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Slit ventricle syndrome: Historical 
considerations, diagnosis, 
pathophysiology, and treatment review
Dimitrios Panagopoulos, Ploutarchos Karydakis1, Marios Themistocleous

Abstract:
After the introduction of shunt treatment for the management of childhood hydrocephalus, a wide 
variety of complications related to this treatment modality have been recognized. The entity of slit 
ventricle syndrome (alternatively, symptomatic ventricular coaptation) is one of them, is frequently 
encountered in the pediatric population and its symptom complex resembles that of shunt failure. 
We conducted research on PubMed®, MEDLINE®, and Web of Science®, using the keywords: “slit 
ventricles,” “slit ventricle syndrome,” “SVS” and “ventricular coaptation.” The aim of our review was 
to trace the advances made through the past decades, concerning our knowledge about the clinical 
characteristics, pathophysiology, and treatment options of this entity. The discrepancy among 
researchers about the offending etiology and the optimum treatment algorithm of this entity, as well 
as the necessity of an updated concept regarding shunt over drainage is analyzed. The multiple 
treatment modalities proposed and pathophysiologic mechanisms implicated for the treatment of 
slit ventricle syndrome illustrate the complexity of this entity. Consequently, the issue requires more 
detailed evaluation. In this review, we comment on all the main facets related to shunt over drainage 
and the resultant slit ventricle syndrome.
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Introduction

Before the 1950s,  the outcome of 
patients with hydrocephalus who 

remained untreated was extremely 
dismal. More precisely, approximately 
49% of patients had died by the end 
of the 20‑year observation period and 
among the survivors, only 38% had an 
intelligence quotient > 85.[1,2] The modern era 
of management for hydrocephalic patients 
began in 1949 with Nulsen and Spitz inserting 
a unidirectional, pressure‑responsive valve 
into a ventriculo‑venous shunt system.[3‑5]

The first case report of over‑drainage 
of cerebrospinal fluid was probably 

that reported by Dandy in 1932, who 
described the sudden and rapid drainage 
of cerebrospinal fluid (CSF) leading after 
surgery to intracranial hypotension, along 
with ventricular collapse. However, Becker, 
in 1968, was the first to introduce the term 
“over‑drainage” in the literature.[6,7] A few 
years later, Portnoy emphasized on the role 
of postural change (siphoning) in the genesis 
of over‑drainage and developed a control 
device for its management.[6,7]

The introduction of shunting devices 
substantially improved the natural history 
of the entity named hydrocephalus but 
was accompanied by a constellation of 
complications. Indeed, although the 
development of valve‑regulated shunts 
has decreased the morbidity of children 
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suffering from hydrocephalus and improved their 
neuro‑cognitive outcome,[8‑10] a wide variety of long‑term 
complications arose, not being able to be predicted from 
the beginning. The most common and most chronic of 
these newly recognized conditions is the association 
of chronic headaches with the existence of a shunt. 
Severe headache disorder in patients with shunts and 
small ventricular dimensions has been termed the 
“slit‑ventricle syndrome,”[11] but, undoubtedly, is not 
a single pathological entity. Instead, several different 
pathophysiological mechanisms are considered to 
be implicated, which could potentially underlie this 
constellation of findings.[12] Slit ventricle syndrome 
is currently universally accepted to be one of those 
complications[13] and its severity and complexity are 
indicated by the extended number of literature referrals 
and papers that are dedicated to it, even since 1980 and 
so on.[14‑18]

Materials and Methods

Our review included articles, including case reports, 
previous reviews, technical notes, and clinical studies, 
centered on the entity of slit ventricle syndrome (SVS). 
We conducted research on PubMed®, MEDLINE®, and 
Web of Science®, using the keywords: “slit ventricles,” 
“slit ventricle syndrome,” “SVS” and “ventricular 
coaptation.” At first, we used Web of Science to conduct 
a bibliometric analysis of the results and thus identify 
the most prominent articles on this topic. Besides, we 
utilized PubMed® and MEDLINE® to enrich our results 
with the latest published articles.

