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Abstract 
Neonatal hydrocephalus can arise from a multitude of disturbances, among 
them congenital aqueductal stenosis, myelomeningocele or posthemorrhagic 
complications in preterm infants. Diagnostic work-up comprises transfonta-
nellar ultrasonography, T2 weighted MRI and clinical assessment for rare in-
herited syndromes. Classification of hydrocephalus and treatment guidelines 
is based on detailed consensus statements. The recent evidence favors cathe-
ter-based cerebrospinal fluid diversion in children below 6 months, but 
emerging techniques such as neuroendoscopic lavage carry the potential to 
lower shunt insertion rates. More long-term study results will be needed to 
allow for individualized, multidisciplinary decision making. This article gives 
an overview regarding contemporary pathophysiological concepts, the latest 
consensus statements and most recent technical developments. 
 

Keywords 
Cerebrospinal Fluid, Hydrocephalus, Neonate, Neuroendoscopy, VP-Shunt 

 

1. The Cerebrospinal Fluid System 

The cerebrospinal fluid (CSF) system provides mechanical protection of the 
brain against mild trauma, is involved in nutrient supply and waste removal, and 
plays a role in the circadian rhythm [1]. In humans it comprises 4 cavities in the 
brain, the ventricles, which normally take up about 20% of the CSF. In addition, 
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the cisternal and subarachnoid spaces contain 50% - 60% of the CSF and the 
spinal compartment makes up for 20% - 30% of the volume [2]. CSF is produced 
at an estimated rate of 0.3 - 0.4 ml/min in the choroid plexus of all four ven-
tricles, the brain interstitium and in leptomeningeal surfaces. It circulates from 
the ventricles to the subarachnoid space, where it is reabsorbed into the venous 
system via arachnoid granulations and paravascular pathways or drained into 
the lymphatics, e.g. the nasal submucosa [3] [4]. The term “glymphatics” de-
scribes the heart-beat driven, pulsatile flow of CSF and interstitial fluid from the 
glial compartment to the recently reported lymphatic dural vessels [5]. 

2. Hydrocephalus 

Hydrocephalus is a disbalance between CSF production and resorption. In most 
cases, the increased amount of cerebrospinal fluid results in an enlargement of 
the inner CSF spaces. Hydrocephalus does not represent a disease in itself, but 
constitutes a symptom of various underlying conditions, such as obstruction of 
CSF flow (“occlusive hydrocephalus”) or dysfunction of CSF reabsorbing sur-
faces (“malresorptive hydrocephalus”), with certain forms of hydrocephalus oc-
curring predominantly in distinct age groups [6].  

Especially neonatal hydrocephalus is a well-known condition with an inci-
dence of 0.2 to 3.5/1000 healthy births. Up to 40% of cases are diagnosed during 
the first 6 months of life [7]. For some of the pediatric hydrocephalic conditions, 
the “classic” pathophysiologic concepts are still valid, such as the acute occlusive, 
“non-communicating” form with obstruction of the Sylvian aqueduct. In other 
conditions, e.g. multicystic compartments, syringomyelia or chronic communi-
cating forms, further considerations of brain water circulation and CSF pulsatile 
flow gradients are needed for conclusive pathophysiological explanations, re-
sulting in contemporary classifications (Table 1) [8] [9]. 

3. Clinical Presentation 

Most children with hydrocephalus suffer from a chronic disease with a rather 
slow progress of symptoms. Only 10% - 15% of newborns with hydrocephalus 
show signs of elevated intracranial pressure [11].  

In preterm infants, hydrocephalic growth of the neurocranium is preceded by 
an ultrasonographically detectable enlargement of the ventricles. At this time, 
the endochondral bone formation of the skull fragments still allows for a certain 
flexibility and the small children often suffer from a multitude of additional reg-
ulatory deficits owing to their immaturity. Therefore the signs of increased in-
tracranial pressure such as bradycardia or respiratory insufficiency are less ob-
vious than in older children. In newborns or infants under the age of 2, the 
crossing of percentiles of the head circumference compared to body height and 
weight is the most important sign of isolated hydrocephalus [11]. 

Typical concurring symptoms are a tight, bulging anterior fontanel, dehis-
cence of skull sutures, increased visibility of scalp veins and a huge frontal bone  
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Table 1. Consensus according to the “point of obstruction” model by the hydrocephalus 
classification study group 2010, modified from [10]. 

