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The Clinical Predictors of Shunt-Dependent Hydrocephalus 
Following Aneurysmal Subarachnoid Hemorrhage

ABSTRACT

bleeding into the subarachnoid space obstruct or inhibit the 
arachnoid villi have been posed to result in acute hydrocephalus 
after aSAH (7). However, these meningeal reactions induced 
by aSAH that leads to arachnoid inflammation and adhesion, 
which blocks cerebrospinal fluid (CSF) absorption at the 
arachnoid villi and basal cisterns may result into SDH (4,9,38). 
The actual cause of SDH may be multi-factorial etiologies and 

█    INTRODUCTION 

Shunt-dependent hydrocephalus (SDH) is one of the major 
complications of aneurysmal subarachnoid hemorrhage 
(aSAH). It accounts for 4.3% to 48% of complications 

(7,8,19,23,24,31,33,38). The cause of SDH has not been well 
established but it differs from that of acute hydrocephalus 
(4,7,38). Blood clot, fibrin, and protein products after acute 

AIm: Shunt-dependent hydrocephalus (SDH) is a relatively common complication following aneurysmal subarachnoid hemorrhage 
(aSAH). Delay in diagnosis and treatment may worsen neurological outcome. This study was conducted to identify early clinical 
factors associated with SDH following aSAH.   
MaterIal and Methods: Patients diagnosed with aSAH at our hospital from January 2010 through July 2014 were included. 
Patients aged ≤ 18 or ≥ 90 years, with concurrent arteriovenous malformation, treated with both clipping and coiling, or not receiving 
definitive treatment were excluded. Both clinical and radiological variables were analyzed by univariate and multivariate logistic 
model to identify factors independently associated with outcome of SDH following aSAH.      
Results: Overall, 33 patients (36.2%) developed SDH following aSAH after definitive treatment. Univariate analysis revealed 
age, emergency department (ED) white blood cell (WBC) count, hypernatremia, Hunt & Hess Grade, modified Fisher’s Grade, 
presentation of acute hydrocephalus, initial placement of external ventriculostomy, and post-operative central nervous system 
infection were clinically significant factors. Multivariate logistic regression showed ED WBC count >14,500/μL (OR 5.096, 95% CI 
1.332 to 19.499, p=0.017), poor Hunt&Hess Grade (III, IV & V) (OR 3.562, 95% CI 1.081 to 11.737, p=0.037), and initial placement 
of external ventriculostomy (OR 4.294, 95% CI 1.125 to 16.393, p=0.033) were independent factors.    
ConclusIon: Three early independent predictors of SDH were identified including poor Hunt&Hess Grade, initial placement of 
external ventriculostomy and ED leukocytosis. Early placement of a ventricular-peritoneal shunt after aSAH may shorten length of 
stay in hospital and in intensive care unit.        
Keywords: Aneurysmal subarachnoid hemorrhage, Shunt-dependent hydrocephalus, Clinical predictor, Outcome
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further evaluation of clinical conditions is needed for additional 
clarification (11). 

The patients with SDH following aSAH present with significant 
cognitive dysfunction and neurological deficit (40). Early 
placement of a permanent ventricular-peritoneal (V-P) shunt 
has been posed (15), but it remains controversial due to 
major complications (10). Advanced age, poor admission 
Hunt&Hess Grade, initial brain computed tomography (CT) 
findings, admission blood glucose, hypertension, treatment 
modality, initial external ventricular drainage (EVD), meningitis 
or vasospasm are risk factors for SDH following aSAH 
(7,8,11,26,35). However, the early change of the intracranial 
condition after aSAH remains unclear in the development of 
SDH. Understanding the early clinical characteristics that are 
related to the prediction of SDH after surgical intervention for 
aSAH would provide invaluable information for neurosurgeons 
to manage patients in their early presentations. To our 
knowledge, only a few studies have evaluated the early 
clinical predictors of SDH after aSAH (26). Therefore, the 
aim of this present study was to identify the early potential 
predictors of outcome in patients with SDH after aSAH. These 
early predictors may provide the indication of early V-P shunt 
procedure, improve the patient’s neurological outcome, and 
also shorten intensive care unit (ICU) and hospital length of 
stay (LOS). 