Discussion

SVS is a chronic complication of ventriculoperitoneal 
shunt placement for the treatment of hydrocephalus. It 
is observed in 4%–37% of patients who undergo shunt 
procedures.[12,14,18‑20]

A common and not completely resolved point of 
controversy and confusion among researchers, which 
reflects in the formulation of a treatment algorithm, is 
the demarcation of a consensus about the definition of 
slit ventricle syndrome. A commonly encountered pitfall 
in the vast majority of papers dedicated to slit ventricle 
syndrome emerges from the fact that it is rarely specified 
which clinical pattern case reports are referring to.[1] 
Radiologically, up to 50% of shunted children may fulfill 
the criteria of the entity of slit ventricle and the patients 
suffering from headaches may be categorized under at least 
5 clinical groups.[21‑23] This ambiguity could be considered 
a possible source of the confusion related to slit ventricle 
syndrome. As a consequence, it could be regarded as 
a potential obstacle, which is related to the inability to 
formulate widely accepted treatment algorithms.

The most widely accepted clinical patterns which may 
be associated radiologically with slit ventricles are: 
True over‑drainage with negative pressure, an on‑off 
symptom complex, recurring proximal ventricular 
dysfunction, chronic subdural collections due to shunt 
over‑drainage and headaches unrelated to shunt 
function. Reviewing literature reports regarding SVS, we 
encountered an early report of researcher’s experience 
with this condition, who defined SVS as a triad involving 
the following: Intermittent headaches lasting 10–90 min, 
small ventricles on imaging studies, and slow refilling of 
the pumping mechanism of the valve.[11] Lage considered 
that the most appropriate term to describe this entity 
was "symptomatic ventricular collapse." The relevant 
clinical picture was consisting of headache and vomiting, 
along with different degrees of altered consciousness, 
combined with imaging findings showing very small 
ventricles and slow filling of the valve reservoir.[6] 
Nowadays, according to the literature, the underlying 
pathophysiologic mechanism that is presumed to be 
responsible for over‑drainage is related to what has 
become known as “shunt‑related headaches.” Most 
researchers agree with the recommendation that the 
true slit ventricle syndrome is mainly a manifestation 
of the on‑off symptom complex. Based on that, their 
recommendation is that this should be known as the 
non‑compliant ventricle syndrome. The presentation is 
a constellation of intermittent clinical features, consisting 
of shunt obstruction, slit‑like appearance of ventricles on 
computed tomography scanning and slow refill of shunt 
pumping devices.

A great controversy exists regarding the exact 
pathophysiologic substrate of this entity, which 
definitively interacts with the adoption of the most 
efficient treatment strategy.

Another important issue is the clinical status of 
the majority of these patients suffering from SVS. 
Regardless of the predominant mode of their clinical 
presentation, most of them report from their medical 
history an operation for shunt placement during their 
first year of life.[24] The onset of symptomatology varies, 
with the vast majority of them being referred between 
3–5 years after first shunt introduction. The concepts of 
shunt‑related headaches and slit ventricle syndrome, 
with which the former is associated, have been accepted 
almost universally, though with subtle differences. 
Cheok has published a historical timeline of siphoning, 
over‑drainage, and slit ventricle syndrome.[7]

An interesting report regarding the pathophysiology of 
the syndrome and the possible role of a lumbo‑peritoneal 
shunt in its management is presented by Khorasani 
et al.,[3] and is supported by another report.[25] More 
precisely, they supported the theory that by introducing 
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a shunt into a closed system, like the ventricular cavities, 
the system is supposed to adjust until a new equilibrium 
is reached. After the insertion of an intraventricular 
catheter, an equilibrium must be reached between forces 
tending to dilate and contract the ventricle. Forces that 
are destined to contract the ventricles include increased 
elastance over time due to maturation‑associated 
changes such as myelination and glial proliferation. 
This is supported by the fact that the peak prevalence 
of SVS exists between 5 and 10 years of age in children 
who have been shunted for the first time at infancy.[26,27] 
Another force resisting ventricular dilation in patients 
with ventriculo‑peritoneal shunt (VPS) is the increase 
in elastance attributed to subependymal gliosis 
promoted by the long‑term presence of ventricular 
drainage.[28] Along with the increased elastance of the 
brain parenchyma over time causing the ventricles to 
collapse, patients with a VPS often have depressed 
intraventricular pulse pressure. This is considered to be 
an important force in dilating the ventricles. Hydraulic 
and mechanical mismatching of CSF shunts to individual 
patients may lead to over‑drainage of CSF, resulting in 
the development of the entity of SVS.

