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Objective: Chronic or shunt-dependent hydrocephalus (SDH) is a hydrocephalus that develops 
at two weeks or more after onset of subarachnoid hemorrhage (SAH). A recent study has re- 
ported that lumbar drainage (LD) can reduce the incidence of SDH after coil embolization of 
aneurysmal SAH, different from previous studies. The purpose of this study was to determine 
the effect of LD on incidence of SDH after SAH in patients who underwent coil embolization. 
Methods: A total of 113 patients who were treated with coil embolization only for SAH from 
January 2006 to August 2013 were investigated. They were randomly allocated into two groups 
depending on the management protocol that included LD insertion or not. SDH was defined 
based on Evans index and bicaudate index on computed tomography. We compared incidence 
of SDH according to the presence and absence of LD. Results: LD was performed in 53 (46.9%) 
patients. Of these patients, 14 had SDH measured by Evans index (p=0.089) while seven had 
SDH measured by bicaudate index (p=0.007). Ventriculoperitoneal shunt was performed in five 
patients of LD group (p=0.258). Conclusion: LD insertion in patients who underwent coil emboli- 
zation reduced the risk of SDH after SAH.
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INTRODUCTION

Hydrocephalus is one of complications after subarachnoid 
hemorrhage (SAH). Although previous studies have reported 
that its incidence has a wide range (6%-67%)28), recent studies 
have shown an incidence of 20% to 30%2). Hydrocephalus that 
develops at two weeks or more after the onset of SAH is called 
chronic or shunt-dependent hydrocephalus (SDH) which re- 
quires surgical treatment such as ventriculoperitoneal shunt 
(VPS) surgery. Although the cause of hydrocephalus remains 
unclear, it is associated with obstruction of cerebrospinal fluid 
(CSF) flow with blood clots, proteins, or fibrosis blocking CSF 
absorption2,10).

In a meta-analysis of 25 studies, risk factors of SDH after 
SAH include increased age (≥50), female gender, high Hunt- 
Hess grades, low Glasgow Coma Scale scores (≤8), high Fisher 
grades (≥3), acute hydrocephalus, external ventricular drainage 
(EVD) insertion, intraventricular hemorrhage (IVH), posterior 
circulation aneurysm, anterior communicating artery aneurysm, 

clinical vasospasm, meningitis, and rebleeding26). Treatments 
for SDH after SAH include medications (such as acetazolamide 
and mannitol) and surgical treatments (such as lamina terminalis 
fenestration, VPS, and lumbar-peritoneal shunting)2). Medica- 
tions are used prior to surgical treatment rather than reducing 
incidence of SDH. Although surgical treatments are associated 
with high incidence of complications, they are preferred treat- 
ments for SDH, especially VPS which is widely used29).

Current treatment options for SAH due to ruptured aneurysm 
are surgical clipping and coil embolization. According to the 
Korean Clinical Practice Guidelines for aneurysmal SAH pu- 
blished in 2018, coil embolization is beneficial for short-term 
treatment outcomes, but detrimental for long-term ones. There- 
fore, coil embolization is not the first treatment option for 
every SAH, but selected as a primary treatment if both surgical 
clipping and coil embolization are available4). However, many 
neurosurgeons believe that surgical treatments such as hema- 
toma evacuation, widening the opening of cisterns, and fenes- 
tration of the lamina terminalis performed with surgical clipping 
can improve CSF flow and reduce the incidence of SDH after 
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Table 1. Characteristics of patients (n=113) with coil embolization
Number of patients, n (%)

Mean age, year  56.5 (30-86)*

Sex
  Male  52 (46.0)
  Female  61 (54.0)
Hypertension  46 (40.7)
DM  8 (7.1)
Smoking 11 (9.7)
Hunt and Hess grade
  I  3 (2.7)
  II  52 (46.0)
  III  32 (28.3)
  IV  22 (19.5)
  V  4 (3.5)
Fischer grade
  I  0 (0.0)
  II  39 (34.5)
  III  38 (33.6)
  IV  36 (31.9)
Aneurysm location
  ICA
    PCOM  16 (14.2)
    Others  14 (12.4)
  ACA
    ACOM  41 (36.3)
    Others  7 (6.2)
  MCA  16 (14.2)
  BA, VA, SCA, PICA  19 (16.8)

The data is presented as number (%).
DM: diabetes mellitus; ICA: internal carotid artery; PCOM: pos- 
terior communicating artery; ACA: anterior cerebral artery; ACOM:
anterior communicating artery; MCA: middle cerebral artery; BA: 
basilar artery; VA: vertebral artery; SCA: superior cerebellar artery;
PICA: posterior inferior cerebellar artery.
*The range of patient ages.

