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~," Intracranial aneurysm surgery performed between 4 and 12 days after subarachnoid hemorrhage (SAH) 
has been associated with an increased risk of delayed cerebral ischemia and poor outcome compared to surgery 
performed before or after this time. To investigate whether this increased risk is due to aggravation of vasospasm, 
the angiograms obtained before and after surgery in 56 patients operated on at various times after aneurysmal 
SAH were studied. Vasospasm was quantitated by measuring the diameters of intracranial arteries and expressed 
as the ratio of the diameters of the intracranial arteries to the diameter of the extracranial internal carotid 
artery. Aggressive surgical clot removal was not performed at surgery. To correct for differences in prognostic 
factors for vasospasm between patients operated on at different times after SAH, multiple regression analysis 
was performed using the arterial diameter ratio during vasospasm as the dependent variable and the prognostic 
factors for vasospasm, including the time of surgery, as independent variables. Equations predicting the severity 
of vasospasm could be generated using the clinical grade on admission, patient age, and preoperative arterial 
diameter ratio. 

The time of surgery had no effect on vasospasm. Cerebral infarction due to vasospasm developed in five 
(15%) of 34 patients operated on within 3 days after SAH and in four (20%) of 20 operated on between 4 
and 12 days after SAH (p = 0.66). A good outcome for these two groups was achieved in 88% and 85%, 
respectively (p = 1.00). These results suggest that the timing of surgery does not affect the development of 
vasospasm. Any increased risk of cerebral ischemia associated with surgery performed between 4 and 12 days 
after SAH is due to factors other than aggravation of vasospasm. 
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C 
URRENT management of aneurysmal subarach- 
noid hemorrhage (SAH) favors early surgery for 
aneurysm clipping when patients present within 

3 days after SAIl, although firm scientific data are not 
available to support this practice. 7,19,28,34,3~,37 The timing 
of surgery for patients presenting from 4 to 12 days 
after SAH, during the period of risk for vasospasm, is 
perhaps more controversial. There are reports that de- 
layed cerebral ischemia and poor outcome may occur 
more frequently when patients undergo surgery 4 te 12 
days after SAn. 18,19,27,29 This might be because vaso- 
spasm is precipitated or aggravated by surgical dissec- 
tion and manipulation of cerebral arteries that are al- 
ready irritated by subarachnoid bloodJ ~ Alternative 
explanations are that retraction of brain with compro- 
mised cerebral blood flow (CBF) and autoregulation, 
blood pressure and cardiovascular fluctuations, or other 

unidentified factors account for the increased risk of 
ischemia when surgery is performed during vaso- 
spasm. 1~ Although studies have examined the rate of 
cerebral infarction attributable to vasospasm in relation 
to timing of surgery, a quantitative study of the effect 
of timing of surgery on vasospasm in humans has not 
been performed. 

In order to test the hypothesis that surgery performed 
between 4 and 12 days post-SAH worsens vasospasm, 
cerebral arterial diameters were measured on angio- 
grams from 56 patients with aneurysmal SAH. Analysis 
by stepwise multiple regression was carried out to see 
if time of surgery after SAH was a factor that predicted 
the severity of vasospasm. A secondary analysis was 
carried out to determine the effect of timing of surgery 
on the incidence of delayed cerebral ischemia and over- 
all outcome after aneurysmal SAH. 
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Clinical Material and Methods 

