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Hydrocephalus often complicates the initial inju-
rious effects of subarachnoid hemorrhage (SAH)
(Fig. 1). In 1928, Bagley' was the first to suggest
that ventricular dilatation could be a consequence
of SAH. Most studies report an overall 20% to
30% incidence of hydrocephalus after SAH.>™
Although debate still exists over its pathophysi-
ology, this condition typically presents acutely
but can also occur in a delayed fashion, rarely
even months after the initial hemorrhage. Its clin-
ical sequelae can be devastating and lead to
further neurologic deterioration and longer
hospital stays. Early recognition and treatment,
however, can lead to improved patient outcomes.
Several strategies have been developed to mini-
mize the need for placement of either temporary
intraventricular catheters (IVCs) or permanent
shunts. Intraoperative techniques used to reestab-
lish normal cerebrospinal fluid (CSF) flow and
resorption include fenestration of the lamina termi-
nalis and thorough irrigation of blood out of the
arachnoid cisterns. Postoperative techniques
used to encourage CSF reabsorption in patients
with IVCs or lumbar drains involve a steady, daily
increase in the pop-off pressures, which is guided
by recorded intracranial or thecal pressures, CSF
output volume, and the patient’s neurologic
status. In patients without IVCs or lumbar drains
but with persistent symptoms, serial lumbar

punctures are necessary. Endovascular treatment
of aneurysms may be associated with a higher rate
of shunt-dependent hydrocephalus. In some insti-
tutions permanent shunting rates have been
reduced to approximately 7%.

ETIOLOGY

The exact mechanism by which hydrocephalus
develops after SAH remains poorly understood,
although altered CSF dynamics in the acute and
chronic states have been extensively studied.
Although it is generally accepted that hydroceph-
alus after SAH is of the “communicating” type,®
it is likely that this condition has communicating
and noncommunicating components. Decreased
absorption of CSF at the arachnoid granulations
is defined as communicating hydrocephalus and
an anatomic obstruction, as nhoncommunicating.
Traditionally, if all 4 ventricles are equally dilated
on CT scan, then hydrocephalus is presumed to
be of the communicating type. This interpretation
does not take into account that if the obstruction
occurs at the foramina of Luschka and Magendie
(ie, the outflow of the fourth ventricle), a noncom-
municating or obstructive type of hydrocephalus
may be misinterpreted radiologically as being
communicating, given that all the ventricles are
dilated. It is generally assumed that fibrosis of
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Fig. 1. Axial CT scan demonstrating acute SAH and
enlarged third ventricle and temporal horns.

the leptomeninges and arachnoid granulations
from blood product deposition causes impaired
CSF flow and decreased absorption.%”

There is increasing evidence, however, that
hydrocephalus after SAH may be caused primarily
by fibrosis and partial obstruction of the fourth
ventricular outflow and secondarily by impaired
CSF absorption. Based on this understanding,
creation of an anterior third ventriculostomy has
been proposed to facilitate CSF fluid dynamics
with increased blood clearance, decreased lepto-
meningeal fibrosis, and better balance between
CSF production and resorption.® In the authors’
experience, the overall shunt rate in patients
undergoing fenestration of the lamina terminalis
can be reduced to 2.3%, whenever possible. The
efficacy of lamina terminalis fenestration, however,
has yielded conflicting results in other series, and
a multi-center, randomized, controlled trial will
most likely be necessary to determine the overall
effectiveness of this technique.?®

The type of hydrocephalus may be a function of
the site of hemorrhage and not of the temporal
breakdown of blood in the subarachnoid
space.'®'" This hypothesis may explain why
ruptured posterior circulation aneurysms are asso-
ciated with higher rates of hydrocephalus as
compared with ruptured anterior circulation aneu-
rysms.'? Posterior circulation aneurysmal rupture
may be more likely to cause impaired CSF egress
from the fourth ventricle and an obstructive pattern
of hydrocephalus. Alternatively, anterior circula-
tion aneurysmal rupture may cause hydrocephalus
primarily by fibrosis of the leptomeninges and
arachnoid granulations and result in a communi-
cating pattern in the acute and delayed states. It
is evident that the pathophysiology of chronic

hydrocephalus remains poorly understood and
that several hypotheses exist regarding its
cause.™

