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The Role of Lumbar Drainage to Prevent 
Shunt-Dependent Hydrocephalus after Coil 
Embolization for Aneurysmal Subarachnoid
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Objective : To evaluate the role of lumbar drainage in the prevention of shunt-dependent hydrocephalus after treatment of ruptured intracranial
aneurysms by coil embolization in good-grade patients.
Methods : One-hundred-thirty consecutive patients with aneurysmal subarachnoid hemorrhage in good-grade patients (Hunt & Hess grades I-III),
who were treated by coil embolization between August 2004 and April 2010 were retrospectively evaluated. Poor-grade patients (Hunt & Hess
grades IV and V), a history of head trauma preceding the development of headache, negative angiograms, primary subarachnoid hemorrhage
(SAH), and loss to follow-up were excluded from the study. We assessed the effects on lumbar drainage on the risk of shunt-dependent
hydrocephalus related to coil embolization in patients with ruptured intracranial aneurysms. 
Results : One-hundred-twenty-six patients (96.9%) did not develop shunt-dependent hydrocephalus. The 2 patients (1.5%) who developed acute
hydrocephalus treated with temporary external ventricular drainage did not require permanent shunt diversion. Overall, 4 patients (3.1%) required
permanent shunt diversion; acute hydrocephalus developed in 2 patients (50%). There was no morbidity or mortality amongst the patients who
underwent a permanent shunt procedure. 
Conclusion : Coil embolization of ruptured intracranial aneurysms may be associated with a lower risk for developing shunt-dependent
hydrocephalus, possibly by active management of lumbar drainage, which may reflect less damage for cisternal anatomy than surgical clipping.
Coil embolization might have an effect the long-term outcome and decision-making for ruptured intracranial aneurysms.
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INTRODUCTION

The incidence of hydrocephalus, a known complication of
aneurysmal subarachnoid hemorrhage (SAH), has been re-
ported to have a variable range (6-67%) early in the course
[acute (during the first 3 days), or subacute (days 4-13)] or
after the first 2 weeks (chronic or shunt-dependent)2,3,6,9,11,32).

Generally, the mechanism underlying hydrocephalus invol-
ves obstruction of the cerebrospinal fluid (CSF) pathway with
blood clot and products (acute hydrocephalus) or adhesion

that blocks CSF circulation within the ventricles and cisterns
(chronic hydrocephalus and shunt-dependent hydrocephalus).
Many factors have been associated with the development of
hydrocephalus requiring permanent CSF diversion. Poorer
neurologic outcomes and cognitive deficits have been cited by
many authors as some of the adverse factors for hydrocephalus.
Factors, such as increasing age, female gender, poor admission
Hunt & Hess grade, diffuse or thick subarachnoid blood on
computed tomography (CT) scan reflecting Fisher’s grade,
rebleeding, intraventricular hemorrhage (IVH), location (such
as anterior communicating artery and posterior circulation
aneurysms), and symptomatic vasospasm have been associated
with the development of hydrocephalus among patients with
aneurysmal SAH 3,6,7,11,21,24,25,28,30,33,34).

The introduction of Guglielmi detachable coils in the early
1990s allowed physicians to treat intracranial aneurysms
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directly. This treatment has been accepted by more physicians,
especially after a large study that compared clipping to coil-
ing showed favorable results4,8,23,26). However, only a small
number of studies2,3,7,25,32) have examined the effect of aneury-
smal SAH after coil embolization on hydrocephalus and
permanent ventricular shunt requirements. Because only sur-
gery is likely to open the cisterns and remove blood clot and
blood products directly, the risk of developing hydrocephalus
and shunt dependency is hypothetically less for patients treated
by surgical clipping than those treated with coil embolization.
Two available treatments for aneurysmal SAH, clipping or
coiling, may lead to differences in the need for CSF diversion. 

Lumbar CSF drainage after aneurysmal SAH is performed
to prevent cerebral vasospasm in many institutions. The ratio-
nale for using lumbar CSF drainage in all patients with ane-
urysmal SAH is that lumbar CSF drainage promotes CSF
circulation from the ventricles through the subarachnoid space,
which is related to the development and severity of vasos-
pasm. However, the effect of lumbar CSF drainage on shunt-
dependent hydrocephalus after coil embolization for aneury-
smal SAH is unclear. In this study we determined whether or
not lumbar drainage influences shunt-dependent hydroce-
phalus after coil embolization for aneurysmal SAH in good-
grade patients.

