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10.1.2 Pathophysiology of PHH

Preterm infants are at risk for an extensive array
of neurologic complications, the most commonly
observed of which is IVH. The susceptibility of
these patients to cerebrovascular injury is not
fully understood, but is thought to be in part due
to a combination of several factors, including
dysregulation of cerebral vasculature with sys-
temic hemodynamic instability, the immaturity
of several structures including the highly vascu-
lar germinal matrix, and underdeveloped cardiac
and respiratory systems [2-4]. IVH typically
results from rupture of vessels in the germinal
matrix, a critical area of cellular proliferation in
the developing brain. This area is extremely vul-
nerable to hemorrhage due to the fragility of its
vascular network, but typically disappears around
33-35 weeks gestation.

Reports of the rate of PHH following IVH vary
from 25 to 74 % [5]. The likelihood of IVH
progressing to PHH depends in part on the severity
of the initial hemorrhagic event, which can be
assessed by the Papile grading scale [6, 7]. A grade
I1IVH involves less than 10 % of the ventricle, while
a grade I IVH extends to less than 50 % of the ven-
tricle. Grade III indicates involvement of more than
50 % of the ventricle with ventricular dilation, and a
grade IV hemorrhage indicates ventricular dilation
with periventricular white matter involvement. It
has been theorized that PHH develops from IVH
due to insufficient fibrinolysis of microthrombi
which cause obstruction of arachnoid villi, impair-
ing CSF resorption. Larger blood clots may also
obstruct flow within regions of the ventricular sys-
tem. Additionally, the breakdown of blood products
is thought to result in the recruitment of pro-
inflammatory factors and the deposition of extracel-
lular matrix, leading to meningeal fibrosis and
subependymal gliosis. These processes can obstruct
CSF outflow from the aqueduct of Sylvius and the
foramina of the fourth ventricle [5, 8].

10.1.3 Shunting in PHH
and Complications

Clinical findings consistent with hydrocephalus,
including vomiting, poor feeding, lethargy, and

apnea, with increasing head circumference and
fontanelle fullness along with corresponding
findings of ventriculomegaly on imaging are
indications for treatment. Though temporizing,
nonsurgical methods such as serial lumbar punc-
tures or ventricular taps may be attempted in
some patients, many patients display persistently
dilated ventricles or elevated intracranial pres-
sures (ICP) and require surgical intervention.
Previous studies of patients managed by serial
tapping did not find an effect of treatment on neu-
rodevelopmental outcomes or shunt dependence,
and recurrent tapping was associated with high
rates of central nervous system (CNS) infection
[9]. For patients with rapidly progressive hydro-
cephalus, temporary external ventricular drain-
age (EVD) has been employed and offers the
advantages of ICP monitoring and control. A
catheter is inserted into the lateral ventricle and is
tunneled subcutaneously under the scalp to con-
nect to an external drainage system. However,
these devices are associated with several compli-
cations, including device infection, dislocation,
and occlusion, as well as overdrainage and the
development of subdural hygromas. Infection
rates vary from 5.4 to 7.1 % in prior reports, and
infection of EVD systems have been associated
with poor long-term outcomes [9—12]. Moreover,
the rates of these patients who eventually need
permanent shunting are high, ranging from 64 to
68 % [11, 13].

Typically, one of two temporizing devices, the
ventricular reservoir or the ventriculosubgaleal
shunt (VSGS), is initially placed upon diagnosis
of PHH to delay placement of a permanent VP
shunt. A retrospective study found that early VP
shunt insertion is associated with higher rates
of shunt infection and mechanical obstruction [14].
In comparing shunt outcomes between patients
who initially received VP shunts and those who
initially had ventricular reservoirs inserted, it was
found that despite the fact that directly shunted
patients were at higher weights and EGAs, they
experienced higher rates of shunt revision [15].
Therefore, initial treatment with a reservoir prior
to shunt insertion seems to be beneficial. The
risks associated with early VP shunt insertion
have been theorized to be related in part to the
presence of blood breakdown products in the
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CSF; however, a study which examined the
relationship between shunt outcomes and CSF
parameters including cell count, protein level,
and glucose levels did not find an association
between alterations in CSF content and shunt
complications [16]. Other proposed benefits of
initial insertion of a temporary device include
allowing time for optimization of patient factors,
including nutritional and immunologic statuses,
and the potential for avoiding permanent shunt-
ing; however, timing and choice of the initial
intervention relies heavily on clinical judgment.

