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Abstract

Objectives: Clipping and Endovascular Therapy (EVT) have a
variable benefit in reducing Shunt
Dependence Hydrocephalus (SDHC) following an
aneurysm bleed. We compared clipping over endovascular
treatment in reducing such dependence. Additionally, we
tried to assess the effect of lesser-studied modifiable risk
factors such as External Ventricular Drainage (EVD),
Ommaya reservoir placement, CSF protein, cisternostomy
and vasospasm.

Materials and methods: We retrospectively analyzed 67 out
of 300 patients treated between July 2018 and
December 2021 at our center for ruptured aneurysms who
developed hydrocephalus following an aneurysmal bleed.
We divided the patients into two groups, one undergoing
clipping other EVT.

Results: Of 67 patients, 33 were treated by clipping and 34
by coiling. Compared to clipping, coiling could not
significantly reduce shunt dependence (p=0.66). On
stepwise logistic regression analysis of risk factors for SDHC,
the timing of EVD (p=0.05) and CSF protein on day 7
(p=0.01) was a significant risk factor. Ommaya reservoir
placement following EVD was found to reduce shunt
dependence (p=0.0001), together with patients responding
to spasmolysis following vasospasm (p=0.001) and
fenestration of lamina terminalis (p=0.017), while clipping.

Conclusion: We did not find any significant advantage of
clipping over endovascular therapy in reducing shunt-
dependent hydrocephalus following aneurysmal rupture.
The duration taken to put EVD after the onset of
hydrocephalus and CSF protein on the seventh day,
reflecting persistent infection or higher blood degradation,
can also influence shunt dependence. Ommaya reservoir
placement can reduce shunt dependence in patients who
underwent EVD earlier and can substitute it, requiring
further prospective study to comment certainly the use of
Ommaya reservoir as a substitute for EVD for external CSF
drainage in hydrocephalus induced by aneurysmal bleed.
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versus coiling; Shunt dependence
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Anterior Cerebral Artery; DSA: Digital Subtraction
Angiography; EVT: Endovascular Therapy; GOS: Glasgow
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Introduction

Shunt Dependent Hydrocephalus (SDHC) develops in 6%-60%
of cases following Subarachnoid Hemorrhage (SAH) [1]. Few
studies have shown the advantage of clipping over coiling [2].
However, a recent meta-analysis does not suggest any significant
difference in reducing the incidence of SDHC in the long term
[3]. This hydrocephalus often responds to cisternostomy while
performing aneurysm clipping and by putting external
ventricular drainage containing a long tube system with a
drainage bag or intermittent drainage through the Ommaya
reservoir perioperatively in patients undergoing clipping or
Endovascular Therapy (EVT). In 40-50% of such patients
removing EVD leads to ventriculomegaly and clinical
deterioration, due to which a ventriculoperitoneal shunt needs
to be placed subsequently for persisting hydrocephalus.
Continuous drainage through EVD has the inherent risk of
infection (0%-45%), tube blockage and intracranial hemorrhage
[4]. There is growing evidence emphasizing intermittent and
slow drainage of CSF leading to lesser chances of EVD related
complications by replacement of EVD by Ommaya reservoir, thus
reducing chances of infection in some studies. Few studies have
reported reduced shunt dependency in hydrocephalus following
SAH when CSF is drained intermittently and gradually compared
to continuous drainage and fast weaning [5]. Few studies
suggested a reduction in complications associated with
intermittent EVD drainage as they decrease the requirement of
ventriculoperitoneal shunts, which can either be achieved by
intermittently closing the EVD tube or placing the Ommaya
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reservoir draining intermittently [6]. Risk factors such as
age, Infarct on CT head, higher hunt and hess grade
and intraventricular hemorrhage with acute dilatation have
been documented commonly as risk factors associated
with the development of shunt dependent hydrocephalus
following aneurysmal bleed and these risk factors cannot be
modified [7]. Some studies compared the scoring system,
including these factors but comparing these scoring
systems by external validation suggested its insufficiency
in predicting shunt dependency [8]. Very few studies have
included the effect of cisternostomies, EVD, Ommaya
reservoir placement and spasmolysis, which we regularly
perform as an adjunctive procedure to clipping and EVT.
These can affect shunt dependency and are directly
responsible for developing shunt-dependent hydrocephalus.
Their effect can be modified to reduce shunt dependency
in such circumstances in patients either being treated by
clipping or Endovascular Therapy (EVT) [9-11]. Given these
facts, we tried to compare the efficacy of microsurgical
clipping over Endovascular Treatment (EVT) in preventing
shunt  dependent  hydrocephalus after  subarachnoid
hemorrhage in patients with a ruptured aneurysm. The
secondary objective was to assess the effect of additional
procedures such as EVD insertion, Ommaya reservoir placement,
cisternostomy, age, gender, meningitis, hunt and hess grade,
Fischer grade, intraventricular bleed, Infarct and vasospasm
causing shunt dependent hydrocephalus, which could have
affected the outcome of the primary procedure (clip versus
endovascular therapy).