Shunt over‑drainage represents a pathophysiologic 
entity that is related with considerable controversy 
when its pathogenetic substrate is being investigated. 
According to our current scientific data, we could 
support the hypothesis that drainage of CSF should not 
be regarded as the sole mechanism that underlies this 
condition. A fact that is against the theory that the only 
implicated factor is CSF over‑drainage relates to the 
recording that intracranial pressure (ICP) levels are often 
disproportionately elevated.[29] A very well presented 
and documented analysis of the most prevalent 
underlying etiologies is written by Ros et al.,[6] which 
recognizes the following theories as the pathophysiologic 
substrate of SVS:

Theory of acquired craniocerebral disproportion 
(supra and/or infratentorial)
This theory proposed that slit ventricle syndrome 
should be considered as a consequence of early suture 
ossification, which was a secondary effect associated 
with drainage of CSF via a working shunt. Insertion of 
a VPS in newborns and infants has as a consequence the 
remodeling of the skull, which leads to a craniocerebral 
disproportion. In the majority of the aforementioned 
patients, a shunt has been inserted during the first 
year of life and they were associated with remarkable 
microcephaly. Based on the doctrine of Monro‑Kellie, 
we could explain the resultant intracranial hypertension, 
along with the existence of tonsillar herniation below 
the foramen magnum, which is described as acquired 
or secondary Chiari I. Imaging finding consistent with 
tonsillar herniation were, initially, more frequently 

encountered in patients harboring lumboperitoneal, 
rather than ventriculoperitoneal shunts. However, 
Rekate[8] was unable to verify this proposed relationship 
between lumboperitoneal shunts and Chiari I, a finding 
that is in contradistinction to that theory. However, the 
management protocol that is considered to be the most 
suitable for the patients that are categorized under this 
entity (acquired craniocerebral disproportion) is the 
expansion of the supratentorial cranial compartment, 
while the existing shunt is maintained.

Theory of periventricular gliosis or “stiff ventricle”
The development of gliotic scar tissue around the 
ventricles has been considered as been associated with 
the existence of a chronic CSF drainage system. When 
insertion of a new ventricular catheter is performed, 
this process could result in an increased resistance 
when canulation of the ventricular system is attempted. 
This is called “stiff ventricle” and it may be an obstacle 
to the development of ventricular enlargement when 
failure of the shunt system is verified. The pathological 
finding of periventricular gliosis could be the equivalent, 
in anatomical terms, to a system that is characterized 
by the presence of increased elastance. Contrary to 
that theory are studies centered on patients that are 
characterized by overdrainage, which did not reveal 
significant differences related to the existence of 
reactive astroglia in the periventricular white matter 
when normal subjects were compared with children 
who had died due to shunt failure and associated 
ventricular dilatation.[8] Additionally, If the inability of 
the ventricular system to increase its dimensions was 
merely associated with periventricular gliosis, this would 
not permit the transmission of pressure. Because of that, 
a pressure gradient would be established. This concept 
was not verified by experimental work which compared 
intraventricular pressure with intraparenchymal 
pressure using bolus infusion.[8]

Theory of venous congestion and increased 
cerebral elastance
Patients who are subject to episodes of hypotension 
which is alternated with hypertension of shunt 
overdrainage are amenable to the development of 
a state characterized by reduced compliance, or, in 
different words, increased elastance or stiffness. This 
pathological situation renders patients particularly 
susceptible to minor alterations of ICP measurements. 
Elastance constitutes an intrinsic property of the brain 
and it refers to the resistance to distortion (viscoelastic 
properties). It is largely determined by the volume of 
the venous compartment, along with the functionality 
of the mechanisms that determine the venous outflow 
of the cerebrum. Indeed, when overdrainage of CSF is 
evident, this is related to ICP values below zero this 
fact is associated, based on Monro‑Kellie doctrine, with 
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venous congestion. This pathophysiologic cascade leads 
to increased brain elastance. When shunt failure occurs, 
ICP increases and this may provoke the development of 
increased transmural pressure, with the resultant sudden 
collapse of bridging veins to the major venous sinuses. 
This sequence of events could be the generative cause for 
the development of a model of positive feedback between 
venous and intracranial hypertension. This mechanism 
could only support the concept of treatment of a group 
of patients suffering from shunt overdrainage via the aid 
of a lumboperitoneal shunt.

