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Accordingly, the continued use of CSF shunting
procedures and the increasing use of ETV jus-
tify an account of the symptoms and signs with
which complications are apt of manifesting in
this setting.

2.2 General Scope
of Hydrocephalus and CSF

Shunt Revisions

According to Bondurant and Jimenez, there are
approximately 125,000 hospital discharges with
the diagnosis of hydrocephalus each year in the
USA, comprising 36,000 shunt-related proce-
dures and 33,000 placement of shunts with an
economic cost of 100 millions of USA $ a year.
Nearly half of this amount is spent on shunt revi-
sions [7]. Massimi et al. noted a recent change in
the epidemiology of hydrocephalus [54]. These
authors observed a decrease in the incidence of
hydrocephalus related to myelomeningocele,
aqueduct stenosis, CNS infections, craniocere-
bral malformations, and head injuries. The rate of
posthemorrhagic hydrocephalus remains stable,
while the incidence of tumor-associated hydro-
cephalus is on the rise [54]. In our mean, approxi-
mately 40 % of pediatric neurosurgical operations
have to do with hydrocephalus and its complica-
tions. We have also observed a steady decrease in
the number of new cases of infantile hydrocepha-
lus attributable to better prevention measures, to
prenatal diagnosis, and to improvement in neona-
tal care. There is also a diminution in the rate of
surgical revisions probably related to the reduc-
tion in the global incidence of hydrocephalus, to
the generalized use in our mean of programmable
valves, and to the introduction of ETV. We have
not appreciated significant changes in the inci-
dence of operations for normal pressure hydro-
cephalus (NPH).

Wong et al. have recently reported the patterns
of neurosurgical adverse events of CSF shunt sur-
gery [88]. Shunt failure constitutes a serious
problem with a cost of 1.4-2 billion dollars in
hospital charges a year. Wong et al. analyzed
14,683 new ventricular shunts implanted in pedi-
atric and adult patients. Failures during the first

Table 2.1 Incidence of CSF shunt complications

Type of complication %
Mechanical complications: proximal catheter,  8-64
valve, or distal catheter obstruction,

disconnection, fracture, migration, etc.

Functional complications (under- and 3-50
overdrainage)

Shunt infection 3-12
Intra-abdominal complications (only in 1-24
peritoneal shunts)

Intracranial hemorrhage 4
Epilepsy 20-30

year may have an incidence as high as 50-70 %
and an estimated rate of 5 % yearly thereafter
[87]. Table 2.1 summarizes the distribution of the
commonest reported complications of hydro-
cephalus treatment. Briefly, adverse events of
surgical treatment of hydrocephalus can be clas-
sified into three groups: (a) mechanical, (b) infec-
tious, and (c) functional. Iatrogenic failures will
be dealt with in a separate chapter.

2.3 Terms, Concepts,

and Definitions

Hydrocephalus consists of an excessive accumu-
lation of cerebrospinal fluid (CSF) within the
cavities of the brain or around it. Concerning efi-
ology, the causes of hydrocephalus are often
grouped into congenital or acquired and may
result from a variety of pathological processes
such as congenital and malformative conditions,
intracranial hemorrhage, infection, trauma, and
brain tumors or cysts (Table 2.2). Regarding
pathophysiology, hydrocephalus is the result of
excessive production, flow obstruction, or
impaired reabsorption of CSF. Hydrocephalus
may involve different cranial cavities and is often
described, mainly by neuroradiologists, as
mono-, bi-, tri-, or tetraventricular referring to the
number of dilated ventricles proximal to the site
of obstruction. External hydrocephalus consists
of the extra-axial accumulation of fluid probably
by impaired absorption. Arachnoid cysts have
also been considered as localized forms of hydro-
cephalus and communicating hydromyelia as a
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Table 2.2 Etiology of hydrocephalus
Origin Cause of hydrocephalus
Congenital Sylvian aqueduct stenosis

Antenatal communicating of undetermined
cause
Stenosis/atresia of ventricular foramina
Dandy-Walker malformation
Intracranial cysts
Chiari malformations I and II
Craniofacial anomalies
Vein of Galen aneurysm
Antenatal CNS infection
Storage diseases
Acquired  Posthemorrhagic (prematurity)
Posthemorrhagic (adults)
Tumoral (obstructive or areabsortive)

Postinfectious and parasitic (obstructive or
areabsortive)

Posttraumatic
Normal pressure hydrocephalus

form of intramedullary hydrocephalus [44, 52].
Normal pressure hydrocephalus (NPH) is a con-
dition of poorly known origin and is now also
termed chronic hydrocephalus of the adult [64].

In relation to temporal occurrence, hydro-
cephalus may present in acute, subacute, or
chronic forms. Hydrocephalus may be active or
passive and has to be differentiated from brain
atrophy. This is particularly true in the case of
children afflicted with destructive brain diseases
as infections, hemorrhage, or trauma to the cen-
tral nervous system (CNS). Elderly patients or
those with arterial hypertension, atherosclerosis,
diabetes mellitus, previous cerebrovascular acci-
dents, or small ischemic brain lesions may also
show brain atrophy in imaging studies.

Arrested hydrocephalus means adequately
treated (shunted) hydrocephalus. Compensated
hydrocephalus refers to all other forms of hydro-
cephalus at various levels of compensation that
often entails some cost to the patient.
Uncompensated hydrocephalus in children refers
to progressive ventricular enlargement, usually
accompanied by macrocephaly. The term uncom-
pensated hydrocephalus is also applied to a situa-
tion of stable ventricles associated with
developmental delay, cognitive impairment,

impaired consciousness, or progressive neurolog-
ical deficit. The concept of “cure” is rarely applied
for shunted hydrocephalus given the current
uncertainty for diagnosis even when intracranial
pressure (ICP) monitoring or hydrodynamic tests
are utilized. According to Rekate, children with
communicating hydrocephalus have a probability
as high as 50 % of becoming shunt independent at
a later age [67]. Patients with doubtful diagnosis
of hydrocephalus usually give equivocal results
on current tests that justify the exceptional use of
the term cure referring to hydrocephalus.
Therefore, it seems reasonable to review children
with ventriculomegaly if they are neurologically
stable and if psychomotor development remains
on time. Patients in this situation should be fol-
lowed up closely even with serial ophthalmologic
and psychometric studies.

