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Abstract

Introduction
: Endovascular therapy of ruptured aneurysms is regularly accompanied by periprocedural heparinization
and requires the use of periprocedural antiplatelets in more complex cases. This raises concerns
regarding increased bleeding risks in the case of frequently required ventriculostomy. The aim of this
study was to analyze risk factors for ventriculostomy-related intracranial hemorrhages (VS-ICH) in
endovascular or surgical treatment of ruptured aneurysms with a focus on antithrombotic therapy.

Materials and Methods
In this retrospective analysis we included patients admitted to our institution over a 12-year period who
had received at least one ventriculostomy due to subarachnoid hemorrhage-related hydrocephalus.
Patients were dichotomized into an endovascular and surgical group and rates of VS-ICH were compared.
Risk factors for VS-ICH were assessed in uni- and multivariate analyses.

Results
A total of 606 ventriculostomies were performed in 328 patients. Within the endovascular group,
antiplatelet therapy was used in 44.8% of cases. The overall rate of ventriculostomy-related intracranial
hemorrhage was 13.1%. Endovascular treatment was associated with a higher rate of VS-ICH compared
to surgical treatment (p=0.011), but not in cases without antiplatelet therapy (p=0.166). Application of
any antiplatelet therapy (odds ratio, 2.647 [95% con�dence interval, 1.141-6.143]) and number of
ventriculostomies (odds ratio, 2.513 [95% con�dence interval, 1.859-3.395]) were independent predictors
of ventriculostomy-related hemorrhages.

Discussion
Our �ndings indicate an increased risk of VS-ICH in the endovascular group if administration of
antiplatelets was required. While this aspect has to be included into treatment decision making, it must be
weighed against the bene�ts of endovascular techniques.

Introduction
Treatment of ruptured aneurysms is generally based on an interdisciplinary consensus. While the
feasibility of surgery depends on the clinical status and aneurysm location, recent improvements in
endovascular devices have widened the spectrum of endovascular treatment. However, endovascular
aneurysm treatment is often accompanied by periprocedural heparinization, and intravascular devices
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such as microstents or �ow-diverters also require peri- and post-procedural administration of single or
dual antiplatelets.

In contrast to elective aneurysm treatment, subarachnoid hemorrhage often requires emergency
ventriculostomy as well as consecutive ventriculostomies in the case of dysfunction or due to chronic
hydrocephalus. While the relevance of antithrombotic therapy for ventriculostomy-related intracranial
hemorrhage (VS-ICH) in the setting of acutely ruptured aneurysm has been previously reported, data
comparing the risk of VS-ICH between endovascular and surgical treatment are sparse, and most studies
have not considered patients with multiple ventriculostomies.

The aim of this study was to identify risk factors for VS-ICH in a large cohort comprising endovascular
and surgical aneurysm treatment.

Materials And Methods
Data collection

In this retrospective analysis we included all consecutive patients admitted to our institution between
March 2009 and March 2021 who received at least one ventriculostomy due to subarachnoid
hemorrhage-related hydrocephalus. Patients were excluded in the case of missing data and in cases
when aneurysm treatment was omitted (e.g. primary palliative cases). 

The following parameters were recorded: treatment modality, age, sex, Hunt and Hess grade upon
admission, modi�ed Fisher score upon admission, aneurysm location, number and type of
ventriculostomies (external ventricular drain or shunt), endovascular technique, type and timing of
antiplatelets used as well as heparin administration [7, 12].

Individual treatment strategies were determined in an interdisciplinary case review by a senior neuro-
radiologist and a senior vascular neurosurgeon. Accordingly, patients were categorized into a surgical
and an endovascular group. 

Study approval was obtained by the local ethics committee. Written patient consent was not required. 

Antithrombotic Drugs

Peri- and post-procedural antiplatelet drugs as well as peri-procedural systemic heparinization were
administered based on a case-by-case decision at the discretion of the treating neuro-radiologist. 

Prophylactic anticoagulation (aPTT <35) using intravenous unfractionated heparin was administered in
all cases during the course of the ICU stay. Preexisting oral anticoagulants were discontinued following
the diagnosis of subarachnoid hemorrhage.

Ventriculostomy 
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Ventriculostomies included placement of external ventricular drains and ventricular catheters for
ventriculoperitoneal shunting. All external ventricular drains were placed in a bedside procedure in the
angiography suite or the intensive care unit, ventriculo-peritoneal shunts were placed in the surgical suite.
Ventricular catheters were usually passed into the frontal horn of the lateral right ventricle following burr
hole placement at the Kocher’s point, with procedural adjustments according to the case-speci�c
conditions. 

