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   Background 
 Simultaneous intracranial pressure 

(ICP) measurement and ventricular 
drainage has been shown to be mislead-
ing when pressure is measured via a 
fluid-filled coupling to the extracranial 
ventricular drain  (1) . This is because 
 cerebrospinal fluid (CSF) flow in the 
drain generates a pressure gradient in 
the  draining catheter. Only by sampling 
from within the ventricle can the true 
ICP be measured. The emergence of 
catheter tip pressure transducers in the 
1990s  effectively removed this source of 
error and enabled reliable measure-
ments  (2).  Whereas for older systems the 
pressure transducer was mounted on 
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the outside of the ventricular drain, 
some of the current commercially avail-
able combined systems have the trans-
ducers inside the tip of the catheter. 
Although under most conditions, a reli-
able measurement of ICP is made, we 
wish to highlight circumstances under 
which false readings may occur.  

  Case Report 
 A 38-year-old man was admitted to 

our unit having suffered severe head 
 injuries following a road traffic accident. 
A combined ventricular drain/pressure 
monitoring device (Camino Micro Ventri c-
ular Bolt Pressure Monitoring Kit Model 
110-4HM, INTEGRA ™  Neurosciences, 
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San Diego, CA) was inserted into the left lateral ventri-
cle. The height of the ventricular drainage system was 
set to maintain an ICP of approximately 15 mmHg. The 
drain had been in place for 24 hours and was draining 
steadily at a rate of 10 – 20 mL/hour. ICP was con tinuously 
monitored and found to be at 15 mmHg, as expected. 
On the morning of the second day, the ICP measured 
with the drain tap open remained at 15 mmHg, but 
when the drain was closed, the ICP measurement rose 
instantaneously to a new stable but more pulsatile level 
of 30 mmHg. When the drain was reopened the pressure 
 measurement immediately returned to 15 mmHg. These 
step-like changes in pressure were shown to be repeat-
able. The timescale of changes was far shorter than that 
which could be attributed to the slow build up of CSF in 
the ventricles owing to the absence of drainage (>0.006 
mL/second).  

  Model 
 We hypothesise that the discrepancy was a result of 

blocked catheter ports, and that the true ICP was re-
corded only when the catheter was closed. The situation 
is modelled in  Figure 1 .    

  Theoretical Simulation 
 The model setup shown in  Figure 1  was simulated 

using simple fluid dynamics; for a detailed description 

of such mathematical models see for example the analo-
gous system of Schley et al.  (3) . The system input was a 
pulsatile ICP with mean 30 mmHg. Ventricular build-up 
of CSF in the absence of drainage was assumed to be 
significantly higher than the 10 – 20 mL/hour recorded 
in the previous case report in order to be visible over the 
timescale of the simulation; this also clearly indicates 
that this factor alone is not sufficient to explain the 
 observed changes. Results are shown in  Figure 2  and 
compare favorably with clinical observations.    

  Experimental Simulation 
 An identical catheter to that used in the case study 

was used in a physical model to determine the degree of 
catheter obstruction required to produce a significant 
pressure gradient. An infusion pump was used to drive 
0.9% saline solution through the catheter, simulating 
CSF drainage. Two cross-calibrated pressure transduc-
ers (Camino Micro Ventricular Bolt Pressure Monitoring 
Kit Model 110-4HM, INTEGRA ™  Neurosciences) were 
used to monitor pressure, one placed inside and one 
 immediately outside the catheter. Different degrees of 
catheter obstruction were achieved by blocking the cath-
eters drainage holes with small plastic plugs. Complete 
or partial blockage of each of the 20 holes could be 
achieved by selecting a full circle or half circle plug. The 
results are summarized in  Table 1 .    

  Fig. 1.     A functioning catheter  (A)  offers little resistance to flow, so that very little difference between the ICP outside and the pressure inside 
is required to push CSF into the catheter. When the drain is closed   (B) , no flow occurs and the pressure is uniform throughout the system 
above the tap. If holes in the catheter become blocked  (C)  by the ventricle walls or intraventricular debris (including bloody and/or highly 
proteinic CSF), the resistance of the catheter becomes significant. A large pressure difference may be required to force flow through, so 
that intracatheter pressure measurements fail to be a true indicator of extracatheter ICP. If the system is temporarily closed, however, 
 (D)  the pressures again quickly equalize so that ICP readings can be taken.     
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  Discussion 
 Bench-top experiments show that the resistance to 

flow through the Camino Micro Ventricular Bolt Pressure 
Monitoring kit is extremely low, and it is not until near 
complete blockage of all drainage holes that the resis-
tance may be sufficient to generate a significant pressure 
gradient. However, this scenario is not necessarily as 
rare as one might expect and may be a common occur-
rence when the ventricle walls close around the catheter. 
Under these conditions, a flow channel with compliant 
walls may remain between the inside of the catheter and 
a fluid-filled part of the ventricle. This channel would 
behave as a Starling resistor, with a very high-resistance 
pinch-point forming where flow exits the channel. An 
increase in ICP squeezes the channel, increasing the re-
sistance to flow and increasing the pressure gradient 

generated. A similar mechanism is known to operate at 
the cerebral venous outflow when ICP exceeds jugular 
pressure  (4,5) . 

