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Abstract

Patients presenting with spontaneous, non-aneurysmal subarachnoid hemorrhage (SAH) achieve better outcomes compared to
patients with aneurysmal SAH. Nevertheless, some patients develop shunt-dependent hydrocephalus during treatment course.
We therefore analyzed our neurovascular database to identify factors determining shunt dependency after non-aneurysmal SAH.
From 2006 to 2016, 131 patients suffering from spontaneous, non-aneurysmal SAH were admitted to our department. Patients
were stratified according to the distribution of cisternal blood into patients with perimesencephalic SAH (pSAH) versus non-
perimesencephalic SAH (npSAH). Outcome was assessed according to the modified Rankin Scale (mRS) at 6 months and
stratified into favorable (mRS 0-2) versus unfavorable (mRS 3-6). A multivariate analysis was performed to identify predictors
of shunt dependency in patients suffering from non-aneurysmal SAH. Overall, 18 of 131 patients suffering from non-aneurysmal
SAH developed shunt dependency (14%). In detail, patients with npSAH developed significantly more often shunt dependency
during treatment course, when compared to patients with pSAH (p =0.02). Furthermore, patients with acute hydrocephalus,
presence of intraventricular hemorrhage, presence of clinical vasospasm, and anticoagulation medication prior SAH developed
significantly more often shunt dependency, when compared to patients without (p < 0.0001). However, “acute hydrocephalus”
was the only significant and independent predictor for shunt dependency in all patients with non-aneurysmal SAH in the
multivariate analysis (p <0.0001). The present study identified acute hydrocephalus with the necessity of CSF diversion as
significant and independent risk factor for the development of shunt dependency during treatment course in patients suffering
from non-aneurysmal SAH.
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Introduction

Spontaneous subarachnoid hemorrhage (SAH) is usually
caused by a rupture of an intracranial aneurysm. However,
in approximately 15% of patients suffering from SAH, iden-
tification of the bleeding source is not possible [18, 24]. This
subgroup has been described as patients suffering from non-
aneurysmal, non-traumatic, spontaneous subarachnoid hem-
orrhage previously. Patients with SAH without a bleeding
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source are considered to have a more benign course of disease
compared to patients suffering from aneurysmal SAH [8, 14,
24]. Nevertheless, these patients can develop chronic post-
hemorrhagic hydrocephalus with the need of cerebrospinal
fluid (CSF) diversion leading to the necessity of insertion of
a ventriculoperitoneal shunt (VPS) [11].

We therefore analyzed our institutional data in order to
identify possible risk factors associated with the development
of a chronic hydrocephalus during treatment course.

Materials and methods
Patients

Between January 2006 and August 2016, 814 patients suffering
from spontaneous SAH were admitted to our institution. SAH
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was diagnosed by computed tomography (CT) or lumbar punc-
ture. All patients with spontaneous SAH underwent four-vessel
digital subtraction angiography (DSA); following 2012, three-
dimensional reconstructions were additionally performed. All
patients with confirmed bleeding source (intracranial aneurysm,
vascular malformation) or traumatic origin of SAH were ex-
cluded from further analysis. In patients with angiogram-
negative SAH, a spinal magnetic resonance imaging (MRI)
scan was performed in order to rule out any spinal bleeding
source of SAH. Furthermore, patients underwent a second
four-vessel DSA 6 weeks after ictus, if a potential bleeding
source was not identified during the first diagnostic workup.
Patients with spontaneous, non-traumatic SAH without identi-
fication of a bleeding source after diagnostic screening were
then included for further analysis in the present study.
Information including patient characteristics on admis-
sion and during treatment course, radiological features, and
functional neurological outcome were collected and en-
tered into a computerized database (SPSS, version 24,
IBM Corp., Armonk, NY). The World Federation of
Neurological Surgeons (WFNS) scale was used in order
to grade patients on admission [19, 22]. Patients suffering
from spontaneous SAH were divided into good grade
(WFNS grades I-III) versus (vs.) poor grade (WFNS
grades IV-V) on admission. Patients with SAH were strat-
ified into two groups according to the subarachnoid blood
distribution into (1) patients suffering from perime-
sencephalic SAH (pSAH, Fig. 1a) and (2) patients suffer-
ing from non-perimesencephalic SAH (npSAH, Fig. 1b)
[17]. In addition, further radiological features were identi-
fied and collected, including the Barrow Neurological
Institute (BNI) scale [27], presence of intraventricular
hemorrhage (IVH), and new cerebral ischemia during treat-
ment course. Diagnosis of acute hydrocephalus was based
on radiological criteria and relevant clinical symptoms
within the acute phase after ictus. Patients with acute hy-
drocephalus (AH) were treated by ventriculostomy for ex-
ternal CSF diversion [21]. All patients with spontaneous