2.3.1 Shunt Structure

CSF shunts divert the excess of fluid from the
ventricles (or other fluid-filled spaces, as subdu-
ral collections and intracranial cysts) to another
body cavity. Basically, a shunt is composed of
three components: a proximal (ventricular) cath-
eter, the valve, and a distal catheter. These pieces
can be manufactured in separated parts that are
assembled at the time of insertion or be manufac-
tured in a single kit called unishunt. Most shunts
may also contain accessories such as integrated
pumping devices or reservoirs, and they may also
be supplied with an independent antisiphon
device or with a siphon-controlling device inte-
grated in the valve.

Most valves are of differential pressure type,
flow regulated, or anti-gravitational. Valves may
also be of fixed pressure (low, medium, or high
pressure), or they may be externally adjustable
(programmable valves). The internal mechanism
that regulates CSF flow and pressure of the valve
may consist of slits, diaphragm, ball and spring, or
miter mechanisms. The components of the shunt
are made up of silicone, complemented with other
polypropylene or hardened plastic parts or with
metallic connectors. Some silicone tubing is cured
with silver for increasing resistance to stretching or
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kinking, while barium impregnation of the tubes is
commonly utilized for radiologic identification of
the integrity of the shunt.

2.3.2 Types of CSF Draining
Systems

The most popular type of shunting device is the
ventriculoperitoneal shunt (VP), followed by
ventriculopleural, ventriculoatrial (VA), lumbo-
peritoneal (LP), and more rarely ventriculo-
gallbladder (VGB) shunt. Other types of CSF
shunt systems are presently considered only of
historic interest. External ventricular drainage
(EVD) consists of a temporary device endowed
with a ventricular (or subdural) catheter that con-
nects with a collecting bag. A variety of CSF
drainage is the ventriculo-subgaleal shunt that
drains the ventricular CSF to the subgaleal space
and is commonly used as a temporizing measure
for controlling ICP especially following ventric-
ular hemorrhage or infection. In addition, ETV is
a form of internal derivation of CSF that commu-
nicates the floor of the third ventricle with the
basal cisterns. At present, ETV is more and more
utilized for avoiding the innumerable complica-
tions of CSF shunting.

2.3.3 ShuntFailure, Shunt
Malfunction,
and Complications

The term shunt failure is not well defined in the
current literature. The most accepted view is that
shunt failure consists of the inability to reach the
goal of surgery. In CSF shunting, failure refers to
the incapability of accomplishing an appropriate
control of hydrocephalus (as opposed to success)
indicated by revision, replacement, or removal of
the shunt. The term complication refers to any
adverse event that interferes with the expected
success of the procedure including new inser-
tions, revisions, or replacements of the valve.
Complications may or may not be related with
the surgical technique or the valve, and may or
may not end with shunt revision or replacement.

Complications may derive from problems related
to the valve, the patient, or the surgery. In many
occasions, the terms failure and complication are
interchangeably used in the literature. The vari-
ety of devices and accessories employed for
shunting of CSF attests for the lack of a rigorous
knowledge of the mechanisms involved in the
pathophysiology of hydrocephalus and the lack
of established guidelines for its treatment. In
addition, no CSF shunt has demonstrated its
superiority over other shunt type.

24 Clinical Manifestations

of Shunt Failure

As stated before, shunt failure refers to any con-
dition that ends in revision, replacement, or
removal of a CSF valve or even in the patient’s
death. Failure may be related to (a) mechanical
malfunction, (b) infection, or (c) over- or
underdrainage.

General Clinical Features
of Shunt Failure

2.4.1

Shunt failure can show up in several ways and
may proceed with a rapid or slow onset and vari-
able evolution. Shunt malfunction may appear
acutely, with alarming signs of brain herniation,
i.e., rapidly declining level of consciousness,
pupillary changes, posturing, apneic spells, and
bradycardia, indicating that we are facing an
emergent situation [1, 25, 40]. Patients arriving in
hospital in this way let little time for reflection
and need emergent management. More often,
subacute shunt failure appears in a less stressful
scenario that permits calm assessment and allows
time for planning the appropriate (medical or sur-
gical) management. Shunt malfunction can also
present with chronic manifestations such as mild
psychomotor retardation, decreased vision,
impaired ocular motility, unsteady gait and falls,
mood changes, decreased school performance,
increased tone and reflexes in the lower limbs, or
symptoms and signs of brain stem involvement or
of hydromyelia [51, 57]. In patients operated on
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for NPH, shunt failure is proclaimed by return to
their presurgical situation. Patients show slow
mental deterioration, urinary urgency or inconti-
nence, and a worsening gait. Headaches, dizzi-
ness, and focal symptoms or signs appear
exceptionally in NPH patients with shunt
malfunction.

2.4.2 Clinical Features
of Mechanical Failures

Mechanical malfunction is the most frequent
cause of CSF shunt failure. Its incidence may be
as high as 50 % in children [4]. Shunt malfunction
may be due to proximal catheter obstruction (the
most common), valve obstruction, distal catheter
occlusion, disconnections of shunt parts, fracture
of the tubing, or migration of the proximal or dis-
tal catheters. Brain debris, choroid plexus, blood,
or tissue reactions often occlude proximal cathe-
ters. Slit ventricles and faulty placement of the
catheter within the ventricle may also interfere
with the flow through the catheter.