Point of obstruction Differential diagnosis Treatments available 

Foramen of Monro Tumor 
Congenital absence 
Ventriculitis 
Functional 

Shunt (unilateral or bilateral) 
Endoscopic septum opening 

Aqueduct of Sylvius Tumor 
Birth defect 
Secondary 

Shunt 
Endoscopic third ventriculostomy 

4th Ventricle foramina Infection 
Tumor 
Severe Chiari Malformation 

Shunt 
Endoscopic third ventriculostomy 
Surgical opening 

Spinal to cortical 
subarachnoid space 

Subarachnoid hemorrhage 
Infection 

Shunt (ventriculo- or lumboperitoneal) 
Endoscopic third ventriculostomy 

Arachnoid villi Hemorrhage 
Infection 

Shunt (ventriculo- or lumboperitoneal) 
Neuroendoscopic lavage 

Venous hypertension Pseudotumor 
Congenital hydrocephalus 
Sinus thrombosis 

Shunt (ventriculo- or lumboperitoneal) 
Clot lysis 
Bariatric surgery for obesity-related 
pseudotumor 

italic: additions/changes to original publication [10]. 
 

(frontal bossing). Retraction of the upper eye-lids, together with Parinaud’s up-
gaze palsy can lead to the rare, but very impressive sunset phenomenon, with 
both irises plunging half below the lower eye-lids. 

A number of hereditary syndromes, which mostly follow a recessive inherit-
ance, are associated with hydrocephalus (Table 2). Thus, pediatric patients suf-
fering from hydrocephalus of unknown etiology should be examined thoroughly 
for stigmata indicating an inherited disease.  

In older children acute symptoms are bifrontal or bioccipital headache, nausea 
and vomiting, followed by somnolence, irritability, bradycardia and lastly bra-
dypnea. Chronic symptoms comprise changes in personality, memory distur-
bances and a cognitive decline, sometimes up to the full Hakim triad of normal 
pressure hydrocephalus with a demential syndrome, gait ataxia and urinary in-
continence. 

The development of papilledema (“choked disc”) with subsequent risk of optic 
atrophy requires at least 48 to 72 hours of increased intracranial pressure. It has 
to be monitored in the follow-up of chronic hydrocephalic conditions. However, 
it offers only a very low sensitivity to rule out hydrocephalus or increased ICP, 
and it is seldom seen in children under the age of 12 months [11]. 

4. Imaging 

During the fetal period, hydrocephalic conditions can be diagnosed ultrasono-
graphically after 16 to 18 weeks of gestation. Due to the small structures and to  
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Table 2. Inherited syndromes associated with hydrocephalus, adopted from [12]. 

Syndrome Symptoms Inheritance 

Bickers-Adams 
(x-linked 
hydrocephalus HSAS) 

aqueductal stenosis 
adduction deformities of the thumbs 
L1CAM gene mutation 

x chromosmal recessive 

Hydrocephalus without 
aqueductal stenosis 

mental retardation x chromosomal recessive 

Hydrolethalus microphthalmia 
polydactyly 
congenital heart disease 
pulmonal hypoplasia 

autosomal recessive 

Meckel polycystic kidneys 
polydactyly 
encephalocele 

autosomal recessive MKS1: chr 17 
MKS2: chr 11 
MKS3: chr 8 

VACTERL association vertebral anomalies of the spine 
anal atresia 
congenital heart disease 
tracheo-esophageal fistula 
renal abnormalities 
limb malformations 

when associated with  
hydrocephalus: autosomal 
recessive or x-linked 

VATER association  macrocephaly  
ventriculomegaly 

autosomal recessive 

Waaler-Aarskog Sprengel anomaly (undescended scapula) 
costovertebral dysplasia 

probably autosomal dominant 

Walker-Warburg 
(Cerebro-Oculo-Muscu
lar Syndrome COMS) 

lissencephaly 
retinal dysplasia and anomalies of the 
anterior ocular chamber 
severe neurological dysfunction 
encephalocele 

autosomal recessive: chr 9q34.1 

 
child movements, fetal MRI remains difficult to interprete before the 24th week 
[13]. A recent study demonstrated the diagnostic accuracy of prenatal ultra-
sound to be around 70% and to be increased to more than 90% by additional 
intrauterine MRI, already at 18 weeks of gestation. Since in one third of study 
patients the clinical management was changed after obtaining the MRI results, 
intrauterine MRI is recommended as soon as possible after ultrasonographic 
suspicion of fetal brain anomaly [14].  