Materials and Methods

Following the approval from the institutional ethical
committee, All India Institute of medical sciences, Patnha, with
reference number AIIMS/Pat/IEC/2021/278, the study was
conducted between July 2018 and December 2021 in the
neurosurgery department at our institute. In this duration, 300
cases with aneurysmal Subarachnoid Hemorrhage (aSAH) with
intracranial bleed at other locations also were treated. We
included 67 patients in the study who developed acute
hydrocephalus as observed on repeat NCCT head in the ward
after admission or follow-up following treatment which was not
present at the NCCT head immediately after ictus.

Age, gender, initial glasgow coma scale, comorbidities, hunt
and hess grade, Fischer score on computed tomography, EVD
placement duration, complications, Ommaya reservoir
placement, CSF drainage (continuous/intermittent), CSF protein
measurement, glasgow outcome score at follow up, modified
Rankin score at follow up were noted and analysed.

Radiological findings on the NCCT head as Fischer CT grade,
Evan's index, periventricular-lucency and other investigation
findings such as preoperative and postoperative DSA and MRI
brain were noted. DSA and spasmolysis by microcatheter
injection of intraarterial nimodipine were performed if we
observed vasospasm on CT angiography. Patients with
deteriorating neurological conditions following the procedure
and not showing improvement underwent CT angiography. The
other laboratory data were preoperative and postoperative
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routine blood investigations and CSF routine microscopy sent at
regular intervals.

The accessory surgical procedure performed besides
clipping and endovascular therapy

EVD or ommaya reservoir insertion: It was indicated in all
patients with hydrocephalus on the NCCT head and patients
with altered sensorium (GCS<15). It was placed preoperatively,
2.5 c¢cm lateral to the midline and 1 cm in front of the coronal
suture, by placing a 1.5 cm straight incision on the coronal
suture. The Ommaya reservoir was indicated in a patient with
persistent infection as observed through CSF drainage fluid
through EVD and frequent blockage of EVD. Its tapping was done
with no 16 scalp vein set with its tubings and kept under sterile
transparent dressings.

EVD was opened intermittently to drain 50 ml-100 ml
depending upon ICP measurement of more than 20 cm or lower.
It was kept on continuous drainage after treating the aneurysms
by endovascular coiling or microsurgical clipping. Once the
patient started improving postoperatively, the patients were
gradually weaned off from EVD by intermittently opening the
EVD. Meanwhile, we strictly monitored any drop in GCS and rise
in blood pressure to look for features of raised ICP. A trial of
weaning from EVD was given every 24 hrs in patients with Hunt
and Hess grades 1-2 and 48 hrs in grades 3-4. During these
repeated trials, a few patients had hardware complications such
as frequent blockage and infections, for which we replaced it
with the Ommaya reservoir. Placement of the Ommaya reservoir
act as a conduit for intermittent CSF drainage and antibiotics
instillation, which helped us decrease intracranial infection and
gradual and intermittent EVD drainage.

After the Ommaya reservoir placement, we used to assess the
requirement of CSF tapping through it depending upon the GCS
status of the patient chart at regular intervals in the critical care
monitoring sheet. In patients requiring more frequent drainage
of CSF through scalp vein set (>3-4 times/day) regularly for 4-5
days, we used to wait for the CSF sample to become sterile and
replace it with a ventriculoperitoneal shunt. We reduced the
ommaya reservoir tapping once a day to 24 hourly and 72 hourly
and subsequently stopped after 3-4 trials of 72 hrs tap trials and
stable GCS. It was difficult to consistently measure opening CSF
pressure or ICP using various monitoring equipment and we
could not do this in all patients included in the study. We waited
for the patient to pass the period susceptible to vasospasm or
for the patient to have no features suggestive of vasospasm
angiographically and clinically. The length of stay in the ICU and
hospital, the patient's Glasgow outcome score and the modified
Rankin Scale (mRS) score from follow-up records were noted.