Determination of ICH

Hemorrhagic complications were assessed using follow-up CT scans conducted for all patients during
their clinical course. In the case of a VS-ICH, presence of ventricular hemorrhage and hematoma volume
were recorded. Hematoma volume was calculated using the ABC/2 method [14].

Statistical analysis

Baseline characteristics are displayed using descriptive statistics. Categorical variables were compared
by a Chi-Square and a Fisher’s Exact test, when appropriate. Continuous variables were tested for normal
distribution using the Kolmogorov-Smirnov-Test. Group means from normally distributed data were
compared using a two-sided unpaired Student’s t-test while a Mann-Whitney U test was used for non-
normally distributed data. Factors signi�cantly associated with ICH in the univariate analysis were
included in a binary logistic stepwise regression model to identify independent risk factors for
ventriculostomy-related ICH. 

All calculations were performed using SPSS software (Version 27, IBM SPSS Statistics for Windows,
Armonk, NY, USA). A p-value < 0.05 was considered statistically signi�cant.

Results

Patient characteristics
We included 328 patients with aneurysmal subarachnoid hemorrhage who received ventriculostomies
due to hydrocephalus between March 2009 and March 2021.

Aneurysms were treated endovascularly in 210 (64.0%) patients or by microsurgical clipping in 118
(36.0%) patients. The median patient age was 56 (range 15 to 89) years, 63.7% of all patients were
female. Median Hunt & Hess grade was 3 (range 0-5) and median modi�ed Fisher score was 3 (range 0-
4). Most aneurysms were located at the anterior communicating (36.0%) and middle cerebral artery
(22.3%). The location of treated aneurysms signi�cantly differed between the surgical and endovascular
group (p<0.001). The groups did not differ with respect to age (p=0.263), gender (p=0.964), Hunt & Hess
grade (p=0.073) and modi�ed Fisher score (p=0.968). A total of 606 ventriculostomies were performed
(506 external ventricular drains and 100 shunting procedures). The surgical and endovascular group did
not differ with regards to the total number of ventriculostomies (p=0.319) or the number of
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ventriculostomies per patient (p=0.685). Ventriculostomy prior to treatment of the ruptured aneurysm was
signi�cantly more frequent in the endovascular group than in the surgical group (79.5% vs. 62.7%;
p=0.001). Detailed patient characteristics are listed in Table 1.
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Table 1
Patient characteristics (n, column %)

  All patients

(n =328)

Endovascular group
(n=210)

Surgery group
(n=118)

P -
value

Age (median, range) 56 (15-89)
years

57 (15-89) years 55 (25-86) years 0.263

Gender       0.964

Female 209 (63.7%) 134 (63.8%) 75 (63.6%)  

Male 119 (36.3%) 76 (35.2%) 43 (36.4%)  

Hunt & Hess grade       0.073

1 17 (5.2%) 8 (3.8%) 9 (7.6%)  

2 87 (26.5%) 55 (26.2%) 32 (27.1%)  

3 80 (24.4%) 46 (21.9%) 34 (28.8%)  

4 118 (36.0%) 83 (39.5%) 35 (29.7%)  

5 26 (7.9%) 18 (8.6%) 8 (6.8%)  

Modi�ed Fisher score 1       0.968

1 50 (15.8%) 22 (19.6%) 28 (13.7%)  

2 28 (8.8%) 11 (9.8%) 17 (8.3%)  

3 93 (29.3%) 23 (20.5%) 70 (34.1%)  

4 146 (46.1%) 56 (50.0%) 90 (43.9%)  

Location       <0.001

Anterior cerebral artery 14 (4.3%) 13 (6.2%) 1 (0.8%)  

Anterior com. Artery 118 (36.0%) 80 (38.1%) 38 (32.2%)  

Middle cerebral artery 73 (22.3%) 19 (9.0%) 54 (45.5%)  

Internal carotid artery 31 (9.5%) 23 (11.0%) 8 (6.8%)  

Posterior com. artery 31 (9.5%) 21 (10.0%) 10 (8.5%)  

Posterior cerebral artery 8 (2.4%) 6 (2.9%) 2 (1.7%)  

Basilar/Vertebral artery 53 (16.2%) 48 (22.9%) 5 (4.2%)  

