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Abstract

Purpose The amount of blood on computed tomography
(CT) has been shown to be a predictor of cerebral vaso-
spasm after subarachnoid hemorrhage (SAH). However,
the influence of the location of the blood on the incidence
of vasospasm remains unclear. We retrospectively assessed
the association of the blood volumes in the individual
components (cisterns and fissures) of CT scans with
angiographic vasospasm after SAH.

Methods One hundred forty-nine SAH patients scheduled
for cerebral aneurysm clipping were enrolled. The amount
of subarachnoid blood was classified using the Fisher CT
grade . The amounts of subarachnoid blood in 5 cisterns or
3 fissures were also evaluated using SAH scores ranging
from O to 3 (0, no blood; 3, completely filled with blood).
Cerebral vasospasm was diagnosed by the results of
angiography.

Results  Angiographic vasospasm developed in 51 of 149
patients (34%). Of those, 26 patients were symptomatic.
The Fisher CT grade and SAH scores in the right and left
sylvian fissures and suprasellar cisterns were significantly
higher in patients with angiographic vasospasm than in
those without it. Univariate logistic regression analysis
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revealed that a high Fisher CT grade and high SAH scores
in the right and left sylvian fissures and suprasellar cisterns
were predictors of angiographic vasospasm. Multivariate
analysis indicated that the SAH score in the right sylvian
fissure was an independent predictor of angiographic
vasospasm (odds ratio, 3.6; 95% confidence interval (CI),
1.7-7.7; P = 0.01).

Conclusion The results indicated that the amount of
blood in the right sylvian fissure was significantly associ-

ated with the development of angiographic vasospasm after
SAH.

Keywords Subarachnoid hemorrhage - Vasospasm -
Computed tomography - Sylvian fissure - Sympathetic

Introduction

Cerebral vasospasm after subarachnoid hemorrhage (SAH)
is one of the major devastating complications of this con-
dition and is related to morbidity and death. Previous
studies have demonstrated that 13%—-30% of patients with
SAH were reported to have suffered clinical deterioration
due to an ischemic event secondary to cerebral vasospasm,
and approximately 50% of these patients either had long-
term morbidity or died as a result of such an event [1-5].
Angiographic vasospasm has been reported to occur in
50%-70% of patients with SAH [4-6]. A number of
research efforts have been directed toward identifying early
predictors of vasospasm after SAH, because such identifi-
cation may be able to provide more effective prevention of
vasospasm and subsequently result in better neurological
outcomes. The amount of SAH on computed tomography
(CT), intraventricular hemorrhage (IVH), neurological
grade, hypertension and temperature on admission,
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aneurysm location, smoking, and age have been reported as
predictors of vasospasm [6, 7]. Of these, the most powerful
predictor has been considered to be the thickness of the
subarachnoid clot on the admission CT scan [8-11].

Clinically, the Fisher CT grading scale has been used
most commonly to assess SAH on CT and it has been
advocated as a tool to predict the development of vaso-
spasm [12, 13]. However, this scale only identifies the
thickness of the blood or clot in any cisterns or fissures and
the presence of IVH or an intraparenchymal clot. There is
no information regarding the exact location of blood or
clots in the Fisher CT grading scale. It is therefore
unknown whether there are specific locations (fissures and
cisterns) that are prominently related to the development of
cerebral vasospasm. In the present study, we hypothesized
that the laterality and location of SAH and its amounts may
affect the development of postoperative vasospasm after
intracranial ruptured aneurism surgery. We retrospectively
assessed the predictors of angiographic vasospasm after
SAH, including the amount of blood in individual com-
ponents of CT scans, such as the interhemispheric fissure,
sylvian fissures, quadrigeminal cistern, suprasellar cisterns,
and ambient cisterns.

Methods

We retrospectively analyzed 149 patients who underwent
cerebral aneurysm clipping for ruptured cerebral aneurysm
at Nara Medical University between February 1999 and
December 2007. Information regarding the patients’
demographic variables, pre- and intraoperative data, and
postoperative course were examined from the medical
records. Patients who died before the assessments for
postoperative cerebral vasospasm by angiography were
excluded.

