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Abstract
The basilar artery (BA), as a reference vessel for laboratory investigations of cerebral vasospasm (CVS) in many experimental
models, warrants a sufficient blood supply despite hemodynamic changes during CVS. In a prospective evaluation study, we
analyzed patients who were admitted to our department with subarachnoid hemorrhage (SAH) for the occurrence and sequelae of
CVS. Specifically, we sought to identify patients with CVS of the BA. As per institutional protocol, all patients with CVS
detected in the posterior circulation had magnetic resonance imaging (MRI) examinations instead of CTA. Between January and
December 2016, 74 patients were treated for spontaneous SAH. CVS occurred in 45 (61%) patients, and 31 (42%) patients
developed associated cerebral infarctions (CI). CVS was significantly associated with CI (p < 0.0001; OR 44). In 18 (24.3%)
patients, CVS significantly affected the basilar artery. Poor admission clinical state, younger age, and treatment modalities were
significantly associated with BACVS. BACVS was more often detected in patients with severe CVS (p < 0.046; OR 4.4).
Patients with BACVS developed cerebral infarction in a frequency comparable to other patients with CVS (61% vs. 70%, p =
0.7), but none of these infarctions occurred in the brain stem or pons even though vessel diameter was dramatically reduced
according to CT- and/or MR-angiography. BACVS does not appear to be followed by cerebral infarction in the BA territory,
presumably due to a vascular privilege of this vessel and its perforating branches. In contrast, brain ischemia can frequently be
observed in the territories of other major arteries affected by CVS.
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Introduction

Aneurysmal subarachnoid hemorrhage (SAH) still leads to high
rates ofmorbidity andmortality [30]. Natural history estimates an
overall mortality rate of about 50% [1, 14]. The most important
prognostic factors are initial neurological grade at admission,
patient characteristics (smoking, hypertension), SAH grade (H/

H, Fisher score/volume of blood on initial CT), and in particular
cerebral infarction [2, 7, 15, 24, 31]. Studies on optimization
SAH treatment continue to be subject of clinical and experimen-
tal research. Changes in microcirculation and increased expres-
sion of various biomarkers in association of inflammatory pro-
cesses are possible reasons for the etiology of CVS and cerebral
infarction (CI). The basilar artery (BA) serves as awell accessible
vessel for experimental (animal) research. Our data shows differ-
ences in the distribution of CI and hemodynamic characteristics
between the anterior and vertebrobasilar circulation. To our
knowledge, the reasons for this are not clearly described.

Methods

Patient data

Patients were selected from our prospective collected clinical
database with SAH admitted to our department of
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neurosurgery between January 2016 and December 2016.
Evaluation of data was performed retrospectively. Since the
study question is the amount and location of cerebral infarc-
tion after CVS of the basilar artery, inclusion criteria were
aneurysmal or non-aneurysmal SAH without a traumatic
event. Patient characteristics, such as neurological score at
admission (based on the Glasgow coma scale (GCS) and the
World Federation of Neurological Surgeons (WFNS)), SAH
grade (Hunt and Hess (H/H), Fisher score), aneurysm size,
age, gender, course of SAH (vasospasm and cerebral infarc-
tions, volume of cerebral infarction), the use of antiplatelet
drugs, and aneurysm treatment were evaluated and
investigated.

Clinical management

All patients underwent digital subtraction angiography (DSA)
for diagnostic purpose. Based on interdisciplinary consensus,
aneurysms were treated by endovascular or microsurgical oc-
clusion. If microsurgical clipping was performed, repeated
DSA was done a few days later to demonstrate occlusion of
the aneurysm. All patients were equally exposed to our insti-
tutional treatment protocol following SAH for the treatment of
CVS, blood pressure management, and hydrocephalus at our
neurosurgical ICU. Considering our treatment protocol, oral
nimodipine was administered to all patients with SAH started
from the day of admission for 21 days. All patients received
low molecular-weight heparin. Depending on the method of
treatment (stenting) or their cardiovascular risks, patients re-
ceived acetylsalicylic acid or other anticoagulants (defined as
Badditional anticoagulants^). Patients were monitored daily
with transcranial Doppler (TCD). In case of increase in veloc-
ity (TCD mean > 150 cm/s or more than 50 cm/s in 24 h) or
delayed neurological deterioration, a CT or MRI was initiated
to confirm CVS. On day 7 ± 2 after ictus, patients who could
not be sufficiently evaluated clinically received a regular
scheduled CTA or MRA to detect CVS. The grading of
CVS was divided into mild (< 33% luminal narrowing), mod-
erate (33–66% luminal narrowing), and severe (> 66% lumi-
nal narrowing). Patients with moderate and severe CVS were
included in further analysis. In patients with CVS, hyperten-
sion was induced, with the goal of a mean arterial pressure of
> 110 mmHg. Neither transluminal balloon angioplasty nor
intraarterial nimodipine treatment was the subject of our treat-
ment protocol since data on their efficacy in the prevention of
cerebral infarction are inconsistent.