█    MATERIAL and METHODS
Patient Selection 

All patients diagnosed as aSAH at Shin-Kong Memorial 
Hospital between January 1, 2010 and July 31, 2014 were 
retrospectively reviewed and enrolled in this study. The study 
was approved by the hospital’s institutional review board 
(IRB no. 20150201R). Patients aged ≤ 18 or ≥ 90 years, 
having concurrent arteriovenous malformation (AVM), having 
undergone combined treatment with clipping and coiling, or 
not receiving definitive treatment were excluded (Figure 1). 

The diagnosis of spontaneous SAH was made by CT scan 
in the emergency department (ED) with the findings of SAH 
in the basal cistern or sylvian fissure without major trauma. 
The patients then underwent CT-angiography (CTA) or digital 
subtraction angiography (DSA) to accurately identify the 
location of vascular lesions. Definitive treatment was defined 
as surgical clipping or intravascular coiling in aneurysm. 
The decision about the treatment choice was based on the 
clinical decisions of neurosurgeons, neuroradiologists and the 
preference of patients or their families.

Clinical Variables

The clinical characteristics of all the study patients including 
age, gender, initial mean arterial blood pressure at the ED, ED 
glucose, ED white blood cell (WBC) count, serum sodium, 
operation method (clipping or coiling), EVD, and duration 
of external ventriculostomy placement were all recorded. 
Post-operative complications such as vasospasm or central 
nervous system (CNS) infection were also documented. Initial 
neurological status was evaluated using Hunt&Hess Grade 
(14). 

Radiological Variables

Brain CT images taken at the ED were used to evaluate the 
amount of subarachnoid blood using modified Fisher’s Grade 
(6), location of aneurysm by anterior circulation (including 
the anterior cerebral artery, anterior communicating artery, 
posterior communicating artery, internal carotid artery, middle 
cerebral artery) or posterior circulation (including the posterior 
cerebral artery, basilar artery, vertebral artery, posterior-
inferior cerebellar artery, anterior-inferior cerebellar artery, 
superior cerebellar artery), presence of acute hydrocephalus, 
intraventricular hemorrhage, and intracerebral hemorrhage. 

Outcome Measurement 

Shunt-dependent hydrocephalus was defined as clinical 
symptoms of hydrocephalus (including symptoms of increase 
intracranial pressure, cognitive dysfunction, gait disturbance 
and/or urinary incontinence) and radiological evidence of 
ventriculomegaly with bi-caudate index (BI)>95th percentile 
for age (12,13) that requiring the insertion of a permanent V-P 
shunt. LOS in both the ICU and hospital were also recorded. 
Modified Rankin Scale (mRS) score at hospital discharge and 
6 months after hospital discharge were evaluated (32). 

Statistical Analysis 

The clinical characteristics and radiographic variables 
between patients with non-SDH (NSDH) and those with SDH 
were compared to identify early predictive factors. Statistical 
analysis was performed using SPSS software version 12.0 
(SPSS Inc., Chicago, IL). Statistical tests were two-sided, and 
the significance level was set at p<0.05. Data are presented 
as mean ± standard deviation (SD) for continuous variables 
and as number (%) for categorical variables. The distribution 
of the data was assessed with the Kolmogorov-Smirnov test. 
Comparisons of numerical variables were performed using 
an unpaired t-test (parametric data) or Mann-Whitney U-test 
(non-parametric data). Comparisons of categorical variables 
were done by chi-square or Fisher’s exact test. Variables 
with p value <0.1 in univariate analysis were entered into a 
multivariate logistic regression model to identify independent 
outcome predictors of SDH following aSAH. 

█    RESULTS 

Patient Characteristics 

A total of 91 patients who underwent definitive treatment 
for aSAH were included in this study. A flowchart of study 
patients is shown in Figure 1. Thirty-three (36.3%) of these 
patients received a shunt operation, either a clipping or coiling 
operation, with a mean 26.5 days after onset of aSAH. Patients 
in the SDH group were significantly older than those in the 
NSDH group (61.0 vs. 54.9 years, p<0.05) (Table I). 