Statistical analysis

All statistical analyses were done using Statistical Package for
the Social Sciences (SPSS version 20.0; IBM Corp., Armonk, NY,
USA). Multiple logistic regression analyses were done to identify
the risk factors for developing shunt dependent hydrocephalus
following aSAH. Continuous variables using a t-test as
appropriate were compared and categorical variables were
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expressed as numbers (percentages) and compared using the
chi-square test or Fisher's exact test. Factors with a p-value of
less than 0.05 in the univariate analysis were entered into the
stepwise logistic regression analysis. A two-tailed p-value of less
than 0.05 was considered statistically significant.

Results

Three hundred patients with  ruptured aneurysms with
SAH were treated, of which 67 (26.8%) developed
hydrocephalus during the course. 33 patients of these 67
patients were treated by microsurgical clipping and 34 by
endovascular therapy. The average age of the clipping group
of patients was 47.66 + 8.6 years and 54.17 + 10.30 years in
the Endovascular Therapy (EVT) group (p=0.007). Male and
female ratios of patients treated by clipping were 17:16 (1.06)
and in the EVT group was 0.7 with no significant difference
(p=0.39). Twenty-two patients in the clipping group had
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aneurysms located in the anterior and 11 in the posterior
circulation. Ten patients in the coiling group had aneurysms in
the anterior and 24 in the posterior circulation, with
posterior  circulation aneurysm cases more prone to
develop hydrocephalus (p=0.002). Preoperative hunt and hess
grade was 3-4 in 33 patients in the clipping group and 34
patients in the coiling group (p=0.44) and an mRS score of more
than 2 was present in 24 patients in the clipping group and 22
patients with coiling group(p=0.54). On the NCCT head, 19
patients had intra-parenchymal bleed compared to 10 patients
in the coiling group, with 22 patients in clipping and 26 in the
coiling group having intraventricular bleed (p=0.04).
Perioperative Infarct was present in 24 patients in the clipping
and coiling group (p=0.24) and these patients had vasospasm on
DSA, which we detected irst a ter CT angiography following
neurological deterioration. Following intraarterial microcatheter
injection of Nimodipine, ten patients in clipping and 14 in the
coiling group responded (Table 1).

Table 1: Risk factors associated with clipping versus coiling for hydrocephalus following SAH.

Variables Clipping (n=33) Coiling (n=34) P-value
Age (years) 47.66 + 8.6 54.17 £ 10.30 0.007
Gender 17:16 14:20 0.39
Location of the aneurysm

Anterior circulation 22 10

Posterior circulation 1 24 0.002
Hunt and hess grade

3-5 33 34 0.44
mRS score (Pre-op)

1-2 9 12

34 24 22 0.54
Fischer grade

1 4 2 0.058
2 10 8

3 16 20

4 3 4

CT finding SAH 33 34

Intraparenchymal bleed 19 10

Intraventricular bleed 10 25 0.04
Post procedure infarct with vasospasm
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Present 24 24 0.024
Absent 9 10

Spasmolysis

Responded 10 14 0.68
EVD performed (days)

Average duration to perform| 8.39 £5.42 6.43 £5.26 0.04
EVD

Average duration on EVD 10.49 + 6.41 13.64 + 8.29 0.18
Averagg duration on Ommaya| 11.69 + 6.36 12.34 +9.48 0.17
reservoir

Stroke 2 3

CAD 2 2

Hypertension 14 19 0.23
Diabetes 12 14 0.21
CKD 1 1

Of these 24 who responded to spasmolysis, 20 did not require
ventriculoperitoneal shunt for hydrocephalus following
aneurysmal SAH. Still, the remaining 24 did not respond to
spasmolysis; only five were shunt independent on follow-up
(Table 2). 12 among the 33 patients who underwent clipping did
not require a shunt on follow-up, but among coiling, ten patients
out of 34 on follow-up (p=0.66) (Table 3). We performed lamina
terminalis fenestration in 13 patients who underwent clipping;

eight did not require a shunt on follow-up. There were 20
patients in whom cisternostomies were done, but lamina
terminalis fenestration was not done and only four did not
require a shunt (p=0.017) (Table 4).

Table 2: Spasmolysis and shunt dependence in hydrocephalus following aneurysm rupture.