The ventricular reservoir was first introduced
in the 1980s and requires CSF to be manually
removed by serial reservoir taps. One of the pri-
mary complications of reservoir insertion is
device infection, thought to be related to the
requirement for repeated reservoir access. Early
reports found infection rates ranging from 8 to
10 %, but subsequent series have reported that
infection rates have decreased over time to
approximately 5 % [17-21]. A proposed advan-
tage of ventricular tapping is the removal of CSF
and clearance of blood breakdown products and
cellular debris; however, this theorized benefit
has not been borne out in studies [22]. An impor-
tant practical consideration with reservoirs is the
frequency of taps and the volume of CSF removed
with each tap. Depending on the rate of fluid
reaccumulation and patient symptomatology,
patients may require daily CSF removal.
However, there is significant variability in tap-
ping practices with respect to regularity of tap-
ping, the amount of fluid removed, and the use of
clinical features and imaging to guide tapping. A
study of patients treated with reservoirs found
that only taps that achieved ICPs of less than
7 cm H,O were able to achieve appreciable dif-
ferences in cerebral blood flow velocity [23].
Removal of a consistent volume of CSF at regu-
lar intervals is also not ideal and results in rapid
fluctuations in ICP [24]. Ultimately, most patients
initially managed with reservoirs ultimately
require permanent shunting, with studies report-
ing rates of VP shunting at 75-88 % [2].

An alternative temporizing device, the
VSGS, consists of a ventricular reservoir, from
which CSF is redirected to a subgaleal scalp
pocket for reabsorption (Fig. 10.1). Because the

Fig.10.1 An ex-premature infant who developed grade 4
IVH and PHH and was treated with a VSGS

Table 10.1 Rates of infection and permanent shunting in
VSGS patients as reported in the literature

Number of  Rate of
patients with device Rate of
PHH treated infection  shunting
Series with VSGS (%) (%)
Fulmer etal. 20 0 100
(2000) [26]
Tubbsetal. 71 59 NR
(2005) [25]
Wellons et al. 36 14 86
(2009) [27]
Lam et al. 16 6.3 71.4
(2009) [29]
Limbrick 30 33 66.7
et al. (2010)
(28]

device does not necessitate repeated manual
CSF removal, the risk for device infection is
theoretically lower. However, studies have not
demonstrated a significant difference in device
infection rates between patients treated with the
reservoir and VSGS, with rates in VSGS patients
ranging from O to 14 % (Table 10.1) [25, 26]. It
has been proposed that the comparable risk of
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infection may be a result of CSF stasis within
the subgaleal pocket. The rates of permanent
shunt insertion in this population have also been
comparable to those treated with the reservoir,
at approximately 60-100 % [2, 26]. A multi-
center retrospective study found that reservoir
patients experienced lower rates of VP shunt
insertion compared to VSGS patients [27].
However, other studies which have directly
compared the two temporizing devices have
found comparable rates of shunt infection and
revision, permanent shunt placement, and mor-
tality (Table 10.1) [28, 29]. In previous studies,
reported VSGS revision rates ranged from 25 to
28 %; in most of these cases, revisions occurred
due to the development of adhesions within the
subgaleal pocket rather than shunt dysfunction
[30]. Reports of mortality rates varied from 9 to
20 %; however, the causes of death were not
reported, and the severity of the preceding IVH
was not accounted for [30, 31]. Other less com-
mon complications seen with the VSGS include
CSF leakage from the incision site, catheter
migration, and intraparenchymal hemorrhage.
The rates of CSF leakage vary from 4.7 to 32 %
in studies; much of this variation appears to be
due to surgical technique [25, 26, 32].
Intraparenchymal hemorrhage appears rare and
has been reported in two studies, with three
cases total in the literature [25, 26, 30]. The
impact of treatment with the VSGS on long-
term neurodevelopmental outcomes has yet to
be fully investigated.

