Stability after Deletion of Synapses. Vortrag “IASTED International Conference Artificial 
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5. Hölper BM, Sporleder R, Soldner F, Al-Hami S, Wallenfang T (1998): Bestimmung des Outcomes bei Patienten mit 
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10. Hölper BM, Soldner F, Wallenfang T: Aktueller Stand des multimodalen Neuromonitorings beim Schädel-Hirn-
Trauma. 3. Thüringer Fachtagung Neurorehabilitation: Das Schädel-Hirn-Trauma, 8. Mai 1999, Bad Liebenstein 

11. Soldner F, Tenckhoff D, Hölper BM, Wallenfang T: Intraoperative NIM-2TM-Monitoring, a warranty of preservation of 
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on outcome after traumatic brain injury. Vortrag zum IV Joint Polish-German Neurosurgical Meetin, 20-22. Oktober 
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23. Hölper BM: Genauigkeit der automatischen und markerbasierten Bildfusionierung anhand anatomischer Landmarken. 
Vortrag zum 3. Workshop Navigierte Hirnchirurgie, 2.-3. März 2001, Kiel 

24. Hölper BM, Rohlfs J, Soldner F, Wallenfang T: Genauigkeit der Übereinstimmung anatomischer Landmarken nach 
automatischer und markerbasierte Bildfusionierung. Vortrag zur 52. Jahrestagung der Deutschen Gesellschaft für 
Neurochirurgie, 27.-30. Mai 2001, Bielefeld 

25. Hölper BM, Soldner F, Wallenfang T: Klinischer Verlauf nach translaminärer Fensterung bei foraminalen und nach 
cranial sequestrierten lumbalen Bandscheibenvorfällen. Vortrag zur 52. Jahrestagung der Deutschen Gesellschaft für 
Neurochirurgie, 27.-30. Mai 2001, Bielefeld  

26. Hölper BM: Selektive Fusionierung von Bilddaten, Vortrag „Wssenschaftliches  Symposium Neurochirurgie“, 1.-2. 
März 2002, BrainLAB, München 

27. Hölper BM, Soldner F, Behr R: Events during microdialysis and ptiO2 monitoring due to focal and global cerebral 
ischemia. Vortrag „ 53. Jahrestagung der Deutschen Gesellschaft für Neurochirurgie 2002“, 2.-5. Juni 2002, 
Halle/Saale 

28. Hölper BM, Soldner F, Behr R: Time related analysis of critical multimodal neuromonitoring parameters. Vortrag „ 53. 
Jahrestagung der Deutschen Gesellschaft für Neurochirurgie 2002“, 2.-5. Juni 2002, Halle/Saale 

29. Hölper BM, Eichler M, Rohlfs J, Soldner F, Behr R: Enhanced accuracy of MRI image fusion by defining a Volume of 
Interest: Less is more!. Vortrag „ 53. Jahrestagung der Deutschen Gesellschaft für Neurochirurgie 2002“, 2.-5. Juni 
2002, Halle/Saale 

30. Hölper BM, Soldner F, Sporleder R, Behr R: Sequential SEP during microdialysis-, ICP- and ptio2-monitoring. Vortrag 
„ 53. Jahrestagung der Deutschen Gesellschaft für Neurochirurgie 2002“, 2.-5. Juni 2002, Halle/Saale 
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31. Hölper BM, Soldner F, Behr R: Fokale und globale zerebrale Ischämie während ICP-, Mirkodialyse und ptiO2-
Monitoring nach SAB. Vortrag zur Sektion Intrakranieller Druck, Hirnödem und Hirndurchblutung. 28. Jahrestagung 
der Deutschen Gesellschaft für Neurochirurgie Bonn, 18.-19. Oktober 2002 

32. Krahl R, Tenckhoff D, Hölper BM, Behr R: Case Report Leipzig 2002 

33. Hölper BM: Volume of Interest-Fusion: Entwicklung und Prüfung einer neuen Bildfusionsmethode. Vortrag zur 
Verleihung des Wissenschaftlichen Förderpreises 2002 des Vereins zur Förderung der Neurologischen 
Wissenschaften, Frankfurt am Main, 27. November 2002 

34. Hölper BM: Das Schädel-Hirn-Trauma: Vortrag zum 16. Chirurgischen Weiterbildungsseminar des Berufsverbandes 
der deutschen Chirurgen (BDC), 5. Februar 2003, Klinikum Fulda 

35. Behr R, Müller J, Shehate-Dieler W, Roosen K, Soldner F, Hölper BM: Wiederherstellung von Höreindrücken bei NF-
2-Patienten mit einem hochfrequenten CIS ABI. Vortrag zur 54. Jahrestagung der Deutschen Gesellschaft für 
Neurochirurgie 2003, Homburg/Saar.  

36. Hölper BM: Temperaturmessung mit REHAU ICP-Kathetern - Genauigkeit und Langzeitdrift. Luncheon-Vortrag zur 
54. Jahrestagung der Deutschen Gesellschaft für Neurochirurgie 2003, Homburg/Saar.  

37. BM Hölper, B Alessandri, A Heimann, R. Behr, O. Kempski: In-vitro Genauigkeit, Drift und Reaktivitätszeit von Licox- 
und Neurotrendsensoren. Vortrag zur Sektion Intrakranieller Druck, Hirnödem und Hirndurchblutung. 29. 
Jahrestagung der Deutschen Gesellschaft für Neurochirurgie Berlin, 13.-14. Oktober 2003 

38. Eichler MK, Tenckhoff D, Hölper BM, Choné L, Behr R. Cerebralvaskuläre Compliance als prognostischer Indikator 
für die Selektion zur Shuntanlage bei klinisch und radiologisch gesichertem NPH. Vortrag zur Sektion Intrakranieller 
Druck, Hirnödem und Hirndurchblutung. 29. Jahrestagung der Deutschen Gesellschaft für Neurochirurgie Berlin, 13.-
14. Oktober 2003 

39. Kim, D., Behr, R., Hölper, B. M., Soldner, F.: Dorsale lumbale Spondylodese – Ein Erfahrungsbericht. 9. 
Rauischholzhausener Symposium 28. November 2003 

40. Hoelper BM, Soldner F, Choné L, Behr R: Einfluss des Volumen im frühen MRT diagnostizierter intrazerebraler 
Verletzungen auf SEP und Outcome nach Schädel-Hirn-Trauma. Vortrag am 26.04.2004 zur 55. Jahrestagung der 
Deutschen Gesellschaft für Neurochirurgie, Köln, 25.-28. Mai 2004.  

41. Hoelper BM, Soldner F, Janka M, Behr R: Klinische Erfahrungen im metabolischen Monitoring bei schwerer SAB nach 
5-jähriger Erfahrung.  Vortrag am 26.04.2004 zur 55. Jahrestagung der Deutschen Gesellschaft für Neurochirurgie, 
Köln, 25.-28. Mai 2004.  

42. Krahl R, Hoelper BM, Eichler MK, Behr R: Einfluss des Alters und des Fusionsmaterials auf das Ergebnis der 
zervikalen monosegmentalen Fusion. Vortrag am 27.04.2004 zur 55. Jahrestagung der Deutschen Gesellschaft für 
Neurochirurgie, Köln, 25.-28. Mai 2004.  

43. Martinez R, Hölper BM, Behr R: Patientenalter ohne Einfluss auf die postoperative neurologische und internistische 
Morbidität bei malignen Astrozytomen. Vortrag am 28.04.2004 zur 55. Jahrestagung der Deutschen Gesellschaft für 
Neurochirurgie, Köln, 25.-28. Mai 2004.  

44. Hoelper BM, Behr R: ICP in the Environment of Multimodal Neuromonitoring. 13. Hoderuv den, Celostatni 
Sympozium, 3. Juni 2004, Prag.  

45. Hoelper BM, Janka M, Soldner F, Eichler M, Martinez R, Behr R: Ergebnisse der transluminalen Ballonangioplastie 
bei schwerem Vasospasmus nach SAB. 30. Jahrestagung der Sektion „Intrakranieller Druck, Hirnödem, 
Hirndurchblutung“, 15.-16.10.2004,  Regensburg 

46. Behr R, Hölper B: Auditory brainstem implant, Word congress of neurosurgery, Sidney 2004 

47. Behr R, Müller J, Hölper B: Results and experiences with Auditory Brainstem Implants. Vortrag am 19.05.2005, 7th 
Congress of the European Skull Base Society, ESBS2005, Fulda 

48. Hölper BM, Behr R: Accuracy of neuronavigation for the transsphenoidal approach to the sellar region. Vortrag am 
20.05.2005, 7th Congress of the European Skull Base Society, ESBS2005, Fulda 

49. Göktas V., Hoelper, B. M., Janka M., Arndt M., Chone L., Martinez R., Behr R.:  Occurrence of regional ischemia after 
subarachnoid hemorrhage and implications on placement of tissue oxygenation sensors. Tagung der Sektion 
„Vaskuläre Neurochirurgie“, 3.-4. Februar 2006, Leipzig 

50. Göktas V., Hoelper, B. M., Janka M., Arndt M., Chone L., Martinez R., Behr R.:  Vasospasmusbedingte Gewebe-
Ischämie nach SAB: Lokalisation, Bezug zum Aneurysma und Einfluss auf die Anlage von ptiO2-Sonden.. 57. 
Jahrestagung der Deutschen Gesellschaft für Neurochirurgie, Essen, 11.-14. Mai 2006. 

51. Janka M., Hoelper B. M., Göktas V., Arndt M., Chone L., Behr R.: Reconstructed computerized angiography and 
transluminal balloon angioplasty: promising methods in the management of severe vasospasm following SAH. 57. 
Jahrestagung der Deutschen Gesellschaft für Neurochirurgie, Essen, 11.-14. Mai 2006.  

52. Behr R, Hölper B, Müller J: Restoration of hearing with auditory brainstem implants in MF2 patients. 9th international 
conference on cochlear implants and related sciences, 14.06. – 17.06. 2006, Vienna 
 

 
Scientific posters 

1. - Hölper B, Kurth C, Wieding JU, Schönle PW: Shift Invariance of a Heteroassoziative Self-Organizing Neural Network 
and its Stability after Deletion of Synapses; in: Göttingen Neurobiology Report 1994: proceedings of the 22nd 
Göttingen Neurobiology Conference 1994, Volume 2; hrsg. v. Elsner N, Breer H; Thieme-Verlag, Stuttgart 1994 

2. Kurth C, Hölper B: Analysis of Synaptic Plasticity based on Hebbian Mechanisms by Simulation of the Olfactory 
Cortex Structure with a Neural Network; in: Learning and Memory : procceding of the 23rd Göttingen Neurobiology 
Conference 1995, Volume II; hrsg. v. Elsner N, Menzel R; Thieme-Verlag, Stuttgart 1995 

3. Kurth C, Hölper B: The Hirarchical Structure of Levels of Complexity in Biological Neural Networks Limits the 
Transferability of Experimental Results in Artificial Neural Networks; in: Göttingen Neurobiology Report 1996: 
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procceding of the 24rd Göttingen Neurobiology Conference 1996, Volume 2; hrsg. v. Elsner N, Thieme-Verlag, 
Stuttgart 1996 

4. Hölper B, Kurth C: Comparison of ABS- and BCM learing rule to hebbian learning algorithms in an artificial neural 
network. Posterbeitrag zum 1. Kongress der Neurowissenschaftlichen Gesellschaft 1996, Berlin  

5. Hölper BM, Röhrig G, Schreiber T, Taraszow O, Soldner F, Choné L, Wallenfang T: Processing of Evoked Potentials 
and Neuroimaging Data of Head Injured Patients in Artificial Neural Networks. Poster “27nd Göttingen Neurobiology 
Conference 1999”; Göttingen 1999 

6. Hölper BM, Soldner F, Choné L, Wallenfang T: Effect of intracerebral lesions detected in early MRI on outcome after 
acute brain injury. Brain Oedema and Mechanisms of Cellular Injury, Posterbeitrag June 6th – June 10th 1999, 
Newcastle upon Tyne 

7. Soldner F, Hölper BM, Choné L, Wallenfang T: MRI in acute head injury – an indispensable prognostic parameter? A 
data-based analysis of intraparenchymal lesions in MRI compared to evoked potentials. Posterbeitrag zur 50. 
Jahrestagung der deutschen Gesellschaft für Neurochirurgie , 5.-9. Juni 1999, München 

8. Söhle M, Hölper BM, Wallenfang T: The clinical value of multimodal neuromonitoring in traumatic brain injury. In: 
Burkert, Winfried (Hrsg): 53. Jahrestagung der Deutschen Gesellschaft für Neurochirurgie 2002.  