Theory of ventricular isolation
This theory has been suggested based on the changes on 
the morphometric characteristics of the ventricles that 
are encountered in cases of chronically inserted drainage 
systems. When overdrainage is evident, asymmetry in 
the dimensions of the ventricular system may develop, 
which consists of collapse of the ventricular system 
harboring the central catheter, resulting in its occlusion. 
Additionally, enlargement of the contralateral ventricle 
may ensue. This sequence of events may be transitory, 
a concept that is compatible with the intermittent nature 
of the clinical presentation which characterizes the slit 
ventricle syndrome. When the distal tip of the central 
catheter is occluded, the CSF compartment that refers 
to the ventricular system becomes entrapped, and 
this could be related to the contralateral ventricular 
enlargement, along with the resultant intracranial 
hypertension. Based on that concept, slit ventricle 
syndrome could be regarded as synonymous to 
ventricular isolation. This model provides support to the 
management plan which consists of treating a specific 
subgroup of patients suffering from shunt overdrainage 
by the establishment of communication of the isolated 
compartments with the rest of the ventricular system via 
the aid of neuroendoscopy.

Theory of capillary absorption laziness
Some researchers consider that in patients who 
manifest chronic overdrainage (in the setting of a 
ventriculoperitoneal shunting), the pressure within the 
ventricles, as well as within the subarachnoid space of the 
cerebrum ranges in low, or even in negative, settings.[6] 
When acute shunt malfunction becomes evident, there 
is no effective compensatory mechanism for the acute 
management of the increased intraventricular and 
extracellular fluid pressures. This condition is presumed 
to lead to cerebral edema due to the accumulation of 
extracellular fluid.

Theory of the pulsatile vector for shunt 
over‑drainage
A newly proposed theory about the development of the 
slit ventricle syndrome is centered on an alteration in the 
transmission of the arterial cerebral pulsatility to the CSF. 

It mainly refers to patients with shunt systems draining 
CSF from the extrathecal compartment. According to this 
hypothesis, the treatment of shunt overdrainage could be 
based on the reduction of the pulse wave transmission to 
outside the extracranial compartment. To achieve that, 
they proposed the use of devices capable to regulate the 
antigravitational drainage, to prevent the uncontrolled 
drainage of the CSF during activities of daily living.

Theory of the siphon effect
The theory of the siphon effect justifies the management 
of over‑drainage by systems to offset the siphon effect, 
the so‑called antisiphon devices, or other systems that 
increase the resistance to drainage across the valve.[30‑32] 
These antisiphon systems could be used preventively in 
the first shunt implantation or at the time of revision due to 
malfunction, attempting to reduce the rates of ventricular 
catheter obstruction and the probability of developing 
symptomatic shunt over‑drainage.[33] Conclusively, it 
appears that multifactorial pathophysiology should be 
responsible for the development of SVS.[1,3] These newer 
theories about the genesis of SVS share in common 
with previous studies the demographic characteristics 
and risk factors of the patients included in this group. 
More precisely, they mention that symptoms more often 
appear before the age of 10 years, generally between the 
ages of 2 and 5 years,[34] though others have reported a 
peak at 6.5 years.[35] A clinical observation related to slit 
ventricle syndrome is that it is less common in children 
with hydrocephalus associated with cerebral palsy and 
relevant atrophy.[29] Buxton reported a mean age at 
diagnosis of 7–9 years,[21] although the transition from 
normal ventricles to ventricular collapse can occur later 
and is therefore difficult to be predicted with accuracy.[36] 
One of the most widely accepted risk factors is shunt 
implantation during the first months of life.[29,34,37] Other 
risk factors are related to hemorrhage[38] (posthemorrhagic 
hydrocephalus of the newborn or premature infant), 
infection (neonatal meningitis), valve malfunction (more 
common in valves that have been functioning well for 
several years),[20] and the hydrodynamic properties 
of the valve.[20] The latter issue is more evident with 
the use of low differential pressure opening valves 
that is considered by some researchers some the most 
undisputed predictor for the development of slit ventricle 
syndrome.[39] The fact that the time of first intervention for 
treatment of hydrocephalus is an important part of the 
history is supported by a recent review article.[40]

Another important issue in the management of the 
entity of SVS is the surgical treatment of this entity 
and the orientation of our treatment goals. Based on 
our current knowledge about the pathophysiology of 
SVS, the standard treatment for shunt over‑drainage 
is the reduction of CSF flow across the valve system. 
This can be accomplished by placement of a device 
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that counteracts the siphon effect, ideally additionally 
increasing the valve opening pressure,[20] or by using 
self‑adjusting valves or flow control systems.[39] A 
large cohort studies centered on the relevant efficacy 
of flow control versus anti‑siphon valves[37] concluded 
that early development of SVS could be addressed by 
raising the opening pressure of the inserted valve early 
in the clinical course of the patient, an option that is 
easily to be accomplished when a programmable valve 
is inserted.[37,41]

