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Abstract

We studied the risk factors associated with cerebral vasospasm following aneurysmal subarachnoid 
hemorrhage (SAH). The subjects were 370 patients with ruptured aneurysms who fulfilled all of the 
following criteria: admission by day 2 after onset, operation performed by day 3 by the same surgeon 
(T.I.), Hunt-Hess grade I–IV, availability of bilateral carotid angiograms acquired by day 2 and repeated 
between days 7 and 9. The demographic, clinical, radiographic, surgical, laboratory, and electrocar-
diographic data were analyzed for angiographic vasospasm (AV), symptomatic vasospasm (SV), and 
cerebral infarction on computed tomography (CT) scan. Both CT-evident SAH and AV were graded as 
0–IV. Among the 370 patients, AV grade III–IV, SV, and cerebral infarction occurred in 26%, 24%, and 
20%, respectively. Univariate analysis showed that Hunt-Hess grade III–IV, SAH grade III–IV, intracer-
ebral or/and intraventricular hemorrhage, rebleeding, cigarette smoking, hypertension, alcohol intake, 
leukocytosis, hyperglycemia, and electrocardiographic QTc prolongation, left ventricular hypertrophy 
(LVH), and ST depression were significantly related to at least one of AV grade III–IV, SV, or cerebral 
infarction. Multivariate analysis showed that SAH grade III–IV was the most important risk factor for 
vasospasm followed by LVH on electrocardiogram, cigarette smoking, and hypertension. AV grade III–
IV, SV, and cerebral infarction occurred in 57%, 54%, and 39% of the 46 smokers with LVH, and in 43%, 
49%, and 35% of the 68 patients who had both LVH and hypertension, respectively. CT-evident SAH, 
LVH, cigarette smoking, and hypertension are associated with vasospasm. In smokers or hypertensive 
patients, premorbid LVH appears to predict much more severe vasospasm.

Key words:  cerebral vasospasm, electrocardiogram, left ventricular hypertrophy, risk factor, subarach-
noid hemorrhage

Introduction

Cerebral vasospasm following aneurysmal subarach-
noid hemorrhage (SAH) constitutes one of the most 
serious complications in terms of patient morbidity 
and mortality. The pathogenesis of this condition is 
multifocal and complex, and is not yet fully under-
stood. It is therefore important to identify risk factors 
and markers for vasospasm, and to develop better 
means of predicting it, thus allowing more effective 
treatment. At the present time, there is little doubt 
that thick blood clots evident on head computed 
tomography (CT) scan represent the only consist-
ently demonstrated risk factor for vasospasm.1–17) 
Numerous other factors have been investigated for 
possible association with vasospasm, including patient 
age, sex, Hunt-Hess and World Federation of Neuro-
surgical Societies grade, rebleeding, cigarette smoking, 
hypertension, alcohol intake, heart disease, diabetes 

mellitus, and body mass index (BMI).1,2,4–10,12–18) Radio-
graphic features already studied include intracerebral 
hemorrhage (ICH) or/and intraventricular hemor-
rhage (IVH) on CT scan, and the site and size of the 
ruptured aneurysm.1,2,4,5,7,13–15) Laboratory data such 
as mean arterial pressure, white blood cell count, 
and the serum levels of sodium, glucose, and total 
cholesterol have been studied.1,2,4,5,12,15,16) Surgical 
treatment and electrocardiogram (ECG) findings have 
been also investigated.7,11,19,20) However, the results 
obtained in previous studies have not necessarily 
been consistent, and some have been conflicting. 
Among the various studies, the sample size has 
sometimes been relatively small, and the definition, 
nomenclature, and methods used for diagnosis of 
vasospasm have not been uniform. For example, 
with regard to angiographic vasospasm (AV), strict 
angiographical studies have seldom been done, 
except in animals. In most published studies, only 
when vasospasm was suspected as the cause for 
delayed neurologic deterioration, patients underwent Received May 15, 2013; Accepted December 16, 2013
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angiography, and whether AV was present or not 
was assessed. However, in our previous studies, AV 
was observed in more than 90% of patients after 
aneurysmal SAH, regardless of whether or not it 
was symptomatic.7–10) The high percentage of AV is 
probably due to the fact that it has been rigorously 
defined. Therefore, mere judgment as to whether 
or not AV is present has little benefit, and it is 
preferable to use a grading system for AV. Taking 
these points into consideration, this study analyzed 
the factors related to vasospasm after aneurysmal 
SAH, and considered important factors additional 
to cisternal blood clots evident on CT scan.