9. Hölper BM, Alessandri B, Heimann A, Behr R, Kempski O: In-vitro Genauigkeit und Drift von Licox- und 
Neurotrendsensoren. 54. Jahrestagung der Deutschen Gesellschaft für Neurochirurgie 2003: Poster P-02.06 

10. Janka M, Hölper BM, Soldner F, Behr R: Erfahrungen im metabolischen Monitoring beim Schädel-Hirn-Trauma im 
Kindes- und Jugendalter. Poster P07.73 zur 55. Jahrestagung der Deutschen Gesellschaft für Neurochirurgie, Köln, 
25.-28. Oktober 2004.  

11. Alessandri B, Hölper BM: Experimental ischemia in pigs: cerebral metabolism and intracranial pressure Poster Brain 
2005 

12. Hoelper B. M. Kunze G. Alessandri B, Hey A, Behr R Experience with a new sensor for combined intraparenchymal 
measurement of ICP, ptiO2 and temperature. Posterbeitrag zur 57. Jahrestagung der deutschen Gesellschaft für 
Neurochirurgie, 11.-14. Mai 2006, Essen 
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Product name 
 
LiquoGuard is a CSF drainage system, which is connected to an already existing 
intrathecal CSF drainage with the possibility to measure CSF pressure while 
simultaneously draining the CSF. The volume of drained CSF hereby depends on the 
CSF pressure measured by the system and on the maximum drainage volume 
defined by the operator.  
 
 
Product manufacturer 
 
The manufacturer of the product LiquoGuard and its set of consumables is Möller 
Medical GmbH & Co KG, Wasserkuppenstr. 29-31, 36043 Fulda, Germany.  
 
Purpose 
 
The LiquoGuard system consists of disposable consumables (CSF drainage system) 
and a control/pump unit. The purpose of the system is to measure CSF pressure in 
the CSF drainage system and to remove CSF at a determinable quantity via a 
surgically installed intrathecal CSF drainage, which was selected and installed by 
medical staff independent of the LiquoGuard system and whose indication does not 
depend on the use of the LiquoGuard system.  
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Indications  
 
Pathophysiological principles for the indication of intrathecal space puncture 
The nervous system (brain, meninges) is surrounded by cerebro-spinal fluid (CSF) 
(6, 20). The production and resorption of CSF is in a stable balance (6, 10). Diseases 
or injuries to the nervous system or its surroundings e.g. hemorrhages, infections, 
tumors, cranio-cerebral injury or deformities can disrupt the balance between CSF 
production and resorption; a collection of CSF in the brain or in the meningeal area 
can then lead to increased pressure on the nervous system, which could lead to 
irreversible damage, severe permanent damage or even to death (1, 9, 10, 12-14, 
18-20, 22, 24). In order to avoid this potentially life-threatening situation, CSF is 
drained to the outside (intrathecal  CSF drainage) (7, 10, 13, 23). Analogue to this, 
lumbar CSF drains are used, which are not installed for the correction of a life-
threatening situation, but serve the correction of a CSF fistula or the diagnosis of a 
chronic pathological collection of CSF (normal pressure hydrocephalus).(2, 3, 7, 15, 
23)  
 
"Gold Standard" for the treatment of dysfunctional CSF circulation  
The essential basis for intrathecal CSF drainage is the installation of a drainage 
system in the CSF space. This is performed via ventricle drainage (usually consisting 
of silicon or polyurethane) or a stainless steel cannula (e.g. Duisburg needle) (7). 
Lumbar drainage is achieved by inserting a thin silicon catheter into the intrathecal  
space (2). Both procedures represent today's "Gold Standard" for intrathecal  CSF 
drainage in dependence of the disease and therapy objective (10, 13). A CSF 
drainage system is connected to this CSF conductor, independent of the use of the 
LiquoGuard system. This CSF drainage system is either a system already 
established on the market or it may be the LiquoGuard system. All operative steps to 
install the intrathecal CSF drain must be carried out according to the respective 
indication, independent of the CSF drainage system used later.  
 
Indication for temporary intrathecal liquor drainage 
Fundamentally, the LiquoGuard system does not change the indication for intrathecal 
liquor drainage in any patient, nor does it influence the therapeutical concept, type of 
treatment, therapy objectives or therapy duration. The LiquoGuard system constitutes 
a liquor drainage system, whose most important characteristics comply to other liquor 
drainage systems on the market. Therefore the listed indications for liquor drainage 
must be understood in the broadest sense, without presupposing the use of the 
LiquoGuard system or a comparable liquor drainage system, as these systems are 
interchangeable with each other at all times without the need for a change in therapy 
or further surgery.  

o Communicating hydrocephalus: This summarizes all clinical pictures in 
which liquor production is temporarily in disproportion to liquor resorption, 
usually during cerebral hemorrhage (subarachnoid hemorrhage, 
intraventricular hemorrhage), encephalitis and cranial-cerebral injuries. In most 
cases the cause is resorption dysfunction by obstruction of the Paccioni 
granulation. There is no alternative treatment to intrathecal liquor drainage for 
these clinical pictures.  

o Non-communicating hydrocephalus: Liquor drainage is impaired by a 
partial or complete occlusion of the liquor draining paths. This may occur 
through masses (tumors, cysts, hemorrhage, congenital malformation) near 
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the foramen Monroi, the 3rd ventricle, the aquaduct, the 4th ventricle or the 
foramen Monroi and the foramina Luschkae.  

o Therapy-resistant cerebral swelling: The application of liquor drainage may 
be indicated in therapy-resistant cerebral swelling caused, for example, by 
cranial-cerebral injury, cerebral hemorrhage or subarachnoid hemorrhage or 
by cerebral swelling due to tumors, inflammation or hypoxia, in order to reduce 
intracranial pressure and to bypass trepanation (the removal of a cranial 
bone).  

 
Treatment alternatives to CSF drainage 

o Endoscopy: In a few cases of non-communicating hydrocephalus, 
endoscopic windowing (e.g. of the lamina terminalis) may be created to 
communicated with the external CSF paths. However, this is not indicated in 
all cases of non-communicating hydrocephalus, can only be performed by a 
few, specially trained neurosurgeons who possess the appropriate equipment 
(endoscope) and who are available at the required time. However, external 
CSF drainage cannot be replaced by endoscopic windowing for all clinical 
pictures of non-communicating hydrocephalus.  

o Therapy-resistant cerebral swelling: After exhausting all medicinal forms of 
therapy, the removal of a part of the cranial bone can lead to effective relief of 
the intracranial pressure. The indication as to when external CSF drainage or 
cranial bone removal is performed depends on the primary disease, 
etiopathology, brain swelling dynamics, patho-physiological mechanisms, the 
patient's age, his overall condition, the prognosis and ventricle width and must 
be individually decided by the neurosurgeon. As the surgical risk of CSF 
drainage is considerably lower than that of cranial bone removal, CSF 
drainage at the appropriate medical indication and tenability is preferred to 
removal of cranial bone.  

o Shunt implantation: As a shunt represents an implantable, permanent CSF 
drainage system and external CSF drainage represents temporary CSF relief, 
shunt implantation is no alternative treatment option to CSF drainage.  

 
Contraindications 
The contraindications do not apply to the use of a liquor draining system such as the 
LiquoGuard system, but to the application of intrathecal liquor drainage itself. As, 
however, liquor discharge is only applied in connection with liquor drainage, 
contraindications described below are in connection with the application of external 
liquor drainage only.  
 

o Absolute operative contraindications: Coagulopathy, thrombocythemia.  
o Relative operative contraindications: In superficial or deep infections of 

skin, bone, meninges or brain. Especially in infections of the brain, meninges 
or cerebral chambers (encephalitis, meningitis and ventriculitis) dysfunctional 
CSF resorption indicates relief, as does the simultaneous intake of intrathecal 
antibiotics in the case of ventriculitis.  

o Indication for permanent liquor drainage: If permanent CSF drainage is 
indicated (e.g. in normal-pressure hydrocephalus), a temporary CSF drainage 
would be indicated for diagnostic purposes only (e.g. b-wave diagnostics), but 
not for continuous therapy. This would indicate a CSF shunt system, usually a 
ventriculo-peritoneal shunt or a ventriculo-atrial shunt.  
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PRODUCT DESCRIPTION  
 
LiquoGuard system components 
The LiquoGuard system consists of two components:  
 
1. Disposable tubing set: CSF drainage system with male Luer lock connection (3-

way cock) to connect to an already surgically installed intrathecal CSF drainage. 
Distal to the proximal Luer lock connection (3-way cock) is an attached pressure 
measurement device, in which two piezo-resistant pressure sensors, attached 
independent of one another, measure CSF pressure within the tube lumen. Both 
sensors are embedded in a die-cast component; a connection from the tube lumen 
to the outside does not exist. An attachment clamp is installed in the die-cast 
component enabling the attachment to a standard electrode with a press-stud. A 
cable anchored and connected to the pressure sensor electronics can be 
connected to a confusion proof socket in the LiquoGuard device. A compressible 
tubing system is distally integrated to the pressure sensors, which can be inserted 
into a rotor pump. A CSF collecting bag with a reflux valve is attached to the distal 
end of the tubing system via a 3-way cock.  

2. LiquoGuard device: LiquoGuard consists of a casing with a transport attachment 
(bed, crossbeam, round rod) containing the dually installed evaluation electronics 
of pressure sensors, drive electronics for the rotor pump incl. the rotor pump, drive 
electronics for the monitor incl. the monitor, process electronics for input via 
keyboard and operating wheel, the internal power source (battery) incl. mains 
connection, the display for illustration of various values and data, alarm light 
emitting diodes, the loudspeaker for audible alarm emittance, the card slot for the 
insertion and removal of the memory card, the internal memory electronics and the 
connecting socket for external power supply as well as pressure sensors.  