The data collected included age; sex; weight; history of
hypertension, diabetes, and coronary artery disease; loca-
tion of cerebral aneurysm; severity of the neurological
injury; preoperative electrocardiogram abnormality; the
duration of operation and anesthesia; systolic blood pres-
sure and heart rate on arrival at the operation room; blood
glucose and body temperature after the induction of anes-
thesia; and postoperative angiographic and symptomatic
vasospasm. The severity of neurological injury was graded
using the Hunt and Kosnik and World Federation of
Neurosurgical Societies (WFNS) classifications.

The amount of subarachnoid blood was classified using
the Fisher CT grade: 1, none evident; 2, less than 1 mm
thick; 3, more than 1 mm thick; and 4, any thickness with
IVH or parenchymal extension. In addition, the amounts of
subarachnoid blood in 5 cisterns or 3 fissures, including the
interhemispheric fissure, quadrigeminal cistern and right
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and left sylvian fissures, suprasellar cisterns, and ambient
cisterns on CT were also evaluated semiquantitatively as
reported previously. Briefly, we used SAH scores ranging
from O to 3 according to the criteria of Hijdra et al. [14].
Each cistern or fissure was graded separately according to
the amount of extravasated blood: 0, no blood; 1, small
amount of blood; 2, moderately filled with blood; or 3,
completely filled with blood. One author of this report
(Y.M.) blindly scored all of the CT scans performed
immediately after admission.

In the postoperative period, a continuous infusion of
diltiazem was routinely used to prevent cerebral vasospasm
in all patients. The diagnosis of symptomatic vasospasm
was made as an exclusion diagnosis, based on the onset of
focal or global neurological deterioration not explained by
other factors, including hydrocephalus, hemorrhage, sur-
gical complications, metabolic abnormalities, or infection.
The final diagnosis was performed according to the results
of angiography with or without transcranial Doppler.
Digital subtraction angiography was performed a week
after the operation or at the time when the symptoms of
delayed ischemic neurological deficits developed postop-
eratively. Angiographic vasospasm was diagnosed when a
reduction of 50% or more of the normal diameter was
demonstrated in the measurements of any cerebral arterial
segment.

Statistical analysis

According to the angiographic findings, all patients were
divided into two groups: spasm and non-spasm groups.
Patients in the spasm group had angiographic vasospasm
and those in the non-spasm group did not have angio-
graphic vasospasm. Pre- and intraoperative variables
associated with angiographic vasospasm were evaluated.
Comparisons of demographic variables and clinical data
between the groups were performed using unpaired z-test,
x’test, or Mann—Whitney U-test. Univariate and multivar-
iate logistic regression analyses were performed to deter-
mine the predictors of postoperative spasm. Values of
P < 0.05 were considered significant.

Results

Of 149 patients, 51 patients (34%) had angiographic
vasospasm and 98 patients (66%) did not have it. Of the 51
patients with angiographic vasospasm, 26 patients (18% of
all patients) had symptomatic vasospasm, whereas the
vasospasm in 25 patients (16% of all patients) was
asymptomatic. Table 1 shows the demographic variables in
each group. There were no significant differences between
the groups in demographic variables, including age,
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weight, sex, hypertension, diabetes, coronary artery dis-
ease, neurological grade, and location of the aneurysm.
Table 2 shows the intraoperative variables in each group.
There were no significant differences between the groups
in intraoperative variables, including operation and anes-
thesia times, blood pressure and heart rate before anes-
thesia, temperature and glucose after the induction of
anesthesia, and the incidence of re-rupture during the
operation.