DIAGNOSIS

Acute hydrocephalus, which develops 48 to 72
hours after SAH, occurs in approximately 20% of
patients.’® Most patients with aneurysmal SAH
present with headache, nausea, and vomiting,
which are symptoms attributable to the presence
of acute blood in the subarachnoid space but are
also compounded by hydrocephalus. Subacute
hydrocephalus, which develops 3 to 7 days after
the hemorrhage, is rare and has a frequency of
2% to 3%.% Because the clinical diagnosis of
hydrocephalus after SAH is difficult, its recognition
is based primarily on radiographic findings, specif-
ically CT scans.

Although several ventricular measurements
based on CT studies have been used to establish
the diagnosis of hydrocephalus, currently, the
preferred marker for this condition is the bicaudate
index. Historically, there has been an evolution of
radiological markers for hydrocephalus. In 1979,
Vassilouthis and Richardson’* measured the ratio
between the width of the lateral ventricles at the
foramen of Monro and the inner diameter of the
skull at the same level. A ratio less than 1:6.4 was
considered normal and a ratio more than 1:4 repre-
sented marked ventricular dilatation, suggestive of
hydrocephalus. In 1970, Galera and Greitz'®
compared the maximum width of the frontal horns
to that of the skull at the same axial level. Other
studies have focused on volumetric measure-
ments, suggesting that linear measurements are
less accurate.’® Zatz and colleagues'” reported
that the best correlation between ventricular
volume and linear measurements existed with the
width of the third ventricle. However, they
concluded that the empiric radiographic evaluation
by a radiologist is more accurate than any linear
ratio in diagnosing hydrocephalus. Currently, the
preferred system for the objective diagnosis of
hydrocephalus is based on the bicaudate index
(Fig. 2).

Using data from 2 separate control groups
showing the distribution of bicaudate values in
patients without neurologic disease,®® Gijn and
colleagues?®® proposed that hydrocephalus should
be diagnosed when the bicaudate index was more
than the age-corrected 95th percentile (Table 1).

In this manner, atrophic changes that result in
ventriculomegaly and are not the result of
increased ventricular CSF pressures are taken
into account. They then prospectively studied
174 consecutive patients with SAH and found



Fig. 2. Axial CT scan demonstrating method for deter-
mining bicaudate index (A, B). (A) is the width of the
frontal horns at the level of the caudate nuclei; (B) is
the diameter of the brain at the same level. (Reproduced
from Van Gijn J, Hijdra A, Wijdicks EF et al. Acute hydro-
cephalus after aneurysmal subarachnoid hemorrhage.
J Neurosurg 1985;63(3):355-62; with permission.)

that 20% (34 of 174) had bicaudate indices greater
than the 95th percentile for their age. Using similar
criteria, Hasan and colleagues3 reported a consec-
utive series of 473 patients with SAH and found an
incidence of acute hydrocephalus in 19% of
patients (91 of 473). Several large retrospective
series have confirmed these findings.

Table 1

Upper 95% confidence value for
ventriculocranial ratio stratified by age,
as proposed by Gijn and colleagues

Upper 95%

Age (Years) Confidence Value

<30 0.16
<50 0.18
<60 0.19
<80 0.21
<100 0.25

Van Gijn J, Hijdra A, Wijdicks EF, et al. Acute hydroceph-
alus after aneurysmal subarachnoid hemorrhage. J Neuro-
surg 1985;63(3):355-62.

Hydrocephalus

Chronic hydrocephalus (presenting later than
one week after SAH) develops in an additional
10% to 20% of patients.?’ Although the cause
may be different, this diagnosis must be enter-
tained in the setting of progressive neurologic
decline. As a general rule, SAH patients who
regress clinically weeks to months after discharge
should have a follow-up CT scan and clinical eval-
uation to rule out delayed hydrocephalus.