 
LiquoGuard system functionality 
The CSF drainage system is inserted into the rotor pump by lifting the safety flap, 
whereby the arresting pins in the pump have been designed to be confusion-proof. 
After connecting the pressure sensor cable to the LiquoGuard device and after 
switching on the LiquoGuard device, zero calibration must be carried out on both 
pressure sensors. The CSF drainage system can then be connected to the previously 
and surgically installed intrathecal CSF drainage. Intrathecal CSF drainage is not a 
component of the LiquoGuard system; all approved intrathecal CSF drainage 
systems available on the market may be used. An indication for the installation of 
intrathecal CSF drainage does not depend on the use of the LiquoGuard system 
(consumable goods or LiquoGuard device). The housing with the integrated pressure 
sensors must be attached at the assumed CSF zero height. In the case of intracranial 
application an adhesive electrode is attached to the head near the audible tract, the 
external anatomic landmark of the foramen Monroi, in the case of intrathecal spinal 
application at the height of the proximal end of the catheter. In accordance with 
current literature, alignment of the zero point in intracranial  application should be at 
the height of the foramen Monroi; the zero point in intraspinal application is at the 
height of the intrathecal catheter end (10). The casing with its integrated pressure 
sensors can be clipped to this adhesive electrode. Setting 
 
Setting of therapy-specific parameters 
A therapy during reclining CSF drainage is performed irrespective of the CSF 
drainage system only once CSF has been drained. In this respect CSF drainage 
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under all clinical conditions is only required as of a positive intrathecal pressure. The 
height of the positive intrathecal  pressure, as of which CSF is drained, depends on 
the disease and etiopathology and is determined individually by medical staff, 
entered as CSF target pressure into the LiquoGuard device via the suitable input 
interfaces and shown in the display. The pressure sensors continuously record CSF 
pressure. If the CSF target pressure is exceeded, the rotor pump is started. CSF is 
removed by the rotation of the pump, conveyed through the CSF drainage system 
and pumped into the CSF collecting bag. The pump stops once the pressure in the 
drainage system returns to the specified target pressure. This control keeps the 
patient's CSF pressure within a pre-defined range (predefined target pressure ± 
Hysteresis, resulting from the regulation, whereby the height of hysteresis is 
adjustable, e.g. 0.5 mmHg). As the closed measurement system enables continuous 
CSF pressure measurement, CSF drainage over and above the target pressure is not 
possible. The volume and speed of CSF drainage can be controlled by rotational 
speed and run-time of the pump. The CSF target volume parameter specified by 
medical staff is used in this respect. This parameter limits the maximum delivery rate 
and simultaneously defines the speed of CSF drainage. If the intrathecal pressure 
lies above or below the upper or lower CSF pressure alarm limit, an optical and 
audible alarm is triggered.  
 
Diagnosis-specific parameters 
The LiquoGuard system displays the diagnosis-specific parameter "intrathecal 
pressure" (ICP) and the drained volume of CSF.  

o Intrathecal CSF pressure: After zero point calibration performed at startup of 
the disposable consumable articles, the two pressure recorders of the tubing 
set integrated into one casing are attached at foramen Monroi level. The CSF 
pressure column between the intrathecal catheter and the pressure sensors is 
the existing intracranial pressure. This pressure is not only the control 
pressure for the LiquoGuard's rotor pump but also represents the Gold 
Standard for determining intracranial  pressure (10, 13). Further diagnostic 
and therapeutical measures depend on this measurement value. As each set 
of consumables can be used only once due to an internal electronic 
registration, repeat pressure measurement or one during application (with 
existing pressure) is not possible.  

o Drained CSF volume: The diameter of the tube inserted in the rotor pump 
and the rotation of the rotor pump defines the volume of drained CSF. This 
volume is electronically displayed (ml/min, ml/h, ml/24h). The collecting bag 
also has a measurement scale which enables reading and controlling of the 
drained liquid volume. The drained CSF volume can indicate an imbalance 
between CSF production and CSF resorption. The therapeutical 
consequences may be a permanent CSF drainage (shunt) for the patient.  
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Literature research on comparable products with the same purpose 
(including reasons of comparability) 
 
Literature selection 
External CSF drainage has been an established and standardized procedure in 
neurosurgery for many years, and beyond question in the entire current neurosurgical 
literature. As the LiquoGuard system does not represent a change in intrathecal 
drainage, its indication and therefore a possible increase in complications, generally 
acknowledged textbooks are used in literature evaluation with regard to CSF 
drainage effectiveness. Data sources for the creation of a literature overview were 
Medline, Pubmed, including the database of the National Center for Biotechnology 
Information (NCBI, www.ncbi.nlm.nih.gov) as well as library indexes on neurosurgical 
textbooks. Additionally, current convention reports of the Deutsche Gesellschaft für 
Neurochirurgie (DGNC) during the last five years were taken into consideration. 
Internet research via current search machines (yahoo, google) on intracranial 
pressure and CSF drainage was also carried out. Overview work from the most 
important and most renowned neurosurgical textbooks were used for citations on the 
topic of CSF drainage. Book articles were cited for respective questions regarding the 
accuracy of pressure sensors, which summarize numerous clinically recognized 
articles and were written by globally recognized specialists in their respective fields. 
As CSF drainage is an established, standardized method, book articles were mostly 
reverted to in connection with indication. Due to the utilization of large overview work 
published by different authors and various publishers worldwide, there is no 
indication that important, even negative literature was not used and would therefore 
distort literature research. No literature sources were explicitly excluded. Citations 
with an unfavorable or negative evaluation, which limit the use of the LiquoGuard 
system, are unknown. All used publications stem from recognized, scientific 
publications and were written by acknowledged experts. The objective of a literature 
evaluation is the illustration on the necessity of CSF drainage and the illustration of 
existing CSF drainage systems and pressure measurement systems, their technical 
details and compliance to the LiquoGuard system.  
 
External CSF drainage 
External CSF drainage is comprised of two systems: a catheter/cannula (intrathecal  
CSF drainage) inserted into CSF space and a CSF drainage system attached to this 
intrathecal CSF drainage (10, 17). 
 
Intrathecal CSF drainage 
The removal of CSF requires the surgical installation of an approved catheter or 
cannula into intrathecal space. This operative procedure is required for respective 
indications (subarachnoid bleeding, cerebral hemorrhage, brain tumors, inflammation 
of CSF paths, displacement of CSF-efferent paths due to tumors and swelling, 
cranio-cerebral injuries) and undisputed in the entire neurosurgical literature as well 
as life-saving in many cases.(1, 9, 10, 12-14, 18-20, 22, 24) Although the insertion of 
intrathecal CSF drainage is a prerequisite for using the LiquoGuard system, it does 
not change the indication of intrathecal CSF drainage due to its comparability with 
previous systems. All intrathecal CSF drainage catheters with female Luer lock 
connections approved for intrathecal CSF drainage, which can be connected to 
available CSF drainage systems, can also be connected to the LiquoGuard system. 
The use of intrathecal CSF drainage is in complete compliance and comparability 
with regard to the application of the system.  
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CSF drainage system 
All CSF drainage systems are connected to the intrathecal CSF drainage and serve 
the measurement of the intrathecal pressure as well as the removal of CSF.(10, 
17)(10, 17) A CSF drainage system consists of various components which in their 
totality result in a functional system. These system components of systems 
established on the market are described below and compared to the LiquoGuard 
drainage system. The procedure is carried out under the same clinical condition, for 
the same clinical purpose of CSF drainage at the same part of the body on 
comparable patients (including age, anatomy, and physiology). CSF is identical; the 
same materials are brought into contact with the same human body fluids (CSF). 
Technically speaking, the identical version (Luer lock connection) with the same 
design exists if we compare the LiquoGuard system with existing CSF drainage 
systems. 
 
 
CSF drainage tube system to pressure measurement system: All CSF drainage 
systems are connected to an intrathecal  CSF drainage (10, 17). Current CSF 
drainage systems as well as the LiquoGuard drainage system consist of a 
transparent plastic tube system with an attached 3-way cock or an alternative CSF 
drainage facility. This applies to CSF drainage systems as well as to the LiquoGuard 
system; both systems are completely comparable with one another regarding this 
construction stage of the entire CSF drainage system. The tubing system is 
technically comparable, CSF drainage facilities (3-way cock) are identical, biological 
properties are appropriate (CSF) and clinical conditions (indication to remove CSF 
via connection (3-way cock) are the same.  
 
Pressure measurement system 
Pressure measurement in existing systems is conducted via a pressure sensor 
integrated into the CSF drainage system or connected to the lumen of the drainage 
system via a 3-way cock (10, 17). Correct intracranial pressure measurement 
requires that the tubing system is distally closed, as an open system cannot create 
pressure and the CSF will flow in direction of the open system (10, 17). The 
alignment of the pressure measurement system must be at zero point level (in the 
case of intrathecal intracranial application this would be the foramen Monroi (8)) in all 
systems (in previous CSF drainage systems as well as in the LiquoGuard drainage 
system). Display of pressure in previous systems was enabled by connection to the 
sensor system at a patient monitor, whereby the LiquoGuard system displays the 
pressure directly via the display integrated in the LiquoGuard device. Existing 
pressure measurement systems and the display of the measured pressure are based 
on the same sensor technology as the piezo-resistant LiquoGuard pressure 
measurement system (8, 21) and are therefore technically comparable as they 
measure the pressure of the same biological body fluid in the same clinically 
comparable patients.  
 
CSF drainage tube system from pressure measurement system to CSF 
collecting bag 
In established systems, CSF is transported to a droplet chamber or a collecting bag 
on the distal side of the pressure measuring system. To measure the intracranial 
pressure, the two existing CSF drainage systems must be distally closed to enable 
reliable pressure measurement. Once the pressure defined by medical staff has been 
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reached, the CSF drainage system will be distally opened. Now CSF can drain via 
the drainage system into the collecting bag, whereby the drop-by-drop addition of 
CSF from the tubing system into the collecting bag must be set to the zero reference 
line (intracranial at foramen Monroi). The system must be opened distal to the 
external air so that the air displaced by inflowing CSF can escape within the 
collecting bag. Once CSF flow is suspended (target pressure is reached) the system 
is closed and pressure measurement is continued. Opening and closing intervals 
depend on the speed of the renewed intracranial pressure increase. In the 
LiquoGuard system CSF drainage occurs in analogue manner. The closing 
mechanism for the completion of correct intrathecal pressure measurement is carried 
out by the rotor pump instead of the 3-way cock or a crimp connection in the 
LiquoGuard system. If the measured intrathecal pressure rises to a pressure defined 
by medical staff (target pressure reached) the rotor pump is activated via its 
electronics and pump rotation leads to CSF removal with transportation of CSF to the 
collecting bag. If the pressure decreases to target pressure (analog to CSF flow 
suspension in existing systems), the rotor pump will stop and CSF drainage is 
suspended. Clinically, the same purpose is pursued under the same conditions, the 
same patient population and the same indication, i.e. the measurement of intrathecal 
pressure and the removal of CSF as of a definable pressure level. Both procedures 
therefore result in the identical clinical effect, the intrathecal pressure decrease as a 
result of CSF drainage. A biological comparability exists between the systems, as the 
same human liquid (CSF) is drained using the same materials. Technical 
comparability exists in the fact that both systems are primarily closed and remove 
CSF up to reaching a target pressure once a certain intrathecal pressure, measured 
with the same measurement technology has been reached. Whether CSF is drained 
by a positive intrathecal pressure via an overflow system (previous established 
systems) or via a rotor pump, is negligible, as further CSF drainage is prevented 
once the CSF target pressure has been reached. With regard to the function of the 
system there are no differences.  
 
CSF volume control 
Control of CSF to be drained is on a visual basis in existing system, by persons 
operating the system reading the CSF level within the collecting bag prior to CSF 
drainage, then opening the CSF drainage system and waiting until the appropriate 
CSF volume has drained into the collecting bag. The LiquoGuard system does 
provide visual control as an analog possibility, as an appropriately comparable scale 
has been attached to the collecting bag, but the calculation of CSF volume from the 
rotation of the pump and the diameter of the drainage tube inserted in the pump is 
more exact and simpler.  
 