In univariate analysis, several clinical and radiological variables 
were statistically significantly different between the NSDH and 
SDH groups: (1) age (p=0.046); (2) ED WBC count; (3) poor 
Hunt&Hess Grade (III, IV &V) (p=0.001); (3) hypernatremia 
(p=0.003); (5) poor modified Fisher’s Grade (III & IV) (p=0.005); 
(6) initial acute hydrocephalus (p=0.045); (7) initial placement 
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of EVD (p=0.001), and (8) presence of CNS infection post-
operatively (p=0.015) (Table I). A cut-off value of ED WBC 
count at 14,500/μL demonstrated a greater statistically 
significant difference between the two groups. Also, patients 
who underwent external ventriculostomy of CSF drainage for 
more than 14 days had a higher odds ratio for development 
of SDH than those patients who did not undergo external 
ventriculostomy (p=0.011).

Outcome Measurements

The mean ICU and hospital LOS for the SDH group were 24.1 
days and 45.1 days, respectively. ICU and hospital LOS were 
significantly longer than for the NSDH group (14.2 days and 
24.3 days, respectively) (p<0.001) (Table II). The mRS scores 
at discharge and at 6 months after discharge for the SDH 
patients were also poorer compared with the patients with 
NSDH (Table II). However, there was no significant difference 
in in-hospital mortality between the SDH and NSDH groups 
(Table II). The mean ICU (14.9 vs. 26.6 days) and hospital (25.3 
vs. 50.5 days) LOS were significant longer if patients with 
SDH received operation more than 14 days following aSAH 
(p=0.011 and p=0.005, respectively). However, the mRS score 
at discharge and 6 months were not significant (p=0.349 and 
p=0.146, respectively).

By applying multivariate logistic regression analysis, it was 
demonstrated that ED WBC count >14,500 μL (OR 5.096, 
95% CI 1.332 to 19.499, p=0.017), poor Hunt&Hess Grade 
(III, IV &V) (OR 3.562, 95% CI 1.081 to 11.737, p=0.037), and 
initial placement of EVD (OR 4.294, 95% CI 1.125 to 16.393, 
p=0.033) were clinical predictors associated with SDH post-
operatively in patients who underwent surgery for aSAH (Table 
III). 

█    DISCUSSION 

SDH following aSAH remains a challenge for clinical 
physicians because of the unclear etiology. Early diagnosis is 
still the keystone in the management of SDH. However, the 
early clinical predictors of SDH after aSAH remain unclear 
and have been rarely discussed (26). In our present study, 
we identified the early potential predictors of outcome in 
patients and short-term outcome with SDH after aSAH. First, 
ED leukocytosis, poorer Hunt & Hess grade at admission, and 
initial placement of EVD were significant clinical independent 
predictors of SDH following aSAH. Second, early placement of 
a V-P shunt within 14 days resulted in shorter ICU and hospital 
LOS. Third, SDH patients had worse hospital discharge and 
6-month post-discharge outcomes, and also longer ICU and 
hospital LOS.

It is well known that SAH induces a non-infectious acute 
systemic inflammatory response syndrome (SIRS) reaction, 
which is characterized by an increase in circulating cytokines 
and results in leukocytosis (36). Early elevation of CSF 
interleukin-6 (IL-6) has been described to significantly predict 
SDH (34). The relationship between leukocytosis and CSF 
cytokines after aSAH is unclear, but inflammation is reported 
to be related to other intracranial insults following aSAH 
(21,22,27). Leukocytosis is also closely related to spontaneous 
intracerebral hemorrhage which affected early neurological 
deterioration (29). A recent study by Behrouz et al. (3) showed 
that admission leukocytosis has an inverse relationship with 
Glasgow Coma Scale (GCS) score but is not correlated 
with outcome. McMahon et al. (21) found that leukocytosis 
and change in IL-6 reflect impending cerebral ischemia. The 
mechanism explaining the relationship between early stage 

Figure 1:  Flowchart of study patients. ED: Emergency 
department, SDH: Shunt-dependent hydrocephalus, 
NSDH: Non-shunt dependent hydrocephalus,           
AVM: Arteriovenous malformation.
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Table I: Patient Characteristics and Comparison of Clinical Variables Between Patients with and without Shunt-Dependent Hydrocephalus 

