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Abstract

Background Aneurysm treatment during cerebral vasospasm (CVS) phase is frequently considered as particularly danger-
ous, mainly because of the risk of cerebral infarct.

Objective We aimed to evaluate the risk of aneurysmal subarachnoid haemorrhage (aSAH)-specific complications and
functional outcome in patients treated during CVS phase.

Methods We retrospectively analysed a large, retro- and prospectively collected database of aSAH patients admitted to our
department between March 2006 and March 2020. We conducted a uni- and multivariable logistic regression analysis to
evaluate influencing factors on rebleeding, cerebral infarct, Glasgow Outcome Score (GOS) at discharge and mortality and
assessed the rate of angiographic vasospasm on admission.

Results We included 853 patients. The majority of patients were female (66.6%), mean age was 57.3 years. Out of 853
included patients, 92 (10.8%) were treated during CVS phase, 312 (36.6%) underwent clipping and 541 (63.4%) endovas-
cular treatment. Treatment during CVS phase was significantly associated with cerebral infarct in the multivariable logistic
regression analysis, unrelated to the nature of intervention (OR 2.42, 1.29-4.54 95% CI p-value =0.006). However, patients
treated during CVS phase did not have increased risk of unfavourable outcome by GOS on discharge. In addition, they did
not have a higher rate of rebleeding or mortality.

Conclusions Treatment during CVS phase was significantly associated with a higher rate of cerebral infarct as confirmed
by imaging. This did not reflect on GOS on discharge, rebleeding, or mortality. Aneurysm treatment during CVS phase is
relatively safe and should not be postponed due to the risk of rebleeding and subsequent devastating deterioration.
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However, sometimes early treatment might not be possible
due to several reasons but mainly due to delayed presenta-
tion to hospital, most frequently the case in low grade aSAH
[18-20]. Treatment during CVS phase has been subject to
controversy; however, only few data exist [21-26]. Delay-
ing aneurysm occlusion has been recommended before,
especially if treatment decision has been made in favor of
microsurgery, due to a presumably increased risk of cer-
ebral infarct [27]. On the other hand, aneurysms which have
been occluded allow for a more aggressive management of
CVS including drug induced hypertension as the main pillar
of vasospasm therapy, justifying aneurysm occlusion even
during the CVS phase [28]. We hypothesize that treatment
during CVS phase does not increase either likelihood for
complications or unfavorable functional outcome.

We aim to evaluate the influence of treatment during
CVS phase on rebleeding, cerebral infarct, in-hospital mor-
tality and Glasgow Outcome Score (GOS) at discharge. In
a second step we will evaluate the likelihood of the above-
mentioned outcome factors analysed by Hunt and Hess (HH)
grade to assess differences according to aSAH severity.

Materials and methods
Population

Patients with aSAH were prospectively and retrospectively
recruited into our hospital-based registry between March
2006 and March 2020. We did not consider patients with
non-aneurysmal SAH or patients with aSAH with other
underlying diseases (such as flow-associated aneurysms
due to an underlying arteriovenous malformation or mycotic
aneurysms). We pre-specified a complete-case analyses
only including patients with all outcome variables of inter-
est available (cerebral vasospasm, rebleeding, cerebral
infarct, functional outcome at discharge as well as mortal-
ity). Patients who had already been treated in an external
hospital and were referred for further treatment or follow-
up were not included in our analysis. We used the GOS at
discharge to evaluate functional outcome [29]. For analysis
purposes, we dichotomized the GOS into favourable (4-5)
outcome and unfavourable (1-3) with favourable outcome
as the reference group.

Our dependent variables of interest were rebleeding, cer-
ebral infarct, in-hospital mortality and GOS at discharge.
The main independent variable of interest was treatment
during CVS phase which was defined as treatment during
days 4 and 14 [30-32]. We defined CVS as radiologically
confirmed intracranial arterial narrowing (vasoconstric-
tion) on digital subtraction angiography, CT angiography or
increase in flow velocity in the transcranial cerebral doppler
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(TCD) for patients who did not undergo CTA, MRA or DSA
[33-35].