Illustration and measurement of CSF pressure and CSF volume  
In existing systems, the pressure recorder is attached to the installed patient 
monitoring system in an appropriate stationary unit like arterial pressure 
measurement. The illustration of intrathecal pressure is then possible via this patient 
monitor. In the LiquoGuard system the intrathecal pressure is displayed in the 
LiquoGuard device itself. Furthermore, and unlike previous systems, the LiquoGuard 
system permits trend display of previously measured values and data storage 
(without patient information) onto a suitable memory medium, as well as data transfer 
to a patient monitoring system. Compliance is therefore given, but the LiquoGuard 
system provides additional functions.  
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Alarm limits for ICP 
In existing systems as in the LiquoGuard system, the upper and lower alarm limit of 
intrathecal pressure can be defined. Both systems activate a comparable visual and 
audible alarm once alarm limits are reached. In existing systems this is carried out via 
the patient monitor, whereas the LiquoGuard system has integrated alarm functions, 
whereby the alarm functions can also be activated via the connected patient monitor. 
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Assessment criteria to prove the efficiency and safety of the 
product 
 
The fact that intrathecal CSF drainage is applied in the same way by both the existing 
systems as well as the LiquoGuard system makes an assessment of intrathecal CSF 
drainage unnecessary. The efficiency of intrathecal CSF drainage is globally 
undisputed. It represents a routine procedure as therapy for intracranial  pressure 
increase (1, 9, 10, 12-14, 18-20, 22, 24).  
 
Expected effect of a CSF drainage system 
The expected effect of a CSF drainage system consists of enabling sterile CSF 
extraction in identifiable quantities via an intrathecally inserted cerebro-spinal fluid 
drainage in case of intrathecal pressure increase beyond a certain threshold (target 
pressure) and when a pressure sensor is connected to be able to measure 
intrathecal pressure reliably by appropriate means ("Gold standard" for intracranial 
pressure measurement) (5, 8, 13, 21).  
Both established systems and the LiquoGuard System make intrathecal CSF 
pressure measurement possible via integrated pressure measurement in the CSF 
drainage system. (7, 11, 21, 23) In order to enable pressure measurement, a 
pressure sensor must be integrated in the tube system or in the ventricle drainage 
region and zero-point calibration executed for both systems.  
For intracranial pressure measurement in conventional systems, the tube system is 
closed distal to the pressure sensor. Only then does a closed pressure distal position 
exist, which can be used for intracranial pressure measurement. However, it is not 
possible to drain any CSF from these systems during this period. In the case of an 
intrathecal pressure increase in excess of a defined value, CSF extraction takes 
place by opening the system - for conventional systems by means of the differential 
pressure between the intrathecal catheter and the height of the distal CSF drainage 
system tube which leads to the CSF collecting basin. However, if the CSF drainage is 
open, reliable and correct pressure measurement for existing systems is not possible. 
Quantification of the CSF volume withdrawn is made visually for these systems, 
using a measurement scale which is attached to the CSF collection bag.  
 
The LiquoGuard System records intrathecal pressure via the external attachment of 
pressure sensors at the level of the respective reference point. It is neither necessary 
to open nor to close the CSF drainage system because, if the target pressure is 
exceeded, CSF is withdrawn using the rotor pump and when target pressure is 
achieved CSF withdrawal stopped. As opposed to the existing systems, continuous 
intrathecal pressure measurement is possible, providing additional safety for the 
patient during CSF drainage as opposed to risks. The quantification of CSF 
withdrawn is also visual, using a measurement scale which is attached to the CSF 
collection bag. However, in addition, the amount of CSF withdrawn can be calculated 
using the number of rotations of the rotor pump and the tube diameter, providing two 
alternative methods for CSF quantification.  
All in all, the use of the same correcting variables (target pressure, CSF quantity) and 
the same measurement systems (intrathecal pressure measurement via an externally 
attached piezo-resistant pressure sensor) for both systems (existing CSF drainage 
systems and LiquoGuard System) provide comparable effectiveness with regard to 
intrathecal pressure reduction and the quantity of CSF withdrawn. 
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Assessment of the safety of CSF withdrawal 
With regard to the period of CSF withdrawal, the quantity of CSF withdrawn differs 
between the existing systems and the LiquoGuard System.  
The CSF quantity for existing systems during the course of time is dependent on the 
diameter and length of the CSF drainage system, the length and diameter of the 
intrathecal CSF drainage, the viscosity of the CSF, the height of the distal drainage 
system (target pressure), the ratio between the patient's CSF production and CSF 
absorption and the current prevailing intrathecal pressure. It is not possible to 
determine the CSF drainage amount exactly over the course of time using these 
systems as the additional times for the named factors cannot be determined (e.g. the 
CSF absorption rate). Therefore discontinuous CSF withdrawals are necessary, 
leading repeatedly to slow pressure increase (system closed) and quick pressure 
loss (distally open system). This can result in quick pressure loss in conventional 
systems, which can lead to an undesired quick pressure drop with the risk of an 
aneurysm rupture, especially in case of vascular malformation (aneurysm). Moreover 
for existing systems opening the system distally is dependent on the presence of a 
person who operates the drainage system closure mechanism. Hence intrathecal 
pressure can increase until the respective staff opens the system. As the controls of 
the rotor pump in the LiquoGuard system always depend on the currently measured 
intrathecal pressure and the respective target pressure, undesired fast changes in 
pressure and pressure reductions are impossible due to permanently controlled CSF 
drainage. There is no clinical indication for discontinuous CSF withdrawals, making 
continuous CSF drainage whilst maintaining the target pressure the therapeutic 
objective in all cases.  
Moreover, it is also possible to quantify the exact CSF amount to be withdrawn over 
the course of time because, despite the unknown factors, the amount of CSF to be 
withdrawn depends on the diameter of the tube system and the rotational speed of 
the rotor pump and whether both influencing factors are known. The existing CSF 
drainage systems do not enable a time-based depiction of the CSF drainage amount. 
It is possible to read out the CSF amount in the drip chamber, however time-based 
references cannot be established in as far as the drip chamber is not emptied at very 
short time intervals, also restricting accuracy (low readout accuracy for low CSF 
amounts) (7). The CSF drainage system LiquoGuard enables highly precise 
measurement of the CSF feed rate with high time-based resolution, a balance for 
every hour or every 24 hours and depiction of the continuous feed rate. These 
parameters can be applied for controlling the pump (setting the maximum total feed 
rate per hour), not otherwise possible if using conventional systems without incurring 
personnel costs. This additional parameterization of the discharge flow with a time-
based course may be of special significance for certain clinical pictures and 
concerns, in particular, withdrawal from ventricle drainage. In order to reduce the 
CSF feed rate, the height distance between foramen Monroi and the drip chamber of 
an open system is increased here. However this also means that pathological and 
thus high-risk high intracranial pressure might have to be tolerated. LiquoGuard can 
avoid this risk by reducing the CSF feed rate and increasing the upper alarm limit 
slightly, still maintaining CSF drainage, even if within a restricted scope.  
Existing systems have a CSF collecting basin which must have an external opening 
via an air filter. Blocking up, unintentional or deliberate (e.g. whilst transporting 
patients) closure of the air filter hinders CSF drainage because the air must escape 
through the incoming CSF. By contrast, an external opening via an air filter is not 
required for the LiquoGuard System because the rotor pump transports the extracted 
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CSF to the collection bag. In this way the risk of an unwanted insufficient CSF 
drainage can be considerably reduced using the LiquoGuard System. As the 
insertion of the LiquoGuard tube set in the rotor pump works confusion-proof in one 
direction, pumping in the opposite direction (distal to proximal) due to user error is not 
possible. Nonetheless, even if there is a rotor pump malfunction and the rotational 
direction of the pump is incorrect, the risk of danger to the patient is very low because 
only the CSF amount actually in the tube system is discharged retrograde and this 
can also occur in conventional systems in a similar manner if the distal end of the 
CSF discharge system is attached higher and due to the hydrostatic pressure CSF 
can run retrograde to the intrathecal CSF drainage. As the LiquoGuard System 
provides constant pressure monitoring, danger to the patient due to increased 
intrathecal pressure due to retrograde CSF flow can be ruled-out. This is not possible 
distally if conventional systems are used and CSF drainage is open. This means that 
by using the LiquoGuard System the risk of danger to the patient due to retrograde 
CSF flow is considerably lower than in existing systems.  
CSF drainage is only possible when using existing systems when the ventricle 
drainage is opened, the 3-way cock is open and the air filter for the CSF collecting 
basin is opened (10, 17). Unintended closure of the CSF drainage system at any one 
of these points leads to a system occlusion which may remain unnoticed. In contrast, 
an occlusion of the LiquoGuard CSF drainage system is noticed as there is no CSF 
pulsation (occlusion proximal to the pressure sensors) or through an increase of the 
intrathecal pressure values (occlusion distal to the pressure sensors) auf. This leads 
to direct recognition of danger to the patient if the LiquoGuard System is used and 
the possibility to avert it, thus minimizing the risk of danger to the patient.  
However, the systems used to date have had different disadvantages, caused 
physically with regard to the open system with an air filter when CSF drainage is 
desired. As conventional drainage is a distally open system (external pressure 
compensation is possible in the CSF collecting basin via an air filter), it is not possible 
to measure CSF pressure in a distally opened external tube system correctly (7, 21).  
CSF drainage is controlled using the height of the distal tube system which must 
always be set in accordance with the patient's height (7, 11, 17, 21). A change in the 
height of the intrathecal catheter in relation to the distal tube system inevitably 
causes a change to the differential pressure (target pressure) which remains 
unnoticed if distal CSF drainage takes place in the current systems. This means that 
the risk for the patient that either an uncontrolled high amount of CSF (differential 
pressure lower than wanted, distance between intrathecal CSF drainage and external 
drainage lower) or too low a CSF quantity (differential pressure higher than wanted, 
distance between intrathecal CSF drainage and external drainage higher) is drained. 
The LiquoGuard application can reduce this risk considerably because the pressure 
sensor attached externally to the patient at the height of the intrathecal catheter is 
carried along when the patient moves, thus averting any pressure changes. This 
formation not only decreases the amount of work for medical staff in its clinical 
application and daily routine - it also reduces the risk of incorrectly high or low CSF 
drainage.(4) 
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Assessment of pressure measurement safety 
Existing CSF drainage systems possess two varieties of pressure measurement with 
CSF drainage. The Gold Standard describes the attachment of a pressure sensor to 
the ventricle drainage and alignment at foramen Monroi level (10, 11). However, 
pressure measurement is only possible with a tubing system closed distal to the 
pressure sensor, this arrangement does not permit simultaneous drainage and 
pressure measurement (16). What is disadvantageous and risky to the patient is that 
an open system and therefore a deactivated pressure measurement does not 
guarantee the observation of a tube occlusion or a disconnection.  The second 
variety permits measurement of brain pressure via a pressure sensor directly inserted 
in the ventricle system, attached at the tip of the ventricle drainage (16, 21). In this 
case the distal catheter part is open and permits CSF drainage. However, as 
simultaneous CSF drainage creates an open system, the value of the intraventricular 
pressure measurement is determined by the height of the drip chamber. Both 
systems currently available normally work with only one pressure measurement. This 
means that in case of a technical pressure sensor fault the measurements would lose 
their reliability, usually a technical redundancy for the safety of the patient does not 
apply. The CSF drainage system LiquoGuard permits simultaneous pressure 
measurement and CSF drainage in a closed system. All previously existing risks of 
unnoticed dysfunctional CSF drainage (disconnection, catheter occlusion) are 
therefore solved and lead to considerable improvement of patient safety. As this is a 
closed system, pressure measurement is possible with simultaneous CSF drainage. 
Simultaneous pressure wave analysis also permits statements on the functionality of 
ventricle drainage, which is also not possible with the pressure sensors attached to 
the tip of the ventricle drainage. As both pressure sensors as well as the device-
internal processing are redundant in the catheter system, the risk of a technical error 
measurement as in previous systems can be virtually excluded, as a drift of both 
sensors in the same direction (positive/negative) in the exact same time resolution 
with identical amplitude can be classified as unlikely.  
All pressure sensors require zero-point calibration before application. In this respect, 
existing systems do not differ from the LiquoGuard system. However, previous 
systems permit further zero-point calibrations, which denote two significant risks: 1. 
the system must be open to air, which promotes germ entry into the tubing system; 2. 
erroneous, subsequent zero-point calibration with adjoining liquid column can cause 
an erroneous, low pressure measurement, which can lead to erroneously low 
intrathecal pressure measurements. As zero point calibration in the LiquoGuard 
system can only be performed once during initialization of the system and as 
calibration is recorded in the sensory memory, a second, perhaps erroneously low 
calibration is impossible. This significantly increases patient safety.  
Wrong attachment of the sensor in connection with the zero point (usually foramen 
Monroi) or unobserved detachment of the pressure sensor can lead to incorrect 
intrathecal pressure values. This could also lead to erroneous measurement of high 
intrathecal pressures resulting in CSF drainage. However, as the connection tube 
between CSF drainage and the pressure sensor is short, pressure difference is only 
marginal and has no significant influence. In contrast, the CSF collecting bag in 
existing systems can detach itself from the attachment clamp and fall to the ground. 
As the connection tube between intrathecal CSF drainage and CSF collecting bag is 
long, there is a risk of significant pressure differences, which could denote a hazard 
to the patient. This risk can be significantly reduced due to the technical properties of 
the LiquoGuard system.  
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Safety assessment in CSF drainage occlusion 
To ensure correct CSF drainage it must be guaranteed that the entire tubing system, 
starting at the ventricle catheter to the drip chamber, is not closed (e.g. by 3-way 
cocks, kinks in the tube, displacement of the inner tube lumen by blood coagulation, 
etc.) and that pressure balance in the drip chamber to the outside is guaranteed (air 
filter connected and not jammed, clamp at air filter open).(17) Air filter jamming in 
particular is difficult to recognize in previous systems, as an external visual inspection 
(all connections open) does not recognize malfunction and can only be noticed and 
corrected during air filter exchange or pressure measurement. Recognition of a 
situation potentially critical for the patient is not possible in previous systems. As 
pressure measurement is always simultaneously connected to drainage in the new 
LiquoGuard system, continuous pressure monitoring is possible. An occlusion 
proximal to pressure sensors is immediately recognized by the absence of the 
appropriate CSF pressure curve and an alarm is triggered. The occlusion distal to the 
pressure sensor system is measured by an increase in CSF pressure and an alarm is 
generated when the upper pressure limit specified by the physician is exceeded. In 
both systems the removal of a distal tube occlusion and a positive pressure 
difference between intrathecal pressure and target pressure to the achievement of 
the target pressure removes a comparable volume of CSF. All in all, the risk of an 
unnoticed system occlusion can be reduced by the additional measuring systems 
integrated in LiquoGuard and continuous pressure measurement during CSF 
drainage without creating additional risks in the application.  
 