SAH. In 2009, Komotar et al.15) suggested that there was no 
significant difference in the prevalence of SDH between patients 
who had undergone fenestration of the lamina terminalis and 
those had not. Several studies have reported differences in 
the incidence of SDH after SAH between clipping surgery and 
coil embolization5,6,11,16,27). In 2010, Yong et al.28) reported that 
lumbar drainage (LD) for patients with good grades (Hunt and 
Hess grades I-III) could reduce the incidence of SDH after 
coil embolization of aneurysmal SAH (3.1%). Such incidence 
was lower than those reported in previous studies (19.0 and 
19.6%)28). However, the study of Yong et al.28) was performed 
in patients with LD only. Thus, further research is needed 
to compare outcomes between patients with and without LD.

Whether VPS operation should be performed in patients 
with hydrocephalus confirmed by images such as computed 
tomography (CT) is often determined by surgeon’s subjective 
judgment. It is inaccurate to objectively evaluate the incidence 
of SDH as the number of patients with VPS surgery. Thus, the 
purpose of this study was to determine the effect of LD on 
the incidence of SDH confirmed by imaging in patients with 
SAH due to ruptured cerebral aneurysm who underwent coil 
embolization.

MATERIALS AND METHODS

1. Patients

A total of 113 patients treated with coil embolization only 
for SAH due to non-traumatic ruptured aneurysm who visited 
emergency room from January 2006 to August 2013 were 
reviewed, including 52 males and 61 females. Their mean age 
was 56.5 years (range, 30-86 years). Of these patients, 46 had 
hypertension, eight had diabetes mellitus, and 11 were smokers. 
Information about Hunt and Hess grade, Fischer grade, and 
aneurysm location for these patient is shown in Table 1.

Initial non-contrast CT was performed for all patients for 
diagnosis of SAH. Aneurysm was confirmed by CT angiography 
or conventional cerebral angiography. All patients were ad- 
mitted through the emergency room and coil embolization 
was performed within 48 hr after admission by two neuro-inter- 
vention radiologists. After intervention, standard post SAH ma- 
nagement was performed in intensive care unit, including pre- 
vention of rebleeding and treatment of vasospasm and hydro- 
cephalus. Patients were randomly assigned to post SAH mana- 
gement protocol included LD insertion or not. LD insertion 
was performed within 24 hr after coil embolization. Amount 
of CSF drainage was 150 to 200 cc/day. Drainage catheter was 
maintained for a week.

In all patients, follow up CT was performed at one week, 
two weeks, and one month. SDH was defined based on mea- 
surement of Evans index and bicaudate index at the axial cutting 
of CT at two weeks or one month. All shunt operations were 

performed with a VPS. Hydrocephalus on initial CT and mental 
state change was defined as acute hydrocephalus. If necessary, 
EVD insertion was performed by burr hole craniotomy at right 
or left or both Kocher’s points before coil embolization in 
emergency room, intensive care unit, or operating room. Trans- 
cranial Doppler was also used at intervals of two to three 
days for 2 weeks after coil embolization to observe vasospasm. 

2. Statistical Analysis

Statistical analysis was performed using SPSS version 25.0 
for Windows(SPSS Inc., Chicago, IL, USA). Pearson’s Χ2 test 
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Table 2. Differences according to the presence of lumbar drainage insertion
 Without LD groups (n=60), n (%) With LD groups (n=53), n (%) p-value
SDH    
  Evans’ index 25 (41.7) 14 (26.4) 0.089
  Bicaudate index 21 (35.0)  7 (13.2) 0.007
  Shunt operation 10 (16.7)  5 (9.4) 0.258
  Acute hydrocephalus 21 (35.0) 18 (34.0) 0.908
  IVH 21 (35.0) 15 (28.3) 0.446
  EVD insertion 17 (29.3) 14 (26.4) 0.820
  Vasospasm 18 (30.0) 12 (22.6) 0.307
The data is presented as number (%).
LD: lumbar drainage; SDH: shunt-dependent hydrocephalus; IVH: intraventricular hemorrhage; EVD: external ventricular drainage.

was used to compare incidence of SDH between groups with 
or without LD insertion.

