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Abstract: Headache is currently considered to be a common neurological manifestation in the pediatric
population, along with one of the leading causes of disability and discomfort worldwide. Notably, when the
pediatric and adolescent subpopulations of patients are taken into consideration, headache is undoubtedly the
main culprit for a noteworthy impact on daily physical and psychological issues. The main point is that
definitive, high-quality evidence is limited and that not all subtypes of headache have been analyzed in details.
The main aim of the current review is to elucidate all aspects, as well as to highlight the main characteristics of
a specific subtype of the spectrum of headaches, which is related with the shunt overdrainage and slit ventricle
syndrome, in pediatric patients harboring an implanted shunt device for the management of hydrocephalus.
This problem is generally underestimated, although the entity of shunt overdrainage is a well-known
complication in the management of hydrocephalus. This is partly due to the absence of universally agreed-
upon diagnostic criteria, as well as due to a misunderstanding of relationships among the implicated
pathophysiological mechanisms. A lot of attempts have been performed to propose an integrative model,
aiming toward the determination of all the offending mechanisms of the shunt overdrainage syndrome, as well
as to the clinical determination of the characteristic symptomatology that accompanies the relevant headaches.
It seems that this subcategory of headaches, named postural dependent headache, are associated with nausea,
and vomiting and/or radiological signs of slim ventricles and/or subdural collections. The ultimate goal of our
review is to draw clinician’s attention, especially of those who are managing pediatric patients with permanent,
long-standing, ventriculoperitoneal or, less commonly, ventriculo-atrial shunts. This specific subgroup of
patients may eventually suffer from severe, intractable headaches which may negatively impair their quality
of daily living. In the absence of any other clinical condition that could be attributed as the cause of the
headache, shunt overdrainage should not be overlooked but, on the contrary, should be seriously taken into
consideration in the therapeutic armamentarium of such cases, that are difficult to be handled.
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1. Introduction

A recently published meta-analysis centered on primary headache epidemiology in children,
manifested that the prevalence of migraine in children and adolescents was 11% overall [1]. Existing
literature data support the concept that the incidence of pediatric headache peaks at 13 years of age
[2]. The term primary pediatric headaches, including the entity of migraine, constitutes a
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constellation of commonly reported neurological entities that are frequently encountered in clinical
practice. When the pediatric and adolescent population is being considered, they are associated with
a very disabling, albeit common, form of clinical disorder. Another main issue that is intimately
related with this clinical condition is underlined by the fact that the overall prevalence is unknown
and underestimated, as a lot of cases are underdiagnosed. Apart from that, the treatment options are
restricted, as the pathophysiology that accompanies this spectrum of disorders is not fully elucidated.
The main reason for this confusion comes from the limited number of relevant comprehensive
epidemiological studies, dedicated on the prevalence and incidence of primary headaches in the
pediatric age group. Moreover, the existing ones are frequently heterogeneous, and this is an intimate
characteristic of the intrinsic characteristics of the studies. These include age range, sex, social and
economic background, the utilized methodologies (e.g., school-based questionnaires, clinician
interviews, phone surveys), along with the different diagnostic criteria applied, which occasionally
may not be specific to developmental age [3]. So, compared to primary headaches in adults, Due to
all of these restrictions, a limited number of epidemiological studies are available in children and
adolescents, in comparison with their adult counterparts- based on bibliographic data, the estimated
prevalence of headache and migraine is up to 58% and 7.7% [4] respectively. In children and
adolescents, their quality of life is substantially impaired by headaches, causing negative feedback
on their daily living [5]: elimination of their social activities, physical activity and school absenteeism,
weaker learning outcomes, a higher risk of dropping out of school, and a negative effect on parent’s
careers [5,6].

The main purpose of this review is to analyze an aspect of the entity of pediatric headaches that
is not primary in origin, as migraine is, but, on the contrary, could be regarded as secondary to the
iatrogenic management of pediatric hydrocephalus. We have collected relevant data regarding the
entity of chronic shunt over-drainage and slit ventricle syndrome and tried to investigate their
pathophysiological association with the development of secondary, and often refractory to medical
treatment, headaches.

2. Materials and Methods

2.1. Search Strategy

We executed a title-specific search using Thomson Reuters Web of Science database to identify
the articles (reviews, case reports, original research, technical notes) that were related with shunt
overdrainage, slit ventricle syndrome and headache on ependymomas till March 2024. We used these
terms as our search criterion without setting any restrictions regarding publication dates. Afterwards,
we reviewed the results in order to clarify that they were relevant to the purposes of our research.
The papers that were chosen were further analyzed in order to extract any conclusions regarding the
existence of any association between shunt overdrainage and slit ventricle syndrome, with reluctant
headaches.