In newborns, transfontanellar ultrasound can be considered as the standard 
diagnostic tool, offering ease of use, bed-side availability and close serial follow- 
up surveillance of therapy [15]. Detailed neuroradiologic examination of hydro-
cephalus is done by T2-weighted images in three planes in order to assess ven-
tricle size (axial), patency of the aqueductus mesencephali (sagittal, flow void) 
and size of the interventricular foramina (coronary) for potential neurosurgical 
endoscopic access. Flow-suppressed CISS sequencing allows for visualisation of 
anatomic structures, points of obstruction and multiple intraventricular com-
partments. If infection or tumor are suspected, contrast enhanced pictures are 
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needed. 
MRI data can be used for neuronavigation-guidance of the endoscope and 

should be performed before a first CSF diversion procedure, in atypical cases or 
when obstructive pathologies are suspected.  

5. Therapy—Principles 

As derived from the “point of obstruction” model, hydrocephalus is a mismatch 
between CSF production, outflow and resorption (Table 1). Thus, the therapeu-
tic principle is to restore CSF outflow dynamics and to reestablish physiological 
pulsatile forces [16]. This can either be achieved by neurosurgical removal of the 
occluding structure (e.g. cerebellar tumor), by endoscopic opening of an alterna-
tive CSF egress route to the outer subarachnoid resorbing surfaces and glym-
phatic pathways, or by placing a shunt to deviate CSF towards alternative re-
sorbing compartments e.g. the peritoneum. 

5.1. Acute Hydrocephalus 

An acute symptomatic hydrocephalus without a clear point of obstruction re-
quires immediate treatment by placement of an external ventricular drainage. In 
preterm and newborn infants before complete ossification of the bony skull, a 
percutaneous puncture through the anterior fontanel, lateral to the midline, can 
be the first emergency measure. Repeated ventricular tapping should be avoided 
because of the increased risk for infection or periventricular defects, especially in 
premature children. In these patients, implantation of a ventricular access device 
(VAD, e.g. Rickham reservoir) is recommended. The intervention and the final 
intraventricular position of the drainage or device are to be controlled ultraso-
nographically. In older children, a burr hole trepanation is needed. In doubtful 
cases, an external drainage or a Rickham reservoir can also be left in place after 
endoscopic third ventriculostomy (ETV) until final resolution of the hydroce-
phalic condition. 

5.2. Endoscopic Treatment 

Endoscopic fenestration is typically indicated in triventricular hydrocephalus, 
when obstruction of the Sylvian aqueduct leads to a non-communicating situa-
tion. Furthermore, outflow obstructions at the 4th ventricle foramina and above 
the level of the foramen magnum have a high success rate for endoscopic ap-
proaches [17]. In the three ventricles proximal of the mesencephalic stenosis the 
reduced CSF outflow results in increased ventricular volume. Endoscopic third 
ventriculostomy (ETV) is the fenestration of the caudal membrane of the third 
ventricle between pituitary recess and mamillary bodies. It opens an alternative 
drainage route out of the cerebral ventricular system, rostral to the basilar artery 
and to the brainstem. ETV allows CSF outflow down to spinal subarachnoid re-
sorption areas and lymphatic drainage routes (Figure 1). Additional endoscopic 
cauterization of choroid plexus with the aim to reduce CSF production has been  
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Figure 1. Neonate boy, cesarean section in the 40th gestational week after prenatal ultra-
sonography had demonstrated an intraventricular hemorrhage and increasing ventricular 
sizes. On day 8 after birth ETV was performed A: Sagittal T2 MRI 6 days after birth, 
showing aqueductal stenosis (arrowhead); B: Coronary transfontanellar ultrasonography 
on the first postoperative day (day 9) showing hydrocephalic configuration of the ven-
tricles (arrow) and the endoscopic trajectory at the right ventricle roof; C: Transfontanel-
lar ultrasonography two months after surgery demonstrating diminished hydrocephalus 
(arrow, original imaging by FWH and UHT). 

 
attempted, only with moderate success [18]. 

For multicystic hydrocephalus, additional endoscopic fenestration of the non- 
communicating cysts can be necessary, often in repeated neurosurgical sessions. 
In most cases, a VAD reservoir is left in place for frequent withdrawal of CSF, or 
a combined approach using ventriculo-peritoneal shunting and endoscopic fe-
nestration is chosen [19]. 