On the contrary, the valve itself appears as the
most dependable part of the shunt system.
Obstruction of the valve is very rare and, in our
experience, it happened in very few cases, and it
was almost always produced by blood clots [42].
Breakage of the valve itself may occur without
any apparent cause or may follow a cranial trau-
matism. Obstruction of the distal catheter gener-
ally occurs in systems with distal slit valves and
very rarely in open-ended catheters [15]. In
exceptional occasions, the distal tube may be
occluded by fecal contents indicating bowel per-
foration. In the abdomen, distal catheters may be
occluded by ingrowth of mesothelial cells and
fibroblasts [17]. Kinking of the tube is also of
very rare occurrence and is always due to a defec-
tive placement.

Detachment of ventricular catheters is almost
exclusively due to a loose ligature or to using
absorbable sutures. Separations of distal cathe-
ters generally occur at the site of connection to
the valve, even in systems with soldered compo-
nents. Stress rupture of the shunt tubing, in one
or several pieces, usually takes place on the

anterior neck or upper part of the chest wall and
is favored by sustained or repeated stretching or
friction. Notable deterioration of drainage sys-
tems usually occurs in shunts implanted for
more than 5 years [20]. Rupture and disconnec-
tions mainly happen when there exist biodegra-
dation and calcification of the outer surface of
the tubes (Fig. 2.1) caused by aging of the
device [6, 17, 20, 21, 76]. Resistance to rupture
perhaps might be improved by incorporating
tubes to the shunt device with a greater cross-
sectional area [79].

Proximal catheters, reservoirs, and even the
entire shunt may migrate into the brain, the ven-
tricle, the scalp, or the subgaleal space. In occa-
sions, catheter migration is accompanied by the
valve (Fig. 2.2) or reservoir itself [12, 24, 42, 72].
Hydrogel-coated (BioGlide) catheters (devised to
decrease cell adhesion aimed at reducing shunt
obstruction and infection) seem to be more prone
to disconnection and intracranial migration than
standard devices [12]. In the same way, the proxi-
mal catheter (and its accompanying reservoir or
valve) may be pulled out of the ventricle and be
displaced down toward the subcutaneous tract.
The distal catheter may be stretched out of the
peritoneum too, migrating to the subcutaneous
abdominal or thoracic tract or into the pleural
space, or it may even follow an upward course
and penetrate the skull, ventricle, etc. [43, 78].
Detached or broken distal catheters may totally
migrate and lodge into the peritoneal cavity.

There are anecdotal reports on perforations and
migrations of the distal tubing into the bowel, stom-
ach, liver and gallbladder, scrotum, urinary bladder,
pleural space, bronchi, and heart. Bowel perforation
seems to be the most severe form of this complica-
tion [16]. Extrusion of shunts may take place
through the anus, umbilicus, mouth, vagina, opera-
tion scars, midlumbar region, etc. [16, 19, 29].

Distal catheters of VA valves may also break
or disconnect and stay in situ or migrate to the
right heart ventricle, right atrium, pulmonary
arteries, or cava vein [36]. All these mechanical
complications habitually show the signs and
symptoms reported above and are intimately
related to the body cavity where the shunt drains
(peritoneum, pleura, heart, lumbar spine, etc.).
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Fig. 2.1 (a) Photograph of a 20-year-old patient showing
calcified subcutaneous shunt tubing (arrows), (b) radio-
graph illustrating the calcified tube (arrows), (c¢) photo-

2.4.3 Age as aRisk Factor for Shunt
Dysfunction

Complications of CSF shunting are more preva-
lent in neonates and infants due to the special
characteristics these patients possess [18, 19, 48].
There is an increased incidence of both shunt
malfunction and shunt infection in this age group
in comparison with older children and adults.
This vulnerability is due to brain immaturity,
skull flexibility, skin fragility (Fig. 2.3a), and
compromised immunity. In neonates and infants,
irritability, vomiting, decreased appetite, and
lethargy, together with bradycardia and apneic
episodes, indicate shunt malfunction. Bradycardia
and apnea constitute a very reliable indication of
shunt failure [40]. Clinical examination findings
include abnormal growth of head circumference,
bulging of the anterior fontanel (Fig. 2.3a), suture

graph of the removed catheter, (d) photograph of a
removed broken and calcified shunt

diastasis, sunsetting eyes, and dilated scalp veins
(Table 2.3). Palpation of the anterior fontanel
may give a reliable estimate of intracranial pres-
sure and is a very dependable sign in children
with open skull bones (Fig. 2.3b).

Shunt failure in older children and adults
manifests itself with an almost constant triad that
consists of headaches, vomiting, and somnolence
[4]. Other complaints include blurred or failing
vision, squint, loss of appetite, mood changes,
and new onset or increase in the number of sei-
zures. Table 2.4 shows some frequent (and less
frequent) symptoms and signs of shunt malfunc-
tion in older children and adults. Differential
diagnosis in children who present with vague
symptoms must be made against common infan-
tile diseases, especially gastrointestinal viral dis-
eases or mild upper respiratory tract infections.
Children are also prone to experience otitis
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Fig. 2.2 (a) CT scan depicting partial intracranial migra-
tion of a valve reservoir (arrow), (b) intraoperative photo-
graph during replacement of the reservoir. Note the
enlarged cerebral orifice

media, and individuals with myelomeningocele
often suffer from repeated urinary infections that
may resemble (or mask) those of shunt failure.
Less often, shunt malfunction evolves with
chronic and subtle clinical features as failing
vision, mood and behavioral changes, gait clum-
siness, frequent falls, regression or stagnation of
developmental milestones, or even with deficient
schooling progression. Clinical examination may
show papilledema, spastic paraparesis, hyperto-
nus, hyperreflexia, uni- or bilateral sixth cranial
nerve palsy, cervical defense, spinal rigidity, ery-
thema, palpable pseudotumors, or fluid collec-
tions along the shunt tract (Fig. 2.4a, b). Rupture
or disconnection of the distal catheter can be

diagnosed by palpating the entire shunt along the
trajectory through the subcutaneous tissue.
Partial calcification of distal catheters indicates
tube degradation and should raise the suspicion
of catheter breakage with or without intra-
abdominal migration (Fig. 2.1). In peritoneal
shunts, features of shunt malfunction referred to
the abdominal cavity are usually the most strik-
ing (Table 2.4).