Safety assessment to maintain CSF target pressure 
All previous systems are based on a distally open tubing system; the desired CSF 
pressure is set via height adjustment in the drip chamber of the CSF drainage (16, 
21, 23). The problem is that when the position of the patient's head is changed (e.g. 
bed position, self-mobilization of the patient such as sitting up, turning, etc) the height 
of the drip chamber must be readjusted. If this is not performed, an undesired, large 
volume of CSF may drain (drip chamber too low in relation to patient's head) or too 
little CSF is drained (drip chamber too high). This results in serious risks to the 
patient, as overdrainage with reduced ventricle pressure may cause rupture of bridge 
veins and transtentorial herniation (clamping) (17). Too little drainage can cause 
increased CSF pressure and lead to pressure damage in the nervous system (22). 
The LiquoGuard CSF drainage system avoids these risks as follows: both pressure 
sensors are configured in such a way that they can be attached at the height of the 
patient's foramen Monroi by adhesive electrodes. Positioning of the height of the 
rotor pump and collecting bag is therefore completely independent of patient position. 
The pressure sensor follows all changes in the position of the head. However, this is 
only possible if the pressure sensors have been correctly attached to the head. As 
the proximal connection piece to the ventricle catheter is very short, the pressure 
difference in case of detachment and suspension in relation to previous systems (drip 
chamber falls to the ground) is limited. All in all, the system's independence from 
patient position leads to a significant reduction in risk to the patient and to much 
easier handling in the daily clinical application.  
 
Safety assessment for disconnection during CSF drainage system application 
The disconnection of the tubing system in all previous systems, occurring 
occasionally during permanent lumbar CSF drainage (patient removes proximal 
tubing system during change in position or disconnects it when disorientated) leads 
to spontaneous emptying of CSF to the outside with the risk of a negative CSF 
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pressure (risk of herniation, hemorrhage) and CSF infection (no existing sterility, 
open CSF drainage serves as port of germ entry(17)). As permanent lumbar drainage 
is commonly applied in wards without a monitoring unit, the disconnection is only 
recognized after longer periods of time and after loss of significant CSF volumes(2) 
(17). The LiquoGuard drainage system can detect the problem immediately by 
measuring acute pressure reduction caused by disconnection in the catheter system 
and signal an appropriate alarm. The risk to the patient caused by unrecognized CSF 
drainage over longer periods of time is significantly reduced by the use of the 
LiquoGuard system.  
 
Safety assessment for sterility of CSF drainage systems 
For physical reasons, existing systems require an external system opening for CSF 
drainage. An air filter must be connected to the CSF collecting container, which can 
lead to cross-contamination. This risk can be reduced by using the LiquoGuard 
system, as it is a closed system and does not require the use of an air filter.  
Existing systems can be reused contrary to the determination of suitability, whereas 
multiple use or re-sterilization in the LiquoGuard system is impossible due to single 
zero point calibration. This excludes the risk of unintentional multiple use of 
disposable products. All other consumable goods in contact with human body fluids 
are comparable to the LiquoGuard system and do therefore not denote any additional 
risk of infection.  
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Summary 
 
Verification of effectiveness 
 
The LiquoGuard CSF drainage system is a tube system with integrated redundantly 
designed pressure sensors, as well as a rotor pump device, into which a part of the 
tube system is inserted in order to perform pressure and volume-controlled CNS 
drainage. The intrathecal CSF drain is used independent of the LiquoGuard system, 
and the products approved for intrathecal CSF drainage and pressure measurement 
can be connected to the LiquoGuard system. The indication for insertion of an 
intrathecal drainage will not be affected by using the LiquoGuard system. As the 
control parameters for the CSF drainage (target pressure, CSF volume) are equal 
between the existing systems and the LiquoGuard system, the measuring sensors 
are comparable and the effective mechanism and the function of the CSF extraction 
by means of a target value-controlled rotor pump in the LiquoGuard system is 
comparable to the CSF extraction that is realized after the target pressure is reached 
by means of an overflow. Therefore, the LiquoGuard system offers comparable 
effectiveness to existing CSF drainage systems. Thus both systems similarly enable 
CSF drainage as a treatment up to target pressure in order to reduce intrathecal 
pressure, which makes it possible to treat intrathecal pressures leading to a perfusion 
deficit of the central nervous system. There is technically similar to standard shunt 
valves with regard to the automated pressure-related CSF flow control. Such devices 
usually work by tensioning a valve via a spring tension and can be adjusted from 
outside mechanically, magnetically or by any other suitable method, depending on 
the design. At a certain preset CSF pressure definable from outside, the valve opens 
and allows the CSF to flow, until the CSF pressure is below the preset pressure, 
causing the valve to close automatically (5, 7). This active pressure-controlled CSF 
drainage is realized in the LiquoGuard system in an analogue way.  
By using the LiquoGuard system, in the same way as in existing systems, intrathecal 
pressure can be measured; critical intrathecal pressure increase in the patient can be 
recognized, thereby enabling the required diagnostic and treatment steps to be 
taken. Since the pressure measurement in both systems is done via piezo-resistive 
pressure sensors that are attached at reference height to the patient, there is no 
difference in intrathecal pressure measurement. 
 
  
 
Risk evaluation of the system 
 
Intrathecal pressure measurement 
In the LiquoGuard system, the technical requirements for pressure measurement are 
comparable to the existing CSF pressure measurement systems that work via a liquid 
column communicating to the intrathecal space. Both the positioning of the pressure 
sensors in the tube system as well as the orientation of the pressure sensor in 
relation to the intrathecal catheter is comparable. Contrary to other systems, 
however, the LiquoGuard system is designed such that the pressure measurement is 
performed twice, and in the event of measuring a differing pressure between both 
sensors, an alarm is activated enabling the malfunction of a sensor to be noticed 
immediately. Since a faulty measurement of the intrathecal pressure can pose a risk 
for the patient (excessive CSF pressure risking a compression and perfusion deficit 
of the CNS, insufficient CSF pressure risking a tensile stress on CNS structures 
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leading to hemorrhages, vessel ruptures and shear injuries), the double 
measurement with mutual control of both pressure sensors allows the significant 
reduction of the risk of faulty pressure measurement in comparison to existing 
systems. The prevention of pressure equalization to ambient air pressure with 
already inserted systems, with the consequence of a wrong high or wrong low 
intrathecal pressure reading, further increases the safety of the patient in the 
LiquoGuard system.  
 
CSF extraction 
The LiquoGuard system, contrary to existing systems, allows continuous pressure 
measurement even during CSF extraction. Therefore, there are no further additional 
risks associated with using the LiquoGuard, but rather the risk of an uncontrolled 
CSF extraction under existing systems (wrong difference height set, patient moves 
during CSF extraction with open system, height of CSF drainage bag changes during 
CSF extraction, CSF drainage system is disconnected while drainage is in progress) 
can be significantly reduced by using the LiquoGuard system. Thus the risk of 
excessive CSF pressure risking a compression and perfusion deficit of the CNS, or of 
insufficient CSF pressure risking a tensile stress on CNS structures leading to 
hemorrhages, vessel ruptures and shear injuries can be reduced by using 
LiquoGuard. Hemorrhages (13, 17) caused by the application of intrathecal CSF 
drainage are not affected by the used CSF drainage system; there is no increased 
hemorrhage risk by using the LiquoGuard system. Other risk sources for the patient 
such as wrong catheter positions (11, 17) are also not related to the CSF drainage 
system and pose an independent risk that is neither reduced nor increased by using 
the LiquoGuard. .  
 
Quantification of the CSF extraction volume 
A comparable visual determination of the extracted CSF volume by reading the 
quantity of CSF on scales attached to the drainage bags, allows a basic CSF volume 
determination with both existing CSF drainage systems and the LiquoGuard system. 
Additionally, the LiquoGuard system can compute the extracted CSF volume by 
means of the number of rotations of the rotor pump and the tube diameter, thereby 
allowing not only a safety-relevant redundancy of the CSF volume determination, but 
also a quantification of the CSF volume in high time resolution.  
 