5.3. Shunt Treatment 

Ventriculo-peritoneal shunt placement can be considered as the standard sur-
gical treatment since the Assisi consensus conference in 1992 and most centres 
report to place VP-shunts much more often than ventriculo-atrial shunts [20]. 
In VP-shunts, placement of the distal catheter is less complicated, fewer revision 
surgeries are needed for catheter prolongation and eventual distal tip complica-
tions provoke less severe sequelae. It has been found, that implantation of shunt 
systems with a programmable valve helps in avoiding complications such as 
overdrainage or underdrainage and especially lowers the rate of revision surge-
ries [21]. In all types of shunt CSF diversion, a close, life-long follow-up of the 
patients is mandatory, with regular examinations concerning neurologic devel-
opment, cognitive abilities and visual acuity, in order to detect imminent shunt- 
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malfunction [22] [23]. 

5.4. Shunt Infections 

Most shunt infections occur within the first 12 months after implantation, pre-
dominant germs are Staphylococcus epidermidis (about 40%) and Staphylococ-
cus aureus (about 20%). Analysis of CSF allows for microbiologic assessment 
and often reveals pleocytosis with moderately increased protein levels. In shunt 
infections with Propionibacteriaceae CSF analysis and clinical symptoms can 
remain non-diagnostic. These infections can lead to abdominal pseudocystic le-
sions and the microbiologic detection only becomes positive after two to three 
weeks of incubation. In difficult cases, the diagnostic assessment should be 
broadened to cover protozoae [24]. 

The risk of perioperative shunt infection ranges around 5% and is higher in 
neonatal patients. It can be lowered by a preoperative single-shot antibiotic 
treatment, twenty minutes before skin incision, by 24-hour prophylactic post-
operative antibiotic treatment or by using an antibiotic-impregnated catheter 
system [25] [26] [27]. In case of a shunt-infection, the system is to be removed 
completely, and eventually a temporary external ventricular drain has to be in-
serted [28]. Re-insertion of the shunt should be postponed until three microbi-
ologic CSF samples without bacterial growth after 48 hours of incubation have 
been obtained. In the meantime, oral or intravenous antibiotic treatment is ad-
ministered according to the antibiogram, in complicated cases; vancomycin or 
gentamicin can be instilled intrathecally via the external drain. 

6. Therapy—Specific Neonatal Situations 
6.1. Intraventricular Hemorrhage (IVH) in Premature Infants 

In 15% - 20% of cases, hydrocephalus results from intraventricular hemorrhage 
[12]. In preterm infants with intraventricular hemorrhage, high CSF protein 
content and small body weight increase the risk of neurosurgical treatment. In 
correlation with the severity of germinal matrix hemorrhage, an increasing per-
centage of patients require a permanent CSF diversion (VP-shunt). Conservative 
options using acetazolamide (100 mg/kg/d) or furosemide (1 mg/kg/d), proved 
to be ineffective to relieve hydrocephalic CSF circulation disturbances or to re-
duce the number of shunt implantations needed [29]. 

Neither repeated lumbar or ventricular punctures, nor intrathecal fibrinolysis 
(e.g. with streptokinase or tissue plasminogen activator) have lowered shunt im-
plantation rates or improved long-term neurological outcome [15]. To diminish 
the risk of an infection, subcutaneous implantation of puncture reservoirs 
(VAD, as Ommaya or Rickham reservoirs) is encouraged for repeated CSF tap-
ping, the proximal catheter being positioned into one lateral ventricle [30]. A 
subcutaneously free ending ventriculo-subgaleal (VSG-) shunt can be placed to 
reduce the frequency of punctures [31]. If ventricular enlargement cannot be 
treated sufficiently in this way, a peritoneal shunt system will subsequently be  
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Figure 2. Preterm girl, birth at 25th week of gestation, IVH II°. Repeated transfontanellar 
ultrasonography revealed a clinically inapparent ventricular enlargement for the first time 
4 months after birth. Assessment of ventricle areas in a coronary plane at the level of the 
foramen of Monro (normally below 2 cm2). A: left ventricle, area 2.47 cm2; B: right ven-
tricle, area 4.20 cm2 (Original imaging by FWH and UHT). 

 
connected to the subcutaneous catheter tip or the reservoir [15]. 

Recently, endoscopic lavage of the ventricular system has been proposed, in 
order to remove post-hemorrhagic residuals from the ependyme and to clear 
CSF content [32]. This should preferentially be performed at onset of posthe-
morrhagic hydrocephalic configuration, which often occurs between day 10 and 
28 after birth. Ultrasonographic assessment of the ventricle area in a coronary 
view on the level of the foramen of Monro (normally below 2 cm2) has been 
shown to be most useful for early detection of increasing ventricle size (Figure 
2).  