There is a group of pediatric patients who are
admitted repeatedly to hospital with repeated
shunt failure (“poor-shunt patients”) [81]. The
main cause for recurring malfunction is proximal
catheter obstruction. Known causative factors for
this complication are a younger age at insertion,
overdrainage, concurrent other surgeries, and
certain causes of hydrocephalus [81].

Bergsneider et al. and Vinchon et al. [5, 84]
reported several forms of shunt dysfunction in
adults with pediatric-onset hydrocephalus and
have also given an account of other related con-
ditions such as adult slit ventricle syndrome,
multi-compartmental hydrocephalus, newly
diagnosed noncommunicating hydrocephalus,
and non-NPH and NPH hydrocephalus [5].
Risk factors for shunt malfunction in adults has
been especially described in VA shunts espe-
cially after previous multiple external drain-
ages [32]. Adult NPH patients with shunt
malfunction often return to hospital with the
complaints of deterioration in comparison with
the amelioration noted immediately after shunt-
ing. Clinical features in this group of patients
consist of worsening gait, aggravation of uri-
nary problems, and failing memory. Rarely
these patients complain of headaches, mental
dullness, dizziness, or seizures. Physical exam-
ination shows increased reflexes and Babinski
sign, gait ataxia, parkinsonism, and signs of
frontal release as sucking and grasping reflexes.
Muscle strength is normal and there is no sen-
sory loss. However, the appearance of focal
signs, as hemiparesis, should raise the suspi-
cion of a subdural hematoma. In an extensive
series of chronic subdural hematomas, six
instances (0.6 %) were associated with shunted
hydrocephalus and presented with behavioral
disturbances or headaches [26].
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Fig. 2.3 (a) Photograph of an infant with a bulging fontanel soon after valve revision, (b) photograph showing the
technique of fontanel palpation

Table 2.3 Symptoms and signs of shunt malfunction in
infants

Symptom Sign
Irritability  Increasing head circumference
Vomiting Bulging fontanel
Somnolence Suture diastasis
Dilated scalp veins
Poor feeding Sunsetting eyes
Decreased  Axial hypotonus, limb hypertonus/
activity hyperreflexia
Unspecific ~ Bradycardia
Symptoms  Apneic episodes

Fluid collections around reservoir, valve,
or shunt tract

Swelling/erythema along shunt tract

Skin breakdown, skin erosion, CSF
leakage

Most reliable: irritability, vomiting, bulging fontanel,
and sunsetting eyes

2.4.4 Early vs. Late Shunt Failures

The majority of early complications occurs in the
first year after shunt insertion and is in relation
with patient age and condition, the surgical tech-
nique, and the function of the shunt itself. The
most frequent reasons for early failure both in
children and adults are proximal catheter obstruc-

tion and shunt infection [23]. In our experience,
technical problems related to valve placement
and inadequate selection of valve’s characteris-
tics (pressure and size) may cause early shunt
failure too. Late shunt dysfunction is almost
exclusively due to proximal or distal catheter
block or to fracture or disconnection in relation
with problems pertaining to aging of the
implanted material and to late infection. The haz-
ard of shunt failure decreases as a function of
time in both newly placed and revised shunts:
“the longer a shunt functions, the less likely it is
to fail” [53]. The rate of shunt infection decreases
as a function of time too. Mc Girt reported a 14 %
rate of failures for all shunts during the first
month after shunt implant and only a 5 % rate
beyond 4 years [53]. Obviously, shortening of the
distal catheter due to the child’s growth is also a
late age-related cause of shunt failure.

2.4.5 Role of Hydrocephalus
Etiology in Shunt Failure

There is no agreement in different studies as to
the role played by etiology of hydrocephalus in
the rate of subsequent shunt complications.
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Table 2.4 Symptoms and signs of shunt malfunction in older children and adults

Symptom

Headaches

Vomiting

Somnolence

Drowsiness

Blurred vision/diplopia

Loss of vision

Neck/back pain

“Shuntalgia”
Instability/ataxic gait/falls
Vague symptoms

Increase in seizures
Worsening psychomotor development
Ataxia

Syncope

Schooling difficulties
Abdominal pain/constipation
Dyspnea

In NPH: failure to improve/return to presurgical condition

Sign

Papilledema

Decreased level of consciousness
Fluid collection along shunt tract
Hyperreflexia

Limb hypertonus

Spastic paraparesis
Bradycardia/Tachycardia
Macrocephaly

Sixth cranial nerve palsy/squint
Upward gaze palsy

Palpable gap in the shunt tract
Pseudotumoral mass around shunt tubing/calcified tubing
Apneic spells/respiratory arrest
Tetraparesis

Abdominal guarding/distension
Chest pain/cough

Most common: headaches, vomiting, somnolence, and papilledema

Fig.2.4 (a)Photographillus-
trating skin reddening along
the thoracic wall in a child
with shunt infection (arrow),
(b) photograph of the thoracic
tract of a VP shunt showing
subcutaneous accumulation of
fluid (arrow)

Some find no differences between the diverse
causes of hydrocephalus in the occurrence of
shunt failures [28, 63]. However, others report an
increased rate of shunt malfunction in patients
with intraventricular hemorrhage, meningitis, or
tumors [37, 39, 63]. Reported risk factors in
tumoral hydrocephalus comprise age, tumor his-
tology, and concurrent or prior surgical proce-

dures (external ventricular drains, craniotomy,
etc.) [66]. There is a higher rate of severe com-
plications in myelomeningocele patients with
the Chiari II malformation at the time of shunt
malfunction. These patients may suffer early
damage to the brain stem and upper cervical cord
that causes breathing problems and quadripare-
sis [25, 51, 57].
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2.4.6 Malfunction in Different
Draining Spaces