RESULTS

Of 113 patients, 60 patients had no LD insertion while 53 
patients had LD insertion (Table 2). Based on SDH measured 
by Evans’ index, there were 25 patients in the group without 
LD and 14 patients in the group with LD(p=0.089). There were 
statistically significant differences in SDH measured by bicau- 
date index: 21 patients in the group without LD versus 7 patients 
in the group with LD (p=0.007). Shunt operation was performed 
for ten patients in the group without LD and five patients in 
the group with LD, showing no significant difference between 
the two groups (p=0.258). Acute hydrocephalus, IVH, EVD in- 
sertion, or vasospasm was not significantly different between 
the two groups (Table 2).

DISCUSSION

1. SDH

Reported incidence of hydrocephalus as one of complica- 
tions of SAH ranges from 6% to 67%21). de Oliveira et al.5) 
have reported that patients treated with surgical clipping have 
significantly lower risk of SDH than patients treated with coil 
embolization. However, other studies suggest that there is no 
significant difference of risk of SDH between clipping and 
coiling6,11). According to a recent large scale meta-analysis, SDH 
was detected in 17.4% of patients with SAH after coil emboliza- 
tion and clipping surgery16). There was no significant difference 
in incidence of SDH between the two technique groups16). 
In 2015, Yamada et al.27) announced that SDH in patients who 
underwent surgical clipping after SAH was twice as high as 
that in those who underwent coil embolization. Therefore, this 
issue remains controversial. Hydrocephalus after SAH was first 
suggested by Bagley1) in 1928 and first defined by Vale et 

al.21) in 1997. Depending on the time of onset, hydrocephalus 
after SAH could be divided into acute (0-3 days post SAH), 
subacute (4-13 days post SAH) and chronic hydrocephalus21). 
Chronic hydrocephalus occurs after two weeks of SAH. It is 
also referred to as SDH. Unlike acute hydrocephalus that can 
be diagnosed based on symptoms such as headache, vomiting, 
and change of consciousness, SDH is difficult to be diagnosed 
based on symptoms2). To diagnose SDH, image such as CT 
is needed to confirm that the ventricle size is enlarged anato- 
mically2).

Several methods have been devised to measure ventricle 
size to diagnose hydrocephalus on CT. The most widely used 
marker is the bicaudate index. In 1970, Galera and Greitz8) 
compared the maximum width of frontal horns of lateral ventri- 
cle to the same axial level. In 1979, Vassilouthis and Richardson23) 
suggested radiological marker of ventricle size measuring the 
width of lateral ventricles at the level of the foramen of Monro 
as a fraction of the transverse inner diameter of the skull at 
the same level. They defined hydrocephalus if this ratio (the 
width of lateral ventricles: the inner diameter of the skull) 
was more than 1:4. In 1985, van Gijn and colleagues22) proposed 
the bicaudate index as a linear measurement of ventricular 
size: the width of frontal horns at the level of the caudate 
nuclei divided by the diameter of the brain at the same level 
(Fig. 1A). They also suggested that diagnosis of hydrocephalus 
should be made when bicaudate index was more than age- 
adjusted 95th percentile22).

Evans Index is a ratio of the transverse diameter of the 
anterior horn of lateral ventricles to the largest internal diameter 
of the skull first described by Evans7) in 1942. Initially, it was 
a method to measure ventricular size using pneumocephalus 
grams in pediatric patients. Later, it was adjusted for CT scans. 
This index is usually used in normal pressure hydrocephalus 
(NPH). Hydrocephalus can be diagnosed if this index is greater 
than 0.3 in international NPH guidelines (Fig. 1B)20). In our 
study, we defined hydrocephalus using bicaudate index and 
Evans’ index measured with CT for patient groups.
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Fig. 1. Axial view of brain non-contrast computed tomography de-
monstrating how to measure shunt dependent hydrocephalus. (A) 
Bicaudate index. “a” is the distance between caudate nuclei and “b”
is the width of the brain at the same level. The ratio of a/b is bicau-
date index, (B) Evans’ index. “c” is the transverse diameter of the 
anterior horns of the lateral ventricles and “d” is the greatest internal
diameter of the skull. The ratio of c/d is Evans index.

