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Abstract 

Introduction: Hydrocephalus is the most common neurosurgical 
condition among children worldwide and shunt diversion of the 
cerebral-spinal fluid (CSF) has been widely available. The aim of the 
present study was to perform a systematic review on types and 
models of shunt devices available and critically evaluate scientific 
evidence in favor of the usage of specific technologies. 
Methods: Searches of the PubMed database were performed for 
relevant articles published until March 2020. Appropriate keywords 
were used to identify all studies, including: “shunt”, “technology”, 
“hydrocephalus”, “children”, “pediatric”. The indications and 
scientific evidence in favor of the usage of specific shunt technology 
for the treatment of hydrocephalus according to age, underlying 
pathology and other features of specific patients were discussed 
under the light of the current literature. 
Results: A total of 178 peer-reviewed papers were found. Out of 
them, only 21 matched our inclusion criteria and were finally 
selected. The papers were reviewed and described technology 
discussed below. A summary of the main types of shunts 
commercially available worldwide, including their respective working 
mechanism and construction was also included. 
Conclusion: Shunt technology has evolved during the last decades 
and continues to be intensively developed. Despite the huge arsenal 
of different types of shunt systems currently available on the market, 
the treatment of hydrocephalus remains challenging. Investment in 
research, education and training, as well as prospective randomized 
multicentric controlled trials evaluating the role of specific valves in 
the treatment of individual group of hydrocephalic pediatric patients 

are urgently needed. 
Key words: hydrocephalus, shunt-devices, technology, pediatric 

neurosurgery 

Introduction 

“The history of evolution of ventricular shunting is largely a 
history to prevent the complications of shunting.” R. MacLaurin 

Hydrocephalus is the most common neurosurgical 
condition among children worldwide. Its surgical 
management by means of shunt diversion of the 
cerebral-spinal fluid (CSF) has been widely available 
for a long time and is considered a highly effective 
solution to most cases. Despite of the advent, 
development and popularization of endoscopic 
techniques in the treatment of hydrocephalus, shunt 
technology experienced unparallel improvement 
during the last decades. Since the first implantable 
shunt device described by Nulsen and Spitz in the late 
40’s,(1) using a stainless-steel ball-valve system, 
shunt systems evolved to distal slit valves, proximal 
slit, diaphragm, anti-siphon systems, gravitational and 
more recently the electromagnetic adjustable 
mechanisms, to mention a few examples(2). Along 
with the development of valve mechanisms, the 
development of silicone tubing and antibiotic-
impregnated systems contributed enormously to the 
quality of the shunt devices(3). Until recently, only 
limited options of shunt devices were available. 
Advances during the last decades led neurosurgeons 
to face the complex challenge of having to select the 
ideal shunt system that is appropriate for an individual 
patient based on several variables, such as age, 
underlying pathology, daily activity and costs. 
Currently, a myriad of companies offers a variety of 
shunt systems worldwide. If in the past the question 
was whether to implant a “low-, medium or high-
pressure” device, nowadays this has become more 
complex, so that one of the main factors limiting the 
choice is the cost. However, one has to bear in mind 
that the latest technology may not always be the best 
option. Factors such as age of the patient, health 
conditions, baseline disease, physical activity, 
insurance coverage, commercial availability of the 
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shunt device and postoperative care/maintenance, not 
no mention the individual professional experience, 
should be taken into account. On one hand, last 
generation adjustable shunt devices coupled with anti-
gravitational mechanisms offer the possibility of fine 
follow-up titration according to individual patient’s 
needs, however these are extremely costly and 
demand experience. On the other hand, simple 
differential pressure valves are robust, widely 
available and accessible even in low-income 
countries, nevertheless they may be associated with 
higher incidence of postoperative complications, such 
as siphoning, subdural hematoma and other well-
known complications of overdrainage. The aim of this 
study was to perform a systematic review of the 
literature on types and models of shunt devices 
available and critically evaluate the scientific 
evidences and recommendations in favor of specific 
technologies for individual patients.  