Radiological data

We defined rebleeding as a repeated haemorrhage occurring
from the ruptured aneurysms before its occlusion, confirmed
by imaging. We defined cerebral infarct as radiologically
proven newly developed infarct during hospitalization [36].
We assessed the Barrow Neurological Institute (BNI) scale
as it has been proven to be superior to the frequently used
Fisher score [37]. Available neuroimaging was evaluated by
our neuroradiological department.

Statistical analysis

Categorical variables are presented as count and percentage.
Continuous variables are presented as mean with standard
deviation (SD) for normally distributed data or, if conditions
for normal distribution were not met, as median with inter-
quartile range (IQR). We conducted a univariable analysis
based on which the multivariable analysis was performed
and adjusted the multivariable logistic regression model
with the prespecified variables age and treatment during
CVS phase as well as variables with a p-value of < =0.1.
We first assessed influence of treatment during CVS phase
in the overall cohort followed by a subgroup analysis based
on HH grade to evaluate differences based on aSAH sever-
ity. We combined patients with HH grade 1 and 2 and set
the level of statistical significance to 5% (p-value =0.05).
We investigated whether there was a significant interaction
between intracerebral haemorrhage (ICH) and intraventricu-
lar haemorrhage (IVH). In none of the analysis did the inter-
action between these two variables reach the pre-specified
threshold for interactions of p <0.001 and was, therefore,
not included in the models[38].

Statistical analysis was performed using STATA 15
(StataCorp. 2011. Stata Statistical Software: Release 15.
College Station, TX: StataCorp LP). We report this study
following the STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) guidelines.

Ethical approval

This study was approved by the local Research Ethics com-
mittee (186/20S). As no patient identifiable data is pre-
sented, no specific patient consent was needed. The study
was performed in accordance with the ethical standards as
laid down in the 1964 Declaration of Helsinki and its later
amendments.
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Results

We included a total of 853 patients. The majority of our
patients were female (586, 66.6%), 285 (33.4%) were male.
Mean age in our cohort was 57.3 years (14.4 SD). Occlusion
of the ruptured aneurysm was done during the CVS phase in
92 patients (10.8%), with 50 of them (54.4%) suffering from
CVS during the time they were treated. The majority of our
patients was treated by coiling (539, 63.2%). See Table 1 for
baseline characteristics.

We did not find a significant difference between patients
treated during CVS phase with regards to treatment modality.

Rebleeding

BNI score (overall p-value 0.006) and ICH (OR 2.76,
0.99-7.7 95% CI p=0.05) measured on initial CT scan were
significantly associated with aneurysm rebleeding in the
univariable analysis. Based on this univariable analysis the
multivariable analysis was adjusted with the pre-specified

5555
Table 2 Multivariable analysis rebleeding
OR 95% CI P-value

Treatment during CVS phase 0.89 0.11-7.1 0.91
Age 1.01 0.98-1.05 0.46
BNI score 0.009

1 None

2 0.22 0.05-0.92

3 0.11 0.03-0.46

4 0.05 0.01-0.51

5 (reference group)
ICH 3.08 1.07-8.85 0.004

Significant P-values were marked in bold

BNI barrow neurological institute, /CH intracerebral haemorrhage

variables age and treatment during CVS phase, in addition
to BNI score and ICH. Treatment during CVS phase was not
significantly associated with rebleeding (OR 0.89, 0.11-7.1
95% CI p-value=0.91; Table 2). Both BNI score and ICH

Table 1 Patients in CVS phase

All, N=853 Treated during CVS Treated outside
(d4-14) phase, N=92 CVS phase,
N=761
Age, mean (SD) 57.3 (14.3) 56.3 (14) 57.4 (14.3)
Female sex, N (%) 568 (66.6) 52 (56.5) 516 (67.8)
Treatment during CVS phase 92 (10.8)
HH, N (%)
1 116 (13.6) 33 (35.9) 83 (10.9)
2 286 (33.5) 42 (45.7) 244 (32.1)
3 185 (21.7) 11 (12) 174 (22.9)
4 152 (17.8) 6 (6.5) 146 (19.2)
5 114 (13.4) 0 114 (15)
Clipping, N (%) 314 (36.8) 32 (34.8) 280 (36.8)
Coiling, N (%) 539 (63.2) 60 (65.2) 481 (63.2)
Complications, N (%)
Rebleeding 15 (1.8) 1(1.1) 14 (1.8)
CVS 489 (57.3) 50 (54.4) 439 (57.7)
Spasmolysis, angioplasty 94 (11) 11 (12) 83 (10.9)
Infarction 163 (19.1) 18 (19.6) 145 (19.1)
Decompressive craniectomy 122 (14.3) 3(3.3) 119 (15.6)
Ventriculo-peritoneal shunt inser- 211 (24.7) 12 (13) 199 (26.2)
tion
Mortality 118 (13.8) 5(5.4) 113 (14.9)
GOS at discharge, N (%)
1 118 (13.8) 5.4 113 (14.9)
2 103 (12.1) 6 (6.5) 97 (12.8)
3 137 (16.1) 7 (7.6) 130 (17.1)
4 149 (16.4) 11(12) 129 (17)
5 355 (41.6) 63 (68.5) 292 (38.4)