Materials and Methods

During the 19-year period from 1980 to 1998, 985 
patients who had suffered aneurysmal SAH were 
admitted to the Department of Neurosurgery of Shimane 
Prefectural Central Hospital. Sites of ruptured aneu-
rysms were confirmed in 853 (87%) of them. In the 
present study, clipping of ruptured aneurysms was 
defined as surgery. Of the 853 patients with ruptured 
aneurysms, 640 (75%) were treated surgically, 449 
(70%) of them by day 3 after initial SAH (day 0 was 
defined as the day of hemorrhage), and 625 (98%) 
by the same surgeon (T.I.). From the late 1980s, 
when patients with ruptured anterior communicating 
artery, distal anterior cerebral artery (ACA), or middle 
cerebral artery (MCA) aneurysms were treated surgi-
cally in the acute stage after SAH, in most cases the 
entire aneurysmal complex was dissected from the 
fundus to the neck without temporary clipping, and 
thereafter, neck clipping was performed.21) An attempt 
was made to evacuate as much of the blood clots as 
possible following aneurysm clipping, and the suba-
rachnoid spaces were irrigated with lactated Ringer’s 
solution. When SAH was severe and operations were 
performed while the patients were in the acute stage, 
drains were introduced into the frontal horn and the 
prechiasmatic cistern, and ventriculo-cisternal irriga-
tion was performed with lactated Ringer’s solution at 
about 500–1500 ml/day for about 7 days.10) From the 
640 patients who were treated surgically, those who 
fulfilled all of the following criteria were selected 
for analysis in this study: (1) admission by day 2 
after initial SAH, (2) operation performed by day 3, 
(3) operation performed by the same surgeon (T.I.), 
(4) preoperative Hunt-Hess grade between grades I 
and IV, (5) availability of bilateral carotid angiograms 
obtained by day 2 and again between days 7 and 
9, and (6) availability of CT scans performed on 
admission and then repeated several times between 
admission and discharge. There were 370 consecutive  
patients who fulfilled all of these criteria. For these 

patients, the relationship of factors that had been 
determined before surgery to AV, symptomatic 
vasospasm (SV), and cerebral infarction evident on 
CT scan were investigated.

I. Classification of SAH on CT scan
Aneurysmal SAH was classified by CT scanning 

into four pathological types: SAH alone, ICH, IVH, 
and subdural hematoma.22) ICH was defined on the 
basis of location and size; small hematomas adjacent 
to cisterns were not considered to be ICH because 
they are sometimes difficult to distinguish from 
subarachnoid blood clots. Trace blood or sedimented 
blood in ventricles was not included as IVH. In 
other words, in the present study, only apparent 
ICH and IVH visible on CT scan was defined as 
ICH and IVH. Regardless of whether patients had 
concomitant hematoma such as ICH or IVH, SAH 
on the CT scan was graded from 0 to IV (Fig. 1).7,11)

Grade 0:	N o areas of high density in any cistern.
Grade I:	A t least one area of slightly high density 

detectable.
Grade II:	A t least one area of moderately high 

density detectable.
Grade III:	S evere clotting evident in one or two of 

three locations in the basal cistern: the 
two bilateral parasellar-sylvian cisterns 
and the midline interhemispheric fissure.

Grade IV:	S evere clotting packed diffusely in all 
three basal cistern locations.

Fig. 1  Subarachnoid hemorrhage grade on computed 
tomography scan.
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II. AV grade
The vessels studied for the purpose of assessing AV 

were the intracranial portion of the internal carotid 
artery (ICA), the M1 and M2 segments of the MCA, 
and the A1 and A2 segments of the ACA.7,8,11) The 
degree of AV in each vessel on the carotid angiogram 
was assessed between days 7 and 9 after SAH by 
comparing it with the same portion on the initial 
angiogram that had been obtained by day 2. The AV 
of each vessel was divided into four groups: (1) no 
vasospasm detected; (2) slight vasospasm, which was 
difficult to diagnose without control angiograms; (3) 
moderate vasospasm; and (4) severe vasospasm with 
more than 50% reduction of arterial caliber.7,8,11) In 
patients who underwent bilateral carotid angiog-
raphy by day 2 and between days 7 and 9, the AV 
grades in the bilateral ICA territories were estimated 
according to the following classification (Fig. 2):7,11)

Grade 0:	N o vasospasm detectable in any vessel.
Grade I:	S light vasospasm in any of the vessels 

and/or moderate vasospasm in only one 
of six segments, that is, of the two A2 
and four M2 segments.