In addition, magnetic resonance imaging of the brain was
performed on patients who suffered cerebral vasospasm in the
vertebrobasilar circulation for detecting suspected CI of the
brain stem. Also, patients with long-lasting CVS (> 21 days)
received an MRI and served as control group for the CI rate.
The rate of cerebral infarction, volume and location (anterior/
posterior circulation, global), duration of vasospasm, and

predictive factors for the incidence of BACVS were evaluat-
ed. Outcome was measured based on the modified Rankin
Scale (mRS) at discharge (mRS 0–2 favorable vs. 3–6
unfavorable).

Cerebral ischemia

Imaging was performed and interpreted by an experienced
neuroradiologist. For detecting late hyperacute (6–24 h) and
acute (24 h-1 week) infarction, DWI-, FLAIR-, T1- and T2-
weighted sequences were performed. MR-perfusion was not a
subject of imaging protocol and was therefore not performed
routinely. Infarction was defined as low attenuating regions on
CT or on MR image displaying low T1, bright FLAIR signal
intensity, and mixed signal on diffusion-weighted image
(DWI/ADC), corresponding to a vascular distribution.
Hypoattenuating regions on postoperative day 1 were consid-
ered to be related to the procedure. The volume of infarction
was evaluated to establish a cut-off value of volume related to
poor outcome.

The CT and MRI scans at admission were used for
computer-assisted volumetric measurements. The method
was used by an independent clinician. For computer-assisted
measurement, the Brainlab® elements software (Brainlab
Germany Headquarters, Munich, Germany) was used. The
infarction margins were traced and the volume (cm3) was
automatically calculated. Infarction areas were added up slice
by slice automatically by the computer. For calculating infarc-
tion volume, the region of interest method (ROC) was used.

Statistical analysis

Statistical analysis was performed using the statistical soft-
ware package SPSS (IBM SPSS Statistics for Windows,
Version 22; Armonk, NY, USA. IBM Corp.) Categorical var-
iables were analyzed in contingency tables using the Fisher
exact test, an unpaired t test was used for parametric statistics.
For univariate analysis, statistical significance was set at p <
0.05. Variables with a possible association with BACVS (p <
0.1) were entered into a forward stepwise multiple logistic
regression analysis. The Kruskal–Wallis test was used for de-
tecting predictors for outcome. Data and statistical analysis
were approved by the Institute of Biostatistics and
Mathematical Modeling.

Results

Patient characteristics

Seventy-four patients were included in our study. In 18
(24.3%) patients, BACVS could be detected. The majority
of patients were female (n = 41; 55.4%). The mean age was
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55 years. Thirty-six (48.6%) patients showed a good clinical
state at admission (WFNS I-III), 38 (51.4%) patients suffered
from a severe SAH at admission (WFNS IV-V). 15 (20.3%)
patients died during the course, 7 (9.5%) after admission, be-
fore detecting CVS. Further characteristics were described in
Table 1.

The majority of patients showed a Fisher 3 bleeding pattern
(36; 48.6%). In 43 (58.1%) cases, the ruptured aneurysm was
localized in the anterior circulation, in 11 (14.9%) cases in the
posterior circulation. In 20 (27.0%) patients, aneurysm could
not be detected. Microsurgical clipping was performed in 28
(37.8%) patients, 24 (32.4%) patients underwent endovascular
treatment.