Closed vs. open CSF drainage system: Existing systems allow reliable intrathecal 
pressure measurement with a closed CSF drainage system, and CSF drainage with 
an opened CSF drainage system. If the CSF drainage system is occluded distally 
from the pressure measurement (clogging of tubing system, tube closed by 3-way 
cock, clogging or closing of air filter at the CSF drainage bag) and the pressure 
measurement is not connected to the liquid column, a very high CSF pressure may 
build up without being noticed. This can lead to a severe risk for the patient, as it may 
result in a compression of the CNS with the danger of a perfusion deficiency. The risk 
of an unnoticed CSF pressure increase can be significantly reduced due to the 
continuous CSF pressure measurement with the closed system (LiquoGuard 
system), no air filter is required, and the CSF pressure measurement is possible 
simultaneously and independently from each other at any given time. The risk of a 
malfunction of the rotor pump control in the LiquoGuard system through a faulty 
pressure measurement is highly unlikely due to the double pressure measurement 
design.  
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Disconnection and occlusion of the CSF drainage system 
With existing systems in closed status as well as with the LiquoGuard system, during 
connected liquid column, any disconnection of the system with CSF leak can be 
immediately noticed due to a rapid drop in pressure at the pressure sensors below 
the lower pressure limit. Contrary to the LiquoGuard system, where it is possible to 
recognize a disconnection even under CSF drainage conditions, this is not possible 
with the existing systems under deactivated pressure measurement during CSF 
drainage. Here the danger is that CSF can leak out unnoticed in large quantities with 
the risk for the patient that due to insufficient CSF pressure there is a risk of tensile 
stress on CNS structures leading to hemorrhages, vessel ruptures and shear injuries. 
This risk can be significantly reduced by using the LiquoGuard system, without any 
identifiable additional risks for the patient. An occlusion proximal to the pressure 
sensors will lead to a suppression of pressure pulsations, which in existing CSF 
drainage systems can be visually displayed via a patient monitor connected to the 
pressure sensor, and in the LiquoGuard system both via a connected patient monitor 
as well as via the display of the LiquoGuard device. Contrary to existing systems, 
however, the LiquoGuard system is computing the pulsations and triggers an 
acoustic and visual alarm above or below defined alarm parameters. This will make 
the clinical staff aware of a possible system occlusion proximal to the pressure 
sensors. There are no other additional risks involved for the patient, but the risk of an 
unnoticed intrathecal pressure increase with the consequence of a compression and 
perfusion deficiency of the CNS can be significantly reduced by the LiquoGuard 
system in comparison to the existing systems. An occlusion distally from the pressure 
sensors will in both systems equally cause the CSF drainage to be suspended. With 
existing systems, this situation may remain unnoticed if the pressure sensor is not 
connected to the liquid column (e.g. by connecting the pressure sensors via 3-way 
cock). With the LiquoGuard system, a distal occlusion will lead to a measurable 
pressure increase, which will trigger an acoustic and visual alarm when the upper 
alarm limit for the CSF pressure measurement is exceeded. Therefore, the 
continuous CSF pressure measurement by means of the LiquoGuard affords a 
significant improvement of the CSF pressure monitoring with a decrease in the 
patient risk.  
 
CSF system sterility 
Handling the connection of the CSF drainage system to the CSF drain is comparable 
in all CSF drainage systems, here there are no identifiable additional risks by using 
the LiquoGuard. However, with an open system a bacterial contamination through the 
air filter might occur, which is not possible with a closed system (LiquoGuard). 
Additionally, the rotor pump prevents a CSF reflux from the tube/drainage bag 
system into the intrathecal space, which further reduces the infection risk. Any 
multiple use of the tube system with a possible germ contamination is virtually 
impossible due to the electronic protection and unique zero calibration of the 
pressure sensors. All in all there are no indications of any increased infection risk by 
using the LiquoGuard system; there are rather significantly less points of entry for a 
bacterial contamination of the system with the LiquoGuard system. Using the 
LiquoGuard system has no influence on the principle risk of an infection of the CSF 
drainage system (8, 17). 
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Conclusion 
 
It has been shown in the existing recognized literature that the CSF drainage is a 
recognized and established method in neurosurgery for many years for the diagnostic 
and treatment of patients with diseases of the CNS. The risks associated with the 
surgical insertion of a CFS drain are not depending on the CSF drainage system 
chosen and thus not on the use of the LiquoGuard system. The objective of 
intrathecal pressure measurement and CSF extraction is achieved both by existing 
CSF drainage systems as well as by the LiquoGuard system in comparable 
effectiveness. Contrary to existing systems, however, by using the LiquoGuard 
system, the risks of erroneous pressure measurement, sensor fault, and false 
pressure measurement by changing the reference height of the patient, unnoticed 
catheter occlusion and catheter disconnection as well as the infection risk can be 
reduced.  
Biologically, the identical material is used for the drainage (CSF). Neither insertion 
technique, material nor the indications are influenced or altered by using the 
LiquoGuard. Therefore, there is no difference in the surgical risks for inserting the 
relevant ventricular or lumbar drainage when using the LiquoGuard. The intrathecal 
drainage is inserted with the identical patient population at the same place in the 
body (ventricular system, lumbar CFS system) (7, 13). The pressure measurement is 
performed by piezo-resistive pressure sensors that are established and described for 
the use in intracranial pressure measurement (10, 11, 21). Fundamental risks that do 
not depend on the method of CSF drainage and occur after insertion of a CSF drain 
(ventricular catheter, permanent lumbar drainage catheter) are described in major 
trials; these are infections (8, 17), hemorrhages (13, 17), wrong catheter positions 
(11, 17), occlusions (17), overdrainage (17).  
The surgical procedures will not be changed in any way; also the indications for a 
surgical intervention remain unchanged. No material risk can be identified, as existing 
systems are made of comparable material and are used as soon as sterile catheter 
material becomes available.  
In summary, from a functional point of view existing systems are identical to the 
LiquoGuard system (CSF drainage, pressure measurement), but the pressure-
controlled CSF drainage via a rotor pump (LiquoGuard) offers a clear reduction of 
technical, application-specific and patient-specific risk sources, without generating 
new risk sources at the same time. All patient-relevant risks of usual systems can be 
significantly reduced by using the LiquoGuard. There is no additional risk to users or 
third parties.. 
 
 
 
 
 
 
Fulda, 23. August 2006 
 
 
 
Dr. med. B.M. Hölper 
Neurosurgical Specialist 
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Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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APPENDIX 18 
 

SOFTWARE DESIGN SPECIFICATIONS 
(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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APPENDIX 19 
 

SOFTWARE DESIGN SPECIFICATIONS 
(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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APPENDIX 20 
 

SOFTWARE DESIGN SPECIFICATIONS 
(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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APPENDIX 21 
 

SOFTWARE DESIGN SPECIFICATIONS 
(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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APPENDIX 22 
 

SOFTWARE DESIGN SPECIFICATIONS 
(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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APPENDIX 23 
 

SOFTWARE DESIGN SPECIFICATIONS 

(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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APPENDIX 24 
 

SOFTWARE DESIGN SPECIFICATIONS 
(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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APPENDIX 25 
 

SOFTWARE DESIGN SPECIFICATIONS 
(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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APPENDIX 26 
 

SOFTWARE DESIGN SPECIFICATIONS 
(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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SOFTWARE DESIGN SPECIFICATIONS 
(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118
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SOFTWARE DESIGN SPECIFICATIONS 
(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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

(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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

 

 

 

(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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

 

 

 

 

(b)(4) 

(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



(b)(4) 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016
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Summary.  

 

Introduction. Lumbar and ventricular CSF drainage is applied in various indications 

in neurosurgery. Until now, open hydrostatic systems mostly including a dripping 

chamber were used. This report presents first experimental and clinical experience 

using a new, closed CSF drainage system capable of simultaneously draining CSF 

and measuring CSF pressure (LiquoGuard®).  

 

Material and Methods. CSF pressure is measured by a dual external pressure 

sensor device taped at an anatomical reference point of the patient and CSF is 

drained by a peristaltic pump. For ventricular application, drainage is pressure 

controlled, while in lumbar drainage a constant flow rate can be defined. For 

experimental evaluation, hydrostatic pressure as well as comparison to an 

independent pressure sensor technique was calculated for static pressures and 

pressure changes. During clinical application, intraventricular pressure measured by 

the new system was compared to established ICP devices (internal and external 

pressure transducers) in 16 patients. Lumbar drainage with constant flow rate was 

performed in 4 patients.    

 

Results.  

Experimental data comparing the LiquoGuard® pressure sensor to hydrostatic 

pressure levels and pressure measured by an calibrated pressure measurement 

device revealed in ranges < 100 mmHg a high accuracy with deviation of 0 – 3 

mmHg. Ventricular CSF pressure also was comparable to established sensors 

(Raumedic Neurovent and standard external pressure transducer). Calculated 

drained volume differed from measured volume within the drainage bag < 5 % if total 

CSF amount was > 100 ml. Slit ventricle syndrome was detected early by loss of 

CSF pulsation, oscillating CSF pressure and reduction of CSF outflow. Catheter 

occlusion was stated if CSF pressure remained low in contrast to slit ventricle 

syndrome.  

 

Discussion.  

Both experimental and clinical data indicates that the new device allows a precise 

external CSF pressure measurement with low sensor drift along with the possibility to 
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drain CSF simultaneously due to a closed drainage system. This results in several 

clinical advantages: Adjustment of a dripping chamber is not necessary any more 

leading to enhanced patient safety and mobility. Lumbar drainage is facilitated by a 

constant flow rate. Critical conditions such as slit ventricle syndrome or catheter 

occlusion can be detected by the integrated CSF pulsation detection in addition to 

alterations in CSF pressure and outflow. Therefore, the system can facilitate handling 

of ventricular and lumbar drainage and might enhance safety for the patient.   
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I INTRODUCTION (BACKGROUND AND RATIONALE) 
 

Lumbar and ventricular drainage of CSF is a daily routine method in neurosurgical 

practice (3, 5, 10, 18) in several indications. Ventricular CSF drainage might be 

needed in situations caused either by obstruction of CSF outflow (e.g. by 

subarachnoid haemorrhage, obstruction of CSF flow by tumor or blood as well as 

infectious diseases) of distrubtion of CSF resorption (1, 4, 5, 9-11, 13-15, 17, 19). 

Furthermore, lumbar CSF drainage is needed to treat CSF fistulas or establish 

diagnosis in normal pressure hydrocephalus (6). However, several important 

disadvantages occur with current ventricular and lumbar systems. For pressure 

controlled CSF drainage, permanent alignment of the dripping chamber to anatomical 

reference points is necessary. Furthermore, reliable measurement of ICP is possible 

only in a closed drainage system: by positioning the dripping chamber for example 

above the reference point, only the hydrostatic pressure difference between the fluid 

level inside the tube and the pressure sensor is measured. Other nursing problems 

such as disconnection and occlusion of the CSF drainage are frequently registered 

with long time delay. Additional, technical inconsistencies of pressure measurement 

due to sensor malfunctions (e.g. sensor drift) and incorrect handling (wrong zero 

leveling, incorrect adaptation to the monitoring system) might cause wrong ICP 

readings. By this, the patient might be without surveillance of CSF pressure and 

imprecise determination of drained CSF volume. In lumbar drainage, nowadays it is 

very difficult to achieve a continuous CSF flow over time, since CSF outflow depends 

on position of the catheter, pressure difference between catheter and dripping 

chamber, positioning of the patient and CSF-dynamics (CSF production, resorption 

and outflow).  

The presented new system (LiquoGuard®) is an externally closed system which might 

allow drainage of CSF parallel to CSF pressure measurement. Technically, in 

contrast to the dripping chamber the system is externally closed by a peristaltic pump 

and by this it allows simultaneous CSF drainage and pressure measurement. 

Therefore, there should be no need for a dripping chamber due to pressure 

controlled drainage. Additional, continuous CSF flow especially in the use of lumbar 

drainage might be possible.   

 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



II STUDY OBJECTIVE AND DESIGN 
 
Study Objective 

Purpose of this study was to evaluate if dripping chambers can be replaced by the 

LiquoGuard® system without any clinical changes and if the LiquoGuard® system is 

reliable concerning the applicability, accuracy of CSF drainage and CSF pressure 

measurement. The intend of the LiquoGuard® device to minimize most sources of 

error mentioned above due to the closed fluid system is evaluated. Furthermore, 

clinical practice in mounting the pressure sensors at the reference point is studied. In 

addition, LiquoGuard® is observed in the following clinical situations: catheter 

disconnection, catheter occlusion and collapsed ventricles. The accuracy of both 

sensors and the frequency of inconsistencies between both sensors (sensor drift) will 

be analyzed. For lumbar drainage, the ability of the LiquoGuard® system to drain 

CSF continuously and the accuracy of drained fluid volume are further examined.  