3. Discussion

3.1. The Entity of Shunt Overdainage and its Association with Headache

The term shunt over-drainage is been utilized in order to delimit a well-known complication
that is causally related with excessive drainage of cerebrospinal fluid in patients harboring a CSF
shunt system. The term “over-drainage” was first utilized in bibliographic series in 1968 [7,8] and is
been increasingly accepted and adopted since the 1990s [9,10]. It is world widely known that over-
drainage represents one of the most frequently encountered complications that is secondary to CSF
shunting procedures [11]. It may be associated with all types of CSF diversion procedures and is not
restricted to any specific pediatric age-group, but is most commonly encountered with valve-bearing
shunt systems [12]. The clinical equivalent of this pathology is named as postural headache and is
manifested radiologically with a slender ventricular system (“slit ventricle syndrome”). Due to the
common coexistence of these two entities, postural headache is currently been considered as a clinical
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observation that is frequently recorded in combination with over-drainage [13-16]. Shunt over-
drainage is manifested with a wide spectrum of pathological manifestations, such as subdural
hematoma [13,17-19] and premature closure of cranial sutures (in infants) [9,20], as well as low ICP
syndrome [21] - this could be managed as another aspect or definition of the entity of shunt over-
drainage. There is a wide discrepancy regarding the bibliographic estimation of the exact incidence
of over-drainage, as it varies from 2 to 71%. The most accepted explanation for this marked
fluctuation regarding the statements for this syndrome could be based upon the non-well-specified
diagnostic criteria, the heterogeneity of the investigated populations, as well as the different policies
for follow-up after shunting [15,16,22]. Moreover, it is also corroborated that over-drainage may be
underreported and underestimated due to the lack of consensus regarding the definition criteria of
this entity, as well as due to an incomplete knowledge of the pathophysiology [16,23]. Consistent
with our statements is a survey that was executed among American pediatric neurosurgeons, which
documents the lack of consent and the existing uncertainty regarding the understanding and
management of overdrainage-associated complications [22]. Apart from that, normal reference
values range for ICP and probably postural CSF pressure/volume regulation are age-dependent. All
of these data imply that the risk of overdrainage, its clinical manifestations, and treatment modalities
and protocols may differ between children and adults, and, even so, between toddlers and young
teenagers [24-27]. The majority of researchers agree that the remarkable variation in reported
incidence is caused by the absence of a clear definition, resulting in lack of clinical consensus and
uncertainty about diagnosis.

3.2. Evolution of Concepts and Current Pitfalls in Shunt Overdrainage Syndrome

There are several early, even sparse, previously reported bibliographic reports, in the form of
historical cases, of excessive drainage of cerebrospinal fluid [8,16,28-33]. In the contemporary era of
neurosurgery, Fox and coworkers were the first that attempted to report ICP monitoring findings in
shunted patients. Their data were extracted from 18 patients suffering from normal pressure
hydrocephalus- their relevant mean cerebrospinal fluid pressure values about 220 mm H2O for
ventriculoperitoneal shunts and about -190 mm H2O for ventriculoarterial shunts, when they were
obtained in the upright position. These findings have initially been attributed to the siphoning effect
of shunts. Siphoning might be considered as the main culprit for any disabling postural headaches.
The initial management option that was adopted was the incorporation of higher-pressure valves,
along with VAS, especially for patients who are expected to be upright for much of their waking
period [8]. Portnoy contributed to this “mechanistic model” by developing an antisiphon device,
aiming at prevention of the effect of siphoning [31,34]. ICP characteristics of siphoning related to
postural changes were confirmed in 1990 by Chapman, who utilized a telemetric device in patients
with VPS, VAS and ventriculo-pleural shunts. Initial investigations centered on the definition of the
role of ASD revealed that they were, in general terms, effective in the restoration of “normal
pressures” in the upright position [35].

3.3. Clinical Manifestations in Shunt Overdrainage- Postural Headache

Overdrainage of CSF may appear in an acute manner, but this complication is not intimately
related with the development of chronic refractory headaches [36,37]. Whenever chronic
overdrainage is been evaluated and suspected, we should always take into consideration the
possibility that a silent period of asymptomatic overdrainage of variable, and unknown, duration
pre-exists. A minority of patients may not even manifest any symptomatology after the adoption of
low values of intracranial pressure [38]. When a constellation of symptoms appears, they usually start
as a “low-pressure headache”, headache of postural characteristics or “spinal headache”. This is
clinically manifested with the patient been unable to tolerate a sitting up position. The constellation
of symptoms may also include nuchal or upper back pain, nausea, vomiting, dizziness, fatigue,
irritability, gait disturbance, diplopia, seizures and lethargy [39,40]. Symptomatology associated with
low intracranial pressure may eventually evolve to intermittent, disabling headaches. The next step
to the evolution of this clinical syndrome is related to chronic pathological entities, which include
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developmental delay, decline in school performance and social withdrawal. When the clinical records
of these patients are carefully reviewed, multiple episodes of shunt revisions are frequently
registered, that are in accordance with episodes of severe and intractable headaches.

3.4. Manifestations of Overdrainage

The concept of excessive drainage of CSF has been introduced by Dandy in 1932. In 1968, Becker
et al. utilized the term “overdrainage” in order to explain the pathophysiologic substrate of the
mechanism by which the over-drainage can induce depression of the fontanelle, as well as overriding
sutures, craniosynostosis, low ventricular pressure and, finally, small ventricles [7,8]. This sequence
of events involves only the infant population. Pudenz et al. first published a review article centered
on overdrainage that is causally related with insertion of a shunt device in 1991 [10]; they concluded
that premature closure of cranial sutures and skull deformities (in infants), stenosis or occlusion of
the aqueduct, SVS, and low ICP syndrome are all included in the constellation of manifestations that
constitute the entity of overdrainage.

In 2018, Ros et al. published a review centered on the entity of shunt overdrainage syndrome,
attempting to specify the constellation of symptoms that constitute the entity of over-drainage. These
include headache, with or without associated vomiting and neurological signs or symptoms plus
different degrees of altered consciousness, in association with radiological evidence of small
ventricular size and subdural collections of blood or fluid [15]. Current evidence suggests that
overdrainage can manifest with a wide variety of clinical manifestations, including postural
headache, subdural hygromas/hematomas, stenosis/occlusion of the aqueduct of Sylvius,
craniosynostosis, SVS (characterized by intermittent headache, small ventricles, and slow refilling of
the ventricular shunt reservoir), and obstruction of the ventricular catheter. Though the phenomenon
“overdrainage” has been recognized as a complication related to shunt surgery for several decades,
the lack of a strict definition and thus consistent terminology to describe overdrainage throughout
the literature is evident.