Despite these modern treatment options, the rate 
of recurrence continues to be relatively high and 
other treatment options should be incorporated. One 
of them involves repositioning catheters or shunt 
transferring, placement of a complete second shunt 
system, “Y” connectors between the two ventricular 
catheters, or a single multi‑perforated catheter in 
both lateral ventricles (trans‑septal catheter). These 
procedures can be made easier with neuronavigation or 
neuroendoscopy.[42‑44]

Another alternative option, in the case previously 
proposed therapeutic measures have failed, is considered 
to be the insertion of lumboperitoneal shunts and the 
performance of cranial expansion surgeries, which can 
increase the buffering capacity of the brain.[28,45‑47] An 
additional role for these systems relates to their capacity 
to circumvent VPS mechanics and to directly drain 
the SAS.[48] Drainage of CSF through the subarachnoid 
space permits a certain degree of ventricular dilatation 
by creating a favorable pressure gradient through the 
cortical mantle.[3] Lumboperitoneal shunts can be used 
alone or in combination with the third ventriculostomy, or 
other treatment modalities, depending on the underlying 
pathology.[14] An interesting case report, referring that 
only bilateral shunting of the ventricular system was able 
to eliminate the symptoms permanently,[49] is recently 
reported.

In case that the treatment armamentarium that is 
available for SVS (e.g., shunt revision, cranial expansion, 
lumboperitoneal shunt) does not work,[47‑49] there are 
studies which have described endoscopic procedures 
for the treatment of SVS. These include shunt 
replacement, shunt removal, and endoscopic third 
ventriculostomy (ETV), which are safe and effective 
treatment options.[20,50,51] There are previous reports who 
support the concept of performing ETV as an effective 
strategy for the management of SVS that occurs following 
shunt placement.[46] Another recent report[52] supports 
the effectiveness of aqueductoplasty in the treatment 
of isolated fourth ventricle when is considered to be 
combined with slit‑ventricle morphology on imaging 
studies. An algorithm, which indicates most currently 
accepted treatment options and alternatives associated 

with the different clinical manifestations of this 
syndrome, as well as its associated pathophysiologic 
substrate, follows [Figures 1‑3].

Regarding the definition of the syndrome, the triad 
of headache, small ventricles, and slow valve refilling 
conform to the typical diagnostic criteria. Nonetheless, 
we have encountered different or atypical forms of 
presentation, as well as apparently silent forms but with 
intracranial hypertension.[53,54]

As far as the issue of the definition of the term SVS 
is considered, it is a common concept that there are 
different forms of presentation, as well as types of 
shunt over‑drainage. Besides that, we could support 
the concept that the classifications proposed by Rekate, 
Khorasani, and Olson, albeit only coincide in some of the 
types, even though they are obviously using different 
terminology.

The pathophysiology of this condition is considered to 
be the key element in our effort to improve the efficacy 
of our treatment strategies. Currently, there is no theory 
that can unify the variously proposed models. A possible 
explanation should be that in any particular case, there 
should be more than one pathophysiological mechanism, 
perhaps with one predominating, and it is evident that 
this one should suggest the main treatment strategy. 
Despite progress in valve technology, CSF over‑drainage 
continues to be one of the most usual complications in 
shunted hydrocephalus.[55] A multi‑centered comparison 
of different treatment strategies for groups of patients 
who fulfill the same diagnostic criteria would be 
beneficial, which, in turn, would enhance our ultimate 
goal, which is improvement in clinical practice and 
patient care.[56]

In cases of refractory shunt over drainage, a final 
treatment option that is adopted is the execution of 
cranial expansion procedures. A variety of techniques 
have been employed the oldest and most basic 
technique utilized in patients suffering from secondary 
craniosynostosis related to a CSF is suturectomy.[57] Later 
on, a more complex surgical concept was introduced, 
which involved subtemporal decompression of 
4 cm × 6 cm, which was eventually combined with a 
dural opening.[58,59] Nowadays, other surgical alternatives 
are introduced, including cranial vault expansion,[45,60] 
which are considered as more suitable for patients who 
are shunted early in their life. These patients commonly 
develop secondary craniosynostosis and microcephaly. 
Furthermore, this treatment option is suggested in cases 
of shunt over drainage without ventricular dilatation,[1] 
as well as in syndromic craniosynostosis. The current 
trend is not to consider these techniques as first‑line 
management of slit ventricle syndrome. As such, they 
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are usually selected for cases in which we are unable to 
adequately control CSF drainage via the selection of any 
type of valvular mechanism.[6]