 
Methods 
 
A literature search was performed to identify shunt 

technologies for treatment of hydrocephalus. 
Searches of the PubMed database were performed for 
relevant articles published from until March 2020. 
Appropriate keywords and MeSH terms were used to 
identify all studies, including: “shunt”, “technology”, 
“hydrocephalus”, “children”, “pediatric”. The reference 
lists of papers were also manually searched to identify 
additional data sources. Included papers described 
the use of new technology in vivo. Experimental, in 
vitro and papers on animal research were excluded. 
The findings, indications and scientific evidence in 
favor of the usage of specific shunt technology for the 
treatment of hydrocephalus according to age, 
underlying pathology and other features of specific 
patients were discussed under the light of the current 
literature. 

 
Results 
 
A total of 178 peer-reviewed papers were found. 

Out of them, only 21 matched our inclusion criteria and 
were finally selected. The literature search process is 
presented in the form of a flowchart in Figure 1. The 
papers were reviewed and described technology 
discussed below. Table 1 summarizes the diverse 
main types of shunts commercially available 
worldwide and in Brazil, including their respective 
working mechanism and construction. 

 
Discussion 
 
CSF physics and hydrocephalus 
 
Hydrocephalus is a common problem in the clinical 

practice of every neurosurgeon. Having decided that a 

hydrocephalic patient needs a shunt, the next 
common question even for the more experienced  

 
 
Figure 1 - Flowchart depicting the process for review of the literature 
 
neurosurgeon nowadays is which shunt to use. 
Independently of the type of shunt system employed, 
the flow rate (Q) is in direct relation with the driving 
pressure (P) and in indirect relation with the resistance 
(R), represented by Q=PR. Factors influencing the 
resistance within the tubing (Rt) are the length (L) and 
inner diameter of the distal catheter and the viscosity 
(n) of the CSF (Rt = 8nL/πr^4). Therefore, the 
pressure gradient driving the flow in a shunt system is 
determined by ∆P=(IVP+ ρgh)-(OPV+Rt+DCP), where 
IVP stands for “intraventricular pressure”, ρgh for 
“hydrostatic pressure”, OPV for “opening pressure of 
the valve” and DCP for the “distal cavity pressure”. As 
in the horizontal position, the IVP is positive (+10 ± 5 
mmHg), whereas in standing/sitting position, the IVP 
becomes slightly negative (-5 ± 5 mmHg) and the 
hydrostatic pressure has a major effect on flow. 
Therefore, the sum of the opening pressure of the 
shunt system, resistance of the tubing and the 
pressure within the distal cavity play together an 
important role to avoid overdrainage in the upright 
position (4). (Figure 2). However, the exact flow in a 
shunt system is difficult to predict, because of the 
several factors changing shunt resistance and driving 
pressure along the day, so that it can vary by a factor 
of 200 times in few hours, depending of activity and 
position of the body (4,5). 

 
Technological developments 
 
First attempts of a ventriculoperitoneal shunt by 

Kausch and later by Cone, Scott and Jackson-
Snodgrass were historically reported in Handbuch der 
Neurochirurgie, with mean mortality rate ranging from 
5 to 38%(6). With the advance of neurosurgical
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Table 1 - Types of shunts commercially available worldwide and in Brazil, including their respective working mechanism and 