3.5. Prevention of Headaches Associated with Shunt Overdrainage: The entity of CSF Over-Drainage.

According to a recently published data base [41,42], the underlying pathophysiologic
mechanism in about 3% of cases of shunt revision procedures was reported to be CSF overdrainage.
Nevertheless, the actual relevant rate is rather underestimated, with experts raising this percentage
in the rate of 20% of cases. Several techniques aiming towards the reduction of the rate of CSF
drainage have been reported, incorporating the use of high-pressure non-programmable fixed
differential pressure valves, flow valves, as well programmable differential pressure valves
[11,43,44]. A major drawback that is inherently associated with these cases is related to the fact that
CSF drainage may not be as is required when the patient adopts a vertical position. On the contrary,
any attempt to solely increase the opening pressure of the valves was not associated with satisfactory
results in several published series [11,43,45,46]. These observations forced scientists to develop new
mechanistic models related to the pattern of shunt drainage protocols. The main representative of
these, newly developed drainage systems was included under the term of antisiphon systems. The
main aim associated with their development was the prevention of gravitational related over pull of
CSF when the patient is attempting the upright position.

Several antisiphon systems exist, all of which aiming towards the prevention and management
of the entity of CSF overdrainage. The common concept that underlies their function is that they are
supposed to be able to adapt to changing clinical situations or physical conditions, such as the change
from the supine to the erect posture [11,47].

Another pathophysiologic mechanism that is inherently related with the development of
intractable headaches, especially in the pediatric population, is related with the entity of the slit
ventricle syndrome. This is widely recognized as one of the potential complications of CSF
overdrainage and its pathophysiologic explanation is mainly associated with the acquisition of a
pathologically reduced cerebral compliance with a typical leftward shift of the curve in the
pressure/volume graph. The collapsed ventricular configuration represents the most typical
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radiographic feature of SVS. This feature by no means could be considered as been pathognomonic
of SVS, as many patients may not exhibit any clinical symptoms. The exact prevalence of a collapsed
ventricular system is not universally accepted, although it has been reported in the range of 10%-85%
of all shunted patients [48]. A wide variety of clinical symptoms have been related with the entity of
SVS and a world-wide unanimity does not exist, regarding its definition. Nevertheless, Classic SVS
clinical features consist of severe and persistent or recurrent headaches, often related or provoked by
positional changes. The constellation of symptoms, apart from headaches, include vomiting,
weakness, ataxia, seizures, cranial nerve deficit, bradycardia, and systemic hypertension, especially
in more compromised patients [49,50]. Referring to the patient’s medical history, we often find
records which mention that several therapeutic attempts using medication, such as intravenous
fluids, analgesics, and steroids, were tested. Moreover, the referring physicians have attempted
several positional changes, along with valve upgrade as recommended by several literature reviews
[51-54]. Several patients have undergone repeated procedures aiming toward valve revision (using
valves without any antisiphon system). Nevertheless, no one of these interventions have provided
permanent relief of the symptomatology of the affected individual.

Apart from small ventricular size, patients suffering from SVS may present with several indirect
radiologic signs of overdrainage. These include a small sized posterior fossa, hyperostosis of the
calvarium, dolichocephalic disproportion, suture sclerosis in proximity to the skull base,
parenchymal calcifications, and/or sinus hyperpneumatization [55-57]. MRI may prove to be a useful
diagnostic modality, as it may offer valuable details about the ventricular and cistern anatomy [51,58—-
60]. Relevant, albeit not usual, MRI findings include the existence of epidural venous plexus
engorgement [51,61], along with lumbar canal stenosis [11,62,63]. Other, anecdotally reported
findings include the existence of pneumocephalus, as well as isolated ventricles [64], along with extra-
axial collections of fluid or blood [50,64-66].

The proposed treatment algorithm for these group of patients varies greatly [67,68]. Regarding
the less severe cases, the current trend is the selection of a conservative management protocol [51-
54]. In general terms, the management of SVS should aim to restore the pathologically reduced
cerebral compliance. Several treatment modalities have been proposed, thus reflecting the
inhomogeneity and complexity of the implicated pathophysiologic mechanisms, as no one individual
pathogenetic theory could explain the wide variety of clinical manifestations of this syndrome. Other
treatment modalities, such as ETV, lumbar drainage, and cranial expansion have been utilized in
refractory cases [69]. Nevertheless, the treatment of SVS may be associated with a wide range of
complications and failures to manage it successfully- the exact prevalence of all these complications
is unclear, as the relevant literature is mainly based on case reports, rather than clinical series
[50,69,70].