Based on our research, we mention that propose ETV 
is proposed as a suitable alternative for this entity. 
It is remarkable that the success of this technique is 
irregular depending on the pathology that caused the 
hydrocephalus in the first place. Also, ETV is difficult 
to perform in these patients because of the collapse of 
the ventricular system. Researchers state that the cranial 
expansion technique in SVS cases allows ventricular 
expansion and favors the ETV procedure. Some cases 
have been treated this way with good results, but 

this approach is highly controversial and cannot be 
considered an alternative for all the cases.

In order to assume a thorough perspective of the entity of the 
slit ventricle syndrome, any figures or percentages would 
be helpful to depict the distribution of patients in diagnostic 
and therapeutic perspectives. It would be a helpful adjunct 
for our research to know how many patients with chronic 
headache and existing shunts got symptom‑free after 
simple pressure adjusting of shunt valves and how many 
patients are refractory to conservative measures and go to 
cranial expansion surgery. To the best of our knowledge, 
we haven’t heard the answer yet according to our opinion, 
this is due to the lack of concordant data.

Headache
(Shunt Associated)

Responsive to
conservative methods /

Non disabling

Disabling-Refractory to
conservative treatments

Antimigraine treatment Detailed clinical and
neurological evaluation,

neuro-imaging
(meet criteria for SVS)

Headache due to
intracranial hypotension

(overdrainage of
shunt system)

Pathological (decreased)
compliance of ventricular

system: Classical SVS (Chart 2)

Debatable Cases
(Chart 3)

Add Antisiphone Device / Upgrade existing one

Raise Valve Opening Pressure (replace existing non
programmable valve, or upgrade)

Refractory Cases: Combine both measures

Always check ventricular catheter and replace in cases of obstruction

Figure 1: Depicts a widely accepted algorithm for the management (conservative and surgical) of the clinical entity of headaches in children harboring a ventriculoperitoneal 
shunt
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According to our opinion, several definitions are 
rendered mandatory to clarify the relevant entities which 
are discussed in this manuscript. As already discussed, 
the term “Classical” slit ventricle syndrome refers to the 
original definition of the condition and required three 
things (as previously depicted) and included the failure 
of refilling of the pumping mechanism. Many and maybe 
most contemporary valves do not have a pumping 
chamber and that definition is no longer applicable. 
According to our opinion, to define the condition of 
slit ventricle syndrome we should use the following 
definition: “SVS is a syndrome of intractable headaches 
in shunted patients with small ventricle.”

According to Olson,[1] slit ventricle syndrome should 
probably be referred to as the non‑compliant ventricle 
syndrome, to avoid confusion of radiological "slit 
ventricles" with the syndrome. He also supports the 
concept that as the true slit ventricle syndrome is 
represented by the on‑off symptom complex, this should 
be known as the noncompliant ventricle syndrome 
to avoid confusion.[21] It is estimated that 6%–22% of 
children with imaging characteristics compatible with 
slit ventricles and associated headaches may suffer from 
the non‑compliant ventricle syndrome.[45,58]

Another pathologic entity whose definition remains 
an unresolved problem is the shunt over‑drainage 
syndrome. Nowadays, the most accepted concept of 
shunt over‑drainage is related to what has become known 
as “shunt‑related headaches.” Rekate[8] considered it to 
be an entity characterized by the appearance of severe 
headache, i.e. that which interferes with activities of 
daily living, in patients harboring a CSF shunt valve and 
normal or smaller than normal ventricles.

