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Abstract

Objective: Cerebral vasospasm (CVS) after a ruptured arte-
riovenous malformation (AVM) is rarely reported. This study
is aimed at evaluating the predictive variables in AVM hem-
orrhage for CVS. Methods: A total of 160 patients with rup-
tured AVMs were admitted to our neurosurgical department
from 2002 to 2018. The frequency of cerebral vasospasm af-
ter AVM hemorrhage and the impact of AVM-associated an-
eurysms were evaluated. We compared different bleeding
patterns, such as intracerebral hemorrhage (ICH), subarach-
noid hemorrhage (SAH) or a combination of both (ICH +
SAH) and evaluated predictive variables for outcome in last
follow-up. Results: A total of 62 (39%) patients had AAA,
mostly located prenidal (75.8%). AVMs with ruptured aneu-
rysms often resulted in ICH with SAH component (p < 0.001).
Eighty-two patients (51%) presented a SAH component, and
CVS occurred in 6 patients (7.3%), mostly due to a ruptured
infratentorial AVM (p < 0.03). Infratentorial location and the

amount of SAH component (p < 0.001) predicted the inci-
dence of CVS significantly. Cerebral infarction was signifi-
cantly associated with CVS (p < 0.02). Conclusion: SAH com-
ponent and infratentorial location of ruptured AVMs may
harbor a higher risk for CVS. Follow-up with angiographic
imaging should be considered in patients with infratentorial
AVM hemorrhage and delayed neurologic deterioration to
rule out CVS. © 2019 S. Karger AG, Basel

Introduction

Cerebral vasospasm (CVS) is uncommon in arteriove-
nous malformation (AVM)-associated hemorrhage and
could be an undetected reason for patients’ worsening
during the course. Depending on AVM angioarchitecture
and location, the risk for CVS may rise. The amount of
subarachnoid blood is a commonly accepted reason for
CVSin aneurysmal subarachnoid hemorrhage (SAH) [1].
Nevertheless, reports of CVS after SAH due to a ruptured
AVM are rare and pathophysiology is not well described.
In the current literature, the rate of vasospasm after SAH
from AVMs is between 1.9 and 12% [2]. The aim of our
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study was to assess the incidence of CVS after AVM-asso-
ciated hemorrhage for detecting the predictive variables
and to describe prognostic factors in treatment decisions.

Materials and Methods

Study Population

The study was performed in accordance with our institutional
ethical review board. We performed a retrospective analysis of pa-
tients with ruptured brain AVM who were registered and evaluated
atour neurosurgical department from 2002 to 2018 and entered into
our prospective maintained database. Inclusion criteria included
ruptured brain AVM, confirmed by magnetic resonance imaging
(MRI) or digital substraction angiography (DSA), complete demo-
graphic data, and follow-up information. Patient’s gender, age, ad-
mission grade based on the Glasgow Coma Scale, bleeding pattern,
clinical course and outcome were recorded and evaluated.

Radiological and AVM Features

All patients received at least a computed tomography (CT) to
confirm bleeding. Further diagnostics included MRI and DSA. Im-
aging was performed and interpreted by an experienced neurora-
diologist. Data were abstracted from the medical and radiological
reports. The bleeding pattern was categorized as follows: isolated
intracerebral hemorrhage (ICH) or SAH or a combination of both
(ICH + SAH). In cases of SAH, the primary modified Fisher score
(mFisher) was recorded. The occurrence of CVS was recorded
with CT angiography, MRI or DSA. In one case, the results of the
transcranial doppler ultrasound were suspicious for CVS and ad-
ditional angiogram confirmed CVS. The location of the hemor-
rhage and the AVM were categorized as supratentorial or infraten-
torial. For computer-assisted volumetric measurements of ICH,
the BrainLab® elements software (BrainLab Germany Headquar-
ters, Munich, Germany) was used. AVMs were classified according
to the Spetzler Martin grading system. AVM features such as size,
the existence of arteriovenous malformation-associated aneu-
rysms (AAA), and deep venous drainage were recorded. AAAs
were divided into prenidal arterial and intra-/postnidal venous an-
eurysms.