Although efforts are made to avoid perma-
nent shunting in infants with PHH to prevent
long-term shunt dependence, the overall rate of
permanent shunt insertion ranges from 0 to
20 % in patients with IVH [15, 28, 33, 34]. The
majority of patients initially treated with tem-
porizing devices ultimately undergo permanent
shunt placement. The most commonly inserted
device is the VP shunt, although selected indi-
viduals require CSF diversion to other loca-
tions. Even after a temporizing device has been
initially inserted, timing of permanent shunting
is controversial and relies on clinical judgment
of a patient’s surgical candidacy and evaluation
of factors including infant weight, medical

Fig. 10.2 T2-weighted MRI of a 16-month-old patient
with a history of prematurity and PHH and multiple CSF
infections. There is a loculated fourth ventricle with outlet
obstruction with considerable mass effect on the brain-
stem and cerebellum. There is also supratentorial
extension

stability, and CSF profile [9]. Several studies
have found that compared to infants with hydro-
cephalus of other etiologies, those with PHH
are at increased risk of complications including
shunt infection and occlusion requiring revi-
sion, slit-ventricle syndrome, and loculated
hydrocephalus (Fig. 10.2) [35]. Rates of VP
shunt infection in PHH patients have been
reported at approximately 13 %, compared to
4-8.5 % overall in shunted populations [2, 5,
36-39]. The high rates of shunt infection seen
in this population have been hypothesized to be
in part due to an immature and dysregulated
immune system. The use of antibiotic-impreg-
nated shunt catheters has been proposed, and a
prospective study of these devices reported an
infection rate of 6.8 % [40]. IVH and PHH are
also associated with a need for multiple shunt
revisions, for which the most common indica-
tion is shunt failure secondary to obstruction
[41]. A recent retrospective study reported a
revision rate of 71.6 % and a multiple revision
rate of 55 % for complications including
obstruction and overdrainage; lower birth
weight and EGA were found to be risk factors
for multiple revisions [42].
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10.1.4 Alternatives to Shunting
and Adjunctive Therapies

VP shunting is currently the mainstay of treatment
in PHH, but several alternative medical and sur-
gical treatment methods have been proposed.
Trials of diuretic therapy with acetazolamide or
furosemide have found that drug treatment with
CSF tapping is associated with higher rates of
eventual permanent shunt insertion and increased
risk for motor impairment and nephrocalcinosis
compared to management with CSF removal
alone [43, 44]. Currently, there is no evidence to
support the use of diuretic therapy in PHH. The
use of fibrinolytics in preventing the develop-
ment of hydrocephalus in IVH has also been sug-
gested, but two randomized trials investigating
the effects of intraventricular streptokinase in
PHVD have not shown any benefit with respect
to rates of permanent shunting or neurodevelop-
mental outcomes [45]. A multicenter randomized
trial on PHH prevention with intraventricular tis-
sue plasminogen activator (tPA) with a procedure
involving drainage, irrigation, and fibrinolytic
therapy (DRIFT) also did not find an effect of this
management protocol on the rates of permanent
shunting. However, although DRIFT was found
to be associated with an increased risk for sec-
ondary hemorrhage, patients in the treatment
group experienced better neurodevelopmental
outcomes compared to the control group, with
lower rates of mortality and cognitive disability
[46, 47].

A promising surgical approach for PHH is
endoscopic third ventriculostomy (ETV). Though
outcomes of cases managed with ETV alone are
inconsistent, recent studies of ETV with choroid
plexus coagulation (CPC) are encouraging. In
selected PHH patients, ETV with CPC may offer
a means of continued CSF diversion without
long-term shunt dependence [2, 48].