Fig. 1 a Perimesencephalic blood
distribution with accumulation of
subarachnoid blood in cistern
around midbrain (pSAH). b
Blood distribution with
subarachnoid blood in cistern
around midbrain as well as in the
anterior interhemispheric fissure
and both Sylvian fissures
(npSAH)
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SAH received nimodipine from the day of clinical admis-
sion. Screening for cerebral vasospasm (CVS) was per-
formed daily using neurological examination and transcra-
nial Doppler ultrasound (TCD) measurements. If CVS was
suspected on the basis of TCD or delayed ischemic neuro-
logical deficit (DIND), CT-angiography/-perfusion (CT-A,
CT-P) was performed in order to confirm CVS. Presence of
radiological CVS was defined as vessel narrowing in CT-
A. Presence of clinical CVS was defined as CVS-
associated DIND and/or CVS-related perfusion deficit in
CT-P. In cases of onset of clinical CVS, hypertension was
induced with catecholamines during treatment course [16].
Delayed cerebral ischemia (DCI) was defined as occur-
rence of new ischemic lesions on any radiological imaging
during treatment course compared to the initial CT scan on
admission. The necessity of VPS surgery was considered
when elevation of the drip chamber of the external ventric-
ular drainage (EVD) resulted in neurological deterioration
or increased ventricular size. In case of shunt-dependent
hydrocephalus during treatment, a VPS was placed, pri-
marily in the right frontal horn as previously reported
[20]. Indication for VPS surgery in patients suffering from
shunt-dependent hydrocephalus were based on clinical
symptoms, radiological features of hydrocephalus, or pa-
tients not tolerating CSF drainage weaning [1]. Outcome
was assessed according to the modified Rankin Scale
(mRS) after 6 months and stratified into favorable (mRS
0-2) versus unfavorable (mRS 3-6).

Statistics

Data analyses were performed using the computer software
package SPSS (version 24, IBM Corp., Armonk, NY).
Unpaired ¢ test was used for parametric statistics.
Categorical variables were analyzed in contingency tables
using Fisher’s exact test. Results with p <0.05 were con-
sidered statistically significant.
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Furthermore, a multivariate analysis was performed to
find independent predictors of chronic hydrocephalus in
patients suffering from non-aneurysmal SAH using binary
logistic regression analysis to find confounding factors
between potentially independent predictors. Variables
with significant p values in the univariate analysis were
considered as potentially independent variables in a mul-
tivariate analysis. A backward stepwise method was used
to construct a multivariate logistic regression model in
relation to chronic hydrocephalus as a dependent variable
with an inclusion criterion of a p value <0.05.

Results
Patient characteristics

Between January 2006 and August 2016, 814 patients suffer-
ing from spontaneous SAH were admitted to our institution,
and in 131 patients of which no bleeding source was found
(16%). In detail, 56 of 131 patients suffered from pSAH
(43%), and 75 patients suffered from npSAH (57%).

Patient characteristics, including age, clinical admission
status, angiographic and radiological findings, presence of
acute hydrocephalus, information concerning the use of

anticoagulation agents prior SAH, shunt dependency, and
clinical outcome of the present series, are shown in Table 1.