Table 3 shows the SAH scores in the individual com-
ponents of CT scans and the Fisher CT grade in each group.
The SAH scores in the right and left sylvian fissures and
suprasellar cisterns and the Fisher CT grade were signifi-
cantly higher in the spasm group than those in the nonsp-
asm group (P < 0.05). Table 4 shows the results of
univariate logistic regression analysis. Univariate logistic

Table 1 Demographic variables

Nonspasm Spasm P value
(n =98) (n=51)
Age (years) 61 + 14 63 £ 13 0.468
Weight (kg) 59 + 17 56 £9 0.3223
Sex (F/M) 65/33 34/17 0.5922
Hypertension 45 (46%) 25 (49%) 0.7189
Diabetes 5 (5%) 2 (4%) 0.7466
CAD 4 (4%) 6 (12%) 0.0753
Hunt and Kosnik grade 0.3535
(VI/II/IVIV) 19/44/16/11/8  7/19/9/12/4
WENS grade 0.1864
(VI/II/IV) 44/22/4/11/17  21/7/0/9/14
Location of aneurysm 0.2200
ICA 30 16
A-com 27 17
MCA 18 14
Distal ACA 10 3
Others 13 1

Data are expressed as means &= SD or numbers (%)

CAD coronary artery disease, WFNS World Federation of Neurosur-
gical Societies, /CA internal carotid artery, A-com anterior commu-
nicating artery, MCA middle cerebral artery, ACA anterior cerebral
artery

regression analysis revealed that the WENS score (III-IV),
Fisher CT grade (III-IV), SAH scores in the right and left
sylvian fissures and suprasellar cisterns (score 3) were
significantly associated with angiographic vasospasm.
Table 5 shows the results of multivariate logistic regres-
sion analysis. Multivariate logistic regression analysis
revealed that an SAH score of 3 in the right sylvian fissure
was an independent variable associated with angiographic
vasospasm. The sensitivity and specificity of an SAH score
of 3 in the right sylvian fissure to predict the development
of angiographic vasospasm were 58% and 69%,
respectively.

Discussion

The results obtained in this retrospective study show that,
whereas univariate logistic regression analysis revealed
that the WENS score, Fisher CT grade, and SAH scores in
the right and left sylvian fissures and suprasellar cisterns
were associated with angiographic vasospasm after SAH,
multivariate logistic regression analysis indicated that a
high SAH score in the right sylvian fissure was signifi-
cantly associated with angiographic vasospasm in patients
who underwent intracranial aneurismal surgery for rup-
tured cerebral aneurysm.

A number of studies have been performed to identify
potential predictors of vasospasm after SAH. Reported
predictors of cerebral vasospasm in patients with SAH
include the amount of SAH on CT, IVH, neurological
grade, hypertension and temperature on admission, aneu-
rysm location, smoking, and age. Of these factors, a large
blood volume or clots on CT is the only consistently
demonstrated predictor of cerebral vasospasm. Fisher et al.
[12] reported that 23 of 24 patients with subarachnoid
blood clots larger than 5 x 3 mm developed serious
symptomatic vasospasm, while symptomatic vasospasm
occurred in only 1 of 18 patients with no blood or diffusely
distributed blood in the subarachnoid space. The Fisher CT
grading scale, which evaluates the amount of blood in any
fissures or cisterns and the presence of IVH or intracerebral
hemorrhage, has been widely used to identify patients at

Table 2 Intraoperative
variables

Data are expressed as
means = SD

Nonspasm (n = 98) Spasm (n = 51) P value
Operation time (min) 264 + 87 263 + 64 0.9486
Anesthesia time (min) 341 £ 91 338 £ 62 0.8550
Systolic BP (mmHg) (before anesthesia) 127 + 22 126 £ 61 0.8455
Heart rate (bpm) (before anesthesia) 92 £ 20 90 £+ 17 0.5411
Temperature (°C) 36.8 + 0.9 36.7 £ 0.8 0.9040
Glucose (mg/dl) 157 £ 50 167 £ 45 0.6567
Re-rupture 11 (11%) 7 (14%) 0.6567

BP blood pressure
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Table 3  Subarachnoid hemorrhage (SAH) score on computed
tomography (CT)