 Significant flow through a high-resistance channel 
 requires a large pressure gradient between the ICP and 
the inside of the drain. The pressure drop is a feature of 
the flow of CSF into the drain, and when that flow is 
stopped (the drainage tap is closed) then the pressures 
equilibrate at close to the true ICP pressure because the 
catheter has relatively low compliance compared to the 
ventricles. 

 Closure of the drain would be expected to lead to a 
gradual increase in ICP as CSF volume increased. An 
immediate increase in ICP, such as that observed, cannot 
occur as a result of increased CSF volume. The only rea-
sonable explanation for this unexpected discrepancy is 
provided by a consideration of fluid dynamics. 

 This means that for intracatheter pressure transduc-
ers, the true ICP pressure is the closed reading and not 
the open one. The pressure transducer is faithfully 
 recording the pressure of its environment, but when the 
holes are almost completely blocked and the CSF flow is 
high then the pressure within the catheter is not the 
same as the pressure in the ventricle. It is not envisaged 
that such an error will occur with combined systems 
where the pressure transducer is mounted outside of the 
catheter, because fluid pressure will simply be transmit-
ted via any matter pressing onto the transducer  (1) ; such 
systems are expected to produce near identical (true) 
readings whether open or closed. 

  Fig. 2.    Simulations of the model for a blocked catheter predict behavior in agreement with that observed in the previous case report. 
 Extracatheter pressure (top), reflecting true ICP, increases gradually when the drain is closed because of the build-up of excess fluid in the 
ventricles, but this occurs relatively slowly over a matter of minutes. Intracatheter pressure (bottom) will be much lower if there is severe 
blockage resulting in a significant pressure gradient across the ports, which also dampens the magnitude of oscillations. The pressure gradient 
is removed in the absence of flow, so that when the drain is closed intracatheter pressure quickly rises to that elsewhere in the system. This 
change is near instantaneous and on a different time scale to the subsequent slow additional rise in pressure to the accumulation of fluid.     

   Table 1    
Pressure Gradient Between Inside and Outside of the 

Catheter With Different Degrees of Blockage at 
Different Flow Rates

Flow (mL/hour)

Holes 
completely 

blocked
Holes partially 

blocked

Pressure 
 gradient 
(mmHg)

15 0/20 0/20 < 1
15 19/20 0/20 < 1
190 19/20 1/20 3
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 It is unfortunate that no data was recorded for the 
case report, because the significance of the situation only 
came to the attention of the authors later. We can con-
firm, however, that there is good qualitative agreement 
between simulations and the clinical observations, and 
believe that the output described will already be famil-
iar to many neurointensivists.  

  Conclusion 
 Intracatheter tip ICP monitoring inside a ventricular 

drain is susceptible to error when the catheter is par-
tially blocked; this error is thought unlikely to occur 
with extracatheter mounted transducers. When a dis-
crepancy is observed between measurements made with 
the drainage tap open and those with it closed, the 
closed measurement should be used as the true reading 
of ICP. Practice at the bedside should include closing the 
system at least hourly to obtain a true (closed) reading 
of the ICP.  

  Acknowledgments 
 Dr. David Schley was supported by a grant from the 

Wessex Neurological Centre Trust during this work.  

  References    
   1.       Wilkinson     HA   ,    Yarzebski     J   ,    Wilkinson     EC   ,    Anderson     FA   .      Errone-

ous measurement of intracranial pressure caused by simultaneous 
ventricular drainage: a hydrodynamic model study  .   Neuro surgery   
  1989  ;  24  :  348   –   354  .   

  2.       Piek     J   ,    Raes     P   .      Pressure-controlled drainage of cerebrospinal 
fluid: clinical experience with a new type of ventricular catheter 
(Ventcontrol MTC) and an integrated piezo-resistive sensor at its 
tip: technical note  .   Neurosurgery     1996  ;  38  :  216   –   218  .   

  3.       Schley     D   ,    Billingham     J   ,    Marchbanks     RJ   .      A model of in-vivo hydr o-
cephalus shunt dynamics for blockage and performance diagnos-
tics  .   Math Med Biol     2004  ;  21  :  347   –   368  .   

  4.       Knowlton     FP   ,    Starling     EH   .      The influence of variations in temper-
ature and blood pressure on the performance of the isolated 
mammalian heart  .   J Physiol     1912  ;  44  :  206   –   219  .   

  5.       Luce     JM   ,    Huseby     JS   ,    Kirk     W   ,    Butler     JA   .      Starling resistor regulates 
 cerebral venous outflow in dogs  .   J Appl Physiol     1982  ;  53  (6)  :  
1496   –   1503  .     

 

   