During neuroendoscopic lavage, insertion of a straight endoscope into the su-
pratentorial ventricular system is followed by irrigation to remove blood clots 
and posthemorrhagic sludge, as well as to restore physiological CSF circulation 
and outflow routes. Long-term results, comparing the potential neurological 
benefits with the higher surgical risks, are not yet available in premature neo-
nates [32]. According to our own observations, the neonatal patients after neu-
rosurgical endoscopic lavage require fewer interventions for CSF diversion.  

6.2. Multicompartment Hydrocephalus 

Especially after ventriculitis or meningitis a multicystic hydrocephalus can de-
velop, containing highly fibrinogenic protein-rich CSF, which easily leads to ca-
theter obstruction [33]. In these cases, endoscopic cyst fenestration, together 
with placement of a “stent-like” free catheter tip in between cysts, or insertion of 
cerebral catheters connected to a shunt system, can re-establish functional and 
pulsatile CSF flow through the labyrinth-like ventricular system [34]. Endoscop-
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ic lavage to dilute CSF protein content, similar to IVH patients, has been de-
scribed for difficult cases, reportedly with encouraging results [35]. 

6.3. Triventricular Hydrocephalus 

Aqueductal stenosis is a typical cause of triventricular hydrocephalus in neo-
nates. When aqueductal stenosis is associated to L1CAM-mutations, x-linked 
hydrocephalus or malformations such as holoprosencephaly, the patients have a 
high risk for impaired neurological development. Isolated AQS can remain clin-
ically asymptomatic for years and the patients have a similar long-term outcome 
as healthy peers [22]. A consequent life-long follow-up of neurologic symptoms is 
mandatory, once the radiologic diagnosis has been made [33]. When symptoms 
occur, the treatment of choice is endoscopic third ventriculostomy (ETV). 

6.4. Tumors 

Congenital mesencephalic tumors or cerebellar tumors, such as pilocytic astro-
cytoma or medulloblastoma, can lead to hydrocephalus because of CSF outflow 
reduction from the posterior fossa. However, symptomatic congenital tumors 
within the posterior fossa are very rare, posterior fossa tumors generally develop 
later in life [36]. In order to restore CSF flow, the tumors have to be removed 
neurosurgically, as completely as possible. In certain cases, endoscopic third 
ventriculostomy can be indicated, if the prepontine subarachnoid space is not 
obtruded by the anterior brainstem shift induced through the space-occupying 
lesion. Otherwise, implantation of a shunt system is needed. 

6.5. Neural Tube Defects  

During fetal development, pulsatile CSF flow is involved in shaping the chon-
droid skull, especially the size of the posterior fossa. In neural tube defects, e.g. 
myelomeningocele, pulsatile and hydraulic forces are lost, because spinal CSF is 
draining into the amniotic cavity. This often leads to a small size of the posterior 
fossa, which in turn cannot accommodate the developing and growing cerebellar 
structures. This so-called Chiari-malformation then results in compression of 
the medulla oblongata by caudally displaced parts of the cerebellum, accompa-
nied by respiratory problems of the newborn and by hydrocephalus, sometimes 
even syringomyelia.  

Spinal myelomeningoceles are to be closed neurosurgically during the first 48 
hours after birth, to avoid ascending infections and secondary mechanical dam-
age to the medullary cord. The sudden stop of spinal CSF egress increases the 
production/resorption mismatch and eventually aggravates the symptoms of the 
Chiari malformation. Therefore, about 80% of children with perinatal myelome-
ningocele will need placement of a shunt system in the days following the first 
surgery [37] [38]. In severe cases, additional neurosurgical decompression of the 
posterior fossa and the dorsal arches of the upper cervical spine has to be consi-
dered. 
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Recent studies have reported endoscopic third ventriculostomy to be a feasible 
and safe alternative to shunt placement in these patients, with comparable suc-
cess rates [39] [40]. Antenatal open fetal surgery or fetoscopic repair of the 
neural tube defect has been shown to reduce the rate of shunt-dependent hydro-
cephalus below 50% [41] [42]. However, long-term results are not yet available 
concerning neurologic and cognitive outcome with these treatments.  