Grade II:	 Moderate vasospasm in more than two of 
the six segments listed above and/or severe 
vasospasm in only one of six segments.

Grade III:	S evere vasospasm in one of the following: 
either of the two M1 segments, the domi-
nant A1 segment, any two of the four M2 
segments, or both A2 segments.

Grade IV:	S evere vasospasm in more than two of 
the locations listed in Grade III.

III. SV and cerebral infarction on CT scan
During hospitalization, the presence of SV and a low-

density area on CT scan were evaluated as follows:7,11)

If symptoms were newly observed without preceding 
symptoms from other causes, such as surgical or 
medical complications, hemiparesis, monoparesis, 
and aphasia were considered to be caused by vasos-
pasm of the MCA. Paralysis of the lower extremities, 
disturbance of consciousness, and mental disturbance 
were thought to be related to vasospasm of the ACA. 
If the symptoms subsequently disappeared, they 
were regarded as transient, but if the symptoms 
persisted until discharge from the hospital, they 
were regarded as permanent.

CT scanning was repeated in order to detect 
persistence of subarachnoid clot and the areas of 
ischemia. If a new low-density area appeared that 
had not been seen on previous CT scan or caused by 
other factors such as the operation, it was regarded 
as cerebral infarction due to vasospasm, with or 
without clinical symptoms.

AV grade, SV, and cerebral infarction due to 
vasospasm were independently assessed without 
knowledge of each, or of SAH grade on CT scan.

IV. Data collection
In the present study, data on 40 variables were 

collected for analysis. The demographic and clinical  

Fig. 2  Angiographic vasospasm grade assessed by comparing bilateral carotid angiograms obtained between days 
7 and 9 after subarachnoid hemorrhage (lower angiograms) with those obtained by day 2 (upper angiograms).
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in the data collection, all of the data were reviewed 
by the author (T.I.) before being input to a personal 
computer, to maintain format consistency.

V. Statistical analysis
The chi-squared test, Mann-Whitney U-test, or 

Kruskal-Wallis test was used for statistical analysis. 
Multiple logistic regression analysis was performed 
to determine the variables associated with AV 
grade III–IV, SV, and cerebral infarction evident on 
CT scan. Statistical analysis was performed using 
commercially available software (version 3, JMP 
Statistical Analysis Program, SAS Institute Inc., 
Cary, North Carolina, USA). Differences at p < 0.05 
were considered to be significant.

Results

Among the 370 patients, AV, SV including both 
transient and permanent SVs, and cerebral infarction 
on CT scan were observed in 356 (96%), 89 (24%), 
and 73 (20%), respectively. Close correlations of AV 
grade to the incidences of SV and cerebral infarction 
were found. There was a distinct difference between 
AV grades 0–II and III–IV in the incidences of SV 
and cerebral infarction. Among the 275 patients with 
AV grade 0–II, 22 (8%) had SV and 13 (5%) had 
cerebral infarction, whereas among the 95 patients 
who had the more severe AV grade III–IV, these 
features were observed in 67 (71%) and 60 (63%), 
respectively (both p < 0.0001).

Univariate analysis was performed to assess the 
individual relationships between each of the 40 
variables and the incidences of AV grade III–IV, 
SV, and cerebral infarction on CT scan. Twelve 
variables were found to be significantly related to 
at least one of AV grade III–IV, SV, and cerebral 
infarction on CT scan (Table 1), and these vari-
ables were used for multivariate analysis (Table 2).  
This demonstrated that SAH grade III–IV on CT 
scan had the strongest relationship with all of AV 
grade III–IV, SV, and cerebral infarction, followed 
by LVH on ECG, cigarette smoking, and hyperten-
sion. Although univariate analysis showed that 
Hunt-Hess grade III–IV, ICH or/and IVH on CT 
scan, and ST depression on ECG were significantly 
related to all of AV grade III–IV, SV, and cerebral 
infarction, the relationships did not reach statistical 
significance in multivariate analysis. Table 3 shows 
the SAH grades on CT scan in patients with vari-
ables that were shown to be significantly related 
to at least one of AV grade III–IV, SV, and cerebral 
infarction in univariate analysis. The incidence of 
severe SAH grade III–IV on CT scan was very high 
in patients who had Hunt-Hess grade III–IV, ICH  