3.6. Management of SVS

The most commonly utilized therapeutic measurement as the first step of our treatment
algorithm regarding SVS is related to valve upgrade to higher opening pressure values. This
maneuver is potentially effective in the management of non-complex clinical cases. Although it is
technically easy, the overall handling of cases that are managed in such a manner is generally
demanding [70,71]. The clinical experience that we have gained with the management of such cases
has pointed out the significance of the incremental titration of the valve pressure settings, which
means that a one level setting adjustment at a time is the only safe and acceptable strategy. In clinical
practice, this means that the valve settings have to be re-regulated for several times, and that several
single-level adjustments are the most appropriate therapeutic intervention. According to most
centers recorded data, this option offers the most effective alleviation of the relevant symptomatology
in the vast majority of patients who are suffering from mild range of symptoms. This is especially
true for the pediatric cohort of patients, and this seems to be due to the lesser disturbance of the
curvature that follows the cerebral compliance, as the time course of the disease is sooner and the
diagnosis is relatively earlier registered. On the contrary, we have realized that the more severe or
more chronic is the clinical equivalent of the syndrome, the lesser are the chances that a positive and
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long-lasting respond will occur or, more importantly, will be permanent. Reinforcing this view is the
fact that is based on a recent relevant study [41], which enrolled a subgroup of 16 patients that were
severely affected, who improved by valve reprogramming.

Another subgroup of patients has failed these conservative measurements and it requires
surgical treatment. The current trend is to initially attempt externalization of the existent shunt. This
therapeutic manipulation offers us the opportunity to obtain a valuable and measurable evidence of
the initial opening pressure, as well as the possibility to monitor the fluctuations of the ICP values.
These variations in the measurements of ICP could be used as a guidance when we attempt to
increase the reservoir height. There are reports that have proposed that the spontaneous ICP
fluctuations, along with the ICP variations to progressive changes of reservoir height could be
considered as the basis for planning of the ongoing treatment options [37]. Several relevant studies
[72-75] have adopted a treatment protocol which is based upon the ICP values. More precisely, when
patients with normal or high ICP are been managed, even when the ventricular system is considered
to be small, the initial management option was direct shunt replacement using programmable
differential pressure valves, which incorporated an antisiphon system. On the other hand, for
patients with low ICP measurements an EVD was the treatment modality of choice. Following that,
the ICP was gradually increased by a progressive increasement of the reservoir height. For these
patients who demonstrated ventricular enlargement concurrently with an increase in ICP values, the
proposed management option was an ETV, based on the hypothesis that it could improve the cerebral
compliance and equilibrate the pressure gradient between ventricles and subarachnoid spaces. There
are reports who support the efficacy of this treatment modality [75].

Another subgroup of patients includes those cases which demonstrate a ventricular system
whose dimensions remained unchanged, despite the increases in ICP measurements. They received
a new Programmable differential pressure valve, with an incorporated antisiphon system. There are
data which support that upgrading of the valve opening pressure prevented or at least delayed
surgical treatment in one third of cases. Moreover, according to published studies, an initial attempt
based on conservative treatment constitutes a reasonable suggestion [43,68,74,76]. It is widely
accepted that young patient age and the utilization of an antisiphon system are factors that are
associated with a significantly favorable outcome.

In conclusion, we have mentioned several studies which state that VPS replacement constitutes
the treatment of choice for SVS: the incorporation of an antisiphon device, in association with
valve/substitution is strongly recommended [11,43,46,47].

In the subgroup of patients which share in common a markedly reduced cerebral compliance, it
may be beneficial to incorporate a programmable antisiphon system in conjunction with the valvular
mechanism. This combination offers the possibility to gradually change either the ICP or the drainage
modalities or both [11,43,47].

3.7. Clinical and Radiologic Outcome

Despite considerable improvements in our knowledge regarding SVS and technical advances in
the embio-mechanics of the shunt systems, the prognosis of SVS remains unknown in many patients.
According to a recently published series [41], no more than half of the participants demonstrated
complete resolution of their findings, in terms of clinical and radiologic improvement. We would like
to mention for one more time that children were associated with significantly better outcomes than
their adult counterparts and a negative association is established as patient’s age increases.

A major drawback when our therapeutic armamentarium regarding SVS treatment is been
considered is related with the fact that most cases have been anecdotally reported and large case
series with previously reporting specific results and treatment outcomes are lacking [15,41]. Current
treatment targets are mainly centered on the control of CSF over-drainage and on the improvement
of cerebral compliance.

We have concluded that patients suffering from hydrocephalus and have initially been treated
with a programmable differential pressure valve were associated with a lesser chance to develop SVS.
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Nevertheless, it seems that the initial placement of antisiphon systems could not provide any
protective effect against the development of SVS.

Children are generally associated with a better natural history than their adult counterparts.
Apart from that, there is consensus that a prompt, proper, and, eventually, a more aggressive
treatment may lead to better control of the syndrome in all age-groups.

Another important notice is related with the fact that an immediate and appropriate diagnosis
remains of utmost importance. This is explained by the assumption that a protracted clinical course
stands for more protracted periods with poor quality of life. The current trend stands for the
importance of the utilization of modern and more sophisticated programmable valves, which offer a
new therapeutic armamentarium in our attempt to prevent and manage this entity. Nonetheless, SVS
remains a problem and we have to assume that all treatments modalities have failed in a significant
percentage of patients. We hope that ongoing technical innovations will essentially help the
prevention, diagnosis, and treatment of the SVS.

4. Conclusions

The exact knowledge of the epidemiology of migraine and other headache disorders, especially
in the pediatric population, has lagged behind developments compared to other areas of neuro-
epidemiology. The overall effect of headache disorders on individual patients as well as on the society
itself is extremely difficult to be elucidated with clarity and constitutes a target for public health
interventions that is difficult, albeit important, to be achieved. Although there is a widespread
disability intimately associated with the entity of pediatric headache, this disorder remains under-
diagnosed and, most importantly, under-treated and not appropriately managed.