Ventriculoperitoneal shunts may fail due to numer-
ous causes as ascites (Fig. 2.5a), hernias, hydro-
cele, ileus, intussusception, torsion of omental
cyst, peritonitis, peritoneal pseudocyst, volvulus,
perforation of viscus, peritoneal pseudotumor, and
catheter extrusion through several places (umbili-
cus, rectum, vagina, scrotum, mouth, gastrostomy
wound, etc.). Most of these complications usually
evolve with features of shunt malfunction and/or
with those of infection [16]. An often overlooked
cause of shunt malfunction is severe constipation
(Fig. 2.5b) that causes increased intra-abdominal
pressure thus impairing CSF drainage from the
ventricles [49, 54, 71].

Malfunction of ventriculopleural valves is
generally due to accumulation of fluid in the
pleura (aseptic hydrothorax), pneumothorax, and
rarely to pleural empyema or fibrothorax [45, 80].
Symptoms of thoracic involvement include chest
pain, cough, shortness of breath, and tachypnea.
On examination there may be decreased breath
sounds, dullness on percussion, subcutaneous
emphysema, pallor, sweating, tachypnea, and
cyanosis.

Ventriculoatrial shunts are at present rarely
implanted due to the severity of the problems that
they may originate. VA valves in children require
frequent catheter lengthening due to the patients’
growth. Specific complications of VA valves are
often severe and include bland or septic pulmo-
nary embolism, pulmonary hypertension, endo-
carditis, cor pulmonale, cardiac arrhythmias, and
shunt nephritis. Clinical manifestations include
chest pain, shortness of breath, low-grade fever,
and, in the case of shunt nephritis sepsis, hepato-
splenomegaly, arterial hypertension, hematuria,
and proteinuria [61, 83].

Lumboperitoneal shunts are used in commu-
nicating hydrocephalus, NPH, pseudotumor
cerebri, CSF fistulas, and postsurgical pseudo-
meningocele. LP valves have a high rate of com-
plications [14, 85]. One of their main drawbacks
of LP shunts is the difficulty they present for
assessing their function. Morbidity of LP shunts
may be due to mechanical complications (block,

Fig.2.5 Photographs of two patients: (a) one with ascites
due to infection, (b) the other with abdominal distention
due to chronic constipation

migration), overdrainage (subdural collections),
infection, and development of acquired Chiari
malformation. Acquired tonsillar herniation is
the most feared complication, and it is thought to
be more prevalent following the placement of
valveless systems. Clinical features include back
pain, back stiffness, sciatica, neurological
involvement in the lower limbs, scoliosis, and
those pertaining to symptomatic tonsillar hernia-
tion [14, 85].

Ventriculo-gallbladder shunts are indicated
after failure of previously placed VP, VA, or ven-
triculopleural shunts. Complications comprise
malfunction, disconnection, infection, gallblad-
der atony, gallbladder calculi, peritonitis, and bil-
ious ventriculitis [27, 77].

Subdural-peritoneal shunts are used for drain-
ing subdural collections of fluid. Their main
complications are blockage, infection, discon-
nection, migration (including intracranial migra-
tion of the entire system), CSF leakage, and skin
ulceration, together with overdrainage that may
produce cranioencephalic disproportion and
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proximal catheter adherence to brain surface at
removal [22, 34].

Ventriculo-subgaleal shunts are currently used
for temporary control of hydrocephalus of intra-
ventricular hemorrhage in premature neonates.
These shunts may present with infection, block-
age, CSF leakage from the wound, and intracra-
nial hemorrhage and with pressure-related head
molding caused by compression from the subga-
leal collection of fluid.

How Does Shunt Infection
Manifest?

2.5

Ventricular shunt infection is a common com-
plication of CSF shunting that causes high mor-
bidity and mortality. A recent study on infection
after initial CSF shunting in children, compris-
ing 7,071 children, reported 825 shunt infec-
tions that produced 4,434 shunt revisions [74].
During a 24-month follow-up, CSF shunt infec-
tion rates were 11.7 % per patient and 7.2 % per
procedure. Significant risk factors for infection
(»<0.05) included young age, female sex,
Afro-American race, public insurance, intra-
ventricular hemorrhage, respiratory complex
chronic conditions, subsequent revisions, hos-
pital volume, and surgeon case volume [74].
Predictors of infection in a cohort of 979
shunted patients, 130 (13 %) comprised bacte-
rial growth in CSF, of which 58 (5.9 %) had a
final diagnosis of shunt infection [70]. Risk fac-
tors for shunt contamination comprise recent
(<90 days) shunt surgery, fever, abdominal
pain, CSF leak, and erythema or swelling along
the shunt tract [70]. For these authors, an
important feature discriminating between shunt
failure and shunt infection after new placement
or valve revision is the presence of fever and
leukocytosis (>15,000) [70].

Risk factors for shunt infection in adults
include previous CSF leaks, revisions for dys-
function, operation performed late in the day, and
longer surgical time [32]. Most clinical manifes-
tations of shunt failure cannot conclusively dis-
tinguish between malfunction and infection,
except for cases in which clinical features and

Table 2.5 Symptoms and signs of shunt infection

Symptoms Signs

Headache Fever

Nausea/vomiting Fluid collection along
shunt tract

Feeding problems Erythema along shun tract

Lethargy Cellulitis

Irritability Incisional wound infection/

frank pus discharge

Changes in sensorium  Nuchal rigidity/meningeal

signs
Neck/back pain
Abdominal pain Abdominal distention/
guarding
Diarrhea/constipation  Palpable intra-abdominal mass
Respiratory symptoms: Respiratory insufficiency
chest pain, cough, signs/hypoventilation/
dyspnea tachypnea

laboratory tests of shunt infection are clearly
identifiable (Table 2.5).