The charts that are included in our manuscript do 
recognize that there are several sub diagnoses for this 
syndrome. Figure 1 essentially does this by calling the 
SVS “Headache (Shunt Associated). On Figure 1 there 
is a block for headaches that respond to conservative 
treatments such as antimigraine medication. These 
patients do not, therefore, meet the criteria for SVS 
being “Disabling‑refractory” headaches. Basically, then 
SVS patients may require management of the shunt or 
the hydrocephalus. At this point, we recognize three 
subtypes of SVS.
1. Low ICP (similar to post spinal tap)
2. Pathological with non‑responsive ventricles called 

“classical” SVS. This condition seems to be “Normal 
Volume Hydrocephalus” as discussed in the text 
relative to reference 28 by Engle and Carmel. This 
problem is called “Ambiguous” cases in Figure 2. 
Rather than any of the other names that are given 
they then use the title “Classical” SVS. It would 
be less confusing to use either Normal Volume 
Hydrocephalus or their own name pathological 
compliance

3. Shunt over drainage syndrome

Figure 2 is an algorithm for the management of “ambiguous 
cases.” As in the Dandy classification, we recognize 
two subtypes, “obstructive” and “communicating.” 
Unfortunately, this too may become confusing. To Dandy 
and most papers now “communicating” relates to flow 
from the ventricles to the spinal subarachnoid space. It 
does not mean that the CSF can go from the ventricles 
to the cortical subarachnoid space. It would be better 
to ventricles expand or ventricles do not expand to 
clarify.[49]

In Figure 3, we limit the management of “classical” 
SVS to the manipulation of the valve. This is the usual 
treatment and often works. There are times however 
when it is necessary to access the cortical subarachnoid 
space as well as the ventricle in this treatment. This is 

Decreased Ventricular System Compliance

Abnormal Calvarial
Synostosis

Normal Volume of
Calvarium

Subtemporal (bilateral)
Decompression

Increase valve opening
pressure (in programmable)

Goal: Achievement of
Calvarial Expansion

Figure 3: Presents a management protocol in cases of patients harboring a 
ventriculoperitoneal shunt and in whom decreased ventricular compliance is 

anticipated

Pathological Compliance (normal  volume
hydrocephalus)

Externalization of shunt
system – monitor ICP

Normal ICP Raised ICP

Remove Shunt – Close
Follow Up

Endoscopic 3rd

Ventriculostomy
Obstructive

Hydrocephalus

Follow Algorithm of
Chart 2

Communicating
Hydrocephalus

Figure 2: Refers to a proposed management algorithm in cases which harbor a 
ventriculoperitoneal shunt and the presence of increased intracranial pressure is 

equivocal
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dealt with in the discussion related to the lumbar shunts 
and cisterna magna shunts.[3,40]

Shunt infusion study is still used in some institutes, 
although it constitutes an old diagnostic method. 
Actually, some researcher says it is the only method 
to determine the true functional state of the shunt 
in situ. Clinical practice has shown that accurate 
diagnosis of shunt malfunction is a clinical problem 
presenting many challenges.[61,62] More precisely, shunt 
malfunction can come to clinical attention with nontypical 
symptomatology and/or ventricular dimensions that do 
not differ from normal. Moreover, there is a subgroup 
of children which may not be clinically affected, but, on 
the other hand, they do not demonstrate the anticipated 
decrease of ventricular dimensions, along with the 
widening of external CSF spaces following a seemingly 
successful shunt placement. When the shunt‑opening 
pressure is low or is lowered (in cases of programmable 
valves) and the previously recorded situation is our case, 
this constitutes a more difficult to resolve the clinical 
challenge.[63‑65]

When we are confronted with equivocal cases, an option 
is to perform open shunt revision with intra‑operative 
shunt testing however, this is very invasive method. 
Serial follow‑up examination could be another option. 
However, this has the drawback of adding an element 
of delay in treatment, or long‑term neglect, especially 
in patients with complex postural over‑drainage or 
intermittent obstruction.[66‑69] Shunt testing in vivo using 
shunt infusion studies has been reported as a diagnostic 
adjunct for over 25 years and is utilized, in selected cases, 
in clinical practice.[70‑73] It is an accurate and relatively 
low‑invasive method that helps us to assess shunt 
function and detect over‑drainage, underdrainage as 
well as proximal or distal blockage.