CVS cerebral vasospasm, GOS Glasgow Outcome Score, HH Hunt and Hess grade, SD standard deviation
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remained significantly associated with rebleeding in the
multivariable analysis (overall p-value 0.009; OR 3.08,
1.07-8.85 95% CI p-value =0.04, respectively).

Cerebral infarct

We adjusted the multivariable analysis with the pre-specified
variables age and treatment during CVS as well as with BNI
score, HH grade, ICH, IVH and CVS (Table 3). Treatment
during CVS phase was significantly associated with cer-
ebral infarct (OR 2.35, 1.24-4.44 95% CI p-value =0.009).
HH grade and CVS were also significantly associated
with cerebral infarct in the multivariable analysis (overall
p-value <0.001 and <0.001, respectively).

In the subgroup analysis by HH grade, treatment dur-
ing CVS phase was still associated with cerebral infarct for
lower HH grades in the multivariable analysis (HH1 and 2
OR 2.22,0.98-5.06 95% CI p-value =0.06; HH 3 OR 8.36,
2-34.88 95% CI p-value =0.004) but not for HH grade 4.
See Fig. 1 for an example of a patient with cerebral infarct
in HH grade 1.

Mortality
In the univariable analysis, treatment during CVS phase was

inversely associated with in-hospital mortality (OR 0.33,
0.13-0.83 95% CI p-value=0.02). Multivariable analysis

Table 3 Multivariable analysis cerebral infarct

OR 95% C1 P-value

Treatment during CVS phase 2.35 1.24-4.44 0.009
Age 0.99 0.98-1.01 0.57
BNI score 0.08

1 (reference group)

2 1.08 0.40-2.91

3 1.75 0.67-4.56

4 1.03 0.37-2.90

5 2.28 0.70-7.45
HH <0.001

1 (reference group)

2 1.84 0.79-4.25

3 2.98 1.24-7.18

4 4.77 1.96-11.64

5 7.75 3.12-19.26
ICH 1.39 0.92-2.10 0.11
IVH 0.97 0.65-1.44 0.87
CVS 2.44 1.61-3.70 <0.001

Significant P-values were marked in bold

BNI barrow neurological institute, HH Hunt and Hess grade, ICH
intracerebral haemorrhage, /VH intraventricular haemorrhage
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Fig. 1 CT scan of a patient with low grade aSAH (in this case HH 1)
and cerebral infarct unrelated to treatment

was adjusted with the variables age, treatment during CVS
phase, BNI score, HH, ICH and IVH. Age (OR 1.04,
1.02-1.05 95% CI p-value <0.001) and HH grade (overall

Table 4 Multivariable analysis in-hospital mortality

OR 95% CI P-value

Treatment during CVS phase 0.69 0.3-2.22 0.69
Age 1.04 1.02-1.05 <0.001
BNI score 0.68

1 (reference group)

2 0.72 0.22-2.29

3 1.09 0.36-3.27

4 1.04 0.33-3.29

5 0.76 0.19-3.14
HH <0.001

1 (reference group)

2 1.5 0.42-5.52

3 3.39 0.96-11.99

4 5.35 1.51-18.97

5 15.12 4.25-53.72
ICH 1.25 0.78-2.01 0.44
IVH 1.17 0.72-1.89 0.52

Significant P-values were marked in bold

BNI barrow neurological institute, /H Hunt and Hess grade, ICH
intracerebral haemorrhage, /VH intraventricular haemorrhage
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p-value <0.001; Table 4) were significantly associated with
mortality in the multivariable analysis. Treatment during
CVS phase, however, did not remain significantly associ-
ated with in-hospital mortality in the multivariable analysis.