The main aim of this manuscript is to highlight the importance of the recognition by the scientific
community of the entity of headache that is related with shunt overdrainage and slit ventricle
syndrome, which is secondary to the surgical management of pediatric hydrocephalus, especially in
infants. It is common consent that excessive CSF drainage following the insertion of a ventricular
shunt is a well-known complication that is intimately related with the treatment of hydrocephalus.
Nevertheless, the absence of a world widely accepted definition in the literature is evident, as well
its consequences. There is no consensus regarding the relevant diagnostic criteria, and, because of
that, the exact incidence remains uncertain. The overall impact of this uncertainty is reflected on the
absence of recommendations dedicated to the prevention, management, and treatment of this
condition. Since no agreement has been reached for several decades, we suggest that a definition of
OD should rely, not on a single expert opinion, but on consensus reached by several OD researchers.
The majority of researchers have concluded that a consensus could be established, based on an
agreement that OD manifests as a condition with either clinical symptoms or radiological signs, or a
combination of clinical symptoms and radiological signs. CSF overdrainage following implantation
of a ventriculoperitoneal shunt is characterized as a persistent condition with postural dependent
headache, nausea, and vomiting, and/or radiological signs of slim ventricles and/or subdural
collections (>3.6 mm width).

Moreover, the entity of SVS is intimately related with persistent and difficult to manage
headaches in the pediatric population. The main issue that we have to overcome regarding SVS is
that its treatment is currently based primarily on sparse anecdotal reports as, to the best of our
knowledge, we are not aware of case series which report results and treatment outcomes based on a
widely accepted treatment algorithm. Nowadays, our main goal is centered on attempts to control
CSF over-drainage and improve cerebral compliance. Nonetheless, SVS remains an intractable
problem as its management has proved to be insufficient in a significant percentage of patients, which
is a fact that cannot be ignored. A promising technical advancement, that will help us to associate the
clinical manifestations of the slit ventricle syndrome with the underlying pathology (reduced cerebral
compliance), is the innovation of telemetric systems for ICP measurement. We wish that these devices
will offer us the possibility of dynamic ICP monitoring in the near future, thus improving our
therapeutic armamentarium in terms of prevention, diagnosis, and treatment of the SV
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The entities of shunt overdrainage and slit ventricle syndrome should always be included in our
differential diagnostic plan, whenever we are in front of a patient with intractable headaches, that
may resemble the inherent characteristics of migraine, in a patient that harbors a ventriculo-
peritoneal or a ventriculo-atrial shunt, especially from the infantile period. In cases that the diagnostic
work-up is unable to underline another pathological substrate, we should have a suspicion that our
patient could fulfill the diagnostic criteria in order to be considered under the term of shunt
overdrainage and slit ventricle syndrome.
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Abbreviations

CSF: cerebrospinal fluid

OD: over-drainage

VPS: ventriculo-peritoneal shunt

SVS: slit ventricle syndrome

VAS: ventriculoatrial shunt

ASD: Anti-siphon device

ETV: Endoscopic third ventriculostomy
EVD: External ventricular drainage
ICP: intracranial pressure

References

1.  Onofri A, Pensato U, Rosignoli C, Wells-Gatnik W, Stanyer E, Ornello R et. al. Primary headache
epidemiology in children and adolescents: a systematic review and meta-analysis. ] Headache Pain
2023;(14);24(1):8. doi: 10.1186/s10194-023-01541-0.

2. Alashqar A, Shuaibi S, Ahmed SF, AlThufairi H, Owayed S, AlHamdan F et al. Impact of puberty in girls
on prevalence of primary headache disorder among female schoolchildren in Kuwait. Front Neurol.
2020;(17) ;(11):594. doi: 10.3389/fneur.2020.00594. eCollection 2020.

3. Ozge A, Faedda N, Abu-Arafeh I, Gelfand AA, Goadsby PJ, Cuvellier JC et al. Experts' opinion about the
primary headache diagnostic criteria of the ICHD-3rd edition beta in children and adolescents. ] Headache
Pain 2017;(23);18(1):109. doi: 10.1186/s10194-017-0818-y.

4. Abu-Arafeh [, Razak S, Sivaraman B, Graham C. Prevalence of headache and migraine in children and
adolescents: a systematic review of population-based studies. Dev Med Child Neurol 2010;52(12):1088-97.
doi: 10.1111/j.1469-8749.2010.03793. x.

5. Arruda MA, Bigal ME. Behavioral and emotional symptoms and primary headaches in children: a
population-based study. Cephalalgia 2012;32(15):1093-100 doi: 10.1177/0333102412454226. Epub 2012 Sep
17.

6.  Onofri A, Olivieri L, Silva P, Bernassola M, Tozzi E. Correlation between primary headaches and learning
disabilities in children and adolescents. Minerva Pediatr (Torino) 2022;(74) (1):1-6. doi: 10.23736/52724-
5276.21.06191-7.

7. Pedersen S.H, Prein T.H, Ammar A, Grotenhuis A, Hamilton M.G, Hansen T.S et.al. How to define CSF
overdrainage: a systematic literature review. Acta Neurochir (Wien) 2023;(165) (2):429-441. doi:
10.1007/s00701-022-05469-3.

8. P, Nulsen FE. Control of hydrocephalus by valve-regulated venous shunt: avoidance of complications in
prolonged shunt maintenance. ] Neurosurg 1968;28(3):215-226.



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 April 2024 d0i:10.20944/preprints202404.0440.v1

9.  DecqP, Barat J-L, Duplessis E, Leguerinel C, Gendrault P, Keravel Y. Shunt failure in adult hydrocephalus:
flow-controlled shunt versus differential pressure shunts —a cooperative study in 289 patients. Surg Neurol
1995;(43) (4):333-339.