10.1.5 Long-Term Outcomes of PHH
and Shunting

Improvement in neurodevelopmental outcomes
after IVH and PHH has been largely attributed to

improvements in neonatal care. Early studies
from 1970 to 1980 reported significant cognitive
disability and mortality associated with grade IV
IVH [49]. Later reports detailed high rates of
neurodevelopmental problems including sensory
and motor deficits, visual impairment, hearing
loss, seizures, and cognitive and behavioral dis-
turbances in patients with severe IVH [50-52].
As these patients typically also suffer from an
extensive array of medical comorbidities, poor
outcomes are unlikely to be due to IVH and PHH
alone. However, the effect of permanent shunting
on long-term outcomes is incompletely under-
stood. Although some studies have found that
shunt insertion and complications are risk factors
for poor outcomes, a study of functional out-
comes in PHH patients did not find differences in
the rates of functional independence in shunted
and non-shunted patients [53—55]. The most criti-
cal determinant of neurologic outcome appears to
be IVH severity, with patients who develop peri-
ventricular hemorrhagic infarction are at highest
risk for the development of complications includ-
ing cerebral palsy [33].

10.2 Postinflammatory
Hydrocephalus

10.2.1 Introduction

Hydrocephalus which results from CNS infection
poses a unique set of challenges with respect to
treatment. The pathophysiologic mechanisms of
hydrocephalus development are incompletely
understood, but obstruction of CSF flow is
thought to result from the inflammatory debris
within the subarachnoid space and meningeal
scarring. Patients with persistent hydrocephalus
despite infection resolution are typically treated
with permanent shunt insertion. Studies have
demonstrated that patients with postinflamma-
tory hydrocephalus (PIH) are at increased risk for
shunt complications, including shunt infection
and obstruction requiring surgical revision, com-
pared to patients with hydrocephalus of other eti-
ologies. Although there have been few reports on
long-term outcomes of shunting in this
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population, avoidance of shunt dependence
remains an important goal of management.
Alternative interventions including ETV have
demonstrated promise in selected patients with
favorable ventricular anatomy.

10.2.2 Pathophysiology of PIH

The mechanism of PIH is believed to be second-
ary to obstruction of the basal cisterns and block-
age of CSF outflow secondary to inflammation
and meningeal fibrosis and scarring [56].
Neonatal meningitis is also considered a risk fac-
tor for the development of multiloculated hydro-
cephalus [56-59]. However, the mechanism of
hydrocephalus often varies by pathogen. With
Toxoplasmosis gondii, the parasites are thought
to cause obstruction of the ventricular system via
damage to the ependymal linings of the lateral
ventricles. Other studies have suggested that
hydrocephalus develops as a result of leptomen-
ingeal inflammation in reaction to the parasite.
Acquisition of CMV during the in utero period is
associated with the development of hydrocepha-
lus ex vacuo secondary to cortical atrophy as well
as obstructive hydrocephalus from periventricu-
lar inflammation [5].

In the postnatal period, the most common
cause of PIH is bacterial infection. Studies per-
formed in the 1980s of children afflicted with
bacterial meningitis have reported PIH rates at
approximately 30 % [5, 57, 60]. However, the
incidence of post-meningitic hydrocephalus in
the pediatric population has not been well estab-
lished since advancements in neonatal care. Brain
abscesses can also result in obstructive hydro-
cephalus from mass effect and ventricular com-
pression. Additionally, abscesses can lead to the
development of loculated hydrocephalus, thought
to be due to subependymal inflammation and
infarction resulting in cyst formation. The patho-
genesis of hydrocephalus from viral infections
varies by virus; viruses often have specific tro-
pisms for ependymal or meningeal cells.

Special consideration should be given to
hydrocephalus in patients with tuberculosis with
CNS involvement. Tuberculous meningitis

typically favors the base of the brain, where
infection results in exudate that obstructs the
basal cisterns, preventing CSF outflow from the
foramina of the fourth ventricle. Less commonly,
intracerebral tuberculomas can cause hydroceph-
alus by compression of the ventricular system.
Fungal pathogens including Cryptococcus neo-
formans and Coccidioides immitis can cause
post-meningitic hydrocephalus; however, the
pathogenesis of hydrocephalus in these cases is
less well understood [5].