MATERIALS AND METHODS

One-hundred-thirty consecutive patients who underwent
endovascular coil embolization treatment of ruptured, atrau-
matic, intracranial aneurysms between August 2004 and
April 2010 at our hospital were retrospectively studied. The
patient ages ranged from 22-82 years (mean age, 56.3 years).
The study population consisted of 52 males and 78 females.
The diagnosis of SAH was made by clinical presentation, CT
of the head, or lumbar puncture. The
diagnosis of a cerebral aneurysm as a
cause of SAH was made by conventio-
nal cerebral vessel or cerebral CT angio-
graphy. Poor-grade patients (Hunt &
Hess grades IV and V), a history of head
trauma preceding the development of
headaches, negative angiography, pri-
mary SAH, and loss to follow-up were
excluded from this study. All patients
were admitted to the neurosurgical in-
tensive care unit (NICU) before and
after obliteration of the aneurysm and
the ruptured aneurysm was treated with-
in 48 hours of admission. All aneury-
sms were selected and performed by

one neurosurgeon interventionalist on the basis of radiologic
features and the patient’s condition. Standard SAH manage-
ment practices were followed in the NICU, which included
prevention of rebleeding in the pre-operative period, as well as
treatment of vasospasm and hydrocephalus in the post-
operative period. After coil embolization, all patients under-
went lumbar drainage. Amount of CSF drainage was 8
cc/hour. Amount of CSF drainage was gradually reduced
according to result of follow-up CT image. When SAH
resolved in follow-up CT image, lumbar drainage was remov-
ed. Usually, period of lumbar drainage did not exceed 1 week.

For all permanent shunt placements, clinical deterioration
should have been associated with dilatation of the ventricles
in radiologic images because of exclusion of the vasospasm or
other medical problems. 

The patients treated with coil embolization for ruptured
intracranial aneurysms were classified into the following two
groups : permanent shunt and non-shunt group. Data on each
group included age, gender, presence of IVH, presence of
intracerebral hemorrhage (ICH), presence of acute hydrocep-
halus, and location of the aneurysm. Additional data includ-
ed clinical grade on the day of treatment using Hunt & Hess
grade and hemorrhage pattern on CT scan obtained at the
time of admission using the Fischer grade.

RESULTS

One-hundred-twenty-six patients (96.9%) did not develop
shunt-dependent hydrocephalus (Table 1). Although two
patients in the non-shunt group developed acute hydrocep-
hlaus were treated with temporary external ventricular drai-
nage, they did not require permanent shunt diversion. Over-
all, 4 patients (3.1%) required permanent shunt diversion
(cases 2 & 3); acute hydrocephalus developed in 2 patients
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Table 1. Characteristics of patients (n=130) treated with coil embolization for ruptured intracranial
aneurysms

Permanent shunt (n = 4) Non-shunt (n = 126)
Mean age (yr) 62.3 55.8
Gender (male %) 2 (50) 50 (39.6)
IVH (%) 2 (50) 4 (3.2)
ICH (%) 1 (25) 13 (10.3)
Acute HCP (%) 2 (50) 2 (1.6)
Aneurysmal location 
ICA - 8 (6.3)
ACA - 10 (7.9)
MCA 1 (25) 30 (23.8)
ACOM 2 (50) 26 (20.6)
PCOM 1 (25) 28 (22.2)
Posterior circulation - 24 (19)

ICA : internal carotid artery, ACA : anterior cerebral artery, MCA : middle cerebral artery, ACOM : anterior communi 
cating artery, PCOM : posterior communicating artery, IVH : intraventricular hemorrhage, ICH : intracerebral hemor-
rhage, HCP : hydrocephalus



(50%) (Table 2). There was no morbidity or mortality in the
patients who underwent permanent shunt procedures. 

Six patients presented with IVH (2 patients in the perma-
nent shunt group and 4 patients in the non-shunt group).
Fourteen patients presented with ICH (1 patient in the per-
manent shunt group and 13 patients in the non-shunt group)
in the following locations : middle cerebral artery aneurysms
(30 patients); posterior communicating artery aneurysms (28
patients); and anterior communicating artery aneurysms (26
patients). The Hunt and Hess grades of these patients were as
follows : grade I, 3 (2.3%); grade II, 78 (60%); and grade III,
49 (37.6%) (Table 3). The Fischer grades of these patients
were as follows : grade I, 2 (1.5%); grade II, 72 (55.3%); grade
III, 50 (38.4%); and grade IV, 50 (38.4%) (Table 4).

Complications that were related to lumbar drainage were
none except infection of 1 patient. It was confirmed by CSF
examination and, well treated with antibiotics.