Patient Population 

Seventy-eight patients with intracranial aneurysms 
were managed consecutively between July, 1988, and 
December, 1991. Complete three- or four-vessel an- 
giography was performed preoperatively in all patients, 
and the protocol demanded an angiogram after surgery 
in all patients undergoing aneurysm clipping. Aneu- 
rysm surgery was performed as soon as possible after 
the patient was admitted to the hospital, regardless of 
the time elapsed since SAH. During surgery, blood 
clots in the area of dissection were suctioned away but 
more extensive removal of subarachnoid blood was not 
performed. All patients were treated with nimodipine 
and prophylactic hypervolemia (3 liters of intravenous 
fluid per day). All available angiograms, computerized 
tomography (CT) scans, hospital and outpatient medi- 
cal records, and an aneurysm database created and 
maintained by the senior author (M.C.W.) were re- 
viewed. Four patients were excluded from the study 
because of a history suggesting multiple recent hem- 
orrhages. Other reasons for exclusion were clinical 
presentation with symptoms other than SAH (13 cases), 
insufficient or poor-quality radiographs (four cases), 
and administration of tissue plasminogen activator at 
the time of surgery for aneurysm clipping (one case). 
The 56 remaining patients had arterial diameter mea- 
surements taken from 108 angiograms, including those 
obtained after 187 carotid artery injections. Measure- 
ments obtained from an additional 18 angiograrns (after 
32 carotid artery injections) from 12 aneurysm patients 
presenting with focal neurological deficit or seizures 
were used to establish a baseline value for the diameters 
of intracranial arteries in patients with aneurysms. 

Clinical and Radiographic Assessments 

The day of SAH was defined as Day 0. Patients were 
graded clinically on the day of admission using the 
World Federation of Neurological Surgeons grading 
system. 9 The amount of subarachnoid blood on admis- 
sion CT scans was graded according to the scale of 
Fisher, et aU~ Computerized tomography was per- 
formed postoperatively in 48 patients, including all 
cases with neurological deterioration from the preop- 
erative condition. No postoperative CT scan was ob- 
tained in seven patients with a good preoperative grade 
who remained in perfect neurological condition fol- 
lowing surgery and in one patient who suffered ma- 
jor intraoperative aneurysm rupture with uncontrolled 
hemorrhage and died shortly after surgery. 

Cerebral infarction was defined by the development 
of a focal neurological deficit, a decrease in the level 
of consciousness, or both, accompanied by persistent 
hypodensity on CT scans or by the appearance of per- 
slstent hypodensity on postoperative CT scans without 
obvious clinical deficit. 33 Infarction was attributed to 
surgical complications such as perforator injury or ma- 
jor vessel occlusion if the hypodensity on a CT scan 
was in the territory of the perforating vessels or if a 
postoperative angiogram showed a major vessel occlu- 

FIG. 1. Drawing of anteroposterior (left) and lateral (right) 
views of an internal carotid angiogram showing sites at which 
measurements of arterial diameters were obtained, and the 
method for calculating the ratio to estimate the severity of 
vasospasm (Reproduced from Weir B, Grace M, Hansen J, 
et al: Time course of vasospasm in man. J Neurosurg 48: 
173-178, 1978, with permission.) 

sion supplying the infarcted territory seen on the CT 
scan. Infarction was considered due to vasospasm if 
the patient developed a focal neurological deficit or de- 
terioration in the level of consciousness between 4 and 
12 days after SAH, if the deterioration was accompa- 
nied by persistent hypodensity on CT scans and an- 
giographic evidence of vasospasm, and if no other 
cause for the deficit was found. Infarction due to va- 
sospasm was not diagnosed when a delayed neurologi- 
cal deficit occurred but was reversed by hypertensive 
hypervolemic therapy and a persistent hypodensity did 
not appear on CT scans. Outcome was assessed accord- 
ing to the Glasgow Outcome Scale '6 at 3 to 6 months 
post-SAH. 

Quantitation of Vasospasm 

Vasospasm was quantitated by measuring arterial di- 
ameters on the anteroposterior and lateral projections 
of internal carotid angiograms. Arterial diameters were 
measured at eight predetermined points in the anterior 
circulation, as established by Gabrielsen and Greitz, 12 
using a Zeiss MOP-3 image analyzer accurate to 0.1 
mm. Magnification was corrected for by calculating the 
ratio of the intracranial arterial diameters to the diam- 
eter of the extraeranial internal carotid artery, as de- 
scribed by Weir, et al. 36 (Fig. 1). The ratio for normal 
subjects, as derived from the data of Gabrielsen and 
Greitz, is 2.09:1. 