GOS at discharge

Treatment during CVS phase was associated with favour-
able GOS at discharge in the univariable analysis (OR 0.3,
0.18-0.51 95% CI p-value < 0.001). The multivariable analy-
sis was adjusted for age, treatment during CVS phase, BNI
score, HH grade, ICH, IVH and smoking. Treatment during
CVS phase did not remain significant when adjusting for
the above-mentioned variables (OR 0.77, 0.39-1.54 95% CI
p-value=0.47). However, age (OR 1.06, 1.04-1.07 95% CI
p-value <0.001), HH grade (overall p-value <0.001) as well
as ICH (OR 2.69, 1.74-4.18, p-value <0.001), and IVH were
significant outcome predictors (OR 1.64, 1.13-2.4 95% CI
p-value =0.01; Table 5).

Discussion
In our study, treatment during the CVS phase was associated

with cerebral infarct. However, we did not find an increase of
unfavourable outcome according to the dichotomized GOS

Table 5 Multivariable analysis dichotomized GOS at discharge

OR 95% CI P-value

Treatment during CVS phase 0.77  0.39-1.54 0.47
Age 1.06  1.04-1.07 <0.001
BNI score 0.67

1 (reference group)

2 0.69  0.26-1.87

3 0.73  0.28-1.93

4 0.7 0.25-1.98

5 1.35  0.37-4.98
HH <0.001

1 (reference group)

2 1.36  0.64-2.89

3 423 1.98-9.05

4 14.07 6.3-31.43

5 4591 18.32-115.05
ICH 269 1.74-4.18 <0.001
IVH 1.64 1.13-24 0.01
Smoking 0.67 0.37-1.22 0.19

Significant P-values were marked in bold

BNI barrow neurological Institute, HH hunt and hess, /CH intracer-
ebral haemorrhage, /VH intraventricular haemorrhage

at discharge or in-hospital mortality among these patients
indicating that treatment during CVS phase might be safe.

Treatment during CVS phase was associated with cer-
ebral infarct but not with CVS itself (results not shown).
This supports a role of cerebral infarcts separate from CVS
as previously described [39]. Other studies also reported on
the influence of cerebral infarcts on outcome independently
from CVS [40]. The association between treatment during
CVS phase and cerebral infarct independently from CVS
itself may have several reasons. (1) The increased infarct
rate could be treatment related although treatment did not
influence the likelihood of cerebral infarct in our cohort and
treatment modalities are indeed commonly reported to also
influence likelihood for CVS [41]. (2) Another hypothesis
is that cerebral infarct in this group of patients could occur
due to a delay in intensive care treatment, especially in lower
grade aSAH, and not due to the aneurysm occlusion during
the vulnerable phase. (3) Treatment delay might enhance the
occurrence of microhaemorrhages. Although they might not
be extensive enough to be recognized as a rebleeding, they
could still increase the risk of cerebral infarcts by increasing
blood load. Why this effect is not seen with CVS itself, how-
ever, remains unclear. It might be that because patients with
CVS can be treated more aggressively after the ruptured
aneurysm has been occluded, especially by raising systolic
blood pressure, this might lead to a lower CVS but not cer-
ebral infarct rate [28]. In contrast, in patients with untreated
aneurysms inadequate CVS therapy may result in an even
higher rate of cerebral infarct and poor neurological out-
come. (4) Finally, the association might not be as indepen-
dently as it appears. Patients treated during CVS phase and
those not, did have similar CVS rates. Considering the fact
that patients treated during CVS phase are usually patients
with lower aSAH grades and better clinical state, the find-
ing could be based on a higher rate of CVS in these patients
consecutively leading to a higher cerebral infarct rate as can
be seen in the multivariable analysis.