DISCUSSION

Pathogenesis of post-SAH hydrocephalus
Shunt-dependent hydrocephalus in an unselected series of

patients has an incidence between 18% and 45%1,2,9,10,21).
Diverse theories have been advanced to explain the patho-
genesis of post-SAH hydrocephalus. Acute hydrocephalus is
thought to result from blockage of CSF flow. That is,

blockade within the ventricular system
at the outlet foramen or structural
blockage of the arachnoid villi generates
a pressure gradient and ultimately leads
to enlargement of the ventricles. Acute
hydrocephalus can, but does not neces-
sarily, lead to chronic hydrocephalus.
Chronic hydrocephalus occurs when
CSF flow is permanently impeded or
absorption is permanently reduced.
The pathogenesis of chronic hydroce-
phalus involves arachnoid adhesions

that are formed because of a meningeal reaction to blood
products, impairing CSF absorption at the arachnoid villi
and basal cisterns2,3,7,27,33,34). 

The effect of IVH on the development of hydrocephalus
has been well-established. In our series, 40% of patients who
underwent definitive shunt placement also had IVH. Some
authors assert that the presence of blood clots and high CSF
viscosity can lead to an obstructive form of hydrocephalus and
early CSF disturbances. Investigators noted no relationship
between the development of hydrocephalus and the number
of erythrocytes in the CSF, thus indicating that flow distur-
bances also play an important role in acute hydrocephalus2,7).

The patients with acute hydrocephalus and impaired con-
sciousness after SAH, in contrast to patients with cerebral
ischemia, usually have decreased cerebral blood flow predo-
minantly in the basal parts of the brain. Apart from showing
that impaired consciousness in acute hydrocephalus results
from a flow disturbance predominantly in the basal parts of
the brain, this study may also have practical implications. If a
patient has deteriorated from acute hydrocephalus and does
not respond to treatment, the explanation may be that insuf-
ficient CSF drainage or another complication, such as cereb-
ral ischemia, has developed. The latter is most likely if single
photon emission computed tomography (SPECT) scanning
shows decreased regional cerebral blood flow in other than
the basal parts of the brain, even if the CT shows no evidence
of infarction10,18). One study has found a significant associa-
tion of a history of hypertension, elevated blood pressure on
admission, and hypertension post-operatively with both CT
and clinical hydrocephalus. The mechanism involved in
ventricular enlargement seemed to be a combination of at
least two factors : possible failure of CSF absorption in the
face of increased superior sagittal sinus venous pressure; and
increased intraventricular pulse pressure from the choroid
plexus6).

Coil embolization and post-SAH hydrocephalus
The risk of shunt-dependent hydrocephalus after treatment
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Table 2. Patients treated with coil embolization for ruptured intracranial aneurysms and permanent
shunt operation (n = 4)

Case 1 Case 2 Case 3 Case 4

Age (yr) 53 71 69 56

Gender Male Male Female Female

Hunt & Hess grade 3 2 3 3

Fisher grade 2 2 4 3

IVH - - + -

Acute HCP - - + +

Aneurysm location ACOM ACOM PCOM MCA

GOS 5 5 5 2

ACOM : anterior communicating artery, PCOM : posterior communicating artery, MCA : middle cerebral artery, IVH : 
intraventricular hemorrhage, ICH : intracerebral hemorrhage, HCP : hydrocephalus,  GOS : Glasgow outcome scale

Table 3. Hunt and Hess grades of patients (n = 130)

Hunt and Hess grade No. of patients (%)

I 3 (2.3)

II 78 (60)

III 49 (37.6)

Table 4. Fischer grades of patient (n = 130)

Fischer grade No. of patients (%)

I 2 (1.5)

II 72 (55.3)

III 50 (38.4)

IV 6 (4.6)



of ruptured intracranial aneurysms by coiling compared with
clipping is unclear. Many reports on these issues report that
the technical procedure used to treat aneurysms, whether
clipping or embolization, does not significantly affect the
development of hydrocephalus2,3,25,29,32).       

Dorai et al.3) and Varelas et al.32) reported that a higher
percentage of coiled patients required permanent shunting,
compared with the clipped patients. They reasoned that
irrigation and early evacuation of subarachnoid clots during
microsurgery allow the blood to clear more rapidly, decreas-
ing the probability of shunt-dependent hydrocephalus.
However, the results of this study are that coiling is not
associated with an increased risk of shunt procedure. In a
prospective, non-randomized study, Dehdashti et al.2) report-
ed that the percentage of shunt-dependent hydrocephalus in
clipped and coiled patients was 14% and 19%, respectively
(p value = 0.53). Another recent report by de Oliveira et al.25)

showed similar results with the percentage of shunt-depen-
dent hydrocephalus in clipped and coiled patients was 17.4%
and 19.6%, respectively (p value = 0.59).    