Definition of CVS and Cerebral Infarction

CVS was defined as an arterial narrowing shown on angio-
graphic imaging (CT angiography, MRI, DSA) compared to the
baseline angiograms. In transcranial doppler findings, an in-
creased flow velocity of >150 cm/s or >50 cm/s in 24 h was suspi-
cious for CVS and further imaging was initiated. We classified
CVS according to the degree of arterial narrowing (%) into mild
(<30%), moderate (30-60%), and severe (>60%). In cases of con-
firmed CVS, hypertension was induced with norepinephrine infu-
sions. A cerebral infarction (CI) was defined as a new hypodensity
on CT or MRI during the hospital stay, which was not related to
surgery or angiogram.

Follow-Up and Outcome

We recorded the occurrence of CVS and CI during the course
and evaluated the relation to patients and hemorrhage character-
istics. Outcome, based on the modified Rankin Scale (mRS), was
classified as favorable (mRS 0-2) and unfavorable (mRS 3-6).
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Statistical Analysis

Statistical analysis was performed using the statistical software
packages SPSS (IBM SPSS Statistics for Windows, Version 22; Ar-
monk, NY, USA. IBM Corp.) and BIAS (Version 11.08). Categor-
ical variables were analyzed in contingency tables using the Fisher
exact test, an unpaired f test was used for parametric statistics. For
univariate analysis, statistical significance was set at p < 0.05. Vari-
ables with a possible association with CVS and unfavorable out-
come were entered into a forward stepwise multiple logistic regres-
sion analysis. Statistical significance was set at p < 0.05.

Results

Demographic Characteristics and AVM Features

Demographic data, radiologic findings, and AVM fea-
tures are listed in Table 1.

A total of 160 patients with ruptured brain AVMs were
includedand reviewed. The patient’s mean age was 42 years.
A total of 106 (66%) patients were admitted in a good clini-
cal condition (Glasgow Coma Scale >12).

A Spetzler Martin grade 1-3 was present in 143 (89%)
patients,and angiography showed AAAin 62 (39%) AVMs.
In 47 (76%) cases, an arterial prenidal aneurysm could be
detected. Venous intra-/postnidal aneurysms were present
in15(24%) AVMs. Venous aneurysms were mostly located
supratentorial (87 vs. 13%; p = 0.01).

The majority of AVMs had a deep venous drainage
system (94; 59%) and was located supratentorial (111;
69%). The rate of ruptured AAA was infratentorial high-
er than supratentorial (88.5 vs. 58.3%; p = 0.01).

In general, prenidal aneurysms tended to rupture
more often compared to postnidal aneurysms (91.1 vs.
8.9%; p < 0.0001).

CVS and CI

The mean hematoma volume was 34.80 cm?, and iso-
lated SAH was present in 20% of cases. In total, 82 (51%)
patients had a SAH component. Intraventricular hemor-
rhage (IVH) occurred in 78 (49%) cases and was not as-
sociated with CVS in statistical analysis. Six patients expe-
rienced CVS during the clinical course (6/82 = 7.3%). The
mean time between ictus and the occurrence of CVS was
6 days (range between 3 and 9 days). Five of six patients
with CVS had an infratentorial AVM and hemorrhage
was due to a prenidal aneurysm. Data of patients with CVS
are presented in Table 2. Univariate analysis demonstrat-
ed that the first admission state (p = 0.02), infratentorial
location (p = 0.03), and the amount of SAH component in
bleeding pattern with or without IVH (mFisher 3 + 4)
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Table 1. Demographic characteristics of 160 patients with AVM
hemorrhage

Number of patients 160
Clinical features

Gender, female 80 (50)
Age, years, mean (range) 42 (2-82)
GCS admission >12 106 (66)
mRS - favorable (0-2) 121 (76)
Mean length of observation, months 24
AVM features
Spetzler Martin 1 27 (17)
Spetzler Martin 2 53 (33)
Spetzler Martin 3 63 (39)
Spetzler Martin 4 14 (9)
Spetzler Martin 5 3(2)
Aneurysm 63 (39)
Not AVM associated 1
AVM associated 62
Arterial/prenidal 47 (76)
Venous/postnidal 15 (24)
Deep drainage 94 (59)
AVM location
Supratentorial 111 (69)
Infratentorial 49 (31)
Hemorrhage characteristics
Mean hemorrhage volume, cm? 34.80
mFisher
0 78 (49)
1 23 (14)
2 9 (6)
3 10 (6)
4 40 (25)
IVH 78 (49)
CI 10 (6)
CVS 6(7.3)*

* CVS in SAH patients (6/82).