Cerebral vasospasm, cerebral infarction, and basilar
artery vasospasm

Forty-five (60.8%) patients suffered from CVS. The majority
of patients showed severe CVS (n=24; 53.3%). In patients
with BACVS, severe CVS was more frequent (64.3% vs.
35.7%; p < 0.05). Figure 1 shows a patient with non-
aneurysmal SAH and severe BACVS. The duration of CVS
lasted between 4 and 47 days (mean 14.1 days). Vessels in the

anterior circulation were mainly affected (n = 25; 55.6%),
followed by global CVS (n = 15; 33.3%) and vessels of the
posterior circulation (n = 5; 11.1%).

Cerebral infarction (CI) occurred in 31 out of 74 patients
(41.9%) patients and took place predominantly in the anterior
circulation (n = 24; 77.4%).

Patients with long-lasting CVS (> 21 days) had more fre-
quent CI in the MR imaging than patients with a shorter du-
ration of CVS. The mean volume of infarction was 82.6 cm3.
A cut-off point with a value of 7.3 cm3 was calculated for
infarction volume. Infarction volume was statistically signifi-
cant related to poor outcome (AUC = 0.85; p = 0.013; OR
16.8). In univariate analysis, admission state was significantly
associated with CI (p < 0.0001; OR 0.11). CI was statistically
significant based on the incidence of CVS (p < 0.0001; OR
0.02). Seventeen (23%) patients received additional antiplate-
let drugs or additional anticoagulants. Treatment with addi-
tional antiplatelet drugs/anticoagulants was not statistically
significant for the prevention of CVS-related CI (p = 0.26;
OR 2.04). In 43 (58.1%) patients, the insertion of an external
ventricular drainage was necessary. The need for external ven-
tricular drainage due to hydrocephalus was significantly asso-
ciated with the incidence of CI (p < 0.001; OR 0.13).

Table 1 Demographic data and anatomical distribution of CVS and CI

Patient characteristics Total n = 74 (%) BACVS n = 18 (%) No BACVS n = 26 (%) No CVS* n = 30 (%)

Male/female 32 (43.2)/42 (56.8) 6 (33.3)/12 (66.6) 9 (34.6)/17 (65.4) 17 (56.7)/13 (43.3)

Age (mean) 55 50 56 56

WFNS IV-V 38 (51.4) 13 (72.2) 14 (53.8) 11 (36.7)

Fisher grade

1–2
3–4

26 (35.1)
48 (64.9)

5 (27.8)
13 (72.2)

9 (34.6)
17 (65.4)

12 (40)
18 (60)

Vasospasm location* 45 (60.8) 0

Anterior
Global
Posterior

20 (44.4)
20 (44.4)
5 (11.1)

0
13 (72.2)
5 (27.8)

20 (76.9)
6 (23.1)
0

Vasospasm timing 0

Early (at admission) 17 (37.8) 9 (50) 8 (30.8)
Later (after day 5) 28 (62.2) 9 (50) 18 (69.2)

Vasospasm degree 0

Mild
Moderate
Severe

10 (22.2)
21 (46.7)
14 (31.1)

1(5.6)
8 (44.4)
9 (50)

9 (34.6)
12 (46.2)
5 (19.2)

CI 31 (41.9)

Anterior 7 17

Global
Posterior

4 1 2*

Treatment 52(70.3)

Clipping
Coiling
None

28 (37.8)
24 (32.4)
22 (29.7)

5 (27.8)
9 (50)
4 (22.2)

13 (50)
11 (42.3)
2 (7.7)

10 (33.3)
4 (13.3)
16 (53.3)

* 6 (8.1%) patients died after admission and could not be evaluated for vasospasm and infarction
** Location data were available for 45 patients
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Treatment modality (clipping vs. coiling) had no effect on the
development of CI (p > 0.3). A detailed list of distribution and
association between CVS location and CI is shown in Table 1.

Patients without BACVS were older than patients with
detected BACVS (p < 0.01; OR 5.75). The mean CVS dura-
tion in patients with BACVS was 15.5 days and in patients
without BACVS 13.2 days (p > 0.05). BACVS was not a sig-
nificant predictor of CI. Brain stem infarction did not occur in
any cases (Figs. 1 and 2).

In multiple logistic regression analysis, younger age (OR
3.9), worse admission status (OR 5.5), endovascular treatment
(OR 4.9), and severe CVS (OR 4.4) were significant indepen-
dent predictors to receive BACVS (Table 2).