Nonspasm Spasm P value

(n =98) (n =51)
Interhemispheric fissure 1 (0.5-2) 2 (1-3) 0.3663
Right sylvian fissure 2 (1-3) 3 (2-3) 0.0038
Left sylvian fissure 2 (1-3) 3 (2-3) 0.0248
Right suprasellar cistern 2 (1-3) 3 (2-3) 0.0130
Left suprasellar cistern 2 (1-3) 3 (1-3) 0.0415
Right ambient cistern 1 (0-2) 3 (1-3) 0.0542
Left ambient cistern 1(0-2) 2 (1-2) 0.1023
Quadrigeminal cistern 1 (0-1) 1(0-1) 0.4903
Fisher CT grade 3(2-3) 3 (3-4) 0.0267

Data are expressed as medians (25th—75th). SAH scores: 0 no blood, /
small amount of blood, 2 moderately filled with blood, 3 completely
filled with blood. Fisher CT grade: / none evident, 2 less than 1 mm
thick, 3 more than 1 mm thick, and 4 any thickness with intraven-
tricular hemorrhage or parenchymal extension

Table 4 Univariate logistic regression analysis

OR 95% CI P value
Hunt and Kosnik grade (IV-V) 2.01 0.92-4.39 0.081
WENS grade (IT1I-1V) 2.05 1.02-4.15  0.045
Fisher CT grade (III-IV) 2.86 1.21-6.76  0.017
Coronary artery disease 3.13 0.84-11.7  0.088
Glucose (>160 mg/dl) 049  0.24-1.01 0.054
Rsylvian fissure (SAH score 3) 3.14 1.55-6.36  0.001
Lsylvian fissure (SAH score 3) 2.52 1.26-5.05  0.009
Rsuprasellar cistern(SAH score 3) 2.68 1.33-5.40 0.006
Lsuprasellar cistern(SAH score 3) 2.22 1.11-4.44 0.023

OR odds ratio, CI confidence interval, WFNS World Federation of
Neurosurgical Societies, R right, L left

Table 5 Multivariate logistic regression analysis

OR 95% CI P value

Right sylvian fissure (SAH score 3) 3.6 1.70-7.72  0.01

OR odds ratio, CI confidence interval

high risk for the development of cerebral vasospasm after
SAH [12, 13]. However, because the Fisher CT grading
scale does not evaluate the amount of blood in the specific
fissures and cisterns, it is unknown whether there are spe-
cific fissures and cisterns that are prominently related to the
development of cerebral vasospasm.

Hijdra et al. [14] evaluated the amount of subarachnoid
blood in 10 cisterns or fissures, including the frontal
interhemispheric fissure, the quadrigeminal cistern, both
suprasellar cisterns, both ambient cisterns, both basal
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sylvian fissures, and both lateral sylvian fissures, by using
semiquantitative scores, and they demonstrated that the
sum of the scores in the 10 cisterns or fissures was asso-
ciated with the development of cerebral vasospasm in
patients with SAH. However, this method of summed
scoring ignored the importance of localized accumulations
of blood and, therefore, important information on the
localization of the blood may have been missed in the
process of the assessments. Recently, Claassen et al. [15]
evaluated the effects of the locations of blood or clots on
delayed cerebral ischemia and infarction after SAH,
although they did not evaluate the laterality of the amount
of blood. Their results indicated that a completely filled
SAH in the anterior interhemispheric fissure was signifi-
cantly associated with the development of delayed cerebral
ischemia and those in the anterior interhemispheric fissure,
lateral and basal sylvian fissures, and suprasellar cistern
were significantly associated with the development of
infarction. In the present study, we evaluated the influence
of locations with a large amount of blood and their later-
ality on the development of angiographic vasospasm after
SAH. The results of multivariate logistic regression anal-
ysis indicated that SAH completely filling the right sylvian
fissure was significantly associated with the development
of angiographic vasospasm after SAH. The reasons for the
discrepancy between the results reported by Claassen et al.
[15] and us are unknown. However, a possible reason for
the difference might be that Claassen et al. did not evaluate
the laterality of the amount of blood, although we did so.
Another reason might be that Claassen et al. evaluated
delayed cerebral ischemia or infarction, whereas we eval-
uated angiographic vasospasm.