7. Controversy 

Endoscopic fenestration versus shunt implantation. 
Intraventricular endoscopic fenestration has been established as a standard 

neurosurgical intervention during the last 25 years. Compared to shunt place-
ment, the most obvious advantage is prevention of foreign material implantation 
into the patient’s body, avoiding the pitfalls of shunt obstruction or infection. Ear-
ly studies showed the complication rates and the frequency of revisions to be lower 
and the long-term patency rates of CSF stomies to favor endoscopy [17] [43]. 

More recent publications indicated equipoise of both techniques [44] [45]. A 
multicenter retrospective analysis in more than 5000 infants found that repeated 
CSF diversion surgery was necessary in 64.5% of patients after ETV as first in-
tervention, compared to 39.6% of infants with shunt placement [46]. In the In-
ternational Infant Hydrocephalus Study (IIHS) for aqueductal stenosis, a pros-
pective multicenter comparison of both techniques, treatment failure was defined 
as the need for neurosurgical re-operation to divert CSF, or death because of hy-
drocephalus. Using this definition, one-year-success rate for ETV was 66% com-
pared to 83% for shunt placement. Especially children below 6 months of age 
seemed to fare worse with ETV [47]. The 5-year-follow-up data is in preparation. 

In a retrospective analysis of own neonatal patients, neurologic outcome after 
ETV was worse compared to VP-shunt, only when ETV did not improve ven-
triculomegaly [6]. Persistent ventriculomegaly is not unequivocal for determin-
ing the success of hydrocephalus treatment, but it puts neonatal children at risk 
for impaired neurological development [48] [49]. In our view, endoscopic inter-
vention offers an additional advantage to visualize and inspect parts of the CSF 
pathways, as well as to dilute and clean CSF contents. Close neurologic follow- 
up and ultrasonographic observation of ventricular size is required to decide 
whether and when shunt implantation is needed after ETV. 

Especially in the neonatal setting, both techniques should be readily available 
and have to be regarded as complementary approaches, which can easily be com-
bined. Individualized decision making in a multidisciplinary setting remains 
mandatory, probably even after arrival of the projected data analyses of the ongo-
ing studies. 

8. Long-Term Results 

In general, hydrocephalic children suffer from an increased risk for develop-
mental delay and an increased mortality. Besides the surgical letality (approx-
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imately 8%), the mortality rate over 20 years of follow-up has been reduced from 
39% in the 1960s to 21% in the 1980s for patients without a tumor as underlying 
disease [50] [51]. Many patients present with neurologic deficits such as motor, 
visual or auditory impairment, and a huge number of deaths is due to delayed 
diagnosis of CSF diversion malfunction, regardless whether a shunt implanta-
tion or an endoscopic fenestration have been performed [11] [43].  

The neurologic and intellectual development depends largely on the etiology 
of the hydrocephalus and the intercurrent diseases such as intracranial hemorr-
hage, ventriculitis or accompanying epileptic seizures. For example, children 
with neural tube defects or aqueductal stenosis fare better than patients with 
concomitant epilepsy, which is present in up to 30% of patients [52]. Compared 
to the healthy population, children with hydrocephalus are challenged in view of 
motoric functions, nonverbal tasks and executive functions, but in 40% to 65% 
of treated patients normal intellectual capacities have been shown. The pre- 
school level of verbal capacities allows estimating further development [23].  

Visual disturbances require special attention, because in more than two thirds 
of the patients, accompanying ocular problems, such as strabism or refractory 
deficits, are present, and in 9% of grown-up patients visual loss is the only 
symptom of delayed shunt malfunction [11]. 

In neuroradiologic follow-up, the term “hydrocephalus e vacuo” is a highly 
controversial diagnosis. It describes a situation in which the loss of cerebral tis-
sue leads to enlarged CSF-filled intracranial spaces, without increased intra-
cranial pressure or CSF production/resorption mismatch. These e-vacuo situa-
tions can only be unequivocally diagnosed by invasive intracranial pressure 
monitoring and the onset of symptoms in chronic hydrocephalus can be delayed 
for decades [6]. This underlines the importance of close, life-long follow-up ex-
aminations, once a stable clinical and neurological situation has been achieved 
for the patients. 

9. Future Directions 

The development and refinement of endoscopes, for example the in-catheter 
endoscope, will allow for less invasive and more accurate positioning of shunt 
catheters, probably together with ventricular lavage, combining both techniques 
with neuronavigation. This may lead to decreased rates of shunt malfunction by 
diminishing the amount of debris, cellular structures and proteins in CSF before 
placement of catheters. However, meticulous long-term follow-up is needed to 
disclose the least harmful treatment strategy in the small and vulnerable patients. 
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