Outcome at discharge

The outcome of patients with BACVSwas significantly worse
(p < 0.01). However, if only patients with CVS are examined,
there is no statistical significant difference (Kruskal–Wallis
test p = 0.07). Thirty-one (41.9%) patients showed a favorable
outcome (mRS 0–2) at discharge and 28 (37.8%) patients
suffered severe neurological deficits (mRS 3–5). Fifteen
(20.3%) patients died during the course. Table 3 shows the
predictive variables for unfavorable outcome.

Discussion

Many investigations have been proposed to explain the etiol-
ogy of cerebral infarction according to SAH [1, 3–6, 12, 19,
22–24, 29]. CVS is one of the linked causes for the develop-
ment of CI. However, there are many theories that refute these
considerations. Foreman et al. described in their recent study
the pathophysiology of early arteriolar vasospasm with
microthrombosis, perfusion mismatch, and neurovascular
uncoupling as one reason for cortical infarction.
Furthermore, large vessel vasospasm serves as a late contrib-
utor. He depicts a process of inflammatory response after ictus
that leads to neuronal injury and probably to cortical ischemia
[9,19]. Ultra-early angiographic vasospasm appears to be as-
sociated with delayed cerebral ischemia and infarction. In
their study, Al-Mufti et al. described a twofold increased risk
of cerebral infarction in patients with ultra-early CVS (within
the first 48 h) [1]. In addition to the clinical state of admission,
the amounts of intracerebral blood on CTare strong predictors
for CVS and DCI [10]. Patient characteristics such as nicotine
abuse, hyperglycemia, hydrocephalus, a history of diabetes
mellitus, and early systemic inflammatory response syndrome
showed evidence for a higher risk of ischemia after SAH [6].
Other studies postulate the disturbance of the microcirculation
as a presumptive predictor for infarction [25, 26, 32].
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Fig. 1 a Digital subtraction angiography after SAH shows an
inconspicuous width of the basilar artery. An aneurysm could not be
found. The MRI follow-up after 7 days shows cerebral vasospasm and

a high degree of narrowness of the basilar artery (b) what is regressed
after 18 days (c). Cerebral infarctions did not occur (d)

Fig. 2 a–c Even in a
multiinfarction syndrome, no
brain stem infarction was detected



The aim of our study is to carry out the rate and effect of
BACVS, the rate and probably the association to brain stem
infarction, and the peculiarities of this current area. We iden-
tified 18 patients with BACVS. While most of the patients
showed vasospasm of the anterior circulation and infarction
of the anterior territory during the course of CVS, none of the
patients showed any brain stem infarction according to
BACVS. Furthermore, the site of cerebral ischemia was not
related to the location of SAH or aneurysm. As well, we de-
tected a high rate of cerebral infarction (41.9%) in the entire
study group. The group of patients with cerebral infarction
presented a high rate of worse admission state (WFNS IV-V;
58.1%), a high rate of H&H grade 4 to 5 (45.2%), and a high
rate of Fisher 3–4 bleeding (71%), as a presumptive reason for
the increased number of infarction.

We detected a high grade of vessel diameter reduction in
BAs without any affection, except for a difference in the du-
ration of CVS. The first question is why only a small propor-
tion of patients develop BACVS and, secondly, why patients
do not develop brain stem infarcts in the course of BACVS
despite an enormous narrowing of the vascular lumen?

Regarding the etiology of BACVS, younger age, worse
admission status, and endovascular treatment were statistical-
ly significant predictors. BACVS occurred in patients with
severe CVS, who were affected by the initial clinical state
and SAH grade. Manipulation of the basilar artery during
endovascular treatment could be one explanation of the pre-
diction effect. Differences in outcome between the treatment

modalities were not obvious. With regard to the blood supply
of the brain stem, the anatomy of the BA itself could help to
elucidate our observation: the BA, a large vessel, is formed by
fusion of the longitudinal neural system, includes many per-
forating arteries, with a mean number of 6.1 and an average
diameter of 393 μm. The BA perforators supply the pons and
originate from the parent vessel, but often from its pial
branches as well (91.7%) [8]. A natural extension of the seg-
mental arrangement of the spinal cord concerning the arterial
system of the cerebrum and cerebellum is postulated [20]. One
explanation for the absence of brain stem ischemia during
CVS could be the hemodynamic and quantitative peculiarities
of the perforators. Image modalities with the possibility of
optimized representation of the perforators is therefore of
great importance for the detection of the etiology of cerebral
ischemia. DSA in high-resolution and 3D-technique and high-
resolution postcontrast time-of-flight MR-angiography at
7.0 T seems to be suitable in visualization of intracranial per-
forating arteries [13, 18].