GCS, Glasgow Coma Scale; mRS, modified Rankin Scale; CVS,
cerebral vasospasm; mFisher, Modified Fisher score; IVH, intra-
ventricular hemorrhage; CI, cerebral infarction; AVM, arteriove-
nous malformation.

were statistically significant in the prediction of CVS (p <
0.0001). The referring data are summarized in Table 3a.

CI occurred in 10 (6.3%) patients and was significant-
ly associated with the incidence of CVS (OR 11.16 [1.8-
69.3]; p = 0.02). Figure 1la-h demonstrates the case of a
patient who suffered CVS and CI during the further
course after AVM-associated hemorrhage.

Outcome

A total of 121 (76%) patients achieved a favorable
outcome. Neurological condition at admission (p <
0.001), the mFisher score (p < 0.001), hematoma vol-

CVS Due to AVM-Associated
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ume (p = 0.005), and infratentorial location (p = 0.02)
had the strongest significant influence on the final out-
come.

Discussion

The aim of our study was to find the predictive variables
for CVS in AVM-associated hemorrhage. In aneurysmal
SAH, CVSand Clare common [3-7], owing to the amount
of subarachnoid blood [1, 7-11]. AVMs show differences
in hemorrhage pattern and clinical course in relation to
bleeding pattern (SAH, ICH), their location, and angioar-
chitecture [12]. Although SAH is one of the bleeding pat-
tern in AVM-associated hemorrhage [13, 14], CVS there-
afterisrarely described in the pertainingliterature and lim-
ited to a few case reports mostly associated with
intraventricular hemorrhage [15-18]. Gross et al. [2] de-
scribed in their study one case (3.7%) of mild vasospasm
after AVM rupture. In their review of the literature, the rate
of vasospasm after AVM rupture ranged between 1.9 and
12% and revealed an overall 6.3% rate of vasospasm. All
cases had intraventricular hemorrhage, no patient experi-
enced CI. In our study SAH component occurred in 51% of
the patients, and 6 patients experienced CVS (7.3%). CVS
was confirmed by angiography, only in 1 patient CVS was
detected with CT-angiography. CVS was usually of mild or
moderate degree. In 5 of 6 patients, CVS occurred in in-
fratentorial AVM-associated hemorrhage due to a rup-
tured arterial prenidal aneurysm (Table 2). Venous postni-
dal aneurysm rupture did notlead to CVS and IVH did not
predict CVS significantly. The pressure of blood when en-
tering the subarachnoid space during the rupture of arte-
rial vessels is thought to be a reason for CVS after aneurys-
mal SAH [2]. This theory could explain the development of
CVSafter rupture of a prenidal arterial aneurysm in AVMs.

In the literature, AAA are described as risk factors for
hemorrhage [19-21]. The prevalence of AAAs amounts
10-30% [19, 22, 23]. In our study, the rate of AAAs in
ruptured AVMs was 38.8%. The hemorrhage risk with
AAAs is described to be 63.6% compared to 50% without
an associated aneurysm [24, 25].

Furthermore, 10 patients experienced CI during hos-
pital stay and CI was significantly associated with the in-
cidence of CVS. In 2 of 10 patients, we could not perform
angiography to detect or rule out CVS. Thus, the reason
for CI remained unclear in these patients.

The reason why vasospasm seldom occurs after AVM
rupture remains poorly explained. Differences in hemody-
namics and pressure differences in aneurysms and arterio-
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Table 2. Data of patients with cerebral vasospasm

Patients n Hemorrhage pattern Ruptured AAA  Vessels in spasm Spasm degree CI
1  Female, years 16  SAH, IVH, mFisher 4 None BA Mild None
2 Male 50  SAH, mFisher 3 PICA PICA Mild None
3  Male 53 SAH, IVH, mFisher 4 PICA VA, BA, PCA Moderate Brainstem
4  Female 46  ICH, SAH, mFisher 3 BA BA, PICA Severe MCA, PCA
5 Male 72 SAH, IVH, mFisher 4 PICA BA Moderate None
6 Male 46 SAH, IVH, mFisher 4 BA BA, PCA, MCA Severe ACA, MCA

mFisher, modified Fisher score; AAA, arteriovenous malformation-associated aneurysm; BA, basilar artery; PICA, posterior inferi-
or cerebellar artery; VA, vertebral artery; PCA, posterior cerebral artery; MCA, middle cerebral artery; ACA, anterior cerebral artery.

