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Abstract 

Introduction: Differential Pressure Shunts (DPS) for 
hydrocephalus work through a pressure differential 
between the proximal and the distal inlet. 
Neurosurgeon’s reference is extra-low, low, medium, 
normal or high-pressure valves, symbolizing the 
shunt’s resistance against the downstream flow. The 
Brazilian manufacturing process for all shunts is 
regulated by ISO 7195 version 2006, revised in 2016, 
and it allows a lot of flexibility in the determination of 
shunt resistance and flow characteristics. 
Methods: This article compares the pressure-flow 
characteristics of some hydrocephalus shunts 
available in Brazil based on their information 
brochures 
Results: Six shunt information brochures were 
compared regarding to CSF flow-control 
manufacturing graphs and/or pressure work range 
tables. Based on the data obtained of each valve, 
authors propose and introduce a comparative graphic 
table that can be helpful if used as a guide to the 
neurosurgeon when one considers either a first time 
shunt implantation or a shunt revision 
Conclusion: There is no standardization regarding the 
pressure which defines the different models of shunts 
available in Brazil and neurosurgeon must be aware 
when choosing a specific shunt and even more when, 
in a shunt review, choose another manufacturer. 
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shunt. Differential pressure shunt.  Shunt pressure.  
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Introduction 
 

All hydrocephalus systems work through a 
pressure differential (DP) between the proximal 
(ventricular) and the distal catheter (most commonly 
the peritoneal)[1,2]. There are criteria to manufacture 
a shunt dictated by the International Standard 
Organization (ISO) rule 7197, revised edition of 2016, 
called “Neurosurgical implants - Sterile, single-use 
hydrocephalus shunts and components” [3]. It 
specifies the methodology for the manufacturing 
process, which is basically divided in 6 steps: (1) Leak 
resistance. (2) Reflux Resistance. (3) Pressure versus 
flow characteristics. (4) Long-term stability. (5) 
Resistance to high pressures. (6) Resistance to 
rupture. 

ISO 7197 mentions that different resources can be 
employed for the implementation of flow and pressure 
collection systems, provided that they meet the 
requirements of the standard and provide better 
technical conditions in carrying out the activities. 
Several researchers utilize hydrodynamic bench test 
to evaluate the performance of the neurological valves 
and components present in shunts. To perform 
pressure-flow tests and evaluate the valves, Allin et al. 
[7] and Czosnyka et al. [8], employed a standard 
bench test containing pressure transducers, a water 
reservoir at a constant level, an infusion pump, a pulse 
generator and an electronic balance, with an 
additional apparatus that allowed the testing of shunts 
in a pressurized environment. 

One must remember that besides hydrocephalus, 
shunt overdrainage syndrome (SOS) represents a 
challenge for neurosurgeons, in part due to the lack of 
agreement or uniformity concerning the entity. It’s an 
incompletely understood condition characterized by 
the appearance of severe headache which interferes 
with activities of daily living, in patients with a CSF 
shunt valve and normal or smaller than normal 
ventricles[8]. Although there are no consensus 
regarding to its definition, it is consensus that the 
implanted shunt is the protagonist of the this 
complication been directly related to their manufactory 
characteristics[9]. 

In summary, the current ISO 7197 version allows 
variable ways of shunt resistance classification, which 
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Figure 1 - Bench test for pressure-flow shunt graph characterization. 

 
causes a lot of misunderstanding in neurosurgical 
practice. The aim of this paper was to compare the 
nominal pressure determination of each manufacturer 
supplier in Brazil according to the specifications 
available in the Instructions for user brochure supplied 
with the shunt, and to propose a guideline to consult 
either a first-time shunt implantation or a shunt 
revision.   