The mechanisms by which the blood in the right sylvian
fissure was related to the development of angiographic
vasospasm in our study are unknown. Although these
mechanisms remain undetermined, a variety of mecha-
nisms are considered to be involved in the development of
cerebral vasospasm [1]. Erythrocytes have been shown to
be the blood component necessary for the development of
vasospasm, and the most vasoactive substance within them
is oxyhemoglobin. Oxyhemoglobin’s action can involve
direct vasoconstriction, the release of arachidonic metab-
olites and endothelin from the arterial wall, inhibition of
endothelium-dependent vasodilation through nitric oxide
scavenging, damage to perivascular nerves, and the pro-
motion of free radical reactions. In addition to these ef-
fectsbrought about by the blood located in the
subarachnoid spaces, sympathetic activation has also been
reported to be related to the development of vasospasm
[16-20]. Peerless et al. [16] indicated the vessels remote
from direct contact with blood showed reactive narrowing
1 week after SAH, suggesting that cerebral vasospasm may
be mediated by a central control mechanism acting through
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the sympathetic nervous system. Bunc et al. [17] have
demonstrated that the exclusion of sympathetic nervous
system activity in rabbits prevented vasospasm in circum-
stances similar to SAH.

It is well known that brain stem cardiovascular centers
are involved in the regulation of cardiac function via sym-
pathetic and parasympathetic efferents. However, recent
evidence has indicated that supratentorial centers may also
be involved in cardiovascular regulation. Hirashima et al.
[21] indicated that the amount of SAH in the right sylvian
fissure was independently associated with abnormal ECG
changes in patients with SAH and the grade of the amount
of SAH in the right sylvian fissure was a better predictor of
ECG changes than the Fisher CT grade. These authors
suggested that, because the insular cortex is an important
site of control of autonomic function with right-sided
dominance in sympathetic cardiovascular effects, the blood
in the right sylvian fissure possibly stimulates the insular
cortex, resulting in sympathetic cardiovascular effects such
as ECG changes. Although the level of sympathetic acti-
vation was not evaluated in the present study, a large vol-
ume of blood in the right sylvian fissure may have induced
sympathetic activation. Sympathetic activation may acti-
vate inflammatory responses, including the activation of
adhesion molecules and cytokines, which have been con-
sidered to be related to the development of vasospasm and a
poor clinical outcome [I, 22]. Yoshimoto et al. [22]
reported that SAH patients with systemic inflammatory
response syndrome on admission had a higher likelihood of
cerebral vasospasm. Recently, Kato et al. [23] demonstrated
that inhibition of sympathetic activation using beta-adren-
ergic receptor antagonists attenuated the levels of proin-
flammatory cytokine in cerebrospinal fluid in a rat model of
SAH. However, the premise of sympathetic activation being
involved in angiographic vasospasm is speculative. Further
studies will be required to clarify the mechanisms of the
relation between blood in the right sylvian fissure and
angiographic vasospasm.

There are several limitations in the present study. First,
we evaluated angiographic vasospasm. The results might
have been different if symptomatic vasospasm had been
evaluated. Second, cerebral angiography was performed a
week after the operation or at the time when the symptoms
of delayed ischemic neurological deficits developed post-
operatively. So we may have missed angiographic vaso-
spasm that developed at different periods from our
assessments, although the development of cerebral vaso-
spasm can be most prevalent at around one week after the
onset of SAH. Third, the number of patients enrolled in this
study was relatively small, and so further studies with more
patients will be required.

In summary, the predictors of angiographic vasospasm
after SAH, including the amount of blood in individual

components of CT scans, were retrospectively evaluated in
patients with SAH using logistic regression analysis.
Although univariate analysis indicated that the neurological
score, Fisher CT grade, and the amount of blood in the
individual components of CT scans were associated with
angiographic vasospasm, multivariate analysis indicated
that a high SAH score in the right sylvian fissure was most
significantly associated with angiographic vasospasm. This
finding may not be used clinically to predict symptomatic
cerebral vasospasm, because it is a predictor of angiographic
vasospasm. However, this phenomenon may be used to
understand the pathogenesis of cerebral vasospasm in
patients with SAH and to provide a key for the development
of strategies for the prevention of cerebral vasospasm.
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