Statistical Analysis 

In order to test the hypothesis that surgery performed 
between 4 and 12 days after SAH worsens vasospasm, 
stepwise multiple regression analysis was carried out 
using the severity of vasospasm (judged by the ratio 
described above) as the dependent variable and using 
factors that may predict vasospasm as independent 
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TABLE 1 
Characteristics of 56 patients with aneurysmal SAH 

correlated to time of surgery* 

Factor 
Time of Surgery 

Day 0-3 Day 4-12 -> Day 13 

no. of cases 34 20 2 
mean day ofad- 0.2_+0.5 3.9_+3.1 0_+0 

mission after SAH 
mean age (yrs) 49 +_ 13 48 4 15 58 +_ 2 
clinical grade) 

I 14 10 0 
II 7 8 1 
III 8 0 0 
IV 5 2 1 

CT grade:~ 
I 2 3 0 
2 9 11 0 
3 21 5 1 
4 2 1 1 

* SAH = subarachnoid hemorrhage; CT = computerized tomog- 
raphy. 

t World Federation of Neurological Surgeons grading scale 9 of clini- 
cal status on admission. 

:~ Fisher grading system of subarachnoid blood on admission CT. n 

variables, including preoperative angiographic arterial 
diameter ratio, patient age, clinical grade, Fisher CT 
grade of subarachnoid blood, and number of  days from 
SAH to hospital admission, to preoperative angiogra- 
phy, to surgery, and to postoperative angiography. At 
each stage of the regression analysis, F-tests were used 
to compare two nested models. Following generation 
of the regression equation, the Wilks test for normality 
and a normal probability plot were performed to ensure 
that assumptions implicit in the analysis had not been 
violated. The assumption of independence and equality 
of  variances was also tested by examining plots of  re- 
siduals against fitted values. Logistic regression analy- 
sis was used to determine which of the above inde- 
pendent variables predicted a good outcome (good 
recovery or moderate disability) or a bad outcome (se- 
vere disability, vegetative state, or dead), t6 Intergroup 
comparisons for assessment of outcome and rate of in- 
farction due to vasospasm were performed using Fish- 
er 's  exact test and analysis of variance where appro- 
priate. All values are expressed as mean _+ standard 
deviation. Statistical significance was considered at a 
p value of less than 0.05. 

R e s u l t s  

Severity of Vasospasm 

Table 1 shows the mean patient age, day of admis- 
sion after SAH, and clinical and CT grades on admis- 
sion correlated to the time of surgery. Patients under- 
going surgery 4 or more days after SAIl  tended to be 
in better clinical condition, to have less subarachnoid 
blood on admission CT scans, and to be admitted later 
after SAH than patients operated on within 3 days of  
SAH. A comparison of the severity of vasospasm be- 
tween these groups, as assessed by measurements on 

FIG. 2. Bar graph showing vessel ratio (intracranial to ex- 
tracranial cerebral artery diameters) on angiograms in patients 
without subaraehnoid hemorrhage (SAH) and on angiograms 
obtained between 4 and 12 days after SAH and grouped ac- 
cording to the time of surgery, whether within 3 days of SAIl, 
4 to 12 days after SAH, or 13 or more days post-SAH. There 
is a trend toward a larger vessel ratio (that is, less vasospasm) 
as the time interval from SAIl to surgery increases (p > 0.05, 
analysis of variance), n = number of patients. Vertical 
bars = mean --- standard deviation. 

angiograms obtained between 4 and 12 days post-SAH, 
shows a trend toward a larger vessel ratio and therefore 
less vasospasm as the time interval from SAH increases 
(Fig. 2, nol statistically significant, analysis of vari- 
ance). Since patients were generally operated on 
shortly after hospital admission, the reason for delayed 
surgery was late admission. Therefore, it is not surpris- 
ing that patients in the 4-to 12-day surgery group have 
less severe vasospasm since they have more favorable 
prognostic factors for vasospasm. 

Multiple Regression Analysis 

Stepwise multiple regression analysis generated 
equations using the preoperative vessel diameter ratio, 
patient age, and the clinical grade on admission to pre- 
dict the vessel ratio (that is, the degree of vasospasm) 
between 4 and 12 days after SAH. The Fisher CT grade 
of subarachnoid blood did not contribute significantly 
due to its strong relationship to the clinical grade. The 
day of admission to the hospital contributed signifi- 
cantly to explaining the degree of vasospasm, although 
it was not of additional independent value to add to 
the regression equations. The time of  surgery did not 
contribute significantly to the degree of vasospasm. 
The final model derived (Table 2) explains 67% of the 
variance in the degree of vasospasm on angiograms 
obtained 4 to 12 days after SAH. 