10.2.3 Management of PIH
and Complications

An active infection and progressive hydrocepha-
lus presents a therapeutic challenge, as insertion
of a foreign device to divert CSF may exacerbate
the infection. In the acute setting, repeated lum-
bar or ventricular taps may be required for man-
agement. Studies from the 1960s and 1970s of
post-meningitic hydrocephalus reported high
mortality rates with placement of a ventricular
reservoir or with EVD [61]. Persistent hydro-
cephalus is typically managed by VP shunt inser-
tion, though there is considerable variability in
practice depending on patient and pathogen.
Depending on the pathogen, CNS infection can
result in a wide range of other sequelae and com-
plications not causally related to the development
of hydrocephalus. Regardless, studies have
shown that patients with PIH are at increased risk
for shunt complications including shunt infec-
tion, occlusion, and multiple shunt failures and
are also at risk for development of loculated
hydrocephalus (Fig. 10.3) [41, 62]. Preexisting
multiloculated hydrocephalus appears to increase
the risk for shunt complications, especially
device infection, and for poor outcomes overall.
Management options include placement of mul-
tiple shunts and fenestration of intraventricular
septations, but there are no evidence-based
guidelines regarding treatment choice [57].
There is a dearth of literature on methods for
reducing shunt complications and alternatives to
shunting for PTH. A study of the use of VSGS in
PIH found that compared to patients with PHH,
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Fig.10.3 MRI of a 4-month-old patient with a history of
multiple intracranial abscesses secondary to S. aureus
meningitis who developed loculated hydrocephalus
requiring multiple shunt placements with endoscopic
fenestrations

VSGS complication rates are comparable
between the two groups except with device infec-
tion, for which PIH patients experienced higher
rates [63]. ETV has had encouraging results in
patients with PIH, though patients need to be
carefully selected based on ventricular system
anatomy. In a study of non-shunted and shunt-
dependent patients with PHH or PIH, the success
rate of ETV in causing durable resolution of
hydrocephalus was 60 % in PIH patients [64].
Recently, ETV has received attention for its
promise as a cost-effective therapy for PIH in the
developing world. A study of long-term out-
comes in 149 Ugandan infants with PIH com-
pared treatment with ETV with or without CPC
and those treated with permanent shunt insertion
and found no significant differences in survival
between the two groups. Though ETV patients
experienced a lower incidence of functional
dependence and disability, this was attributed
mostly to treatment selection and shunting of
infants with the most severe cases of PIH. The

authors cited that ETV success was dependent on
the absence of scarring within the prepontine
cistern [65].

10.2.4 Long-Term Outcomes of PIH

The neurodevelopmental outcomes of patients
with PIH vary widely, but studies have found that
these patients experience higher rates of epilepsy
and cognitive and functional impairment and
experience lower quality of life compared to
pediatric patients with hydrocephalus of other
etiologies [38, 66—71]. Most of these studies only
include a small number of PIH patients; in a 2007
questionnaire-based study with four PIH patients,
one patient attended normal primary school, two
patients were without motor disability, and one
patient eventually developed epilepsy. Outcomes
were assessed with the Hydrocephalus Outcomes
Questionnaire; overall, there were no significant
differences between PIH patients and other
hydrocephalus patients in the cognitive, physical,
and social-emotional health domains [66, 72]. A
study of hydrocephalus outcomes in adulthood
found that patients with childhood post-
meningitic hydrocephalus were at higher risk for
developing cognitive impairment compared to
those patients who developed hydrocephalus at
older ages or as a result of a focal brain lesion.
Though many studies support the idea that PIH
itself is associated with poor functional out-
comes, few studies have examined the impact of
PIH on long-term shunt outcomes and the effects
of shunting and shunt complications on
neurodevelopment.
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