Response to spasmolysis
Shunt dependence n (%)
Present Absent
Present 4 19 23 (47.9%)
Absent 20 5 25 (52.1%)
24 (50.0%) 24 (50.0%) 48
Chi-squared 18.391
df 1
Significance level P<0.0001
Contingency coefficient 0.526
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Table 3: Clipping versus Endovascular Therapy (EVT) and shunt dependence hydrocephalus following an aneurysmal bleed.

Shunt dependent Procedure n (%) P-value
Clipping Coiling

Present 23 22 45 (67.2%) 0.66

Absent 12 10 22 (32.8%)
33 (49.3%) 34 (50.7%) 67

Chi-squared 0.186

df 1

Significance level P=0.6660

Contingency coefficient | 0.053

Table 4: Cisternostomy and shunt dependence in hydrocephalus following aneurysm rupture.

Shunt dependence Cisternostomy n (%)
With lamina terminalis | Without lamina terminalis
fenestration fenestration

Present 5 16 21 (63.6%)

Absent 8 4 12 (36.4%)
13 (39.4%) 20 (60.6%) 33

Chi-squared 5.697

df 1

Significance level P=0.0170

Contingency coefficient 0.384

The average duration to perform EVD was 8.39 = 5.4 and in
the coiling group, 6.43 £ 5.26 days (p=0.04) with a minimum of 3
days and a maximum of 17 days. Patients in whom EVD was
performed early were less shunt dependent compared to o)

patients in whom EVD was placed late (Figure 1). . i ﬁlI ‘l |||

3

-

Shunt dependent bydiecephata

Post procedusiCipping'coing) tme 1o VD (dsys)

Figure 1: Stacked column suggesting less shunt dependence in
patients with early RVD insertion.
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EVD was required in 7 out of 9 patients who underwent
cisternostomy with lamina terminalis fenestration and 14 out of
24 who underwent cisternostomy without lamina terminalis
fenestration. These were patients in whom clipping was
performed. In patients who underwent Endovascular Therapy
(EVT), EVD was required in 33 out of 34 patients and one
responded to conservative treatment (p=0.018). Altogether EVD
was put in 54 patients. 19 out of 54 whom EVD were placed for
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CSF drainage independent of the Ventriculoperitoneal shunt (VP
shunt) on follow-up. Still, three patients out of 13 in whom EVD
was not placed were independent of VP shunt (p=0.40) on
follow-up. EVD placement does not appear to affect shunt
dependency (p=0.40) significantly (Table 5).

Table 5: EVD placement and shunt dependency in patients with hydrocephalus following an aneurysmal bleed.

Shunt dependent EVD performed n (%)
Present Absent

Present 35 10 45 (67.2%)

Absent 19 3 22 (32.8%)
54 (80.6%) 13 (80.6%) 67

Chi-squared 0.686

df 1

Significance level P=0.4075

Contingency coefficient 0.101

Ommaya reservoir placement was done in 25 patients who
required EVD initially (n=54). It was required in 4 out of 9
patients in whom EVD was not done in a later stage due to
meningitis picture in CSF (p=0.13). We observed that ten

patients out of 29 in whom the Ommaya reservoir was placed
were shunt-dependent. Still, 22 patients out of 25 in whom the
Ommaya reservoir was not placed were shunt-dependent
(p=0.001) (Table 6).

Table 6: Ommaya reservoir placement and shunt dependency in patients with hydrocephalus following an aneurysmal bleed.

Shunt dependent Ommaya reservoir placement n (%)
Present Absent

Present 10 22 32 (59.25%)

Absent 19 3 22 (40.75%)
29 (43.3%) 38 (56.7%) 67

Chi-squared 24.394

df 1

Significance level P<0.0001

Contingency coefficient 0.517

Risk factors that were found significant on univariate analysis
as age, hunt and hess grade, Fischer grade on CT, periprocedural
Infarct on CT, acute hydrocephalus, CSF protein measurements
done for the first seven days following EVD and Ommaya
reservoir tap, procedure (clip vs. coil), duration to perform EVD,
additional procedure as EVD and Ommaya reservoir placement
were put forth for stepwise logistic regression analysis. We
found the time taken (in days) to perform EVD as significantly

6

contributing (p=0.05), together with CSF protein on day 7
(p=0.01) (Table 7). Patients who were shunt dependent were
more in Clipping than in the coiling group, but this difference
was insignificant (P=0.6). mRS score at six months of follow-up
and glasgow outcome score was almost similar in both the
groups of patients (p=0.21 and p=0.26). The ICU and hospital
stay length was significantly better in coiling than in the clipping
group (p=0.0001) (Table 8 and Figure 2).
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Table 7: Stepwise multiple logistic regression analysis for risk factors responsible for shunt dependent hydrocephalus following an

aneurysmal bleed.