 

Study Design 

For 20 Patients requiring external CSF drainage (ventricular or lumbar) instead of the 

usually applied dripping chamber the external CSF drainage system LiquoGuard® is 

used with the same intend to treat. Since the presented new system (LiquoGuard®) is 

a externally closed system which allows drainage of CSF parallel to CSF pressure 

measurement, the ICP will be compared to an independent alternative ICP and the 

calculated CSF volume is compared to the collected CSF volume.  
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III SAFETY AND EFFECTIVENESS PARAMETERS 
 

A. Key Safety Parameters 
CSF pressure. Most important for ventricular CSF drainage is the correct adjustment 

of intraventricular pressure. This is performed either externally by adjusting the 

dripping chamber or by mounting (either taping or fixing by suture) of the ICP 

pressure sensors (LiquoGuard®). By this, LiquoGuard® must allow to drain 

comparable CSF volumes to maintain intraventricular CSF pressure. To exclude 

increased ventricular CSF pressure due to inadequate drainage, an additional 

external pressure sensor was installed parallel to the LiquoGuard® CSF pressure 

sensors. Furthermore, alarm functions are activated if CSF pressure is out of 

physiological ranges.  

Drained CSF volume. The CSF volume drained by LiquoGuard® was calculated by 

the device and displayed. Furthermore, the amount of collected CSF was measured 

afterwards. To exclude a larger deviation of drained CSF volume, it was possible to 

read the collected volume outside the drainage bag. Therefore, assuming that a 

withdraw of a larger amount of CSF might lead to a decrease of CSF pressure, 

additionally the CSF pressure was measured and a lower CSF pressure alarm was 

predefined. By this, the drainage of larger CSF amounts should be registered.  

 

B. Key Effectiveness Parameters 
Aim of each ventricular and lumbar CSF drainage is to allow CSF flow from the CSF 

space to an external reservoir, either with determination of the CSF pressure (most 

ventricular drainage systems) or of the CSF volume (most lumbar drainage systems). 

Therefore, the effectiveness of the LiquoGuard® system has to be determined by its 

ability to withdraw CSF from the intrathecal space (ventricular or lumbar), either 

controlled by the CSF pressure or by the volume. Since the withdrawn CSF can be 

sampled in the drainage bag, the effectiveness of the LiquoGuard®-System can be 

measured directly and immediately during clinical practice.  
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IV PATIENT ENROLEMENT 
 

A. Inclusion Criteria 
In the study, neurosurgical patients with the need of a ventricular or lumbar drainage 

were included.  All patients underwent an operative procedure to introduce an 

external drainage catheter into the CSF space. However, this was done independent 

of the use of a conventional system or the LiquoGuard® system. Indications with the 

need of an external drainage are subarachnoid hemorrhage, intraventricular 

hemorrhage, head trauma, ventriculitis, CSF fistula and normal pressure 

hydrocephalus.  

 

B. Exclusion Criteria 
Since the operative procedure to apply an external drainage device does not differ 

between the conventional drainage systems and the evaluated system, no additional 

operative or nursing step must be done. Therefore, there are no exclusion criteria 

that can be assumed to be exclusion criteria for the use of the LiquoGuard® system 

which differ from the exclusion criteria for all external CSF drainage systems. For 

completion, relative exclusion criteria for external lumbar or ventricular drainage (both 

conventional dripping chamber and LiquoGuard® system) are pathologies in 

haemeostasis, coagulopathies, and severe infections disease. However, in many 

cases CSF drainage has to be applied immediately in life threatening situations.  
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V STUDY MATERIALS AND METHODS 
 

A. Description of Device 
The LiquoGuard® system (Moeller Medical, Fulda, Germany) consists of a device 

including a peristaltic pump, inputs for pressure sensors, and several external 

interfaces. The external drainage system consists of a tube with two integrated 

pressure sensors. The tube can be inserted into the peristaltic pump and the sensors 

are connected to the pressure sensor interface. After zeroing of the sensors, CSF 

drainage can be immediately started and current ICP, CSF pulsation (for ventricular 

drainage) as well as withdrawn CSF volume are displayed. Sensor information 

provided by the manufacturer is a sensor accuracy ± 0,375 mmHg, long-term drift of 

< 1 mmHg and a total system deviation of < 2 mmHg, manufacturer states that the 

volume calculated by the device deviates ± 15% in maximum. Upper and lower ICP 

alarm threshold can be set. For ventricular drainage, pulsation of the CSF is 

detected, displayed and loss of pulsation leads to an activation of an alarm function.  

 

B. Patient Entry 
For evaluating the possibility of continuous CSF drainage, the LiquoGuard® system 

was connected the ventricular drainage in 16 patients and lumbar drainage in 4 

patients. In ventricular application, the LiquoGuard® pressure sensor was taped to 

the patient head at the level of the foramen Monroi and ICP was measured by an 

additional intraventricular applied pressure sensor catheter (Raumedic Neurovent®) 

or by an external pressure transducer connected to the external tubing system by a 

three way connector.   

 

C. Surgical Procedure 
For application of the LiquoGuard® CSF drainage system no surgical procedure is 

needed. However, the application of each external CSF device requires an operative 

procedure independent on the use of the external drainage system. For ventricular 

drainage, a burr hole was performed according to standard landmarks (about 2 cm 

lateral of the superior sagittal sinus and 0.5 cm anterior to the coronal suture, mostly 

right-sided). After incision of the dura, a ventricular catheter was introduced with a 

Records Processed under FOIA request 2015-10257; Released by CDRH on 07/08/2016

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



length of about 5-6 cm into the ventricular system until CSF dropped out of the 

drainage. Then, the catheter was either tunneled and sutured to the skin or was fixed 

by a PEEK bolt (Raumedic). For lumbar drainage, a standard lumbar drainage kit 

(Integra) was used. The intrathecal space was approached in the level of L3/4 or 

L4/5 by a Touhy-Needle and the lumbar catheter was introduced in cranial direction 

with a length of 5-15 cm. Externally, the catheter was sutured to the skin and 

additionally taped.   

 

D. Postoperative Care 
After ventriculostomy, ICP was adjusted to 10-20 mmHg depending on the disease of 

the patient and according to the previous standard of the height of the dripping 

chamber. Drained CSF volume was set in the range between 5 to 25 ml/h for 

ventricular drainage. Upper alarm was set at 20 – 40 mmHg, lower alarm at 0-5 

mmHg according to the patient’s disease. ICP measured by the external independent 

pressure sensor was either recorded automatically every minute or manually by the 

nursing staff every half hour along with the ICP displayed by the LiquoGuard®, 

Drained CSF volume was collected and measured every 24 hours for balance. 

Furthermore, the complete drained CSF volume was measured and simultaneously 

the volume calculated and displayed by the LiquoGuard® was recorded.  

For lumbar drainage, flow rate was set to 5 – 13 ml/h, upper pressure alarm at 40 – 

70 mmHg, lower pressure alarm at 0 - 5 mmHg. Pressure from LiquoGuard® and the 

additional pressure sensor was time locked collected for the complete monitoring 

time. 

Each alarm of the LiquoGuard® had to be prompted by the nursing staff. In cases of 

an exceeding ICP either the CSF flow rate was increased or other standard steps 

(medical treatment of elevated ICP or diagnostic procedures) were performed. In 

cases of an ICP below the lower alarm the threshold was either further lowered, the 

position of the patient was altered or the mounting of the ICP sensor was checked. In 

cases of a pulsation alarm and/or a low ICP without visible CSF pulsation, continuity 

of the ventricular or lumbar catheter was checked and in case of an obstruction the 

catheter was flushed.  
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E. Patient Follow-up 
Each patient was followed up during the time of treatment and several days after 

treatment routinely for clinical signs of CSF infections. However, since the treatment 

is finished after withdrawing of the ventricular or lumbar catheter, no further follow-up 

is required and was performed concerning the external CSF drainage system.  
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VI STATISTICAL METHODS 
After collection of ICP data, the difference between both values was calculated and 

statistically evaluated for significant differences (Mann-Whitney-U Test). CSF volume 

was displayed by the LiquoGuard® with hourly and daily balance and total drained 

CSF amount. The withdrawn CSF volume colleted in the drainage bag was measured 

and the difference was calculated. All statistical Analysis was performed by using 

SPSS (V. 12.0).  
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loss of CSF pulsation. For lumbar application, continuous CSF drainage is possible 

even during mobilization of the patient, while catheter occlusion, malpositioning and 

disconnection of the catheter were prompted by an alarm.  

 

Collapsed ventricles.  

In two patients collapsed 

ventricles were detected in 

cranial CT. Prior to CT, in both 

patients the ICP measured by 

the LiquoGuard® system altered 

in an oscillating fashion below 

the desired ICP, CSF pulsation 

was lost and the CSF flow rate 

was reduced (Figure 3). Pausing 

of CSF drainage led to an 

equilibration of ICP at 

pathological levels (> 35 mmHg) 

with CSF pulsation.  
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Figure 3. Decrease of CSF outflow or production 

from the ventricles leads to decrease in CSF flow 

displayed by the LiquoGuard® (as seen in the 

blue line) indicating a clinical situation which 

might be due to collapsed ventricles. Since CSF 

flow is very low, the amount of drained CSF by 

the LiquoGuard® is also in very low ranges and a 

withdraw of small amount of CSF leads to 

sudden and high changes in ICP. This can be 

seen in an increase of ICP oscillation, here in the 

range between 0 and 20 mmHg.  
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the LiquoGuard®. Any occurring alarms, handling problems by the nursing staff were 

documented.    
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VIII  DISCUSSION / CONCLUSIONS 
 

Experimental work showed a very stable and reliable pressure measurement by the 

LiquoGuard® which works in the ranges provided by the manufacturer (complete 

deviation of the pressure < 2 mmHg). No differences were found in hydrostatic 

pressure differences and in continuous increase and decrease of pressure. The 

deviations of the pressure sensor is comparable to other external applied CSF 

pressure sensors (8, 21) and drift is even lower compared to miniaturized sensors 

applied into the intradural space (2, 7, 8, 12, 16) Therefore, the applied sensor 

seems to be suitable for low pressure seen in intracranial and lumbar applications. In 

clinical setup, ventricular pressure was also measured with high reliability compared 

to commercially available external and internal pressure sensors. Sensor drift seen in 

most sensors applied intracranially is negligible and malfunction of one pressure 

sensor can be detected easily due to the dual architecture of the system. There is 

only one commercially available system (Raumedic Neurovent duo, 16) offering the 

possibility to measure two pressures, but in contrast to this the LiquoGuard® 

compares the two measured pressures continuously. The slight difference between 

the pressure measured by the LiquoGuard® compared to the external pressure 

sensor was due to slight differences in positioning the sensor related to the level of 

the foramen Monroi. The LiquoGuard® pressure system can be taped using an ECG 

electrode to the patient head, the risk of deviation concerning the measured pressure 

might be reduced, since usually the external pressure transducer is either fixed at the 

holding device with is mounted at the bed or directly fixed on the pillow. The fixation 

of the LiquoGuard® pressure system directly at the patient allows for lumbar and 

ventricular application a continuous adaptation, the risk of measured pressure which 

is not corrected to the anatomical reference point of the patient is therefore 

minimized. In two patients, symptoms of intracranial hypotension relieved after 

changing the lumbar drainage from discontinuous to continuous manner.   