Patients treated during CVS phase represented a rela-
tively small number of our overall cohort (10.8%) with even
a smaller number actually having CVS when they were
treated. However, patients undergoing treatment while hav-
ing CVS did not influence any of our outcome variables. A
previous prospective study reported a higher rate of worse
outcome in patients undergoing surgery between days 4 and
10 after the initial event [22]. However, since publication of
this study, intensive care treatment has improved and other,
e.g., endovascular, treatment options have been developed
with a more recent publication indicating no difference in
outcome in patients treated between days 4 and 10 [42]. This
reflects the modern concept of early or ultra-early occlu-
sion of ruptured aneurysms, so that treatment during the
CVS phase is a rarity primarily caused by unintentional
delay in confirming the diagnosis in oligosymptomatic and,
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therefore, lower grade aSAH patients leading to later aneu-
rysm treatment as would be the normal standard of care.
However, despite the significantly increased likelihood of
cerebral infarct in lower grade aSAH patients, this did not
translate into a significant difference regarding functional
outcome as measured by dichotomized GOS at discharge in
our cohort. Finally, the presented findings could be due to
the delayed presentation itself rather than delayed treatment.

In a previously reported meta-analysis, CVS was more
frequently observed in patients undergoing clipping com-
pared to coiling [41]. Its influence on functional outcome
is less clear. By increasing the rate of CVS, clipping might
increase the likelihood for complications as well as unfa-
vourable outcome. However, clipping did not influence
any of the outcome parameters in our cohort: when added
to the final models (Tables 2, 3, 4, 5) p-value was above
0.21 in all outcome analysis (data not shown). In our cohort
patients undergoing clipping, even during CVS phase, did
not suffer from a worse functional outcome compared to
patients undergoing coiling. Similar results have previously
been observed [43]. Treatment of aneurysms has strongly
shifted from clipping towards endovascular treatment with
the majority of unruptured as well as ruptured aneurysms
currently being treated by endovascular options. This bears
the advantage that especially if treated by endovasculare
means during the CVS phase, patients could be treated for
potentially present vasospasms at the same time. More than
half of the patients treated during the CVS phase exhib-
ited CVS although this was not significantly different from
patients treated outside the CVS phase. Of those, 12%
underwent vasospasmolysis. In summary, treatment should
be adapted to the patient’s specific needs. One of the most
important findings in our cohort was that patients treated
during the CVS phase undergoing clipping did not have a
higher morbidity or mortality rate indicating that there does
not appear to be a higher procedural risk.

Limitations

Our study has limitations: this was a retrospectively con-
ducted analysis meaning that it might exhibit all shortcom-
ings which are associated with retrospective studies. As we
excluded patients whose aneurysms were not treated in our
department, we might have introduced selection bias. We
conducted a sensitivity analysis comparing patient charac-
teristics of those treated in our institutions with those who
were not and did not find any significant differences (data not
shown). Another limitation is the relatively limited number
of patients treated during the CVS period. This might lead
to insufficient power to detect an effect although we do not
believe that this is the case in our study. We present a large
cohort and believe that it is representative of patients suffer-
ing from an aSAH. Several studies have suggested delayed
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cerebral ischaemia (DCI) to be a robust and better outcome
variable compared to CVS [35]. Due to the retrospective
nature of our study, we specifically decided against the use
of DCI as an outcome variable. We decided to use cerebral
infarct as it can be objectively analysed using imaging data
and does not rely on reporting and documentation. In future
studies we suggest to routinely collect the variable DCI in
addition to CVS and cerebral infarct to be able to analyse
its influence as an outcome as well as independent variable
in patients with aSAH. Another point for consideration is
the fact that cerebral infarcts occurring within 24-48 h of
an intervention in the area of the intervention are not con-
sidered to be cerebral infarcts due to DCI and are therefore
excluded. This might lead to underestimation of the influ-
ence of cerebral infarction on functional outcome in gen-
eral. These infarcts might still influence functional outcome
significantly. Although consensus is to exclude them from
cerebral infarct due to DCI, it might be worth to assess their
influence on functional outcome in the future. As we only
had limited data on follow-up, functional outcome on follow-
up remains to be evaluated.

Conclusions

Patients with ruptured intracranial aneurysms, including
lower grade aSAH, can be safely treated during the CVS
phase without increasing the likelihood for complications.
In general, aneurysm treatment during CVS phase appears
to be relatively safe and should not be postponed due to the
subsequent risk of rebleeding and consecutive devastating
deterioration.
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