construction. The devices are sorted by manufacturer  

Shunt Name Manufacturer Functionality Construction Brazil 

PaediGAV Aesculap-Miethke G ball on spring yes 

ProSA + miniNAV Aesculap-Miethke ADJ + G ball on spring no 

ProGAV Aesculap-Miethke ADJ + G ball on spring yes 

M Blue Aesculap-Miethke ADJ + G ball on spring no 

Shunt reservoir Aesculap-Miethke ICP telemetry  N/A no 

Dual Switch Aesculap-Miethke G diaphragm & spring no 

HLL Life Care Limited Ceredrain DP diaphragm no 

Chhabra Chhabra DP + ASD slit and spring no 

Hakim Precision Valve Codman DP ball on spring no 

Hakim Adjustable Codman ADJ ball on spring yes 

Unishunt Codman DP distal slit no 

Accu-Flo Codman DP silicone membrane no 

Holter Valve Codman DP proximal slit no 

Sphera duo HPBio DP ball on spring yes 

Sphera pro HPBio ADJ + G ball on spring yes 

Omnishunt Integra DP ball on spring no 

Hakim Valve Integra DP ball on spring no 

In-Line Valve Integra DP mitre no 

Orbis Sigma Valve Integra Flow-regulating diaphragm yes 

Low Profile Valve Integra DP + ASD silicone membrane no 

Pudenz Flushing Valve 

w/ ASD 

Integra DP + ASD silicone membrane no 

Strata Medtronic PS Medical ADJ + ASD ball on spring yes 

Strata NSC Medtronic PS Medical ADJ ball on spring yes 

Strata 2.0 Medtronic PS Medical ADJ + ASD ball on spring yes 

CSF Lumbop.Shunt Medtronic PS Medical DP distal slit yes 

Delta Valve Medtronic PS Medical DP + ASD silicone membrane no 

CSF Flow Control V. Medtronic PS Medical DP silicone membrane no 

Novus Natus DP + G silicone membrane no 

Contour-Flex NAtus DP silicone membrane no 

Diamond Valve Phoenix Flow-regulating diamond aperture no 

Contour Flex Radionic Medical P. DP silicone membrane yes 

Sophy Sophysa ADJ ball on spring yes 

Sophy Mini Sophysa DP ball on spring yes 

Polaris Sophysa ADJ ball on spring Yes 

Synchrony Ventura DP proximal slit yes 
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techniques and armamentarium this scenario has 
completely changed with current mean perioperative 
and long-term mortality rate of 0,1% and 1,4%, 
respectively. However, despite of the increasing 
variety of complex and expensive shunt devices 
becoming available for clinical use during the last 
decades, the treatment of hydrocephalus in adults and 
pediatric patients remains challenging, with 
approximately 40% of shunt-failure within two years of 
implantation and 98% failure after 10 years follow-up 
(7–9).  

 

 
Figure 2 - Pressure gradient driving flow in a shunt system 
depending on body position. 2a. In the horizontal position flow 
depends on the intraventricular pressure, the opening pressure of 
the valve and on the distal cavity pressure; 2b. In the vertical 
(standing/sitting) position, intraventricular pressure is negative. In 
order to avoid overdrainage, the valve opening pressure should 
counteract the hydrostatic pressure. ρgh: hydrostatic pressure, 
DCP: distal cavity pressure. 

 
Since 1949, more than 200 different types of shunt 

devices have been described (10). Initial valves 
belonged to the group of first-generation differential 
pressure shunts and consisted of following working 
mechanisms: ball and cone, diaphragm, proximal slit 
and distal slit. Interestingly, the four technical 
principles for the construction of the first-generation 
valves were already established even before 1960 
(2,11,12). The second generation of shunts aimed to 
decrease the incidence of overdrainage. They 
included the first adjustable devices (Kuffer & Strub, 
1969 and Hakim, 1984), the flow-regulated systems 
(Orbis-Sigma, Sainte-Rose, 1987), and also 
introduced the concept of antisiphon (Portnoy & 
Schulte 1973) and gravitational mechanisms (Hakim, 
1975)(2). Figure 3 shows schematic representation of 
the working mechanism by shunt type. 
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Figure 3- Schematic representation of the main shunt types. 3a. Slit 
valve; 3b. ball and cone; 3c. Diaphragm or silicon membrane; 3d. 
ball on spring; 3e. membrane anti-siphon device; 3f. gravity-
controlled balls anti-siphon device 

 
 

 
Adjustable shunts systems 
 
In 1973, Hakim et al introduced a shunt device that 

could be adjusted by a magnet over the skin (13). This 
was further developed until the adjustable Medos-
Hakim became available and widely used from 1989. 
Currently, approximately eight types of adjustable 
designed are on the market (Table 1). The most 
common are the Codman Hakim Medos (spring-ball 
valve), the Medtronic Strata (ball and a magnetic 
rotor), the Sophy SM8 and Polaris (semicircular spring 
attached to the end of a pivoting bar) and the Miethke 
adjustable-gravitational devices. All these systems are 
theoretically MRI compatible, however some reports 
have shown irreparable damage of some devices, 
following exposure in an MRI environment (8). 
Therefore, it is advisable to routinely double-check the 
shunt settings after MRI imaging. 