variables assessed included patient’s age, sex, 
preoperative Hunt-Hess grade, rebleeding, cigarette 
smoking, hypertension, alcohol intake, heart disease, 
and BMI. Diagnosis of rebleeding before admission 
was made only if the patient again experienced 
a definite clinical deterioration after an episode 
suggesting SAH.22) After admission, patients who 
showed a sudden neurological deterioration were 
subjected to repeat CT scanning, and rebleeding 
was diagnosed only when fresh blood was found 
on the CT scan in comparison with the previous 
scan.22) For smoking, patients were divided into 
three groups: current smokers, former smokers, and 
never smokers.23,24) Hypertension was defined as a 
history of the disorder, regardless of treatment with 
antihypertension medication.23,24) Information on heart 
disease, including valvular disease, coronary heart 
disease, and myocardial infarction, was based on 
medical history. Radiographic characteristics entered 
into the analysis were type of hemorrhage and SAH 
grade evident on CT scan, and the site and size of 
the ruptured aneurysm. In this study, for patients 
who had no rebleeding, CT findings that had been 
obtained on admission were adopted, whereas for 
patients who had rebleeding, those obtained after 
rebleeding were adopted. With regard to surgery, its 
timing, the operative approach employed, and use 
of temporary occlusion during surgery, including 
the number of occlusions, their total duration, or 
maximum occlusion time, were recorded. Labora-
tory data that had been obtained on admission and 
assessed were mean arterial pressure, and blood 
examination data including white and red blood cell 
counts, and the serum levels of sodium, potassium, 
glucose, total cholesterol, aspartate aminotransferase, 
alanine aminotransferase, blood urea nitrogen, 
γ-glutamyltransferase, lactate dehydrogenase, and 
creatine phosphokinase. A standard 12-lead ECG 
was routinely obtained from each patient on admis-
sion, and analyzed by experienced cardiologists 
who were blinded to the patient’s condition. ECG 
changes analyzed included heart rate, QTc time, 
arrhythmia, left ventricular hypertrophy (LVH), ST 
elevation, ST depression, peaked T wave, T wave 
inversion, and U wave. To assess the presence of 
LVH, the Sokolow-Lyon index was used; LVH was 
considered when the S wave in lead V1 plus the R 
wave in lead V5/6 was > 3.5 mV.

Data for all patients, including laboratory data, 
were entered on a standard format sheet soon after 
the patients had been discharged from the hospital, 
and the data were prospectively entered into a 
personal computer (Apple II and Macintosh, Apple 
Inc., Cupertino, California, USA) by the same dedi-
cated assistant. Although many doctors participated 
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Table 1  Risk factors associated with AV grade III–IV, symptomatic vasospasm and cerebral infarction on 
CT scan

Category No. of 
patients

AV grade III–IV Symptomatic vasospasm Cerebral infarction

N (%) p value N (%) p value N (%) p value

Total cases 370 95 (26) 89 (24) 73 (20)

Hunt-Hess grade I–II 202 36 (18) 0.0001 32 (16) < 0.0001 23 (11) < 0.0001

III–IV 168 59 (35) 57 (34) 50 (30)

SAH grade on  
CT scan

0–II 154 10 (6) < 0.0001 8 (5) < 0.0001 7 (5) < 0.0001

III–IV 216 85 (39) 81 (38) 66 (31)

Type of hemorrhage 
on CT scan*

SAH alone 317 73 (23) 0.0016 68 (21)    0.0016 54 (17) 0.0005

ICH or/and IVH 50 22 (44) 21 (42) 19 (38)

Rebleeding Absent 328 77 (23) 0.0067 74 (23)    0.0604 57 (17) 0.0014

Present 42 18 (43) 15 (36) 16 (38)

Cigarette smoking Nonsmoker 202 39 (19) 0.0008 39 (19)    0.0163 34 (17) 0.0834

Current regular  
or former smokers

148 52 (35) 45 (30) 36 (24)

Hypertension Absent 182 36 (20) 0.0062 30 (16)    0.0009 23 (13) 0.0010

Present 179 58 (32) 56 (31) 47 (26)

Alcohol intake Occasional or no 
drinking

239 53 (22) 0.0275 54 (23)    0.2966 48 (20) 0.9508

Daily drinking 108 36 (33) 30 (28) 22 (20)