Table 3.

a CVS-associated variables in univariate and multivariate analyses

Variables Univariate analysis Multivariate analysis
OR (95% CI) p value OR (95% CI) p value
GCS <13 10.7 (1.2-94.2) 0.02 ns ns
mPFisher 3 + 4 3.5(2.7-4.5) <0.001 NA* <0.0001
Infratentorial location 12.5(1.4-110.0) 0.01 0.1 (0.01-1.1) 0.03
* NA, not applicable.
GCS, Glasgow Coma Scale; mFisher, modified Fisher score; ns, not significant.
b Predictive variables for final (favorable) outcome
Variables Univariate analysis Multivariate analysis
OR (95% CI) p value OR (95% CI) p value
GCS >12 26.2 (9.7-70.4) <0.001 12.3 (4.2-36.2) <0.001
CVSs* 0.06 (0.00-0.5) 0.003 ns ns
mFisher 0-2** 4.3(2.0-9.2) <0.001 ns ns
Hematoma volume <30 cm? 9.5 (4.1-21.9) <0.001 4.5 (1.5-13.3) 0.005
Supratentorial location 3.3(1.6-7.1) 0.002 3.4 (1.2-9.6) 0.02
IVH* 0.4 (0.2-0.8) 0.02 ns ns
CI* 0.1 (0.02 -0.5) 0.002 ns ns

* The occurence of CVS/IVH/Cl is associated with unfavorable outcome in univariate analysis.
** mFisher, modified Fisher score.
GCS, Glasgow Coma Scale; CVS, cerebral vasospasm; AAA, arteriovenous malformation-associated aneurysm; IVH, intraventricu-
lar hemorrhage; CI, cerebral infarction; ns, not significant.

venous vessels are described [2]. Furthermore, infratento-
rial arterial aneurysmal hemorrhage may lead to CVS in
AVMs, and flow monitoring via at least transcranial so-
nography should be performed. Especially in cases with
delayed neurological deficits and CI during the course, the
occurrence of CVS should be considered and ruled out.

Limitations

The retrospective study design is one limitation of our
study. Since the study design was retrospective, we did
not perform angiography routinely in AVM patients
with subarachnoid blood after day 4 just to rule out va-

sospasm. Our statements regarding the occurrence of va-
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Fig. 1. a, b CT image shows diffuse subarachnoid hemorrhage of
the basal cisterns. ¢, d Selective cerebral angiography revealed an
AVM with feeding vessels from the basilar artery and superior cer-
ebellar artery. A ruptured AVM-associated prenidal aneurysm was
found as the origin of the bleeding. e, f The angiography in differ-

sospasm are based on patients’ clinical condition and
routine and established radiological methods using MRI
and DSA after AVM treatment or for the purpose of fol-
low-up. Patients with confirmed CVS received DSA, ex-
cept 1 patient. Nevertheless, the high number of our
study patients with appropriate and uniformly per-
formed diagnostic methods and follow-up data in one
center strengthens the evidence of our results. Further-
more the considerable number of CVS in our study pop-
ulation is higher than in the current literature and should
support further studies.

Conclusion

CVS seems to be a complication in SAH after AVM
hemorrhage, in particular, in infratentorial AVMs. We
recommend flow monitoring and angiographic imaging
in AVM hemorrhage with SAH component, especially in

CVS Due to AVM-Associated
Hemorrhage

ent projections demonstrates CVS of the vertebral artery, basilar
artery (black arrow), and posterior cerebral artery (white arrow).
CVS occurred at day 8 and was in mild degree. g, h Signal inten-
sity in the left side of the brain stem is shown in MRI follow-up
(axial T2 stack).

cases of delayed neurological deterioration during the
hospital stay.
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