 
Material and Methods 
 
Shunt manufacturers determine the pressure-flow 

characteristic through a certified bench test, as 
described by Allin et al.[7] and Czosnyka et al. [8].  
Briefly (Figure 1), the apparatus for testing the valves 
consists of a glass reservoir (a) containing double-
distilled water (b) with a temperature of 37 ± 5ºC 
Celsius by the actuation of a programmable heater (c) 
and verified with the aid of a calibrated thermometer 
(d). To obtain the variables (pressure and flow) 
obtained by the test, a programmable infusion pump 
(g) is used to push distilled water present in a syringe 
(c), which ultimately is connected to the shunt (e). Just 
before the shunt connector there is a connection to a 
manometer (i). At first, the fluid pumped through the 
tubing set will not open the valve, and the fluid will rise 
through the manometer. Once the shunt opening 
pressure is reached, fluid flows through the shunt and 
the water column stabilizes; that pressure is the shunt 
resistance, simulating the patient in a horizontal 
position. In this setting, the distal catheter (f) remains 
within the reservoir (b) at the same level of the shunt. 
Pressure is continuously measured by a transducer 

(h) connected just before the manometer (i), 
digitalized by a datalogger (j) and sent to a computer 
(k) with a software which displays continually whatever 
data is desired [1,2]. lacerated vessel. 

For the test of each valve, flow rates of 50, 40, 30, 
20, 10 and 5 ml/h are programmed in the system for a 
period of five minutes for each flow, to guarantee the 
stability of the system. The values obtained must be 
within the upper limit of control (LSC) and the lower 
limit of control (LIC) determined for the valve to be 
approved, otherwise it fails. Once the above tests are 
done (pulsatile flow at fixed pressure), the average is 
taken from each input flow. 

Based on those tests performed by manufacturers, 
the author collected data from each Information 
booklet available with the shunt and developed a 
logical and intuitive comparative pressure table among 
more common shunts available in Brazil.   

 
Results 
 
Table 1 summarizes the data available at shunt 

information brochures.   

Medtronic CSF flow-control note says: “Levels 
depicted are median values. All valves perform within 
+/- 25 mmH2O tolerance at 0 cm Hydrostatic Pressure 
(HP), and the very low-pressure valves perform within 
+/- 10 mmH2O at 5ml/h and +/- 20 mmH2O at 50 ml/h. 
Each valve is tested at time of manufacture”. So, a 
medium pressure valve varies from an average of 90 
+/- 25 mmH2O, that is, it may go from 65 up to 115 
mmH2O.   
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Table 1 – Shunt information extracted from brochure data available with shunts and manufacture website 

Manufacturer Shunt 
device 

Pressure informed at 20ml/h Pressure x flow rate graphic 

Medtronic CSF-Flow 

Control 

Very Low: 0-2cmH2O 
Low: 1-5cm H2O 
Medium: 5-11 cmH2O 
High: 11-17cm H2O 

 

HPBio Sphera-

Duo 

Very Low: 1-3 cmHH2O 
Low: 3-7 cmH2O 
Medium: 7-11cmH2O 
 High: 11-14cmH2O 

 
Sophysa Sophy Low: 4.5-6.0cmH2O 

Medium: 11.5-14.0cmH2O 
High: 18-20.5cmH2O* 

 
Integra* Contour 

Flex 

 
Low: 1-5.5 cmH2O 
Medium: 6.5-11.5 cmH2O 
High: 12.5-18 cmH2O** 
 

 
Ventura Synchrony Very Low: 1 -3cmH2O 

Low: 3.5 – 5.5 cmH2O 
Medium: 6.0 -8.0cmH2O 
Normal: 9.0-11.0cmH2O 
High: 12.5 – 14.5cmH2O 
 

 
Codman 

Hakin 

Hakim in-

line 

Very Low: 0-2.0 cmH2O 
Low: 3-5 cmH2O 
Medium: 6-8 cmH2O 
Medium-High: 9-11 cmH2O 
High: 12-14 cmH2O 

N/A 

* Values to 20ml/h (graphs emphasizes 10ml/h) 
** Adapted from original graph 
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HP BIO note says “the graph presents average 
values. Consider a tolerance range of +/- 1,5 cm H2O. 
Thus, a medium pressure valve may vary from 70 to 
110 +/- 15 mm H2O; that is, it may go from 55 up to 
125 mmH2O.  

Sophy (Sophysa) graph note says “Table of 
mean values at 10 ml/h for each position setting of the 
Sophy mini valve, and corresponding values at 20 
ml/h”. For the equivalency graph, it will be used an 
equivalent flow of 20 ml as others. The tolerance is -
10/+15 mmH2O on median pressures; Thus, a 
medium pressure valve is 125 mmH2O; that is, it may 
go from 115 up to 140 mmH2O.  