10. Pudenz RH, Foltz EL. Hydrocephalus: overdrainage by ventricular shunts. A review and
recommendations. Surg Neurol 1991;35(3):200-212.

11.  Tschan CA, Antes S, Huthmann A, Vulcu S, Oertel J, Wagner W. Overcoming CSF overdrainage with the
adjustable gravitational valve proSA. Acta Neurochir (Wien) 2014;(156) (4):767-776.

12.  Kajimoto Y, Ohita T, Miyake H, Matsukawa M, Ogawa D, Nagao K, Kuroiwa T. Posture-related changes
in the pressure environment of the ventriculoperitoneal shunt system. ] Neurosurg 2000;(93):614-617.

13. Feletti A, d'Avella D, Wikkelsg C, Klinge P, Hellstrom P, Tans ], Kiefer M, Meier U, Lemcke ], Paterno V,
Stieglitz L, Sames M, Saur K, Kordas M, Vitanovic D, Gabarrés A, Llarga F, Triffaux M, Tyberghien A,
Juhler M, Hasselbalch S, Cesarini K, Laurell K. Ventriculoperitoneal shunt complications in the European
idiopathic normal pressure hydrocephalus multicenter study. Oper Neurosurg 2019;(17)(1):97-102.

14. Rekate HL. Classifcation of slit-ventricle syndromes using intracranial pressure monitoring. Pediatr
Neurosurg 1993;(19) (1):15-20.

15. Ros B, Iglesias S, Martin A, Carrasco A, Ibafiez G, Arrdez MA. Shunt overdrainage syndrome: review of
the literature. Neurosurg Rev 2018; (41)(4):969-981.

16. RosB, Iglesias S, Linares J, Cerro L, CasadoJ, Arraez MA. Shunt overdrainage: reappraisal of the syndrome
and proposal for an integrative model. ] Clin Med 2021;(17);10(16):3620 https://doi.org/10.3390/jcm10.

17. Desai VR, Sadrameli SS, Jenson AV, Asante SK, Daniels B, Trask TW, Britz G. Ventriculoperitoneal shunt
complications in an adult population: a comparison of various shunt designs to prevent overdrainage. Surg
Neurol Int 2020;(5):(11):269 doi: 10.25259/SNI_38_2020. eCollection 2020.

18.  Khan QU, Wharen RE, Grewal SS, Thomas CS, Deen HG, Reimer R, Van Gerpen JA, Crook JE, Graf-Radford
NR. Overdrainage shunt complications in idiopathic normal-pressure hydrocephalus and lumbar puncture
opening pressure. ] Neurosurg 2013;(119) (6):1498-1502.

19. Trinh VT, Duckworth EAM. Revision to an adjustable non-siphon control valve in low pressure
hydrocephalus: Therapeutic siphoning and a new perspective on NPH. Clin Neurol Neurosurg 2013;
115(2):175-178.

20. Weinzweig J, Bartlett SP, Chen JC, Losee ], Sutton L, Duhaime AC, Whitaker LA. Cranial vault expansion
in the management of post-shunt craniosynostosis and slit ventricle syndrome. Plast Reconstr Surg
2008;(122) (4):1171-1180. doi: 10.1097/PRS.0b013e3181858c84.

21. Chan SM, Chodakiewitz YG, Maya MM, Schievink WI, Moser FG. Intracranial hypotension and
cerebrospinal fluid leak. Neuroimaging Clin N Am 2019;(29) (2):213-226.

22. Kraemer MR, Sandoval-Garcia C, Bragg T, Iskandar BJ. Shunt-dependent hydrocephalus: management
style among members of the American Society of Pediatric Neurosurgeons. ] Neurosurg Pediatr 2017; (20)
(3):216-224.

23. Tan K, Meiri A, Mowrey WB, Abbott R, Goodrich JT, Sandler AL, Suri AK, Lipton ML, Wagshul ME.
Diffusion tensor imaging and ventricle volume quantifcation in patients with chronic shunt-treated
hydrocephalus: a matched case-control study. ] Neurosurg 2018;(129) (6):1611-1622.

24. Chari A, Dasgupta D, Smedley A, Craven C, Dyson E, Matloob S, Thompson S, Thorne L, Toma AK,
Watkins L. Intra-parenchymal intracranial pressure monitoring for hydrocephalus and cerebrospinal fuid
disorders. Acta Neurochir (Wien) 2017;(159) (10):1967-1978.

25. Norager NH, Olsen MH, Pedersen SH, Riedel CS, Czosnyka M, Juhler M. Reference values for intracranial
pressure and lumbar cerebrospinal fluid pressure: a systematic review. Fluids Barriers CNS 2021;18(1):1-
10.

26. Pedersen SH, Lilja-Cyron A, Andresen M, Juhler M. The relationship between intracranial pressure and
age—chasing age-related reference values. World Neurosurg 2018; (110):e119-e123.

27. Qvarlander S, Sundstrom N, Malm ], Eklund A. Postural effects on intracranial pressure: modeling and
clinical evaluation. ] Appl Physiol 2013; (115) (10):1474-1480.

28. Grunert P, Charalampaki P, Ayyad, A. Concept and treatment of hydrocephalus in the Greco-Roman and
early Arabic Medicine. Minim. Invasive Neurosurg. 2007; (50): 253-264.

29. Rachel, R.A. Surgical treatment of hydrocephalus: A historical perspective. Pediatr. Neurosurg.
1999;(30):296-304.

30. Kompaje, E.J.; Delwel, E.]. The first description of a device for repeated external ventricular drainage in the
treatment of congenital hydrocephalus, invented in 1744 by Claude-Nicolas Le Cat. Pediatr. Neurosurg.
2003;(39):10-13.