Variable Coefficient Std. Error Odds ratio 95% ClI P-value
Cisternostomy -3.27836 2.15803 0.0377 0.0005-2.5893 0.12
Duration to perform| 0.98201 0.50606 2.6698 0.9902-7.1987 0.05
EVD (days)

CSF proteinday 7 | 0.013029 0.00834 1.0131 0.9967-1.0298 0.01
Constant -4.52028 3.33772 0.17

Table 8: Comparision of the outcome at follow-up in patients who have undergone clipping versus EVT and have hydrocephalus
following ruptured aneurysm bleed following.

mRS scale Microsurgical clipping | Endovascular coiling n (%) P- value
postoperative
No symptoms 0 0
Able to carry all work| 1 6 9 (11.9%) 0.205
with symptoms
Unable to carry all|2 4 6 (8.95 %)
previous work
Able to walk unassisted | 14 14 28 (41.8%)
Unable to walk| 14 10 24 (35.8%)
unassisted
Glasgow outcome score
(Death) 2 2 4 (5.9%) 0.288
(Neurovegetative state) | 1 0 3 (4.47%)
(Severe disability pt| 17 10 27 (40.3%)
dependent for  daily
work)
(Moderate disability (pt| 12 15 27 (40.3%)
independent in daily life)
(Resumption of normal| 2 7 9 (13.43%)
life with minor
neurological deficits
Shunt dependent 21 24 0.66
Shunt independent 12 10
Length of stay in ICU|23.60 +6.29 9.27+2.6 0.001

(days)
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Length of stay in hospital | 33.6 + 7.9 18.72+2.19 0.001
(days)
Mortality 2 2

abiny (%)

s ] 15 20 2
Tera

Figure 2: The comparison curve revealed more shunt
dependence in the clipping group compared to coiling on the
follow-up but was not found significant.

Discussion

Different studies have reported the importance of surgical
clipping over EVT in reducing the SDHC due to addressing the
blood clot, which produces obstruction and inflammatory
changes in the CSF draining pathway [12]. Hydrocephalus
following SAH has been reported to be communicating type due
to inadequate functioning of arachnoid granulation and
inflammatory fibrosis in cisterns. Hydrocephalus following
ruptured aneurysmal bleed may develop with variable latency
depending upon inflammatory fibrosis in the CSF outlet
pathway.

Komotar, et al., in a systemic review, reported no difference in
Shunt Dependent Hydrocephalus (SDH) following SAH in the
surgical clipping group with and without lamina terminalis
fenestration [13]. In our study, patients with lamina terminalis
fenestration which helped in early clot removal from the
ventricle with subsequent EVD for CSF drainage were less shunt
dependent than those with no lamina terminalis fenestration. It
may be due to the combined effect of reducing blood clot
burden and continuous CSF drainage leading to a decrease in
blood degradation product-induced inflammatory response in
the CSF drainage pathway, which leads to reduced SDHC.

The average time of EVD replacement in the study by Varela,
et al. was 17 days and in Erixon, et al., 45 days [14]. The average
time in the present study was lower than that of the above-
reported studies. In the meta-analysis by Xie, et al., the minimal
duration noted was 17 days and the maximum duration was 45
days. In our study decision of early EVD was taken because of
deteriorating neurological status and increasing ventricular
dilatation on repeat CT head. These features may have
happened due to the higher Fischer grade on the CT head in
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patients in the present study leading to CSF outlet obstruction
earlier. We observed in our patients that the earlier the decision
to perform the EVD was taken, the lesser the chance of VP
shunt. It may be due to the earlier removal of blood degradation
products responsible for inducing inflammation and fibrosis. It
was supplemented by the fact that higher CSF protein on the
fifth postoperative day of EVD placement was the major
predictor of shunt dependency as it is the marker of surrounding
inflammatory response and burden of a blood degradation
product. In the study by Lenski, et al. and Lewis, et al., CSF
protein on the fifth day of EVD insertion strongly predicted
SDHC. The importance of inserting EVD early after noticing
hydrocephalus following SAH was also stressed in other studies
[15].