 
 
Antisiphon and gravitational systems 
 
Siphoning effect is defined as the occurrence of 

overdrainage due to hydrostatic pressure as the 
patient stands. This can lead to serious deleterious 
effects, particularly to negative intracranial pressure, 
such as subdural hematomas, craniosynostosis and 
coma (14). Various antisiphon systems have been 
developed since the introduction of the Heyer-Schulte 
membrane device in 1973. The membranous 
compartments are sensitive to negative hydrostatic 
pressure, which closes the valve output as the patient 
assumes upright position (e.g. the Delta valve, built in 
the Medtronic Strata device). The gravitational devices 
were also designed to reduce overdrainage and 
consist of metal balls that gradually fall within a cone-
shaped seat as the patient moves from horizontal to 
vertical position, blocking the passage of CSF (e.g. the 
Miethke ProGAV). A well-known problem of 
gravitational valves is that an inadvertent 
displacement from its vertical alignment with the body 
results in changing the opening pressure and variable 
gravitational function (8,10,15). Kiefer and Eymann 
(2009) reported a prospective analysis of 130 patients 
implanted with gravitational valves, with mean follow-
up of 8.1 ± 1.7 years. All patients received adjustable 
or non-adjustable gravitational shunts (Miethke Dual-
Switch, Miethke Shunt-Assistante, adjustable 
Codman-Hakim and the Gravity-Assisted Valve GAV). 
They reported an overall 79% shunt-survival, 3% 
infection rate and 5% overdrainage. The Siphonguard 
device (Codman Hakim) was also designed to reduce 
overdrainage through a flow regulating mechanism, 
however high flow can occur even in case of high 
resistance state. 
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Shunt sensors 
 
 Currently, shunt performance is usually 

evaluated clinically and by imaging techniques, such 
as computed tomography and plain radiography. 
Shunt flow and CSF pressure can also be assessed 
by shunt tapping, however, these methods have clear 
limitations and expose patients to risks (i.e. ionizing 
radiation, infection, damage of the valve). Telemetric 
intracranial pressure monitoring seems to be a 
promising alternative to support diagnosis and fine 
adjustments in shunt-treated patients. In the last 
years, clinical and preclinical experience with shunt-
sensor devices have been reported (8,16,17). Antes et 
al (2018) reported experience with the Miethke 
Sensor-reservoir in 25 patients presenting suboptimal 
improvement following shunting. The Shunt-reservoir 
consists of a device measuring 23.8 mm in diameter 
by 7.7 mm in height, which is attached to the proximal 
ventricular catheter at the level of the burr hole and 
distally to the rest of the shunt system. It has a built-in 
cell, which allows the non-invasive ICP monitoring in 
the presence of CSF flow (16). Measurements were 
taken with the patient standing, sitting and in the 
horizontal position. The authors showed that the 
telemetric ICP monitoring provided useful insight, 
allowing fine-tuning of the valve settings and 
improvement of clinical symptoms in 18 out of 25 
patients (72%). Interestingly, there was no correlation 
between optimal ICP and relief of symptoms or 
specific shunt settings (16). Although it may be an 
interesting strategy in selected difficult shunt cases, its 
large size, the impossibility to perform continuous ICP 
measurements and its prohibitive costs are 
considerable drawbacks of the Miethke Shunt-sensor. 

 
 
Scientific evidence and recommendations 
 
Recent studies evaluating the clinical impact of 

adjustable devices versus non-adjustable valves on 
outcome failed to provide evidence to recommend one 
or other in the treatment of pediatric hydrocephalus 
(Level II). Although higher rates of overdrainage have 
been observed with standard differential pressure 
valves, data available in the current medical literature 
is not sufficient to support any recommendation(18). 
Kestle et al (2000) reported a Class I, randomized 
controlled trial, comparing three types of valves: 
standard differential pressure, Delta (Medtronic) with 
antisiphon mechanism and Orbis-Sigma (Cordis) with 
variable resistance and flow-limiting feature (19). One 
hundred and seventy-seven patients were included 
across North America and Europe and followed-up for 
at least 12 months. The authors concluded that there 
was insufficient evidence to recommend the best 
shunt for initial treatment of hydrocephalus in 
children(19).  

Warf et al (2005) published a prospective trial 
comparing the Codman-Hakim microprecision valve 

versus a standard low-cost differential pressure 
Chhabra device in 195 children. The end points of that 
study were shunt malfunction, migration, wound 
issues and death at 12 months follow-up. No 
statistically significant differences were observed (p = 
0.2) (20).  