Common symptoms of shunt infection include
those of shunt malfunction (headaches, vomiting,
etc.) plus those of infection such as feeding prob-
lems, fever, malaise, fatigue, and lethargy. Signs
include neck rigidity, swelling, erythema or cellu-
litis around the shunt tract (Fig. 2.4), leakage of
CSF, or frank discharge of pus from the surgical
incision. Prevention of skin ulceration over the
valve involves choosing an adequate cranial site
for valve placement and avoiding prominent zones
of the head, especially in infants (Fig. 2.6a) and in
debilitated or bedridden patients [33]. A scar over
the valve reservoir (or other shunt component)
suggests the probable infection of the device
(Fig. 2.6b). However frank features corresponding
to wound or tract contamination are seldom pres-
ent. Low-grade infections by coagulase-negative
staphylococci or other skin microorganisms
account for the majority of shunt contamination,
but in these cases obvious clinical features of
infection, even hyperthermia, are usually lacking.

In peritoneal shunts (VP or LP), symptoms and
signs of infection related to the abdomen usually
are most prominent. The patients often complain
of abdominal pain and distention, nausea and
vomiting, or constipation. On examination, there
may be abdominal tenderness, guarding and dis-
tention in peritonitis or ascites (Fig. 2.5a), or a
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Fig. 2.6 (a) The image shows the extremely thin skin of a premature infant. The entire trajectory of the shunt can be
easily viewed. (b) The photograph shows an exposed part of a valve reservoir (arrow)

palpable mass in the case of a pseudocyst. In VA
shunts, early or late features of systemic infection,
sepsis, or endocarditis may be the hallmark of the
presence of valve infection. Shunt nephritis, a late
form of VA shunt infection, usually evolves with
sepsis, arterial hypertension, hematuria, and pro-
teinuria. In ventriculopleural shunts, infection
usually shows up with pleuritic pain, fever, tachy-
pnea, dyspnea, or other features of respiratory
tract involvement.

Meticulous surgical technique and extreme
measures of asepsis are regarded as crucial for the
prevention of shunt contamination [13, 82].
Modifications of surgical techniques include
reduced personnel in the operating room, shunting
as first case in the day, use of adhesive drapes on
the skin, double gloving, no-touching technique,
bathing the valve components with an antibiotic
solution, meticulous wound closure to prevent
CSF leakage, etc. There is some controversy on
the role played by hair shaving on the incidence of
shunt contamination, but the results are not con-
clusive [9]. Similarly, there are also unresolved
discrepancies about the role played by the factor
“experience of the surgeon” (trainees vs. experi-
enced surgeons) on the infection rate [41, 74].

Regarding infection prophylaxis, we consider
that the preparation of the surgical field is one of the
most important actions to be taken for preventing
shunt contamination. We customarily follow

Venes’s recommendations for preventing infections
[81]. Patients are shaved immediately before opera-
tion. The skin is scrubbed with povidone iodine
(Betadine) solution for 10 min and then covered
with adhesive drapes. We also submerge the shunt
components in a solution of vancomycin prior to
insertion and use three doses of intravenous prophy-
lactic antibiotics [48]. In a systematic literature
review on the subject comprising 5,613 pediatric
and adult shunting procedures, antibiotic-impreg-
nated shunts resulted in a significant reduction of
shunt infection over standard shunts and in no
increase in microbial resistance to antibiotics [60].

2.6 Functional Complications

In this section of the chapter, we will briefly com-
ment on the clinical features pertaining to diverse
syndromes that produce intracranial hypotension or
hypertension related with the use of CSF shunting
and that are referred to as under- or overdrainage.

Clinical Manifestations
of Underdrainage

2.6.1

Symptoms and signs of CSF underdrainage are
those related to intracranial hypertension and
that we have been already described (Tables 2.3
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and 2.4). Underdrainage is most usually due to
using a valve of a higher pressure than the one
needed for the patient. Using siphoning-retarding
devices or flow-controlled valves, especially in
infants and young children, may cause decreased
drainage too. Situations with increased pressure at
the draining cavity can also lead to underdrainage,
for example, increased peritoneal (or pleural) pres-
sure as seen in obesity, pregnancy [87], abdominal
tumors, constipation, etc. [49, 55, 71]. The drain-
age may also be affected by an inadequate absorp-
tion of hyperproteic CSF by the peritoneum
resulting in ascites as happens with optic-
chiasmatic tumors [86]. Multi-compartmental
hydrocephalus drained by multiple catheters may
lead to symptoms and signs of malfunction by an
asymmetrical distribution of forces within the
diverse cavities of the CNS.

Isolated fourth ventricle may present one or
more of the following clinical features: involve-
ment of cranial nerves sixth and seventh, hoarse-
ness, dysphagia, dysarthria, bradycardia, diplopia,
nystagmus, ataxia, irregular breathing, neck pain
and rigidity, and hemiparesis as a result of pres-
sure on the brain stem and high spinal cord.
Occasionally, these symptoms are produced by a
direct injury to the brain stem by a too long cath-
eter [38, 59]. Increased CSF pressure in enlarged
and trapped fourth ventricle may contribute to
development of cervical spinal cord edema (pre-
syrinx state) or of communicating hydromyelia
with symptoms of brain stem involvement and
quadriparesis [51, 57].

2.6.2 Clinical Features
in Overdrainage

The most frequent symptom of CSF hyperdrain-
age is orthostatic headaches that are typically
relieved by lying down in horizontal position.
Many times orthostatic headaches are seen
shortly after shunt insertion or revision and sub-
side with time needing no further treatment. In
neonates and infants with excessive drainage of
CSF, the fontanel may be sunken and the sutures
overlap (Fig. 2.7). The babies may also show
decreased appetite and trunk hypotonus.