Timing of ventriculostomy        

1 Not available in 11 cases
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  All patients

(n =328)

Endovascular group
(n=210)

Surgery group
(n=118)

P -
value

Pre-treatment 241 (73.5%) 167 (79.5%) 74 (62.7%) 0.001

Post-treatment 214 (65.2%) 133 (63.3%) 81 (68.6%) 0.332

Total no. of
ventriculostomies

606 395 211 0.319

No. of ventriculostomies per
patient

      0.685

1-2 259 (79.9%) 164 (78.1%) 95 (89,5%)  

3-4 57 (17.4%) 39 (18.6%) 18 (15.3%)  

≥ 5 12 (3.7%) 7 (3.3%) 5 (4.2%)  

1 Not available in 11 cases

Antiplatelet And Anticoagulation Therapy
No antiplatelets or perioperative heparin was administered in the surgical group. Within the endovascular
group, antiplatelets of any kind were administered in 44.8% of all cases and heparin was used in 53.8% of
all cases. Acetylsalicylic acid was used in 42.9% of all endovascular cases with a peri-procedural loading
dose in 77.8% of these cases (mean 450 ± 120.4mg) and a post-procedural oral maintenance dose of
100mg. Clopidogrel was used in 27.1% of all endovascular cases with a peri-procedural loading dose
(mean 311.0 ± 70.3 mg) in 70.7%. The oral maintenance dose was 75 mg in 57 cases and 150 mg in one
case (due to a known low responder to clopidogrel). Platelet reactivity to antiplatelet medications was not
routinely measured. Tiro�ban was used in 26.7% of all endovascular cases, dosing was based on the
patient's weight. Heparin was administered in 53.8% of all endovascular cases, the mean dosage was
4106.8 ± 1546.4 I.U.

Endovascular Technique
Coil embolization was conducted in 68.1% and stent-assisted coiling in 21.4% of all endovascular cases.
A Woven EndoBridge device or �ow-diverter was used in 3.3% and 7.1% of cases, respectively. Table 2
provides an overview of the techniques and medications used in the endovascular group.
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Table 2
Techniques and medications used in the endovascular group (n, column %)

  Endovascular patients (n=210)

Techniques  

Coil embolization 143 (68.1%)

Stent-assisted coiling 45 (21.4%)

Woven EndoBridge device 7 (3.3%)

Flow-diverter stent 15 (7.1%)

Antiplatelet agents  

Acetylsalicylic acid 90 (42.9%)

Clopidogrel 57 (27.1%)

Tiro�ban 54 (25.7%)

Antiplatelet and anticoagulation agents  

Any antiplatelets 1 92 (43.8%)

Heparin 113 (53.8%)

Neither antiplatelets nor heparin 59 (28.1%)

Single vs. dual oral antiplatelet therapy  

Single oral antiplatelet (acetylsalicylic acid) 33 (15.7%)

Dual oral antiplatelets (acetylsalicylic acid + clopidogrel) 57 (27.1%)

1 Either acetylsalicylic acid and/or clopidogrel and/or tiro�ban

Ventriculostomy-related ICH

VS-ICH occurred in 43 patients (13.1%), among these, 10 (23.3%) showed intraventricular hemorrhage.
The mean hematoma volume was 1.92 ± 9.92 ml. VS-ICH was signi�cantly more frequent in the
endovascular group (16.7% vs. 6.8%, p=0.011). Mean hematoma size was signi�cantly larger in the
endovascular group (2.4 ± 11.7 vs. 0.9 ± 5.6 ml; p=0.012). Occurrence of intraventricular hemorrhage did
not differ between the two groups (1.7% vs. 3.8%; p=0.341). Detailed information is provided in Table 3.
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Table 3
Hemorrhagic complications (n, column %)

  All patients

(n=328)

Endovascular
group (n=210)

Surgery group
(n=118)

P -
value

Hemorrhagic events 43 (13.1%) 35 (16.7%) 8 (6.8%) 0.011

Hematoma size in ml (mean,
standard deviation)

1.92 (± 9.92
ml) ml

2.44 (± 11.66) ml 0.99 (± 5.56)
ml

0.012

Intraventricular hemorrhage 10 (3.0%) 8 (3.8%) 2 (1.7%) 0.341

Risk Factors For Ventriculostomy-related Ich
In the entire cohort, heparin administration (p=0.150), single vs. double oral antiplatelets (p=0.163), age
(p=0.389), gender (p=0.496), Hunt & Hess grade (p=0.229), modi�ed Fisher score (p=0.098) and timing of
ventriculostomy (p=0.356) did not impact the rate of VS-ICH.