WBC count < 10,000/mm3 157 33 (21) 0.0783 26 (17)    0.0037 26 (17) 0.1884

≥ 10,000/mm3 213 62 (29) 63 (30) 47 (22)

Serum glucose 
level 

< 130 mg/dl 80 17 (21) 0.3258 12 (15)    0.0311 8 (10) 0.0133

≥ 130 mg/dl 285 76 (27) 76 (27) 64 (22)

QTc time (ms)  
on ECG

< 450 137 25 (18) 0.0362 27 (20)    0.1163 19 (14) 0.0376

≥ 450 191 54 (28) 52 (27) 44 (23)

LVH on ECG Absent 224 40 (18) 0.0001 34 (15) < 0.0001 30 (13) 0.0001

Present 118 43 (36) 49 (42) 36 (31)

ST depression  
on ECG

Absent 282 62 (22) 0.0327 60 (21)    0.0051 48 (17) 0.0207

Present 60 21 (35) 23 (38) 18 (30)

*Three patients with subdural hematoma are not included. AV: angiographic vasospasm, CT: computed tomography, ECG: electro-
cardiogram, ICH: intracerebral hemorrhage, IVH: intraventricular hemorrhage, LVH: left ventricular hypertrophy, SAH: subarach-
noid hemorrhage, WBC: white blood cell. 

or/and IVH on CT scan, rebleeding, leukocytosis, 
or hyperglycemia.

The effect of LVH on vasospasm was analyzed in 
cigarette smokers or hypertensive patients. AV grade 
III–IV, SV, and cerebral infarction occurred in 26 
(57%), 25 (54%), and 18 (39%) of the 46 patients 
who were smokers with LVH, 29 (43%), 33 (49%), 
and 24 (35%) of the 68 patients who had both 

hypertension and LVH, and 17 (77%), 17 (77%), 
and 13 (59%) of the 22 patients who smoked and 
had both LVH and hypertension, respectively.

Discussion

With regard to the definition of cerebral vasospasm, 
while the diagnosis of AV is usually based on 
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Table 3  Relationships between risk factors and SAH grade III–IV evident on CT scan

Category No. of patients
SAH grade III–IV on CT scan

N (%) p value

Total cases 370 216 (58)
Hunt-Hess grade I–II 202 84 (42) < 0.0001

III–IV 168 132 (79)
Type of hemorrhage  
on CT scan*

SAH alone 317 175 (55) 0.0009
ICH or/and IVH 50 40 (80)

Rebleeding Absent 328 177 (54) < 0.0001
Present 42 39 (93)

Cigarette smoking Non-smoker 202 115 (57) 0.2662
Current regular or former smokers 148 93 (63)

Hypertension Absent 182 95 (52) 0.0270
Present 179 114 (64)

Alcohol intake Occasional or no drinking 239 135 (56) 0.1439
Daily drinking 108 70 (65)

WBC count < 10,000/mm3 157 77 (49) 0.0017
≥ 10,000/mm3 213 139 (65)

Serum glucose level < 130 mg/dl 80 29 (36) < 0.0001
≥ 130 mg/dl 285 183 (64)

QTc time (ms) on ECG < 450 137 70 (51) 0.0667
≥ 450 191 117 (61)

LVH on ECG Absent 224 119 (53) 0.0209
Present 118 78 (66)

ST depression on ECG Absent 282 156 (55) 0.0639
Present 60 41 (68)

*Three patients with subdural hematoma are not included. CT: computed tomography, ECG: electrocardiogram, ICH: 
intracerebral hemorrhage, IVH: intraventricular hemorrhage, LVH: left ventricular hypertrophy, SAH: subarachnoid 
hemorrhage, WBC: white blood cell. 

Table 2  Multivariate analysis of risk factors for cerebral vasospasm

Variable
AV grade III–IV Symptomatic vasospasm Cerebral infarction

Odds ratio  
(95% CI) p value Odds ratio  

(95% CI) p value Odds ratio  
(95% CI) p value

Hunt-Hess grade III–IV 0.98 (0.46–2.06) 0.9705 0.88 (0.40–1.89) 0.7589 1.30 (0.59–.2.84) 0.5083
SAH grade III–IV on CT scan 9.09 (3.86–24.53) < 0.0001 13.39 (5.15–42.49) < 0.0001 7.64 (2.94–24.05) 0.0001
ICH or/and IVH on CT scan 1.92 (0.78–4.73) 0.1517 2.18 (0.87–5.54) 0.0947 1.61 (0.65–3.93) 0.2897
Rebleeding 1.14 (0.45–2.83) 0.7722 0.92 (0.35–2.35) 0.8765 1.16 (0.45–2.92) 0.7457
Current regular or former 
smokers