Overall Outcome and Incidence of Delayed 
Cerebral Ischemia 

Logistic regression showed that the only variable 
predicting outcome was clinical grade on admission, 
although this was not statistically significant. There 
were also no significant differences in outcome (p = 
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TABLE 2 

Equations gem, rated I)v multil)h' re,tcrt'ssi(m analysis to 
predict severity of vasospaxm 4 Io 12 tho,s qfter SAH* 

Clinical 
Grader Equation 

l pnstopcrativc ratio -(I.37 + 0.82 (preoperative ratio) 
+ (I.0084 (agc) 

II postoperative ratio - 1.8,3 - 0.45 (preoperative ratio) 
+ 0.11(184 (age) 

Ill postoperative ratio 0.l 5 + 0.5(/(preoperative ratio) 
+ 0.(1084 (age) 

IV postoperative ratio 4.68 - 2.0(l (preoperative ratio) 
+ 0.0084 (agc) 

* SAH = subarachnoid hemorrhage. 
i" World Federation of Neurological Surgeons grading scale." 

0.66) or rate of infarction due to vasospasm (p = 1.00) 
between patients operated on within 3 days of SAH 
and those operated on between Day 4 and 12 (Table 3). 

Discussion 

Effect of Surgery on Vasospasm 

Sundt 2s and others ],~'m have stated that surgery un- 
questionably aggravates vasospasm and contributes to 
poor outcome when performed bem'een 4 and 12 days 
after SAH. In the International Cooperative Study on 
the Timing of Aneurysm Surgery, ls,tg,31 of 3521 pa- 
tients admitted within 3 days of aneurysm rupture and 
operated on at various times after SAH, the incidence 
of focal ischemic deficit due to vasospasm was highest 
when surgery was performed 4 to 10 days after SAH. 
The time of surgery was not randomly allocated and 
patients operated on at different times differed in fac- 
tors that might affect vasospasm.19,31 The increased risk 
of focal ischemia persisted, however, when logistic re- 
gression was used to correct for differences in factors 
affecting vasospasm. 31 Focal ischemia was defined by 
clinical criteria and angiography to confirm that the di- 
agnosis was carried out in 48% of cases. It should be 
noted that the International Cooperative Study was car- 
ried out prior to the use of nimodipine, that 44% of 
patients received antifibrinolytic agents, and that hy- 
pervolemia was used in only 22% of cases. The present 
study, using clinical criteria and a quantitative assess- 
ment of angiographic vasosp..asm, did not confirm the 
earlier findings. 1-~,t422.25-27 Ohman and Heiskanen 22 
randomly assigned 216 patients admitted within 72 
hours of aneurysmal SAH to undergo surgery 0 to 3, 4 
to 7, or 8 or more days after ictus.There were no signif- 
icant differences between groups in prognostic factors 
for outcome or for development of vasospasm. Vaso- 
spasm, diagnosed by clinical criteria and qualitative as- 
sessment on angiography, caused permanent neurologi- 
cal deficit in 25 % of patients operated on between Days 
0 and 3, 17% between Days 4 and 7, and 24% after 
Day 8. Despite the lack of effect on vasospasm, there 
was an increased risk of bad outcome when surgery 
was performed 4 or more days after SAH. A previous 
experimental study also found no significant effect of 
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TABLE 3 
Correlation of cerebral infarction and overall outcome 

with time of surgery in 56 patients with aneurvsmal SAH* 

Time of Surgery 
l-actor 

Day 0-3 Day 4~12 > Day 13 

no. ot cases 34 20 2 
cerebral iafarction 10 (29%) 8 (40%) 1 (50%) 
infarct duc to vasospasm 5 (15%) 4 (20%) 1 (50%) 
good outcome't' 30 (88%) 17 (85%) l (50%) 
bad outcome+ 4 (12%) 3 (15%) 1 (50%) 

SAH - subarachnoid hemorrhagc. 
t Outcome according to the Glasgow Outcome Scale: J" good good 

recevery, moderate disability; bad - sevcJc disability, vegetative state, 
or dead. 

surgery on vasospasm as assessed by measurement of 
arterial diameters. 1~ It could be argued that, since sur- 
gery appears to have little effect on vasospasm, man- 
agement of vasospasm with hypervolemia, administra- 
tion of nimodipine, and avoidance of antifibrinolytic 
agents prevents the increased risk of infarction when 
surgery is performed during vasospasm. 27 Poor out- 
come with delayed surgery becomes a function of the 
rate of rebleeding. 