In univariate analysis the administration of any antiplatelet drug (acetylsalicylic acid, clopidogrel and/or
tiro�ban, p=0.002) and the number of ventriculostomies (p<0.001) were signi�cantly associated with VS-
ICH, while for patients not receiving antiplatelet drugs there was no statistical difference in the rate of VS-
ICH comparing surgical and endovascular treatment (8/118, 6.8% vs. 14/116, 12.1%; p=0.166).

Mean hematoma volume was greater in patients receiving any antiplatelet drug compared to those
without (3.4 ± 14.6 ml vs. 1.4 ± 7.3 ml; p=0.001). The risk for intraventricular hemorrhage was not
associated with the administration of antiplatelet drugs (5/94, 5.3% vs. 5/234, 2.1%; p=0.157). Timing of
ventriculostomy in the subgroup of patients on antiplatelet drugs was not associated with an increased
risk of VS-ICH (5/38, 13.2% pre-occlusion ventriculostomy vs. 2/18, 11.1% post-occlusion
ventriculostomy; p=1.000). In multivariate regression analysis, the administration of any antiplatelet drug
(odds ratio [OR], 2.647 [95% con�dence interval [CI], 1.141 to 6.143]) and number of ventriculostomies
(OR, 2.513 [95% CI, 1.859 to 3.395]) remained independent factors signi�cantly associated with VS-ICH.
Detailed information regarding risk factors for VS-ICH is displayed in Table 4 and 5.
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Table 4
Predictive factors for ventriculostomy-related hemorrhagic events (n, row %)

  Hemorrhagic event
(n=43)

No hemorrhagic event
(n=285)

P -
value

Any oral or intravenous antiplatelets 21 (22.8%) 71 (77.2%) 0.002

No antiplatelets or anticoagulation agents 17 (9.6%) 160 (90.4%) 0.042

Heparin administration 19 (16.8%) 94 (83.2%) 0.150

Single vs. dual oral antiplatelets     0.163

Single oral antiplatelet 5 (15.2%) 28 (84.8%)  

Double oral antiplatelets 16 (28.1%) 41 (71.9%)  

Age (median, range) 57 (36-80) years 56 (15-89) years 0.389

Gender     0.496

Female 25 (12.0%) 184 (88.0%)  

Male 18 (15.1%) 101 (84.9%)  

Hunt & Hess grade     0.229

1 0 (0.0%) 17 (100%)  

2 8 (9.2%) 79 (90.8%)  

3 15 (18.8%) 65 (81.3%)  

4 17 (14.4%) 101 (85.6%)  

5 3 (11.5%) 23 (88.5%)  

modi�ed Fisher score     0.098

1 0 (0.0%) 50 (100%)  

2 5 (17.9%) 23 (82.1%)  

3 16 (17.2%) 77 (82.8%)  

4 22 (15.1%) 124 (84.9%)  

Timing of ventriculostomy 1     0.356

Pre-treatment 8 (7.0%) 106 (93.0%)  

Post-treatment 3 (3.4%) 84 (96.6%)  

1 Cases with both pre- and post-treatment ventriculostomy not included (n=127)
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  Hemorrhagic event
(n=43)

No hemorrhagic event
(n=285)

P -
value

Number of ventriculostomies (mean,
standard deviation)

3.3 (2.4) 1.6 (0.9) <0.001

Number of ventriculostomies per patient     <0.001

1-2 21 (8.1%) 238 (91.9%)  

3-4 12 (21.1%) 45 (78.9%)  

≥ 5 10 (83.3%) 2 (16.7%)  

1 Cases with both pre- and post-treatment ventriculostomy not included (n=127)

 
Table 5

Binary logistic regression model

  Odds Ratio (95% Con�dence Interval)

Any antiplatelets 2.647 (1.141 – 6.143)

Number of ventriculostomies 2.513 (1.859 – 3.395)

Endovascular treatment 2.219 (0.777 – 6.333)

Discussion
Although ruptured aneurysms are increasingly amenable to modern endovascular techniques, antiplatelet
and heparin administration are frequently required, thus raising concerns regarding ventriculostomy
related ICH.