The calculation of drained CSF volume gives further diagnostic information especially 

for diagnosis of critical situations such as slit ventricle syndrome and catheter 

occlusions. Furthermore, other therapeutically strategies might be modified using this 

parameter such as indication for CSF shunting and withdrawing the external 

ventricular drainage. Detection of CSF pulsation might indicate easily catheter 

occlusion and slit ventricle syndrome and offers easy and early additional information 
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to the neurosurgical staff, since catheter occlusion can not be detected by a pressure 

sensor mounted at the tip of the catheter. The only limiting factor might be if air 

comes into the drainage which then might lead to deviations between calculated and 

measured CSF volume. However, since ICP curve will be dumped by air, ICP 

pressure pulsation will be reduced.  

In conclusion, this new system offers new possibilities for neurosurgical patients for 

treatment in both, lumbar and ventricular application. The dual pressure sensor 

technique, independence to a dripping chamber and possibility to drain CSF and 

measure the CSF pressure simultaneously offers an additional safety and mobility for 

the patient.   
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Continuous controlled lumbar spinal fluid drainage for 
prevention of spinal ischemia during thoracoabdominal 
surgery of the aorta 
 
 
Despite various therapeutic applications, attempts to substantially reduce ischemia associated 
neurological failures following thoracoabdominal aorta surgery have been unsuccessful. The 
challenge is to find better methods to determine and improve spinal cord perfusion. In addition 
to the use of shunts, left heart bypasses using pump systems, lowering body temperature, 
MEP monitoring, as well as clamp-and-repair techniques and inclusion of the spinal arteries in 
the reconstruction of the aorta, other suitable methods include fluid drainage systems such as 
the continuous closed variant (LiquoGuard) proposed. 
 
Method 
 
The current practice of lumbar drainage involves manual, irregular fluid withdrawal. The application of 
LiquoGuard by Möller Medical GmbH, enables for the first time, a continuous, pressure-controlled fluid 
drainage. Furthermore, in contrast to the established drop-chamber systems, this drainage system is closed and 
sterile (Fig. 1). 
The fluid flow is controlled by a pre-programmed spinal pressure and a set maximum flow rate. Excessive 
drainage is avoided since underpressure never occurs. A pre-operative, time-consuming adjustment of the 
pressure transducer is not required since the sensor unit can be secured to the nape of the patient quickly and 
easily. 
 
Case history 
 
A 65-year old patient underwent surgery for a symptomatic thoracoabdominal aortic aneurysm Crawford Type 
III. A large, penetrating ulcer (PAU) on the right side indicated a high risk of perforation. A tubular prosthesis 
had previously been implanted as a result of an infrarenal abdominal aortic aneurysm. Due to the specific 
position of the TAA in the visceral segment of the aorta, an endovascular procedure was excluded. 
The operation technique consisted in a left thoracoabdominal, extraperitoneal approach with an internal aorto-
aortal shunt implantation. Resection of the aneurysm was performed by using a tubular prosthesis, with the 
inclusion of the spinal arteries TH 11 and 12, as well as all visceral arteries. Cooled, pharmacological rinsing 
perfusion was temporarily performed on an intestinal artery and a renal artery respectively. After successful 
reconstruction of the aorta, the internal shunt was removed and the thoracolaparotomy wound closed. 
Prior to anaesthetisation, the patient received a thoracic peridural catheter to ensure analgesia. Another catheter 
was inserted in the L4/5 spinal region for lumbar drainage and incorporated with the LiquoGuard system. The 
drainage tube was fitted into the pump. The pressure sensor connector was connected to the pump and a zero 
balance performed. The interspinal pressure limit was set at 10 mmHg. The continuous flow rate was set at a 
mean value of 20 ml per hour and the application started. The system operated in a continuous and smooth 
manner throughout the duration of the surgery. Manual intervention was not required, thus ensuring that the 
system was permanently sterile, unlike conventional methods of manual fluid withdrawal via drop-chamber 
systems. Interspinal pressure peaks were particularly evident during aortic cross-clamping (Fig. 2). However, 
the pressure never exceeded 12 mmHg. The flow rate set avoided pressure peaks occurring from the outset. 
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During the duration of the surgery, a total of 25 ml of fluid were drained by the LiquoGuard system without the 
need for intervention by the anaesthetist. 
 
With a total drainage of 174 ml during the post-operative stage, the catheter was smoothly removed after 72 
hours. 
The patient indicated no post-operative neurological failure following a brief weaning stage. None of the feared 
side effects of lumbar drainage were noted. 
 
Discussion 
 
Spinal ischemia is a complication arising during thoracoabdominal aortic surgery. Over the past 25 years the 
incidence rate has ranged between 5 and 20% [7, 14]. Neurological failures such as sensorial deficit, paraparesis 
and paraplegia have resulted. As with so-called hybrid procedures, even modern techniques such as endoluminal 
stent-graft implantation in the treatment of thoracoabdominal aneurysmata (TAAA), constitute a risk of 
neurological failures, albeit to a lesser degree [2].  The paraparesis and paraplegia incidence rates are 4.2% and 
8.5% respectively [21]. 
Often further complications arise during post-operative procedures, thus increasing patient morbidity. In 
particular, higher incidence in pneumonia and increased reintubation resulting from diaphragmatic respiratory 
impairment, are reported. Other examples include renal failure, urinary passage infections and major decubitus 
ulcers. The mortality rate with full paraplegia is recorded at about 20% [18]. Even in cases of anastasis, a 
complete recovery is the exception rather than the rule. 
The protection of the spinal cord, therefore, is important during thoracoabdominal aorta reconstruction. The 
most common neurological safeguard is measuring the fluid pressure in the lumbar spinal canal and draining 
spinal fluid [17]. Since cross-clamping of the thoracic aorta causes increased pressure in the spinal canal, 
continuous lumbar drainage can reduce spinal cord compartment lesions. This increased intrathecal pressure is 
further strengthened by a secondary reperfusion-related tissue oedema resulting from a disturbance of the blood-
spinal cord barrier [13]. The spinal cord oedema also impacts on the microcirculation. Spinal perfusion is 
influenced by the ratio of the spinal perfusion pressure to the tissue pressure in the osseous compartment. 
Clinical data recorded in prospective randomised studies on the protection derived from spinal fluid drainage, 
indicate the neuroprotective advantages of spinal cord fluid drainage during and after thoracic aorta cross-
clamping; these studies, however, have been repeatedly challenged [6, 8, 18]. Intraoperative spinal canal 
pressure monitoring is, therefore, recommended. In the event that the pressure limit of 15 mmHg is exceeded, 
fluid can be removed through a lumbar drainage in lying position in order to reduce the spinal pressure and raise 
the perfusion pressure in the spinal cord [3, 4, 12, 16]. The intraspinal pressure limit should not exceed 10 to 12 
mmHg [4, 9]. Post-operative drainage monitoring is continued for another 72 hours in order to prevent a 
secondary pressure increase [1, 11, 17]. 
Temporary side effects and permanently manifest complications due to cerebrospinal fluid drainage are seldom 
reported in conjunction with thoracoabdominal aortic procedures. Catheter-associated meningitis (1.2%) and 
catheter fracture (1.8%) can be caused by the common intermittent fluid withdrawal in drop-chamber systems. 
Intraspinal haematoma (3.2%) and intracranial subdural haematoma due to excessive manual drainage (3.5%) 
are also reported [5, 10, 15, 20, 22]. From an anaesthesiological and legal perspective, therefore, indications in 
favour of lumbar fluid drainage are to be considered crucial [20]. In 2000, Coselli et at. [7] indicated a reduction 
in paraplegia and paraparesis of 80% in patients with thoracic aorta aneurysms where lumbar fluid drainage had 
been performed. 
 
Conclusion 
 
Fluid drainage within a sterile system (LiquoGuard) can minimise the incidence of temporary 
side effects and permanently manifest complications resulting from the particular surgical 
method, allowing for a broader application.  
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Fig. 1  LiquoGuard Fig. 2  Fluid pressure and flow during surgery and during the 

post-operative stage 
 
 
 
Abstract 
© Springer Medizin Verlag 2009 
N. Klemz · B. Luther · P. Köster · T. Nowak · E. Berendes  
 
Continuous controlled lumbar spinal fluid drainage for prevention of spinal ischemia during 
thoracoabdominal surgery of the aorta 
 
Abstract 
 
Spinal ischemia is an unresolved problem in thoracoabdominal surgery of the aorta. As a result, 
neurological failures such as sensory deficits occur, as well as paraparesis and paraplegia. Therefore, 
protection of the spinal cord during thoracoabdominal surgery is a major challenge. The most 
commonly used method of neurologic surveillance is measurement of spinal fluid drainage and cere-
brospinal pressure in the lumbar spinal canal. Complications such as meningitis or spinal catheter 
fracture can be caused by intermittent fluid withdrawal in the drop-chamber system. Further 
complications include intraspinal hematoma and intracranial subdural hematoma due to excessive 
manual drainage. So far, cerebrospinal fluid drainage systems have been manual and unbalanced. 
Using LiquoGuard (Möller Medical), continuous pressure-controlled cerebrospinal fluid drainage has 
been enabled for the first time. Furthermore, this drainage system is closed and sterile, in contrast to 
established drop-chamber systems. 
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Date: November 20, 2012 
Contact person:   Grant Geckeler 
   Free lance consultant 

4375 Prado Road, Suite 103 
Corona, CA 92880 
Phone: +1 714 283 1683 
Fax: +1 714 637 2460 
E-mail: ggeckeler@geoinc.org 

 
To:    Möller Medical GmbH 

Wasserkuppenstraße 29-31 
36043 Fulda 
GERMANY 

   
Subject:  K121248/S1 Liquoguard  
Cc: Record 
 
We have reviewed your Section 510(k) premarket notification of intent to market the device 
referenced above.  We cannot determine if the device is substantially equivalent to a legally 
marketed predicate device based solely on the information provided.  Therefore, this 510(k) will 
be placed on telephone hold. To complete the review of your submission, we require the 
following information: 
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The deficiencies identified above represent the issues that we believe need to be resolved 
before our review of your 510(k) submission can be successfully completed.  In developing the 
deficiencies, we carefully considered the statutory criteria as defined in Section 513(i) of the 
Federal Food, Drug, and Cosmetic Act (Act) for determining substantial equivalence of your 
device.   
 
If the information, or a request for an extension of time, is not received within 30 days, we will 
consider your premarket notification to be withdrawn and your submission will be deleted from 
our system.  If you submit the requested information after 30 days it will be considered and 
processed as a new 510(k)(21 CFR 807.87(l)); therefore, all information previously submitted 
must be resubmitted so that your new 510(k) is complete.  For guidance on 510(k) actions, 
please see our guidance document entitled, “Guidance for Industry and FDA Staff: FDA and 
Industry Actions on Premarket Notification (510(k)) Submissions: Effect on FDA Review 
Clock and Performance Assessment at 
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm
089735.htm 

If the submitter does submit a written request for an extension, FDA will permit the 510(k) to 
remain on hold for up to a maximum of 180 days from the date of the additional information 
request.   
 
The requested information, or a request for an extension of time, should reference your above 
510(k) number and should be submitted in duplicate to: 

 
U.S. Food and Drug Administration 
Center for Devices and Radiological Heath 
Document Mail Center – WO66-G609 
10903 New Hampshire Avenue 
Silver Spring, MD  20993-0002 

 
If you have any questions concerning the contents of the letter, please contact Binoy Mathews 
at (301) 796-6475.  If you need information or assistance concerning the IDE regulations, 
please contact the Division of Small Manufacturers, International and Consumer Assistance at 
its toll-free number (800) 638-2041 or at (301) 796-7100, or at its Internet address 
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/default.htm. 
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