31. Cheok, S.; Chen, J.; Lazareff, ]. The truth and coherence behind the concept of overdrainage of cerebrospinal
fluid in hydrocephalic patients. Childs Nerv. Syst. 2014;(30):599-606.

32. Strenger, L. Complications of ventriculovenous shunts. J. Neurosurg. 1963;(20):219-224.

33. Hayward, R. “Casey and Theo”: The children who changed the face of “Water-on-the-brain”. Br. J.
Neurosurg. 2009;(23):347-350.



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 April 2024 d0i:10.20944/preprints202404.0440.v1

10

34. Portnoy H.D, Schulte R.R, Fox J.L, Croissant P.D, Tripp L. Antisiphon and reversible occlusion valves for
shunting in hydrocephalus and preventing post-shunt subdural hematomas. J. Neurosurg. 1973;(38):729—
738.

35. Chapman P.H, Cosman E.R, Arnold M.A. The relationship between ventricular fluid pressure and body
position in normal subjects and subjects with shunts: A telemetric study. Neurosurgery 1990;(26):181-189.

36. Niimura M, Takai K, Taniguchi M. Postoperative epidural haematomas associated with hydrocephalus
caused by intraoperative overdrainage of cerebrospinal fluid: Two case reports with a literature review of
19 cases. BMJ Case Rep 2015;(9):1-5.

37. NiwaR, Oya, S, Nakamura, T, Hana T, Matsui, T. Rapid intracranial pressure drop as a cause for posterior
reversible encephalopathy syndrome: Two case reports. Surg. Neurol. Int. 2017; (8):103.

38. Weerakkody R.A, Czosnyka M, Schuhmann M.U, Schmidt, E, Keong N, Santarius T, Pickard J.D, Czosnyka
Z. Clinical assessment of cerebrospinal fluid dynamics in hydrocephalus. Guide to interpretation based on
observational study. Acta Neurol. Scand. 2011;(124):85-98.

39. Hart M.G, Czosnyka M, Czosnyka Z.H, Fernandes H.M. Combined intracranial pressure monitoring and
cerebrospinal fluid infusion study to guide management of slit ventricle syndrome. Pediatr. Neurosurg.
2013;(49):113-118.

40. Schuhmann M.U, Sood S, McAllister ].P, Jaeger M, Ham S.D, Czosnyka Z, Czosnyka, M. Value of overnight
monitoring of intracranial pressure in hydrocephalic children. Pediatr. Neurosurg. 2008;(44):269-279.

41. Auricchio A.M, Bohnen A, Nichelatti M, Cenzato M, Talamonti G. Management of slit ventricle syndrome:
a single-center case series of 32 surgically treated patients. World Neurosurg 2022;(158):352-e361. doi:
10.1016/j.wneu.2021.10.183.

42. Fernandez-Méndez R, Richards HK, Seeley HM, Pickard ]JD, Joannides AJ, UKSR collaborators. Current
epidemiology of cerebrospinal fluid shunt surgery in the UK and Ireland (2004-2013). ] Neurol Neurosurg
Psychiatry. 2019;(90):747-754.

43. Aschoff A, Kremer P, Benesch C, Fruh K, Klank A, Kunze S. Overdrainage and shunt technology. A critical
comparison of programmable, hydrostatic and variable-resistance valves and flow-reducing devices.
Childs Nerv Syst 1995;(11):193-202.

44. Hanlo P.W, Cinalli G, Vandertop WP, Faber J.A.], Bageskov L, Borgesen S.E, Boschert J, Chumas P, Eder
H, Pople LK, Serlo W, Vitzthum E. Treatment of hydrocephalus determined by the European Orbis Sigma
Valve II survey: a multi-center prospective 5-year shunt survival study in children and adults in whom a
flow-regulating shunt was used. ] Neurosurg. 2003;(99):52-57.

45. Drake JM, Kestle JR, Milner R, Cinalli G, Boop F, Piatt ] Jr, Haines S, Schiff SJ, Cochrane DD, Steinbok P,
MacNeil N. Randomized trial of cerebrospinal fluid shunt valve design in pediatric hydrocephalus.
Neurosurgery. 1998;(43):294-303 [discussion: 303-305].

46. Weinzierl MR, Hans F-], Stoffel M, Oertel MF, Korinth MC. Experience with a gravitational valve in the
management of symptomatic over-drainage in children with shunts. ] Neurosurg Pediatr. 2012;(9):468-472.

47. Gebert A-F, Schulz M, Schwarz K, Thomale U-W. Long-term survival rates of gravity-assisted, adjustable
differential pressure valves in infants with hydrocephalus. ] Neurosurg Pediatr. 2016;(17):544-551.

48. Liniger P, Marchand S, Kaiser GL. Flow control versus antisiphon valves: late results concerning slit
ventricles and slit-ventricle syndrome. Eur ] Pediatr Surg. 2003;(13) (suppl 1):53-S6.

49. Antes S, Eymann R, Schmitt M, Kiefer M. Pathophysiology of brainstem lesions due to over-drainage. Acta
Neurochir Suppl. 2012;(113):177-180.

50. Fattal-Valevski A, Beni-Adani L, Constantini S. Short-term dexamethasone treatment for symptomatic slit
ventricle syndrome. Childs Nerv Syst.2005;(21):981-984.