In this series, VS-ICH occurred in 13.1% of all cases, which is in line with other studies reporting rates from
10 to 20% [3, 10]. While the observed predominance of ICH in the endovascular group con�rms previously
reported data from Scheller et al, this difference was no longer present among patients receiving no
antiplatelet therapy [21]. Accordingly, the major �nding of this study is that the administration of any
antiplatelet therapy was the most prominent risk factor for VS-ICH.

Previous studies reporting on the impact of dual antiplatelet therapy on VS-ICH showed controversial
results: while some authors reported an increased risk for ventriculostomy-related ICH after peri- and
postprocedural administration of acetylsalicylic acid and clopidogrel (ranging from 7 to 63%), others
could not demonstrate any correlation between dual antiplatelet therapy and VS-ICH, [1, 3, 10, 11, 15] and
data elucidating the impact of speci�c substances are sparse. Only one study compared the
administration of acetylsalicylic acid and clopidogrel, de�ning both as a risk factor for VS-ICH [7]. While
some reports identi�ed tiro�ban as a risk factor for VS-ICH, [2, 19] this could not be con�rmed by other
studies [13, 24, 25] Of note, the number of ventriculostomies in these studies was either low or even
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neglected. The heterogeneous cohort and consequently small subgroups in the present study did not
allow a sound statistical evaluation of the individual antiplatelet agents. To answer this question, larger,
multicenter studies are warranted.

Periprocedural heparin administration had no effect on the rate of VS-ICH, consistent with the largely
homogeneous results of previous studies [2, 9, 15, 16, 23]. Con�icting results may be explained by
different time intervals between ventriculostomy and heparinization [8].

In general, con�icting results with regards to antithrombotic medication may be explained by statistical
limitations and differences in study design; also dosage regimes are not standardized and rely on local
standards, resulting in variable loading and maintenance dosages. Furthermore, non-responder rates of
up to 40% may limit the explanatory power of these analyses [3, 4, 7].

The issue of ventriculostomy timing in relation to anticoagulation treatment has been controversially
discussed in literature, in particular addressing the question of whether the initiation of antiplatelet
therapy shortly after or prior to ventriculostomy is safer. Performing the ventriculostomy before starting
antiplatelet therapy has been recommended based on reports of a higher incidence of ICH in case of
subsequent ventriculostomy [5, 18, 20, 22]. Indeed, in this study ventriculostomy prior to aneurysm
occlusion was signi�cantly more frequent in the endovascular group, despite comparable clinical status,
which may be explained by a more deliberate indication for prophylactic external ventricular drain
placement in order to avoid ventriculostomy under antiplatelet therapy. However, our data did not show
an impact of ventriculostomy timing on bleeding rates, neither in the overall population nor the subgroup
on antiplatelet drugs, which is in line with the results of two recent studies [17, 19].

While most studies report VS-ICH rates following a single ventriculostomy, this does not necessarily
re�ect the clinical reality since many patients require subsequent ventriculo-peritoneal shunting or their
device exchanged due to obstruction or infection. Consequently, the number of ventriculostomies by far
exceeded the number of patients in this study. Since each surgical procedure implies a separate surgical
risk, the aspect of repeated surgery must not be neglected in this patient group. In this present study the
number of ventriculostomies was a signi�cant risk factor for VS-ICH in both uni- and multivariate
analysis. Considering that previous studies frequently ignore this issue, the actual risks for ICH may be
underestimated.

Besides an increased risk of VS-ICH, our �ndings show that antiplatelet therapy was associated with an
increased hematoma volume, which is in line with previous data [6, 9]. In this regard, the primary objective
of our study was to assess the risk of VS-ICH between endovascular and surgical treatment, as this is
frequently debated in our clinical practice. While previous reports found no effect of VS-ICH on clinical
outcome [3, 8, 16, 21], we chose not to analyze clinical outcome in our study because we do not believe
that, in the context of a retrospective study, a meaningful correlation can be drawn between these largely
minor hemorrhages and the overall clinical outcome in patients often severely affected by the
subarachnoid hemorrhage.
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Furthermore, this study carries all the limitations of a single-center retrospective analysis. Additionally,
response to antiplatelet drugs was not monitored and antiplatelet dosing was not standardized. However,
with respect to the number of ventriculostomies, this is the largest study so far investigating VS-ICH in
endovascular and surgical patients suffering from subarachnoid hemorrhage.

In conclusion, endovascular treatment of ruptured aneurysms requiring antiplatelet drugs carries an
increased risk of VS-ICH. This aspect needs to be considered when weighing endovascular and surgical
treatment options.
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