Patient characteristics Total (n=91) NSDH (n=58) SDH (n=33) p value

Clinical variables

Age (years)* 57.1 ± 14.2 54.9 ± 12.5 61.0 ± 16.3 0.046

Female 54 (59.3) 36 (62.1) 18 (54.5) 0.482

Mean ED MAP (mmHg) 115.5 ± 19.6 113.6 ± 16.4 118.8 ± 24.5 0.232

ED glucose (mg/dL) 155.6 ± 61.3 158.2 ± 67.0 151.8 ± 53.1 0.693

ED WBC >14.5 (103/μL)* 17 (18.7) 6 (10.3%) 11 (33.3) 0.007

ED WBC (103/μL)* 11.8 ± 4.6 11.0 ± 3.8 13.4 ± 5.5 0.030

Hyponatremia (<135 mEq/dL)* 21 (23.1) 13 (22.4) 8 (24.2) 0.842

Hypernatremia (>145 mEq/dL)* 34 (37.4) 15 (25.9) 19 (57.6) 0.003

Hunt&Hess Grade* 0.001

I/II 43 (47.3) 35 (60.3) 8 (24.2)

III/IV/V 48 (52.7) 23 (39.7) 25 (75.8)

Operation variables

Initial EVD* 57 (62.6) 29 (50) 28 (84.8) 0.001

EVD duration (days)* 14.7 ± 7.7 12.3 ± 7.3 17.3 ± 7.4 0.013

Treatment method 0.728

Clipping 67 (73.6) 42 (72.4) 25 (75.8)

Coiling 24 (26.4) 16 (27.6) 8 (24.2)

Radiologic variables

Modified Fisher’s Grade* 0.005

I/II 24 (26.4) 21 (36.2) 3 (9.1)

III/IV 67 (73.6) 37 (63.8) 30 (90.9)

Acute hydrocephalus* 32 (35.2) 16 (27.6) 16 (48.5) 0.045

IVH 41 (45.1) 23 (39.7) 18 (54.4) 0.170

ICH 22 (24.2) 11 (19.0) 11 (33.3) 0.124

Aneurysm location 0.676

Anterior 79 (86.8) 51 (87.9) 28 (84.8)

Posterior 12 (13.2) 7 (12.1) 5 (15.2)

Related complications

CNS infection* 4 (4.4) 0 (0%) 4 (12.1) 0.015

Clinical vasospasm 22 (24.2) 13 (22.4) 9 (27.3) 0.603

Results expressed as number (%) for categorical variables and mean (±SD) for numerical variables
NSDH: non-shunt dependent hydrocephalus, SDH shunt dependent hydrocephalus, ED: emergency department, MAP: mean arterial pressure, 
WBC: white blood cell, EVD: external ventricular drainage, IVH: intraventricular hemorrhage, ICH: intracerebral hemorrhage, CNS: central 
nervous system
*p<0.05 means statistical significance in Mann-Whitney U test or Chi-square or Fisher’s exact test.
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may improve clinical grading and prolong survival of these 
kinds of patients. Initial EVD of CSF intermittently has been 
described as an independent predictor of SDH (35). In our 
study that longer duration (more than 2 weeks) of external CSF 
drainage revealed a significant relationship to SDH (p=0.011) 
in univariate analysis, which was compatible with those of 
previous studies (1,13,28,29,35,39). Intermittent drainage of 
CSF can prevent the formation of occlusive membranes or 
clots (1,13). Other CSF drainage methods such as lumbar 
drain (30) or lamina terminalis fenestration have been 
introduced to manage the initial aSAH (17). The relationship 
between lamina terminalis fenestration and SDH has been 
shown to be not significant (16). In addition, Bae et al. (2) 
found that a continuous lumbar drainage can reduce SDH. 
Moreover, continuous external drainage of CSF may result in 
normal CSF pathways being occluded by blood clot that may 
lead to SDH. But, there still has been no extensive study or 
systematic review of continuous and intermittent drainage of 
CSF in SDH after aSAH. 

Abnormal serum sodium is seldom discussed as a clinical 
predictor of SDH after aSAH. Appearance of abnormal serum 
sodium after spontaneous SAH is reported in the literature 
and hypernatremia is also a poor prognostic factor (20,25). 
Yoshino et al. (37) postulated that mechanical pressure 
on the hypothalamus from 3rd ventricle may have induced 
SIADH and resulting in hyponatremia. Li et al. (20) found 

leukocytosis, aSAH and SDH is still unknown. In our series, we 
found leukocytosis detected in the early stage of aSAH had a 
strong relationship to SDH and outcomes. We believe that acute 
bleeding into the subarachnoid space induced inflammation 
of arachnoid villi and blocked CSF absorption which resulted 
in adhesion and chronic obstruction of arachnoid villi and 
finally became shunt dependent. Admission leukocytosis has 
not been proposed to be a predictor of SDH following aSAH 
in the literatures. Further study of anti-inflammatory treatment 
for aneurysm rupture in the early stage may be needed. It may 
improve the clinical condition at admission, which may in turn 
improve the incidence of SDH and outcome. 