Several companies offer low-cost differential 
pressure shunt systems with antiphon mechanism. 
The mechanism is well-known and consists of one to 
three stainless steel weighting balls pressing on a 
sapphire ball with increasing pressure, from the 
horizontal to the vertical position, which increases the 
shunt opening pressure. Other more expensive 
gravitational valves work the same way. However, it 
has to be pointed out that some low-cost models do 
not dispose an anti-reflux valve, so that reflux towards 
the ventricles is likely to happen. Another caveat is the 
occurrence of overdrainage depending on patient’s life 
activity, since some of these devices have low 
resistance to flow (15).  

Beuriat et al (2017) reported a large retrospective 
study, which included 975 children submitted to shunt 
or ETV, with mean follow-up time of 11 ± 7.4 years. 
Six hundred ninety-five patients were submitted to 
shunt treatment, either using the Orbis-Sigma valve 
(91.4%) or a standard differential pressure device 
(8.6%).(21) The overall ETV survival analysis showed 
76.9% at 1 year and 70% at 10 and 20 years. 
Regarding shunt treatment, the Orbis-Sigma showed 
better survival (p = 0.009) and less overdrainage (p = 
0.007), although valve obstruction occurred earlier 
than in the differential pressure group. This had been 
previously reported by other groups and is in line with 
its high-resistance valve concept (22). 

A systematic review recently analyzed the impact 
of technological progress in reducing shunt failure. 
The authors pooled data from over 33,000 patients 
and concluded that pediatric shunt failure rates have 
not decreased over the last decades (23). One aspect 
that became evident was that early case series had 
higher number of late shunt failure (after 12 months 
follow-up), related to the higher number of ventriculo-
atrial shunts and migration of the distal catheter due to 
growth. Apart from that, no clear reduction of shunt 
complications (i.e. follow-up issues requiring revision 
or shunt replacement) was observed in the pediatric 
population (23). This may be explained by the fact that 
in most cases pediatric hydrocephalus can be 
adequately treated by any regular differential pressure 
shunt device. Advanced technology seems to play 
more important role in few selected cases.  

Taken together, although one cannot neglect the 
contributions of technological advances to this field 
during the last decades, it seems that other important 
aspects might have been overlooked. First of all, more 
investments in research for a better understanding of 
the diverse underlying mechanisms of hydrocephalus 
are urgently needed. Secondly, the importance of 
teaching of proper surgical technique within 
neurosurgical residency programs must be reinforced 
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for achievement of optimal results. Shunt surgery is 
often underestimated and regarded as a simple 
procedure by residents and neurosurgical staff, 
leading to avertible complications and unnecessary 
repeated surgeries. Simple problems such as kinking 
of the catheter, air bubbles within the system or even 
shortening of the distal catheter can all dramatically 
alter the dynamics of a shunt system, possibly favoring 
malfunction, obstruction or siphoning. 

Finally, variables such as “shunt survival rate” and 
“shunt complication rate” often reported in shunt series 
must be interpreted with caution. Special attention 
must be given to the risk profile of a shunt device, 
which may be more relevant than simply the 
complication rate. Last but not the least, shunt survival 
depends not only on the underlying pathology, age 
and type of shunt device used, but also on the 
investigator’s surveillance. Sometimes it may be 
challenging to differentiate between real shunt failure 
and functional failure of the device, so that high clinical 
suspicion and active vigilance is mandatory 
(10,19,24).  

 
Conclusion 
 
Shunt technology has evolved during the last 

decades and continues to be intensively developed. 
Despite of the huge arsenal of different types of shunt 
systems available on the market, the treatment of 
hydrocephalus remains challenging. Knowing exactly 
how to choose the right shunt system in a specific 
patient still seems to be well beyond our current 
understanding about CSF dynamics in the CNS, 
especially in the brain already changed by 
hydrocephalus. Currently, scientific evidence does not 
support recommendations in favor of a specific type of 
shunt device for pediatric patients. Investment in 
research, education and training, as well as 
prospective randomized multicentric trials evaluating 
the role of specific valves in the treatment of individual 
group of hydrocephalic patients are urgently needed. 
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