Blood distribution in patients with non-aneurysmal
SAH

Overall, favorable outcome was achieved in 114 patients suf-
fering from non-aneurysmal SAH in the present series (86%).
In detail, all patients with pSAH achieved favorable outcome
versus (vs.) 58 patients suffering from npSAH (100 vs. 77%;
p<0.0001, OR 33.8, 95% CI 1.9-576). Details on BNI grad-
ing of blood distribution are given in Table 1. Patients with
npSAH suffered significantly more often from intraventricular
hemorrhage when compared to patients with pSAH (37 vs.
16%; p=0.01, OR 3.1, 95% CI 1.3-7.3). Significantly more
patients with npSAH revealed radiological CVS during treat-
ment course compared to patients with pSAH (16 vs. 2%; p =

0.007, OR 10.5, 95% CI 1.3-83.2). However, presence of
clinical CVS or DCI did not differ significantly between both
groups. Furthermore, patients with pSAH were significantly
younger and presented in better clinical condition when com-
pared to patients suffering from npSAH (p =0.0003; p=

0.005; Table 1). However, no significant differences between
both groups were observed concerning anticoagulation medi-
cation prior SAH (p = 0.06).

Table 1  Patient characteristics
pSAH npSAH p value

No. of patients 56 75
Mean age (yrs) 54+£12 62+13 p=0.0003, 95% CI3.7-12.3
WENS grade I-11T 56 (100%) 65 (87%) p=0.005, OR 18.1, 95% CI 1.0-316.3
Acute hydrocephalus 5 (9%) 29 (39%) p=0.0001, OR 6.4, 95% CI2.3-18.0
Anticoagulation medication prior SAH 8 (14%) 22 (29%) p=0.06
BNI grade

1 0 (0%) 0 (0%)

2 28 (50%) 35 (47%)

3 27 (48%) 29 (39%)

4 1 2%) 10 (13%)

5 0 (0%) 1 (1%)
Presence of IVH 9 (16%) 28 (37%) p=0.01,0R 3.1,95% CI 1.3-7.3
Presence of radiological CVS 1 2%) 12 (16%) p=0.007, OR 10.5, 95% CI 1.3-83.2
Presence of clinical CVS 1 (2%) 8 (11%) p=0.07
Delayed cerebral ischemia 0 (0%) 1 (1%) p=10
Shunt dependency 3 (5%) 15 (20%) p=0.02, OR 4.4,95% CI 1.2-16.1
Favorable outcome (mRS 0-2) 56 (100%) 58 (77%) p<0.0001, OR 33.8, 95% CI 1.9-576

Values represent number of patients unless otherwise indicated

PpSAH, perimesencephalic subarachnoid hemorrhage; npSAH, non-perimesencephalic subarachnoid hemorrhage; SAH, subarachnoid hemorrhage; No,
number; yrs, years; WFNS, World Federation of Neurological Surgeons; BN/, Barrow Neurological Institute; /VH, intraventricular hemorrhage; CVS,

cerebral vasospasm; mRS, modified Rankin scale
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Acute hydrocephalus

Overall, 34 patients (26%) underwent ventriculostomy due to
onset of AH in the early stages of treatment. AH occurred
significantly more often in patients suffering from npSAH
when compared to patients with pSAH (39 vs. 9%; p=
0.0001, OR 6.4, 95% CI 2.3-18).

Shunt-dependent hydrocephalus

Overall, 18 of 131 patients (14%) with non-aneurysmal SAH
developed shunt-dependent hydrocephalus during treatment
course (Table 2). Patients suffering from npSAH developed
shunt-dependent hydrocephalus significantly more often com-
pared to patients with pSAH (20 vs. 5%; p=0.02, OR 4.4,
95% CI 1.2-16.1). Furthermore, patients with initial AH de-
veloped significantly more often shunt dependency compared
to patients without initial AH (44 vs. 3%; p<0.0001, OR
24.7, 95% CI 6.5-93.9). Patients with non-aneurysmal SAH
and IVH suffered significantly more often from shunt-
dependent hydrocephalus compared to patients without (p =
0.045, OR 3.0, 95% CI 1.1-8.4). Patients with non-
aneurysmal hemorrhage and the occurrence of clinical CVS
during treatment course developed significantly more often
shunt dependency compared to patients without (p =0.02,
OR 6.2, 95% CI 1.5-25.7). Additionally, patients with use
of anticoagulation agents prior non-aneurysmal SAH suffered
significantly more often from shunt dependency compared to
patients without (»p =0.03, OR 3.3, 95% CI 1.2-9.4).