Poor clinical Hunt&Hess Grade is a very important independent 
predictor in previous studies (8,18). A large retrospective 
study, Dorai et al. (8) found 32% of patients with poor 
Hunt&Hess Grade (III, IV) required a permanent V-P shunt. In 
our series, 52.1% (25/48) of patients with poor Hunt&Hess 
Grade (III to V) received a permanent shunt procedure. Some 
previous studies excluded Hunt&Hess Grade V patients due 
to the fact that the majority of such patients may not survive 
long enough to receive a V-P shunt (8,18). After exclusion of 
4 patients with Grade V, there were still 47.7% (21/44) of our 
patients who received a permanent shunt procedure. Many 
factors may influence Hunt&Hess Grade temporarily, including 
intraventricular hemorrhage (IVH) and acute hydrocephalus. 
Aggressive resuscitation and external CSF drainage initially 

Table II: Comparison of Outcomes Between NSDH and SDH Patients After aSAH

Patient characteristics Total NSDH (n=58) SDH (n=33) p value

Hospital LOS (days)* 31.9 ± 22.4 24.3 ± 17.3 45.1 ± 24.3 <0.001

ICU LOS (days)* 17.8 ± 14.7 14.2 ± 14.7 24.1 ± 12.5 <0.001

Discharge mRS score* 2.9 ± 1.8 2.6 ± 1.8 3.4 ± 1.6 0.016

6 months mRS score*# 1.7 ± 1.5 1.2 ± 1.2 2.5 ± 1.5 <0.001

In-hospital mortality 11 (12.1) 8 (13.8) 3 (9.1) 0.381

Results expressed as number (%) for categorical variables and mean (±SD) for numerical variables
aSAH: aneurysmal subarachnoid hemorrhage, NSD: non-shunt dependent hydrocephalus, SD: shunt dependent hydrocephalus,                    
LOS: length of stay, ICU: intensive care unit, mRS: modified Rankin Scale
*p < 0.05 means statistical significance in Mann-Whitney U test or Chi-square or Fisher’s exact test
#11 patients lost to follow-up in NSDH group and 6 patients lost to follow-up in SDH group.

Table III: Independent Predictors of Shunt-Dependent Hydrocephalus After Asah by Multiple Regression Model

Factors Odds ratio (95% CI) p value

ED WBC >14,500 (103/μL)* 5.096 (1.332-19.499) 0.017

EVD* 4.294 (1.125-16.393) 0.033

Hunt&Hess Grade III to V* 3.562 (1.081-11.737) 0.037

Modified Fisher’s Grade III/IV 4.141 (0.869-19.738) 0.075

Age 1.023 (0.980-1.069) 0.300

Hypernatremia	 1.287 (0.410-4.035) 0.666

aSAH: aneurysmal subarachnoid hemorrhage, ED: emergency department, WBC: white blood cell, EVD: external ventricular drainage, 
*p < 0.05 means statistical significance in regression analysis.
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may develop in late stage after definitive treatment. We did not 
use follow-up brain CT regularly in all the treated patients, and 
also patients with poor outcome (mRS score ≥ 4) was treated 
negatively. This may have resulted in an underestimation of 
the actual frequency of hydrocephalus. A prospective study in 
the future may be needed to assess the actual incidence and 
predictors of SDH following aSAH. 

█    CONCLUSION
Poor Hunt&Hess Grade, ED leukocytosis, and initial placement 
of external ventriculostomy are identified as the independent 
predictors in patients with SDH following aSAH. Early prediction 
of SDH in patients after aSAH may help neurosurgeons decide 
whether to use early placement of a permanent V-P shunt. The 
results may provide additional information for neurosurgeons 
to improve neurological outcomes and shorten both ICU and 
hospital LOS for patients with aSAH.
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