PREDICTIVE FACTORS

Experimental studies have shown that the injection
of blood into the subarachnoid space resultsinintra-
cranial pressure (ICP) elevation higher than that
caused by infusion of an equivalent volume of saline.
This effect is generally attributed to increased CSF
outflow resistance at the level of the subarachnoid
space or the arachnoid granulations caused by
blood components, such as erythrocytes and
proteins.? The infusion of heparinized blood causes
only atransientrisein ICP, implying that fibrin forma-
tion and deposition in the subarachnoid space and
arachnoid granulations play an important role in
this process.??? Such studies have partially eluci-
dated the complex changes resulting from the pres-
ence of blood in the subarachnoid space, and have
supported clinical and radiographic variables asso-
ciated with hydrocephalus.

Clinically, the most important prognostic feature
associated with the development of hydroceph-
alus is the neurologic condition of the patient at
the time of presentation. Data from 3521 aneu-
rysmal SAH cases in the Cooperative Aneurysm
Study show that several factors were related to
symptomatic hydrocephalus, which are listed in
Table 2.2 Among these, a poor level of

Table 2
Admission variables predicting clinical
hydrocephalus

Variable P Value
CT Hydrocephalus <.001
CT intraventricular hemorrhage <.001
Consciousness level <.001
Pre-SAH hypertension <.001
Age <.001
CT SAH =.005
Posterior circulation aneurysm =.012
Postoperative hypertension =.024

Reproduced from Graff-Radford NR, Torner J, Adams Jr HP,
etal. Factors associated with hydrocephalus after subarach-
noid hemorrhage. A report of the Cooperative Aneurysm
Study. Arch Neurol 1989;46(7):744-52; with permission.
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consciousness and the presence of an intraven-
tricular hemorrhage had a high statistical correla-
tion. In a separate cohort study of 3120 patients,
radiographic ventriculomegaly, ventilation on
admission, aneurysms in the posterior circulation,
and giant aneurysms were all predictors of shunt-
dependent hydrocephalus.?® Higher Fisher
grades, and angiographic vasospasm on SAH
day 7 have also been associated with hydroceph-
alus after SAH.2*

TREATMENT

Reports of the proportion of patients with aneu-
rysmal SAH who require permanent shunting are
highly variable. In part, this variability is probably
a result of treating neurosurgeons basing their
decision to pursue permanent shunting on the
presence of radiographic hydrocephalus alone or
pursuing shunting only when symptomatic hydro-
cephalus is evident. Another important deter-
mining feature is when this decision is made
during the course after the initial hemorrhage.
For instance, according to the report of 473
patients with aneurysmal SAH by Hasan and
colleagues,® 19% of their patients had radio-
graphic hydrocephalus, but only two-thirds
approximately were symptomatic, resulting in
a rate of symptomatic hydrocephalus of only
13%. Furthermore, nearly half of their patients
with symptomatic hydrocephalus improved spon-
taneously in the early stages, resulting in a final
rate of persistent, symptomatic hydrocephalus of
approximately 7%. Such findings are similar to
those reported 10 years earlier by Vassilouthis
and Richardson.'* Hasan and colleagues noted
a similar incidence of radiographic hydrocephalus
in a group of 46 patients with SAH and negative
arteriograms, but only one of these 46 patients
(2%) developed symptomatic hydrocephalus.
Nevertheless, there is a minority of aneurysmal
SAH patients in whom either temporary or perma-
nent CSF diversion is of benefit. Hasan and
colleagues noted improvement in 78% of the 32
patients treated with external ventricular drainage
or a shunt. Raimondi and colleagues®® saw
improvement in 86% of 21 patients. Although
initial studies noted high rates of infection with
external ventricular drainage (50% in the Hasan
series), precautions such as subcutaneous
tunneling of the catheter, administering prophy-
lactic antibiotics at the time of IVC placement,
minimizing the duration of drainage to 5 days or
less, and maintaining a closed drainage system
have reduced infection rates to well below 10%.
In a large study focusing on drainage days (DD)
with external ventricular or lumbar drains, an

overall infection rate was 6.3 per 1000 DD for
ventricular drains and 19.9 per 1000 DD for lumbar
drains, with an overall device-associated menin-
gitis rate of 8.6 infections per 1000 DD.?® Patients
with poor grades (Hunt and Hess IV or V) typically
require temporary CSF diversion.