Favorable outcome did not differ significantly between pa-
tients who developed no shunt dependency throughout the
treatment course and patients with development of a shunt
dependency after SAH (89 vs. 78%, p =0.3).

Multivariate analysis

We performed a multivariate logistic regression analysis of
those variables significantly associated with shunt dependen-
cy in patients suffering from non-aneurysmal SAH. The mul-
tivariate regression model did illustrate the variable “acute
hydrocephalus” (p <0.0001, OR 24.7, 95% CI 6.5-93.9) as
independent and significant predictor for shunt dependency in
patients suffering from non-aneurysmal SAH (Nagelkerke’s
R*=0.39, Table 3).

Discussion

Development of a shunt-dependent hydrocephalus after aneu-
rysmal SAH is a known cause for unfavorable outcome and
cognitive deficit [6]. Several risk factors for shunt dependency
in patients suffering from aneurysmal SAH have previously
been reported [4, 5, 10, 26]. In patients with spontaneous SAH
without a bleeding source, a better prognosis compared to
patients with aneurysmal SAH has been reported [3, 9, 24].
However, previously published studies suggested that several
factors might influence potential favorable outcome in pa-
tients with non-aneurysmal SAH [2, 9, 12, 15, 25]. Despite

Table 2  Patients with and without shunt dependency after non-aneurysmal SAH

Non-aneurysmal SAH Non-aneurysmal SAH p values

without shunt dependency with shunt dependency
No. of patients 113 18
Mean age (yrs) 57+13 6312 p=0.07
WENS grades I-111 108 (96%) 13 (72%) p=0.005, OR 8.3,95% CI12.1-32.6
Blood distribution
pSAH 53 (47%) 3 (17%) p=0.02, 0R 4.4, 95% CI 1.2-16.1
npSAH 60 (53%) 15 (83%)
BNI grade > 3 58 (51%) 10 (56%) p=038
Acute hydrocephalus 19 (17%) 15 (83%) p<0.0001, OR 24.7, 95% CI 6.5-93.9
Presence of IVH 28 (25%) 9 (50%) p=0.045,0R 3.0,95% CI 1.1-8.4
Presence of radiological CVS 9 (8%) 4 (22%) p=0.08
Presence of clinical CVS 5 (4%) 4 (22%) p=0.02,0R 6.2,95% CI 1.5-25.7
Delayed cerebral ischemia 0 (0%) 1 (6%) p=0.1
Anticoagulation medication prior SAH 22 (20%) 8 (44%) p=0.03,0R 3.3,95% CI 1.2-9.4
Favorable outcome (mRS 0-2) 100 (89%) 14 (78%) p=03

Values represent number of patients unless otherwise indicated

SAH, subarachnoid hemorrhage; No, number; yrs, years; WFNS, World Federation of Neurological Surgeons; pSAH, perimesencephalic subarachnoid
hemorrhage; npSAH, non-perimesencephalic subarachnoid hemorrhage; BNI, Barrow Neurological Institute; /VH, intraventricular hemorrhage; CVS,

cerebral vasospasm; mRS, modified Rankin scale
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Table 3 Multivariate logistic

regression analysis of Factors Adjusted OR 95% Cl p value

independent factors related to

shunt-dependent hydrocephalus WENS grades IV-V 1.4 0.3-7.0 0.7

in patients with non-aneurysmal Presence of IVH 2.6 0.8-8.9 0.1

SAH Acute hydrocephalus 24.7 6.5-93.9 < 0.0001
Presence of clinical CVS 37 0.6-25.1 0.2
Blood distribution (pSAH vs. npSAH) 1.0 0.2-53 1.0
Anticoagulation medication prior SAH 2.1 0.5-8.1 0.3