Insertion of EVD for external CSF drainage after acute
hydrocephalus following SAH has inherent complications such as
mechanical obstruction and an increased risk of intracranial
infection if prolonged. Many studies have found it an additional
risk factor for shunt-dependent hydrocephalus. Studies have
reported an increased incidence of meningitis following EVD
tube placement and frequent opening, closing and keeping it
longer. Studies suggest an increased risk of developing
meningitis in intensive care units where patients with
tracheostomy, other fluid draining systems and more crowded as
in our setup, have more meningitis with EVD tube [16,17].
Similar was the observation in the present study, where
meningitis with EVD insertion was higher than in the reported
studies leading to more chances of shunt dependency. We tried
to minimize this by replacing the EVD tube system with an
Ommaya reservoir which helps to reduce creeping infection and
frequent manipulation of the EVD tube. Intermittent drainage
through the ommaya tube and the instillation of antibiotics
helped us reduce meningitis and shunt dependency in our
patients. Intermittent EVD clamping and CSF drain through the
Ommaya reservoir may reduce shunt dependence. However, it
requires careful patient monitoring and persistence, as observed
in the present study, where resources are scarce and ICU is
overcrowded a common scenario in developing countries.

In contrast to Klopfenstein, et al. which focused on gradual
weaning with a single clamp trial and reported more patients
needing VP shunts at the end, Ascanio, et al. had used multiple
trials of EVD clamping before inserting a shunt, which led to a
decreased number of cases that were shunt dependent. The
contradictory findings in these studies may have been observed
due to EVD-related complications, which were higher in the
latter study [18,19]. Klopfenstein, et al. reported a single
clamping trial in their study because of which they reported 63%
shunt dependent cases in follow up but in the study it was
multiple trials of clamping with intermittent CSF drainage, which
resulted in 17% shunt dependent cases [20,21]. We can
substitute this practice of intermittent clamping of EVD tube by
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Ommaya reservoir placement as in the present study. The
reason for less VP shunt dependence with the Ommaya
reservoir in the present study may also be due to more attempts
with intermittent drainage and lesser  complications such
as blockage and infection than EVD, which permitted more time to
help the patient the establishment of natural CSF
drainage pathway. Arts and Singh, made similar observations
in their studies [22,23].

In our study, patients detected to have clinical vasospasm
(neurological deterioration with vascular spasm noted on CT
angiography and DSA subsequently suspecting it) had more
requirements of EVD. Most patients who responded to
spasmolysis were stabilized following EVD insertion and were not
dependent on follow-up. However, those who did not respond to
spasmolysis developed shunt dependency later. Different studies
have suggested high CSF protein due to inflammatory conditions
prevailing during this condition [24]. In the study, clinical
vasospasm was treated by triple H therapy, but shunt dependency
in such circumstances was high. Still, we performed direct arterial
vasodilation by microcatheter to detect vasospasm on DSA
[25,26]. Direct spasmolysis probably works better in such cases
and helps in the early reduction of vasospasm, inflammation and
CSF protein, which leads to reduced duration to continue EVD and
shunt requirements similar to our study.

Rao, et al. reported decreased ICU stay, hospital stay and
better Glasgow outcome scores in the group with intermittent
CSF drainage and rapid weaning, which is similar to the present
study, but differs from the study of Klopfenstein, et al., who have
reported decreased ICU and hospital study but the increased
rate of shunt dependent cases on follow up.

Conclusion

Microsurgical clipping may not significantly reduce shunt
dependence in  hydrocephalus following  subarachnoid
hemorrhage compared to endovascular therapy. Still, minor
procedures such as earlier EVD insertion, judicious ommaya
reservoir placement and intraarterial microcatheter spasmolysis
may reduce shunt dependence in such circumstances. A few
studies have reported risk factors such as CSF protein to
influence dependence on the shunt, but its role in such a
scenario cannot be ignored. Switching to the Ommaya reservoir
to replace EVD helps reduce shunt dependence. The earlier this
decision is taken, the better it would be as it decreases the
incidence of meningitis due to EVD and provides a prolonged
window period to decide the lesser requirement of the
ventriculoperitoneal shunt, which has lots of shunt-related
complications reported in the literature. We need to
prospectively validate our results in the large patient group
which may improve outcomes in such circumstances.
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