It seems that the shunt infusion study is an accurate 
and radiation‑free diagnostic tool which provides 
a quantitative shunt assessment in the pediatric 
population, aiming to rule out or prove not clinically 
evident shunt malfunction. We consider that silent 
shunt dysfunction simply represents another form of 
compensated, even though not sufficiently treated, 
chronic hydrocephalus. This situation is accompanied 
by all devastating consequences to the development 
of the child, so shunt infusion studies constitute an 
important tool for the pediatric neurosurgeon. The 
recent bibliographic review considers that it provides 
a significant degree of certainty that children with 
shunted hydrocephalus either are harboring working 
shunts, or revision is necessary. A clinical benefit 
accompanied by radiologic improvement is clearly 
demonstrated.[61]

Results

Currently, based on a review of the literature, it seems 
that the most common practice for treatment of shunt 
over drainage, and consequently for the management 
of the slit ventricle syndrome, remains the decrease of 
the amount of CSF that is drained through the valvular 
mechanism. The most efficacious means to achieve that 
goal, apart from using an anti‑siphon device, consists 
of increasing the valve opening pressure,[1,11,20] either 
by upgrading the opening pressure of an existing 
programmable valve or by replacing the existing one 
with one that is adjustable.[41]

Despite advancement in our knowledge about the 
pathophysiology of the slit ventricle syndrome, there 
is no widespread consensus regarding the underlying 
substrate of the definition and etiology of headaches that 
are recorded in shunted patients.[8] Although upgrade 
of the valve opening pressure and incorporation of an 
antisiphon device constitutes a strategy commonly used, 
there are reports that mention that about 20% of these 
patients exhibit no improvement, or only a temporary 
response is recorded. A detailed investigation to clarify 
the pathophysiologic basis of the patient’s headaches 
is undertaken, before the adoption of more invasive 
treatment options. This includes the investigation 
of the relationship of headaches to the adequacy of 
shunt function and ICP. Therefore, definement of the 
relationship of ICP measurements and shunt function to 
the headaches is of paramount importance. Studies have 
been performed, centered on chronic monitoring of ICP 
in these patients suffering from shunt‑related headaches, 
and five syndromes of shunt‑related headaches have 
been delimited. Most importantly, it seems that each 
syndrome leads to specific treatment strategies.[12] Briefly, 
these syndromes are named intracranial hypotension, 
intermittent proximal obstruction, increased ICP 
with a working shunt: Cephalocranial disproportion, 
shunt failure without ventricular enlargement, and 
Shunt‑related migraine. All these data undermine the 
role of shunt function test in the algorithm.

Recent publications have suggested that the evidence 
about over‑drainage and its consequences should 
not be overestimated, although their role is relatively 
robust, necessitating that more focused trials and more 
examination of the topic is essential.[73]

Conclusions

The vast majority of patients treated for hydrocephalus 
with the implantation of a valve mechanism are 
chronically shunted patients suffering from frequent 
headaches. Nevertheless, it is a common concept that 
these patients have an acceptable quality of life without 
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requiring surgical intervention. Unfortunately, a small but 
undefined percentage of them complain of severe, frequent, 
or even daily headaches, which influence their daily living 
and require some form of interference to ameliorate the 
clinical consequences of this entity. Shunt over‑drainage 
and its associated morbidity have existed ever since 
hydrocephalus started to be treated with different shunt 
systems. Indeed, technological advancement, leading 
to the development of self‑regulated valve systems, 
programmable valves, and anti‑siphon devices are, in 
great part, the result of our efforts to find controlled 
and well‑adjusted CSF drainage methods, resembling 
the homeostasis of the normal brain. Despite a large 
number of relevant publications and the great advances 
in understanding the pathogenesis and treatment of 
this entity by many researchers over the last 60 years, 
important issues still exist concerning the definition of 
the entity, its classification, and the pathophysiological 
proposals behind the various treatment algorithms.

A comprehensive literature review reveals that the 
topic of shunt over‑drainage remains a complex and 
unresolved issue. In order to overcome this frustrating 
problem, our main target should be the acquisition of 
improved knowledge and definition of the syndrome, 
including the precise definition of the constellation 
of signs and symptoms, and its different patterns of 
presentation (clinical and its radiological correlates). This 
could enhance our effort in order to make it possible to 
identify (that is, to diagnose) and treat, and even better, 
prevent the evolution of this entity, as early as possible. 
Besides that, it would be helpful if we could be able to 
evaluate in a standardized manner the results of the 
different treatment strategies and protocols that are 
included in our current therapeutic armamentarium, 
as well as the overall state and clinical and neurological 
condition of the patients after treatment, focusing on 
symptom control. Scientific advancement, leading 
to the acquisition of self‑regulated valve systems, 
programmable valves, and anti‑siphon devices, mainly 
affects our efforts to invent controlled and well‑adjusted 
CSF drainage methods resembling the homeostasis of 
the normal brain.
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