Italicized table entries were significant (p < 0.05) in the multivariate analysis

SAH, subarachnoid hemorrhage; OR, odds ratio; CI, confidence interval; WFNS, World Federation of
Neurological Surgeons; /VH, intraventricular hemorrhage; CVS, cerebral vasospasm; pSAH, perimesencephalic
subarachnoid hemorrhage; npSAH, non-perimesencephalic subarachnoid hemorrhage

initial subarachnoid blood distribution, chronic hydrocephalus
might influence functional outcome in patients with non-
aneurysmal SAH. However, great variability concerning the
rate of development of shunt-dependent hydrocephalus in pa-
tients with non-aneurysmal SAH has been reported. In detail,
Duong et al. reported chronic hydrocephalus in 8% of patients
with non-aneurysmal SAH, leading to necessity of VPS sur-
gery in 3% [7]. Konczalla et al. reported that shunt-dependent
hydrocephalus occurred in 10% of patients suffering from
non-aneurysmal SAH [13]. The present series reports a rate
of 14% for development of shunt-dependent hydrocephalus
after non-aneurysmal SAH. Differences in shunt dependency
rate in patients suffering from non-aneurysmal SAH might be
caused by different proportions of patients with pSAH and
diffuse blood distribution (npSAH) in the previously men-
tioned studies.

Risk factors for shunt dependency in non-aneurysmal
SAH

Despite well-known risk factors for shunt dependency in pa-
tients suffering from aneurysmal SAH, data on risk factors for
VPS-dependent hydrocephalus in patients with non-
aneurysmal SAH is scarce.

The univariate analysis of the present study revealed that
patients suffering from npSAH and therefore diffuse blood
distribution developed significantly more often shunt-
dependent hydrocephalus compared to patients with pSAH
(p=0.02). In line with these results, a recent published study
did identify diffuse blood distribution in patients with non-
aneurysmal SAH as predictor for development of shunt de-
pendency during treatment course [11]. Presence of IVH is
known as a significant predictor for development of shunt-
dependent hydrocephalus in patients suffering from aneurys-
mal SAH [5]. Likewise, presence of IVH in patients suffering
from non-aneurysmal SAH was significantly associated with
the necessity of VPS implantation in the present series (p =
0.045). Similarly, occurrence of clinical CVS has previously

been associated with shunt dependency in patients suffering
from aneurysmal SAH [6]. In the present series, development
of clinical CVS in patients with non-aneurysmal SAH was
significantly associated with shunt dependency during treat-
ment course (p=0.02). The amount of subarachnoid blood
might influence the risk of CVS and chronic hydrocephalus,
which might explain the association between both entities [6].
Additionally, we identified acute hydrocephalus as signifi-
cantly associated with higher shunt dependency in the univar-
iate analysis of the present series (p <0.0001). Acute hydro-
cephalus with the necessity of a CSF diversion and increased
daily CSF output has been identified as predictor for chronic
shunt dependency in patients with aneurysmal SAH [23].
Despite the above-mentioned results of the univariate analysis
for potential risk factors, the presence of initial AH with ne-
cessity of CSF diversion was the only significant and inde-
pendent risk factor for shunt dependency in patients with non-
aneurysmal SAH in the multivariate analysis of the present
series (p <0.0001).

Limitations

The present study has several limitations. Statistical anal-
ysis and data collection was retrospective and the present
data represent only a single-center experience.
Furthermore, there are only a small number of shunted
patients in the present patient collective, which might also
influence statistical results.

Conclusions

The present study identified acute hydrocephalus with the
necessity of CSF diversion as significant and independent risk
factor for the development of shunt dependency during treat-
ment course in patients suffering from non-aneurysmal SAH.
This should be taken in consideration during treatment of
patients with non-aneurysmal SAH.
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