Integra (Contour Flex) does not define a 
median pressure, but a range of pressure for adequate 
functionality. Thus, a medium pressure valve works 
from 67 up to 118 mmH2O.  

Hakin In-line Precision Fixed Pressure Codman 
medium pressure valve works at 70 +/- 10 mmH2O at 
20 ml/h; that is, it may go from 60 up to 80 mmH2O. 

Ventura shunt valve has a  medium pressure 
range also works at 70  +/- 10 mmH2O at 20 ml/h; that 
is, it may go from 60 up to 80 mmH2O. Thus, 
comparing all medium pressure valves, the lowest 
pressure allowed is 55 mmH2O and the highest 
pressure allowed is 140 mmH2O, that is 8,5 cm of 
possible resistance variability among the diverse 
manufacturers.  

Based on the data obtained of each presented 
valve, this study proposes a guideline to consult either 
a first-time shunt implantation or a shunt revision  
(Graphic 1).   

 
 
Discussion 
 
The management of hydrocephalus has 

challenged neurosurgeons, neurologists, engineers 
and medical device developers alike because of the 
unique nature of cerebrospinal fluid (CSF) dynamics 
in each patient. 

Ideal shunt pressure-flow characteristics must 
match the patient’s specific needs. However, postural 
(standing, sitting, or lying down) and vasogenic (blood 
flow) influences modify shunt function [10-12].  

Most commercially available fixed DP shunts [13] 
are provided in three to five ranges: low, medium or 
high pressures (and very low and very high), 
depending on their response to the pressure 
differential between the shunt’s upper and lower ends. 

 Opening pressure refers to a lying person, it 
varies considerably among individuals and it is 
classified while the individual is in the horizontal 
position. The disparity which will be mentioned among 
manufacturers has being identified previously by 
Tschan et al [14] who cites literally “There is a lack of 
general guidelines on the default pressure settings of 
shunt valves in both first time shunting to primarily 
avoid overdrainage and in shunt revision surgery to 
overcome manifest overdrainage“. Allin [7] et al 

mentioned “ISO 7197 describes a set of standards that 
ensures a minimum assessment of a valve’s 
performance and examines the consistency of the 
manufacturing process that is thought to be 
adequate”. Perhaps surprisingly, not all shunt 
manufacturers adhere to these standards. As such, 
due to the varying and inconsistent data supplied by 
manufacturers concerning their product, it was 
considered important that formal studies, such as the 
one described here[8].  

Shunt revisions with replacement of different brand 
manufacturers is a common neurosurgical procedure, 
notedly in developing countries where state health 
systems predominate and shunts are acquired by 
bidding. Additionally, more technologically developed 
shunts are not available for the majority of those 
countries, and this is applied to Brazil. The choice of a 
medium pressure shunt from a certain manufacturer 
by a high pressure shunt from another manufacturer is 
intuitive and the neurosurgeon thinks he is following a 
correct concept, but in many cases he may be led to 
equivocated choices.  

The graphic 1 showed the shunt pressure range 
informed by manufacturing. We found a great 
variability between manufactures. It is easily 
identifiable that pressure ranges are different for each 

manufacturers. In Codman and Ventura shunts the  
pressure-flow characteristic informed was  equal. 
Their shunts work basically at the same short opening 
pressure ranges, and they don’t mix opening pressure 
ranges, that is, a medium pressure shunt never could 

be a normal pressure shunt. From Sophy, 

Medtronic and Integra also do not mix opening 

pressure ranges, but Medtronic and Integra have 
a much wider possible opening pressure range for 

each average pressure. Sophy has three shunt 
pressure sets, low, medium or high, and it has a short 
pressure range for each one. They also have the 
highest median for each shunt pressure. A medium 

pressure shunt for Sophy valve at corresponding 

flow to Codman and Ventura is 125 mmH2O, 
which basically is a high pressure valve for Codman 
and Ventura.  