2. Etiology of Hydrocephalus after SAH

Several hypotheses for development of SDH after SAH have 
been proposed and the most promising cause is change in 
CSF flow dynamic28). Approximately 30% of SAH patients are 
known to have permanent impairment of CSF diversion16). Des- 
pite extensive studies about CSF dynamic changes in acute 
and chronic hydrocephalus, the exact mechanism by which 
hydrocephalus occurs after SAH remains poorly understood10). 
The mechanism of recent trends seems to be related to the 
pathogenesis of acute and chronic hydrocephalus, damage 
associated with arachnoid granulations, and brain tissue2). In 
this mechanism, inflammatory reaction and the resulting fibrosis 
process can disturb CSF flow outward from arachnoid granula- 
tions to sinus. After SAH, the subarachnoid space is filled with 
blood cells and products. Subsequently, proliferation of lepto- 
meninx is observed with hemosiderin deposits. In arachnoid 
granulations, one major pathological mechanism is that blood 
clots and corresponding products can block the outflow tract 
of CSF (obstruction as non-communicating type). Another one 
is fibrosis of arachnoid membrane (decreased absorption as 
communicating type)2,10).

Acute hydrocephalus is attributed to blood clots within ven- 
tricles and aqueduct that can prevent CSF flow out of the 
cranial vault. Inflammation also induces acute hydrocephalus 
by disrupting the blood-brain barrier3). Recent studies have 
suggested that acute and chronic hydrocephalus have similar 
pathophysiology and that obstruction is not the only cause 
of acute hydrocephalus19). Other studies have assumed that 
blood clots can trigger hypersecretion of CSF and fibrosis of 
arachnoid granulations, leading to long-term communicating 
hydrocephalus rather than simply aqueduct obstruction12). More 
research is needed to discover and explain the etiology of 
acute hydrocephalus after SAH. In chronic hydrocephalus, it 
is considered a communicating type attributed to fibrosis and 

adhesions of leptomeningeal and arachnoid granulations be- 
caus e intracranial pressure is not increased in patients, with 
sufficient evidence emerging in the pathway of fibrosis2,9).

3. Principle of LD

Considering the pathophysiology of hydrocephalus after 
SAH, it is possible to reduce the incidence of hydrocephalus 
by irrigation or drainage of blood clots and fibrosis-inducing 
substance. In open surgery, it can be done by irrigating the 
basal cistern or the opening of the lamina terminalis. However, 
this cannot be performed in patients with coil embolization. 
Several studies have reported that this treatment does not im- 
prove neurological outcome or decrease the rate of hydroce- 
phalus15). Drainage of CSF using EVD is usually used for acute 
hydrocephalus. However, it appears to promote stasis of blood 
clots in the basal cistern instead of clearance. It has been re- 
ported that drainage of CSF via ventricle can produce a high 
rate of SDH13,24). Because blood is heavier than CSF, it will 
remain in the basal cistern. This has been observed in patients 
treated with both EVD and LD14). CSF drainage through EVD 
is effective in the ventricle. However, blood can remain in lum- 
bar compartment17). LD removes subarachnoid blood more 
rapidly than EVD and reduces the need for VPS18). Thus, re- 
moving blood with a LD can be suggested as an appropriate 
treatment option after SAH25).

Based on this background, we compared the incidence of 
SDH with or without LD in patients who underwent coil em- 
bolization for SAH. As a result, the incidence of SDH measured 
by bicaudate index was 13.2% in patients with LD and 35.0% 
in patient without LD (Table 2), showing significant (p=0.007) 
different between the two groups. Our results confirmed that 
LD could reduce the incidence of SDH after SAH. Thus, LD 
is an effective treatment for SAH.

4. Limitation

This study has some limitations. First, the number of patients 
enrolled for this study was small. In addition, patients with 
poor neurological state (Hunt and Hess grade IV and V) tended 
to have EVD insertion additionally because of IVH or acute 
hydrocephalus. Also, criteria for diagnosis of hydrocephalus 
by images or symptoms and the indication of VPS operation 
varied depending on each neurosurgeon.

CONCLUSION

Difference in incidence of SDH after SAH between clipping 
surgery and coil embolization remains controversial. According 
to recent guidelines for aneurysmal SAH, coil embolization 
is preferred. In our study, LD insertion in these patients reduced 
the risk of SDH after SAH. However, further studies enrolling 



Effect of Lumbar Drainage on Incidence of SDH Confirmed by Image

76  www.thenerve.net

a large number of patients are needed to confirm results of 
this study.
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