Repeat rupture of an unsecured aneurysm is
a major concern associated with placement of an
IVC and continuous external ventricular drainage.
Early studies reported a 43% incidence of rebleed-
ing associated with CSF diversion in patients with
unsecured aneurysms. In another series in which
ventricular drainage was pursued only when ICP
was greater than 25 mmHg, a 17% rate of rebleed-
ing was noted.?” Patients with poor grades (lll-V)
have a higher incidence of rebleeding (25% vs
9.2% in patients with good grades).282° Recent
studies, however, have questioned whether CSF
diversion via ventriculostomy or lumbar drainage
increases the risk of rebleeding.>® Perhaps this
corresponds to improved control of ICP after ven-
triculostomy and lumbar drain placement and the
natural history of unsecured ruptured aneurysms.

Temporary CSF diversion can be accomplished
by insertion of an IVC (ventriculostomy), insertion
of a lumbar drain, or with serial lumbar punctures.
The need for permanent shunting can be reduced
using several intraoperative maneuvers, such as
fenestration of the lamina terminalis, opening the
arachnoid cisterns, and thorough removal of
subarachnoid clots. There is controversy over pro-
longed temporary CSF diversion increasing the
incidence of shunt dependency.3-32 Permanent
CSF diversion procedures include ventriculoperi-
toneal shunting (VPS) (and its ventriculopleural
and ventriculoatrial variants) and lumboperitoneal
shunting (LPS). Currently the criteria for permanent
CSF diversion are as varied as the ways of
achieving it. Although the decision for permanent
shunt placement is highly physician-dependent,
a prolonged course of CSF diversion, persistent
elevated ICPs, high drainage volumes, and persis-
tent poor neurologic condition are criteria that
justify permanent CSF diversion (Fig. 3).

Endovascular embolization for the treatment of
intracranial aneurysms has become increasingly
common, and it may be associated with a higher
rate of shunt-dependent hydrocephalus. A large
single-institutional review and meta-analysis
comparing the risk of shunt dependence in patients
with ruptured intracranial aneurysms treated by
surgical clipping or endovascular coiling
concluded that clipping of ruptured aneurysms
may be associated with a lower incidence of shunt
dependency.?* In 385 patients treated at a single
institution, those undergoing endovascular coiling
had a higher shunting rate of 19.6% versus that of



the surgical group, which was 17.4%. The overall
shunt-dependent rate in this study was 18.4%.
Although this difference was not statistically signif-
icant, combining this data with that of 4 other large
series, for a total of 1718 patients, revealed a statis-
tically significant higher rate of shunt dependence
of 20.9% in endovascular patients, as opposed to
17.4% in surgical patients. Perhaps, clearing the
subarachnoid clot and opening of the cisterns
may lead to better CSF circulation and a reduced
incidence of shunt dependence. A summary of
the characteristics of the studies included in the
meta-analysis is listed in Table 3.

MANAGEMENT STRATEGIES

The authors have summarized their strategy for the
management of hydrocephalus after aneurysmal
SAH (Fig. 4). At the authors’ institutions, the rate
of VPS placement after aneurysmal SAH has
decreased to about 7%. They attribute this low
rate to intraoperative fenestration of the lamina ter-
minalis and a strict postoperative protocol in which
postoperative external CSF drainage is minimized
and CSF absorption is encouraged. Patients taken

Hydrocephalus

Fig. 3. (A) and (B) Initial CT scan
revealing acute intraparenchymal and
intraventricular hemorrhage (left). The
patient was found to have a ruptured
right internal carotid artery terminus
aneurysm and underwent endovascular
embolization.  Follow-up CT scans
showed persistent ventricular dilatation.
A follow-up CT scan reveals the ventricu-
lostomy catheter tip, decreased ventricu-
lomegaly, and blood resolution (right).
The patient required permanent CSF
diversion with a ventriculoperitoneal
shunt.

to the operating room with a preoperatively placed
IVC typically do not leave the operating room with
the IVC. During surgery, the authors create an
anterior third ventriculostomy by fenestration of
the lamina terminalis whenever this structure is
accessible, open the arachnoid cisterns, and
irrigate out the subarachnoid clot. Fenestration of
the lamina terminalis is always accomplished
during frontosphenotemporal (pterional) approaches,
but is obviously not possible during suboccipital,
interhemispheric, or subtemporal approaches.
Although, on occasion, an intraoperative IVC is
placed for additional brain relaxation, this is
removed after intraoperative fenestration of the
lamina terminalis.