Comparing our results to the results of the previous
studies, the percentage requiring a permanent shunt was
much lower [3.1% (130 patients)]. The basis for the dis-
crepancy between our results and the previous studies may
be the exclusion of poor-grade SAH patients (Hunt & Hess
grades IV and V) and active management of lumbar
drainage to all patients with ruptured intracranial aneurysms
during the peri-operative and vasospasm periods. In the
previous studies the good-grade SAH patients (Hunt &
Hess grades I-III) and performance of lumbar drainage in
the peri-operative periods was not analyzed. Because lumbar
drainage is able to remove blood clots in the subarachnoid
space indirectly, the rate of shunt-dependent hydrocephalus
in the coil-treated group was not higher. Lumbar drainage
was highly related to less damage to cisternal anatomy in
coiling than surgical clipping. Based on the data in this
study, endovascular treatment did not raise the risk of shunt-
dependent hydrocephalus. This finding is in agreement with
data in the study conducted by Park et al.26), who showed a
lower rate [5.9% (118 patients)] in shunt dependency in the
endovascular treatment group compared with the surgical
treatment group. 

An important question is whether or not patients treated
with endovascular coiling are more inclined than patients
who are surgically treated with removal of clots within the
basal cisterns to develop hydrocephalus. Recent preliminary
studies have shown that patients with ruptured aneurysms
who are treated exclusively with endovascular methods had
no more vasospasm and/or hydrocephalus than those pati-
ents who are surgically treated, with the exception of patients

with Fisher grade III or IV3,7,22,25,32). Because EVDs were
placed intra-operatively, i.e., to facilitate dissection at the base
of the brain rather than to treat extensive acute hydrocephalus,
and because we were reluctant to place EVDs in patients
selected for endovascular treatment with post-embolizaion
heparinization, it is reasonable to assume that comparisons
were not substantially confounded by the higher EVD
placement rate in the surgical treatment group7).

Lumbar drainage and post-SAH hydrocephalus
The rationale we used for lumbar CSF drainage in all pati-

ents with ruptured intracranial aneurysms was that it promo-
tes CSF circulation from the ventricles through the subarach-
noid space, and that it also takes the bloody CSF from the
spinal cistern. This means that CSF drainage from the ventri-
cles may actually promote CSF flow stasis within the subarach-
noid space. Thus, it may decrease the incidence of vasospasm
and shunt-dependent hydrocephalus7,14,19,24,28). The beneficial
effect of continuous lumbar drainage on reduction of inci-
dence of hydrocephalus was well-demonstrated in some
literature2,5,11,12,15-17,20,31). There are several possible different
explanations on the effect of lumbar drainage of hydrocep-
halus. The most important mechanisms suggest removal of
blood clot and avoidance of the disturbance of CSF circula-
tion and/or absorption5). Another possible explanation is that
draining a large amount of CSF during early stages after
SAH induce lower intracranial pressure11,16). The phenome-
non was confirmed by the statistically significant dose-res-
ponse (drainage volume-hydrocephalus) relationship accord-
ing to Hasan et al.13) and Kasuya et al.16,17). However, patients
who survived a second bleeding episode and presented with
IVH were highly correlated with a requirement of shunt
placement31). That is a common presentation in poor-grade
SAH patients.     

Complications of lumbar drainage are well-recognized, but
not common. Serial lumbar puncture provides CSF blockage
in the subarachnoid space, but not in the ventricular system.
The risk of infection with this procedure is small, and the fall
in CSF pressure is probably more gradual15). 

Limitations of our study
The main limitation in our study is that there was a small

number of patients in the shunt-dependent hydrocephalus
group with lumbar drainage. To evaluate the difference in the
need for permanent CSF diversion according to treatment
modality and variables, such as gender, age, Hunt & Hess
grade, and Fisher grade, should be evaluated. More precise
evaluation of shunt-dependent hydrocephalus according to
treatment modality will be possible only when we exclude
confounding factors.
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CONCLUSION

In this study, coil embolization of ruptured intracranial
aneurysms in good-grade patients may be associated with
lower risk for developing shunt-dependent hydrocephalus,
possibly by active management of lumbar drainage and lesser
damage for cisternal anatomy during procedure. This might
affect long-term outcome and decision-making of ruptured
intracranial aneurysms. However, a randomized, prospective
study of treatment modality with or without the use of
lumbar drainage will be able to overcome the limitations of
our study.
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