Differences in posterior circulation and basilar artery anat-
omy are obvious in stroke management, too. Beside the low
incidence of basilar artery occlusions, the time window may
have a longer time for recanalization therapy [27]. Unlike the
arteries of the anterior circulation, the basilar artery is not a
terminal vessel, so the blood supply of the posterior territory,
even with the help of the vertebral arteries is better suited in
cases of vasospasm or narrowing and continues to ensure the
supply of nutrients and oxygen. Many investigations are

Table 2 Relationship of BACVS
to patient characteristics Predictors Univariate analysis Multivariate analysis

OR (95% CI) p value OR (95% CI) p value

Age (< 50 years) 3.6 (1.1.-5.3) 0.04 3.9 (0.9–16.2) 0.03

WFNS IV-V 4.2 (1.3–13.8) 0.02 5.5 (1.1–19.4) 0.04

Fisher score NS NS NS NS

Therapy (coiling) 2.6 (0.7–9.4) NS (0.2) 4.9 (1.02–23.9) 0.046

Aneurysm location NS NS NS NS

CVS grade (> 66%) NS 2.2. (0.6–8.7) NS (0.3) 4.4 (1.2–16.8) 0.046

NS non-significant

Table 3 Unfavorable outcome in
patients at discharge n = 74 Unfavorable outcome

Number of worse outcome (%) OR (95% CI) p value

BACVS* 14 (31.1) NS NS

WFNS IV-V 38 (100) 7.2 (3.2–16.2) < 0.001

Fisher score 3/4 36 (75) 8.1 (2.8–24.1) < 0.001

CVS* 31 (68.9) 6.3 (2.0–19.3) < 0.001

Cerebral infarction 26 (83.9) 12.3 (3.7–40.3) < 0.001

NS non-significant

*In patients with CVS (total number of patients with CVS 45 (= 100%)
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concerned with the pathophysiology of the BA during the
course of CVS according to SAH. Besides studies of autoreg-
ulation [21, 26] and detection of biomarkers [16, 17, 19, 33],
vascular microanatomy [11, 20] and image modalities [28] are
subjects of many investigations by means of the BA.
Considering these observations, a comparison of terminal ves-
sel territories that seem to be more affected should be chosen
in SAH research. Furthermore, the special features of the brain
stem such as hemodynamic changes and compensatory mech-
anisms should be considered more closely in further vascular
research. The small number, short follow-up duration, and the
retrospective study design are limitations of our study; never-
theless, we evaluated 74 patients with SAH in a short time
(12 months). Performing MRI in ventilated patients is time-
consuming and carries risks. Therefore MRI was justifiable in
cases of high suspicion of BACVS and long-lasting CVS. All
study patients with detected BACVS received MRI diagnos-
tic. Patients with BACVS, who could not receive MRI, were
excluded.We described all ischemic changes, visualized in the
MR modality as a cerebral infarction, even without clinical
symptoms. This is one explanation for the high rate of cerebral
infarction in our study. In addition, we include a high number
of patients with severe SAH and long-lasting CVS. The study
should serve as an incentive for further larger studies. Further
studies require MRI comparison between patients with and
without CVS, considering hemodynamic features in the
vertebrobasilar territories. The main point of our study is to
highlight hemodynamic properties in the brain stem despite
high grade and long-lasting CVS.

Conclusion

CVS still seems to be one of the main causes of CI after SAH.
In 41.9%, CI was detected by MRI. However, BACVS does
not appear to be followed by cerebral infarction in the BA
territory, presumably due to a vascular privilege of this vessel
and its perforating branches. In contrast, brain ischemia can
frequently be observed in the territories of other major arteries
(internal carotid, anterior/middle cerebral arteries) affected by
CVS. Further investigations are required in the research of
CVS.
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