In the intensive care unit, patients are observed
for evidence of symptomatic hydrocephalus. The
intraoperative creation of a third ventriculostomy
transforms any postoperative hydrocephalus into
the communicating type. If progressive hydro-
cephalus is observed clinically or radiographically,
serial lumbar punctures or placement of a lumbar
drain catheter is performed. In rare instances, an
IVC is placed in the unit postoperatively. In such
cases, the pop-off is raised by 5mmHg every

Table 3
Summary characteristics of studies included in the meta-analysis, as described by de Oliveira
and colleagues
Treatment Shunt Rate (%)

Number of Ratio Number Total Shunt Clip/Coil
Series Patients of Clip/Coil Rate (%) (P Value)
Gruber and colleagues®3 187 125/62 21.4 23/18 (0.45)
Dorai and colleagues* 718 684/34 21.0 20/47 (0.001)
Dehdashti and colleagues®® 245 180/65 15.5 14/19 (0.53)
Varelas and colleagues®® 183 135/48 6.6 4.4/12.5 (0.16)
De Oliveira and colleagues®* 385 212/173 18.4 17.4/19.6 (0.59)

Data from de Oliveira JG, Beck J, Setzer M, et al. Risk of shunt-dependent hydrocephalus after occlusion of ruptured intra-
cranial aneurysms by surgical clipping or endovascular coiling: a single-institution series and meta-analysis. Neurosurgery

2007;61(5):924-33 [discussion: 33-4].
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Patient presenting with SAH on CT

/

Good Grade (HH I or II)

\

Poor Grade (HH III-V)

Placement of Ventriculostomy

_

Angiogram

Definitive Management of Aneurysm

Clipping

|

Opening of cisterns, lamina
terminalisfenestration, clot removal

™~

N

Coiling

Determination of Shunt dependence (prolonged
intracranial hypertension, neurological deterioration with
elevation of drip chamber, progressive ventricular enlargement)

/

Removal of Ventriculostomy

N

\

Placement of Shunt

/

Follow Up Visit/Imaging

Fig. 4. Management strategies for patients with aneurysmal SAH.

24 hours, with close monitoring of ICP measure-
ments, total CSF output, and the patient’s neuro-
logic condition. Once a pop-off of 20mmHg is
reached and seems to be tolerated for 24 to 48
hours, the IVC is clamped. Provided that patients
tolerate clamping for an additional 24 to 48 hours,
a CT scan is obtained as a baseline and the IVC (or
lumbar drain catheter) is removed. Further symp-
tomatic hydrocephalus is managed with subse-
quent lumbar punctures. Either prolonged IVC
dependence or the extended need for lumbar
punctures then leads to insertion of a VPS or LPS.

A review of the literature reveals a broad range
of shunting rates for aneurysmal SAH.
Placement of a shunt depends on the biologic
manifestations of hydrocephalus and the neuro-
surgeon’s approach to this problem. The authors’
inclination to minimize the rate of shunt placement
may require patients to spend a few more days in
the intensive care unit or undergo serial lumbar
punctures. Although temporarily inconvenient,
such steps may help avoid lifelong shunt depen-
dency, a state that most patients and neurosur-
geons prefer to avoid.

SUMMARY

Hydrocephalus after SAH has been recognized for
over 80 years. Although the cause of this problem
is not fully understood, more is known about this
alteration of CSF dynamics from acute subarach-
noid blood since Bagley’s initial description.
Although further clinical and experimental work is
necessary to grasp the complex pathophysiology
of hydrocephalus after SAH, ongoing awareness
of this delayed complication and rapid intervention
in the form of either temporary or permanent CSF
diversion are required to minimize the devastating
effects that can result from this condition.
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