51. Kan P, Walker ML, Drake JM, Kestle JRW. Predicting slit-like ventricles in children on the basis of baseline
characteristics at the time of shunt insertion. ] Neurosurg. 2007;(106) (5 suppl):347-349.

52. Beez T, Munoz-Bendix C, Ahmadi SA, Messing-Jiinger M, Steiger H-J, Rohrig A. Conservative and
operative management of iatrogenic craniocerebral disproportion-a case-based review. Childs Nerv Syst.
2019;(35):19-27.

53.  Major O, Fedorcsak I, Sipos L, Hantos P, Kénya E, Dobronyi I, Paraicz E. Slit-ventricle syndrome in shunt
operated children. Acta Neurochir (Wien). 1994;(127):69-72.

54. Obana WG, Raskin NH, Cogen PH, Szymanski JA, Edwards MS. Antimigraine treatment for slit ventricle
syndrome. Neurosurgery. 1990;(27):760-763 [discussion: 763].

55. Hoffman HJ, Tucker WS. Cephalocranial disproportion. A complication of the treatment of hydrocephalus
in children. Childs Brain.1976;(2):167-176.

56. Martinez-Lage JF, Poza M, Lopez F. Arachnoid cyst as a complication of ventricular shunting. ChildsNerv
Syst. 1991;(7):356-357.

57.  Schijman E, Peter JC, Rekate HL, Sgouros S, Wong TT. Management of hydrocephalus in posterior fossa
tumors: how, what, when? Childs Nerv Syst. 2004;(20):192-194.

58. Serlo W, Saukkonen AL, Heikkinen E, von Wendt L. The incidence and management of the slit ventricle
syndrome. Acta Neurochir (Wien). 1989;(99):113-116.



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 April 2024 d0i:10.20944/preprints202404.0440.v1

11

59. Walker ML, Fried A, Petronio J. Diagnosis and treatment of the slit ventricle syndrome. Neurosurg Clin
North Am. 1993;(4):707-714.

60. Matsumoto K, Ohta M, Takeshita I. Symptomatic spinal extramedullary mass lesion secondary to chronic
overdrainage of ventricular fluid-case report. Neurol Med Chir (Tokyo). 2002;(42):140-142.

61. Moayeri NN, Henson JW, Schaefer PW, Zervas NT. Spinal dural enhancement on magnetic resonance
imaging associated with spontaneous intracranial hypotension. Report of three cases and review of the
literature. ] Neurosurg. 1998;(88):912-918.

62. Kobayashi A, Hashi K. Secondary spinal canal stenosis associated with long-term ventriculoperitoneal
shunting. ] Neurosurg. 1983;(59):854-860.

63. Nomura S, Fujii M, Kajiwara K, Ishihara H, Suehiro E, Goto H, Suzuki M. Factors influencing spinal canal
stenosis in patients with long-term controlled hydrocephalus treated with cerebrospinal fluid shunt. Childs
Nerv Syst. 2010;(26):931-935.

64. Yoon SJ, Oh GS, Lee S, Lee BR, Chun J-U, Yu IK. Pneumocephalus in patients with orthostatic headache. J
Clin Neurol. 2008;(4):89-93.

65. Chernov MF, Kamikawa S, Yamane F, Ishihara S, Hori T. Neurofiberscope-guided management of slit-
ventricle syndrome due to shunt placement. ] Neurosurg. 2005;(102) (3 suppl):260-267.

66. Steinbok P, Poskitt KJ, Cochrane DD, Kestle JR. Prevention of postshunting ventricular asymmetry by
transseptal placement of ventricular catheters. A randomized study. Pediatr Neurosurg. 1994;(21):59-64
[discussion: 65].

67. Rekate HL. Shunt-related headaches: the slit ventricle syndromes. Childs Nerv Syst. 2008;(24):423-430.

68. Sandler AL, Goodrich JT, Daniels LB, Biswas A, Abbott R. Craniocerebral disproportion: a topical review
and proposal toward a new definition, diagnosis, and treatment protocol. Childs Nerv Syst. 2013;(29):1997-
2010.

69. Canzi G, Auricchio AM, lacopino G, Cenzato M, Talamonti G. Aesthetic cranial vault expansion in a child
with slit ventricle syndrome and eumorphic face. ] Craniofac Surg. 2019;(30):2609-2613.

70. Atalay B, Yilmaz C, Cekinmez M, Altinors N, Caner H. Treatment of hydrocephalus with functionally
isolated ventricles. Acta Neurochir (Wien).2006;(148):1293-1296.

71. Laurence KM, Coates S. The natural history of hydrocephalus. Detailed analysis of 182 unoperated cases.
Arch Dis Child. 1962;(37):345-362.

72. Butler WE, Khan SA. The application of controlled intracranial hypertension in slit ventricle syndrome
patients with obstructive hydrocephalus and shunt malfunction. Pediatr Neurosurg. 2001;(35):305-310.

73.  Khorasani L, Sikorski CW, Frim DM. Lumbar CSF shunting preferentially drains the cerebral subarachnoid
over the ventricular spaces: implications for the treatment of slit ventricle syndrome. Pediatr Neurosurg.
2004;(40):270-276.

74. Rekate HL. The slit ventricle syndrome: advances based on technology and understanding. Pediatr
Neurosurg. 2004;(40):259-263.

75.  Schatz IJ. Orthostatic hypotension. I. Functional and neurogenic causes. Arch Intern Med. 1984;(144):773-
777.

76. Winston KR, French B, Bunn ]J. Chronic debilitating headache in adults caused by craniocerebral
disproportion: treatment by cranial vault expansion. Cureus. 2018;(10):e2187.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.