2.77 (1.30–6.02) 0.0086 2.83 (1.29–6.37) 0.0099 2.84 (1.26–6.57) 0.0123

Hypertension 1.92 (1.00–3.73) 0.0485 2.06 (1.05–4.09) 0.0347 2.18 (1.09–4.46) 0.0284
Daily drinkers 1.23 (0.56–2.68) 0.5933 0.80 (0.35–1.79) 0.5991 0.62 (0.26–1.43) 0.2701
Count of WBC ≥ 10,000/mm3 0.98 (0.49–1.95) 0.9660 1.23 (0.60–2.52) 0.5614 0.70 (0.33–1.45) 0.3412
Serum glucose level  
≥ 130 mg/dl

0.72 (0.31–1.71) 0.4594 0.83 (0.34–2.05) 0.6834 1.31 (0.52–3.57) 0.5734

QTc ≥ 450 ms on ECG 1.52 (0.78–3.01) 0.2209 1.02 (0.51–2.05) 0.9391 1.44 (0.70–3.00) 0.3191
LVH on ECG 2.71 (1.43–5.20) 0.0023 3.48 (1.80–6.90) 0.0003 2.19 (1.11–4.32) 0.0224
ST depression on ECG 1.29 (0.56–2.90) 0.5409 2.09 (0.91–4.78) 0.0780 1.38 (0.59–3.12) 0.4424

AV: angiographic vasospasm, CI: confidence interval, CT: computed tomography, ECG: electrocardiogram, ICH: intracerebral 
hemorrhage, IVH: intraventricular hemorrhage, LVH: left ventricular hypertrophy, SAH: subarachnoid hemorrhage, WBC: 
white blood cell.



Risk Factors Associated with Cerebral Vasospasm 471

Neurol Med Chir (Tokyo) 54, June, 2014

subjective narrowing of the artery compared with 
images without vasospasm,7–11) delayed ischemic 
complications after SAH have been defined by a 
variety of terms and methods. SV is defined as new 
or worsening delayed neurological deterioration, 
even when transient, without any other identifiable 
cause that is associated with vasospasm confirmed 
by angiography.1,4,7–11,14,15) When a new hypoden-
sity is observed on CT scan, and is not related 
to complications such as surgery or angiography, 
it is defined as cerebral infarction.2,7–11,13) Delayed 
cerebral ischemia (DCI) is defined as either the 
presence of SV or new cerebral infarction evident 
on CT scan attributable to vasospasm, or both.2,4,6) 
Delayed ischemic neurological deficit (DIND) is 
defined as worsening of neurological status that is 
not attributable to another apparent cause such as 
hydrocephalus or seizure, occurring in the presence 
or absence of AV.13)

In the present study, multivariate analysis showed 
that SAH grade III–IV on CT scan, cigarette smoking, 
hypertension, and LVH on ECG were significant risk 
factors among AV grade III–IV, SV, and cerebral 
infarction. There is undoubtedly a strict correlation 
between the amount of subarachnoid blood detected 
by CT scan soon after SAH and the subsequent devel-
opment of vasospasm. With regard to the methods 
used for assessing SAH on CT scans, that employed 
most commonly is the scale devised by Fisher et al.,3)  
and recently, a modified Fisher grade has been 
proposed by Claassen et al.2) In these approaches, 
the cisternal clot and ICH/IVH are assessed using 
the same grading scales. However, when taking 
into account that the most powerful determinant 
of vasospasm is the thickness of the subarachnoid 
blood clot on CT scans, grading of cisternal SAH 
on CT scan, regardless of whether patients have 
concomitant hematoma such as ICH/IVH, is more 
useful for prediction of vasospasm. Some authors 
have reported that cigarette smoking increases the 
risk of AV4,18) or SV14) after aneurysmal SAH, whereas 
others have detected no effect of cigarette smoking 
on SV5) or DCI.2,6) Although a history of hyperten-
sion was not identified as a risk factor for SV,1,14,16) 
DCI,2,6) or DIND,13) some investigators have demon-
strated a positive association between pre-existing 
hypertension and the likelihood of SV15) or DCI.12,17) 
To the contrary, Hirashima et al.5) demonstrated that 
a history of hypertension had a significant negative 
relationship with SV; that is, the occurrence of SV 
was decreased. These two factors are well-known 
modifiable risk factors for aneurysmal SAH.23,24) The 
pathophysiologic details of why cigarette smoking 
and hypertension elevate the risk of vasospasm 
remain unclear. Ohman et al.17) speculated that 

the brain of a hypertensive patient might be less 
tolerant to ischemia than that of a normotensive 
patient. Cigarette smoking and hypertension may 
cause arteriopathy.14) Therefore, these two factors 
may interact with each other.