Symptomatic subdural hematomas are excep-
tional in this age.

Most often, overdrainage in older children and
adults induces the formation of subdural collec-
tions of fluid or chronic subdural hematomas by
excessive drainage of CSF. These extra-axial col-
lections may be asymptomatic or may cause focal
neurological deficits. CSF overdrainage is also
thought to be the origin of recurring episodes of
proximal catheter obstruction with associated
shunt malfunction. Enophthalmos may be a late
sign of intracranial hypotension related to CSF
overshunting [31].

Slit ventricle and slit-ventricle syndrome
(SVS) have been the subject of many studies
regarding pathogenesis and management [3, 11,
46, 68]. Slit ventricles, often found in routine
imaging, are usually asymptomatic and do not
require surgical treatment. On the contrary, the
SVS produces severe symptoms as incapacitating
headaches, vomiting, mood changes, failing
vision, syncope, and mental confusion with vari-
able changes in the state of consciousness. In
severe cases, there may be impending signs of
coma, brain herniation with bradycardia, apnea,
fixed pupils, and posturing. SVS has been
reported as being exclusive of patients of pediat-
ric age, but features of this condition may also be
found in adults [5]. SVS has not been reported in
the presence of brain atrophy [19]. SVS may also
occur in arachnoid cyst treated with cyst-
peritoneal shunts [47, 52]. Another manifestation
of CSF shunt overdrainage has been named cra-
niocerebral disproportion and refers to a special
form of functional or structural skull synostosis
that results in brain compression [47]. Diagnosis
and management of overdrainage syndromes will
be discussed in a separate chapter.

2.7 Hemorrhage
as a Complication of CSF

Shunting

Intraventricular hemorrhage can be produced at
the moment of puncturing the ventricle with the
proximal catheter. Irrigation of the ventricle with
warm saline usually clears the fluid in a few
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Fig. 2.7 (a) Photograph of a child’s head showing a
sunken fontanel and overriding skull bones due to overd-
rainage early after initial shunting that was resolved by

minutes, as CSF fluid clearance usually requires
only time and patience. If the hemorrhage does
not subside, an EVD is left in place and main-
tained as long as necessary. Ventricular bleeding
constitutes the most dreaded surgical adverse
event during proximal catheter revisions. These
catheters usually stick to the choroid plexus or to
the ventricular walls. Utmost care must be taken
at the time of pulling the catheter out of the
ventricle. However several maneuvers are apt of
decreasing the eventuality of intraventricular
bleeding as are gentle rotation of the catheter
while slowly pulling it off. Others recommend
washing the internal lumen of the tube with saline
for disrupting the adhesions or using intraluminal
coagulation with a metallic stylet or with a flexi-
ble coagulating electrode as those used in neuro-
endoscopy [50]. A second ventricular catheter
must be readily available if clots or cerebral
debris would plug again the one that is being
implanted. The catheter may also be left in situ if

upgrading the pressure of an externally adjustable valve,
(b) CT scan of the same patient before valve pressure
readjustment

one feels that it is firmly adhered within the ven-
tricle. Others prefer to coagulate with diathermy
or laser using through an endoscope. During all
the maneuvers for proximal catheter removal, we
tightly held its outermost orifice with a straight
baby-mosquito forceps to avoid the inadvertent
intraventricular migration (a frequent cause of
retained ventricular catheters). In case of serious
ventricular hemorrhage, the new catheter may
become blocked causing a sudden neurological
deterioration that usually manifests early after
surgery requiring a repeat shunt revision. Gross
intraventricular ~ hematomas  constitute  an
extremely infrequent complication of CSF shunt-
ing [35] that requires EVD and probably intra-
ventricular injections of urokinase for accelerating
the lysis of the clots [50].

Cortical bleeding may also occur during the
opening of the dura mater. This hemorrhage can
be easily controlled with mono- or bipolar coagu-
lation. However, in some occasions, it requires
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enlarging the bone orifice of the burr hole to
reach the bleeding artery. These superficial hem-
orrhages usually have no clinical consequences,
and the patients remain symptom-free.

Subdural hematomas may be found in patients
with large heads and thin parenchyma after
shunting as occurs in children with macrocephaly
and large ventricles or in the elderly with brain
atrophy [2]. Its occurrence is more frequent in
adults (4-23 %) than in children (2.8-5.4 %) and
in patients with NPH (20-46 %). The proposed
mechanism for the development of a subdural
hematoma is the stretching and ruptures of bridg-
ing veins as a consequence of excessive drainage
of CSF. In this context, chronic subdural hemato-
mas are more prevalent than acute subdural
hematomas. The clinical picture of subdural
hematoma ranges from absence of symptoms to
manifestations of shunt failure or of a mass
lesion. Treatment is reserved for patients with
clinical symptoms or for those who show midline
displacement on imaging studies.

Epidural hematomas exceptionally compli-
cate CSF shunt procedures [2, 65]. They predom-
inantly occur in young patients and in those with
macrocephaly and large ventricles. They develop
as the result of vascular stretching in the presence
of a dura mater that is less adherent to the skull
than that of older adults. Patients may be asymp-
tomatic or present features of shunt failure or of a
mass lesion. Small epidural hematomas are best
left untreated as is usually done in epidurals
found in accidental trauma. As expected, symp-
tomatic epidurals require craniotomy and valve
upgrading.