The Equivalency Graph (graphic 1) offers an easy 
comparative view of this phenomenon and others, 
demonstrating that all three shunts have basically the 
same operational range. In a hypothetical shunt 
revision with the intent to decrease the opening 
pressure due to image or clinical signs and/or 
symptoms of underdrainage despite an apparent 
correct positioning of the ventricular catheter, the 

replacement of a Codman or Ventura High 

pressure shunt by a Sophy Medium pressure shunt 
would be probably ineffective, because despite named 
differently, the operational range is the same. There is 
also a large “vacuum“ of uncovered pressure ranges, 
but it is unknown if this peculiarity really matters, since 
that in the standing position all shunt resistances are 
overcome by gravity [15,16].  
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Graphic 1: Shunt Pressure Equivalency graphic table: Shunt manufacturers were given a different colour to be identified at the graphic, 

on the left side. Each small square represents 5 mm H2O. Each block represents a very-low pressure shunt, low pressure shunt, medium pressure 
shunt, and high-pressure shunt. Each column within the pressure block identifies the manufacturer by the colour. Pressure range for each shunt 
is represented by the vertical-coloured column for each pressure setting and shunt manufacturer. Pressure in mmH2O is identified on the right 
side.  

 

Yellow – Meditronic; HPbio – Green; Sophysa – Orange; Ventura – Blue; Integra – Ocre; Codman - Purple  
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The drawback of a shunt with a high pressure 
range is related to shunt revisions. In another 
hypothetical situation, a certain patient may be 
hydrodynamically stabilized with an Integra medium 
pressure shunt which has an average median 
operational pressure at 90 mmH2O, but for that shunt 
specifically the opening pressure is 110 mmH2O, 
within the preconized pressure range specified by the 
manufacturer. It is required a shunt revision and a new 

Integra medium pressure shunt is implanted. Due to 
the high pressure range, the patient may now have 
implanted a 70 mmH2O average medium pressure 
operational pressure shunt, and this difference may 
impact on the hydrodynamic performance of the 
patient. It is clearly evident by the graph that each 
manufacturer works with its own pressure settings. 
Once again, there is no right or wrong manufacturer or 
pressure settings among manufacturers. The flexibility 
of ISO 7197 allows the diversity of decisions and 
consider as a neurosurgeon’s responsibility to be 
aware of the functionality of the product he works with.  

The benefit of ISO 7197:2006 for the surgeon and 
the patient is to understand the information given by 
the manufacturer and to obtain standardized 
information about the performance of a well working 
product with new design characteristics. The benefit 
for the manufacturer is to define the important 
requirements for shunts as a basis for investigations 
during development as well as for quality control 
during manufacture”, which means that there are four 
variables that are not regulated by ISO 7195.  (1) The 
absolute pressure of a certain shunt (resistance). (2) 
The range for the absolute pressure (which would be 
the maximum accepted deviation from the absolute 
pressure). (3) The diameter and length specifications 
for the shunt. (4) The classification system for the 
pressure range. In another words, the shunt 
manufacturer is free to set up the operational range of 
the shunt, and as long as the shunt works as defined 
by the manufacturer, there is no problem at all, since 
there is no definition by ISO 7195. Thus, so many 
unspecified variables has a direct impact in a 
neurosurgeon’s comprehension and affects his 
reasoning regarding the pressure set for the “ first 
shunt “ and the “ next shunt”. 

As still there is a huge economic bridge to be 
overcome for four generation shunts to be available to 
the majority of the population.  International 
neurosurgical societies should have a voice at ISO 
committee for the neurosurgeon’s sake. An equivalent 
shunt pressure range isn’t a difficult task for shunt 
manufacturers to follow. In the meantime, the author 
hopes that this equivalency table may be useful as a 
tool for those who face the problem of having to deal 
with different shunt brands. 

Finally, the shunt assessment for medical use is 
also based on evaluation of the functioning of the 
bench test, within the context of its application and 
performed by each manufacturer who test their 
products for registration at ANVISA (Brazilian Health 

Regulatory Agency) to guarantee the quality of the 
devices. ANVISA does not carry out the tests, but 
audits the manufacturers frequently to maintain the 
shunt registrations. 

 
 
Conclusion 
 
There is no standardization regarding the pressure 

which defines the different models of shunts available 
in Brazil and neurosurgeon must be aware when 
choosing a specific shunt and even more when, in a 
shunt review, choose another manufacturer. There is 
an overlapping regarding to shunt classification 
among shunts analysed and available in Brazil. 
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