With regard to the relationship between ECG 
changes after SAH to the occurrence of vasospasm, 
Brouwers et al.19) have found no predictive effect 
of individual ECG abnormalities on the risk of DCI. 
Schuiling et al.20) reported that although ST depres-
sion was associated with the occurrence of DCI in 
univariate analysis, its importance was negligible 
for prognostication of DCI, and concluded that ECG 
abnormalities did not contribute to the prediction of 
DCI. In the present study also, while ST depression 
was significantly associated with the occurrence of 
SV and cerebral infarction in univariate analysis, 
the association was not significant in multivariate 
analysis. In the present study, the most interesting 
finding was a beneficial association between LVH 
on ECG and all of AV grade III–IV, SV, and cerebral 
infarction. To our knowledge, this is the first study 
to have described LVH as an independent risk factor 
for the development of vasospasm. In addition to 
hypertension and cigarette smoking, it is well known 
that the presence of LVH is associated with a marked 
increase in the risk of cardiovascular events and 
stroke. A meta-analysis of SAH has concluded that 
the occurrence of DCI was associated with markers of 
cardiac damage and dysfunction, such as electrocar-
diographic wall motion abnormalities, and elevated 
levels of troponin, creatine kinase MB, and brain 
natriuretic peptide.25) Mayer et al.26) showed that a 
depressed cardiac index after SAH was an independent 
predictor of SV, and suggested that cardiac output 
reduction might increase the risk of cerebral ischemia 
related to vasospasm. Furthermore, Temes et al.27) 
demonstrated that left ventricular dysfunction after 
SAH, defined as an ejection fraction of < 40% on 
cardiography, was associated with an increased risk 
of cerebral infarction due to vasospasm. Therefore, 
if SAH occurs in patients with LVH, cardiac damage 
and dysfunction may become more severe than that 
in patients without LVH, resulting in a higher risk of 
vasospasm. On the other hand, systemic hyperten-
sion is the most common cause of LVH. Therefore, 
if SAH occurs in hypertensive patients or smokers 
who have had LVH prior to the onset of SAH, then 
cardiac damage and dysfunction might become much 
more severe than in those without LVH, resulting 
in a much higher risk of vasospasm. In fact, in the 
hypertensive patients or smokers investigated in 
this study, while the incidences of AV grade III–IV, 
SV, and cerebral infarction were high, they became 
much higher if the patients had premorbid LVH.
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In the present study, although Hunt-Hess grade 
III–IV, ICH or/and IVH on CT scan, rebleeding, leuko-
cytosis, and hyperglycemia were positive predictors 
of vasospasm in univariate analysis, they did not 
reach statistical significance in multivariate analysis. 
Considering the results of the present study, one of 
the most plausible reasons why these five variables 
were not significant predictors of vasospasm in multi-
variate analysis is that there is a close correlation 
between them and SAH grade on CT scan.

This study had some limitations, the most impor-
tant of which was that LVH was detected by elec-
trocardiography alone, and was not examined using 
echocardiography or cardiac magnetic resonance 
imaging. ECG is very specific, but insensitive, for 
detection of LVH. Therefore, although the incidence 
of vasospasm is high in patients with LVH, the 
exact incidence is still uncertain at present. Further 
research is required to confirm the actual incidence 
of vasospasm in patients with LVH that has been 
diagnosed adequately.

The present study has shown that severe SAH 
evident on CT scan is the most important risk factor 
for vasospasm followed by LVH on ECG, cigarette 
smoking, and hypertension. This is the first reported 
study to have shown that LVH on ECG is an inde-
pendent risk factor for the development of vasos-
pasm. In smokers or hypertensive patients, while 
the incidences of AV grade III–IV, SV, and cerebral 
infarction on CT scan were high, they became much 
higher if patients had premorbid LVH.
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