2.8 Epilepsy Related to CSF

Shunting

Children with hydrocephalus and CSF shunts
have a higher incidence of epilepsy than the gen-
eral population (6-59 %) [8]. Excluding patients
with tumoral hydrocephalus, the incidence of sei-
zures in a large series of shunted patients was as
high as 30 % [8]. Reported risk factors for epi-
lepsy in this population are the etiology of hydro-
cephalus (especially congenital causes and brain

malformations), antecedent shunt revision, previ-
ous valve infection, site of proximal catheter
insertion, and perhaps the presence of the shunt
by itself that is considered to represent an epilep-
tic focus [8]. This view is supported by the
abnormalities found in EEG recordings that show
slow waves and epileptic discharges in the hemi-
sphere that harbors the shunt and at especially at
the site of catheter insertion. However, this opin-
ion is not generally shared. Epilepsy in hydroce-
phalic children is associated with a poor
intellectual outcome and with problems in behav-
ior. In our experience, seizures are especially
seen in association with slit ventricles.

2.9 Making the Diagnosis

of Shunt Failure

As in other neurosurgical conditions, diagnosis of
shunt failure must be based on a careful clinical
history that includes etiology of hydrocephalus,
personal antecedents, age at shunt placement,
type of initial valve, prior infections and their out-
come, history of previous shunt malfunctions and
symptoms when it occurred, and identification of
the type and pressure of the last valve. History
should record present complaints if any, level of
schooling and socialization, concurrent diseases,
and present treatments and allergies (latex allergy
is frequent in spina bifida patients). Baseline neu-
roimaging studies must be routinely performed
for comparison if shunt malfunction would occur.

Physical examination starts with a complete
neurological assessment (including fundoscopy)
and with serial measurement of the head circum-
ference, checking that it follows an appropriate
growth curve. In neonates and infants, it is fol-
lowed by inspection of the head, estimating the
tension of the fontanel by digital palpation
(Fig. 2.3b) and checking the separation of the
cranial sutures if any. The position of the eyes
(sunsetting eyes, squint) and the size of the epi-
cranial veins are also observed. Then, the integ-
rity of the whole shunt system is ascertained by
palpation of its entire trajectory, looking for gaps
in the tube, for fluid collections along the tube,
and for pseudotumoral masses or calcified zones.
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Fig. 2.8 (a) Photograph of an umbilicated reservoir. At operation the ventricular catheter was completely occluded by
choroid plexus. (b) Image illustrating the technique of shunt tapping

In our experience, pumping of the valve reser-
voir is a useful adjunct for the diagnosis of shunt
failure [69]. When there is no shunt malfunction,
the reservoir empties and refills easily. In experi-
enced hands, pumping the reservoir three or four
times is sufficient for testing patency of the sys-
tem. If the reservoir is felt hard to palpation,
probably there exists occlusion of the valve or of
the distal catheter. When there is a proximal cath-
eter obstruction, the reservoir empties but refills
slowly or does not refill at all and remains
depressed (“umbilicated”) (Fig. 2.8a). The reli-
ability of this test has been also questioned [62,
67, 69]. Some authors warned on the intracranial
hypotension that can be produced by this maneu-
ver and recommend that parents should not be
allowed to pumping the chamber [10].

Another valuable tool for testing the valve
function is the shunt tap [75]. Under stringent
sterile conditions, the reservoir is punctured with
a 23G or 25G butterfly system (Fig. 2.8b), and
then the pressure is measured. If there is no spon-
taneous drip, gentle aspiration with a small
syringe for encouraging fluid leak can be
attempted. When the proximal catheter is
obstructed, no fluid will come out either sponta-
neously of after aspiration. The intraventricular

pressure can also be measured attaching a plastic
manometer to the needle. Samples of CSF are
routinely obtained and sent for biochemical and
cytological study and for microbiological cul-
ture. Another method for estimating shunt func-
tion consists of connecting the needle to a
recording system thus obtaining a continuous
monitoring of the intracranial pressure from the
reservoir (Fig. 2.9). The shunt tap is inexpensive,
easy to perform, and repeatable [75]. The shunt
puncture has scarce risks of shunt contamination
and even less risks of damaging the valve or the
reservoir and of causing an intracranial hemor-
rhage [56, 58]. ICP measurements are also used
for diagnosis in doubtful cases of shunt failure
[30, 73].

Obviously, neuroimaging studies are cus-
tomarily utilized for the diagnosis of CSF shunt
failure. The commonest methods include
transfontanelar ultrasonography, shunt series,
computerized tomography, cranial magnetic
resonance imaging, and Doppler studies. The
shuntogram consists of assessing the flow of
CSF along the tube after injection of a radio-
opaque contrast medium in the reservoir.
Isotopic CSF flow studies are presently utilized
in only special occasions.
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Fig. 2.9 (a) Ventricular pressure recording through the
valve reservoir in suspected shunt malfunction. Ventricular
pressures were within the ranges of the valve. On the right
MRI of the patient depicting the proximal catheter within
a middle fossa arachnoid cyst. (b) Distal catheter mal-

Conclusions

The most frequent complications of CSF
shunting are mechanical, infectious, or func-
tional. It is not always easy to distinguish
which type of complication is causing the
shunt dysfunction. Complications may pres-
ent with a variety of symptoms and signs that
must be carefully ascertained before proceed-
ing to surgical revision. These clinical mani-
festations vary according to the patients’ age,
etiology of hydrocephalus, cavity of CSF
drainage, and type of valve and according to
its occurrence early or late after initial shunt
insertion or previous surgical revision.

To conclude, it is very important to bear in
mind that the objectives of CSF shunting are (1)
to provide control of the raised ICP, (2) to avoid
mechanical and functional complications, (3) to

function: recording during the shunt tap, showing basal
pressures of 20 mmHg with waves of up to 40 mmHg. On
the right, CT of the same patient showing incipient dilata-
tion of previously collapsed ventricles

prevent infection, and (4) to delay as much as
possible shunt revision or replacement.

Appropriate knowledge of the mechanisms
that contribute in the production of CSF shunt
failures, preventive measures to avoid them,
together with forthcoming improvements in
shunts’ constructs will doubtless contribute to
decrease the number and the severity of these
complications.
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