Timing of Surgery and Outcome 

Studies reporting outcome and rates of clinical va- 
sospasm in relation to timing.of surgery are presented 
in Table 4. In the study of Ohman and Heiskanen, 2z 
the time of surgery was randomly allocated; in all oth- 
ers, surgery was delayed due to the pattern of practice, 
a delay in the admission of the patient to the hospital, 
or unstated reasons, which results in a difference in the 
prognostic factors for outcome between the patients 
operated on at different times. 8,1~-z~ One interpreta- 
tion of these studies is that, when patients operated on 
at different times are matched for known prognostic 
factors for outcome and for vasospasm, then manage- 
ment mortality will be lower with early surgery. 62,2z 
35,37 Cerebral ischemia and infarction will develop in- 
dependent of when surgery is performed, although 
increased rates may be observed in earlier series in 
which hypovolemic patients underwent surgery during 
vasospasm, and were often subjected to induced hypo- 
tension. When surgery is delayed because of late 
admission to the hospital, a policy of delayed surgery, 
or unstated reasons, then the advantage of early surgery 
will be decreased or lost due to more favorable prog- 
nostic factors in the late-surgery groups. 2-5,17-1925,27 
Vasospasm-related deficits may then develop more 
commonly in patients operated on within 3 days of 
SAH. 5,25 Furthermore, presenting the results as surgi- 
cal morbidity and mortality rather than manage- 
ment morbidity and mortality will also favor late sur- 
gery.3.4,7. 25 

Potential Causes of Cerebral Infarction With 
Surgery 4 to 12 Days Post-SAH 

If there is no effect of surgery on angiographic va- 
sospasm, as suggested by the present study and pre- 
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TABLE 4 

Summary of studies on timing of surgery for patients with ruptured aneurysms* 

Authors& Year Patient Population Study Methods ComparablecharacteristicsPatient Result 

Weir, et 274 patients, 146 surgically 
al., 1975 . treated 

retrospective review, 
multiple regression 
analysis 

retrospective review, 
univariatc statistical 
analysis 

Samson, et 106 patients surgically 
aL, 1978 treated (clinical 

Grades I & I1) 

Sano & 443 patients, 403 surgically retrospective review, 
Saito, 1978 treated no statistical analysis 

clinical grade patient age, 
blood pressure, mass lesion, 
preop vasospasm, time of 
surgery entered into regres- 
sion analysis 

data not provided; delay in 
surgery due to delay in 
hospital admission 

data not provided; reason for 
delayed surgery not stated 

Suzuki, et 625 patients retrospective review, preop grade; reason for 
al., 1979 surgically treated no statistical analysis delayed surgery not stated 

Artiola i 
Fortuny & 
Prieto-Val- 
iente, 1981 

Weir & 
Arnnyk, 
1981 

Disne~ et 
aL, 1987 

Chyatte, et 
aL, 1988 

265 cases judged fit for retrospective review, 
surgery (Grades I to IlI) discriminant function 
from a larger population analysis 

224 patients admitted < 2 retrospective review, 
days post-SAH & operated no statistical analysis 
on < 32 days 

437 patients admitted < 2 retrospective review, 
days post-SAH & operated historical controls, 
on < 32 days univariate statistical 

analysis 

244 patients admitted < 72 retrospective review, 
hours post-SAH univariate statistical 

analysis 

Ohman & 216 (Grade 1 to III) pa- prospective random- 
Heiskanen, tients admitted < 72 ized study, univariate 
1989 hours post-SAH statistical analysis 

Kassell, et 3521 patients admitted < 3 prospective observa- 
aL, 1990 days post-SAH, 2922 oper- tional study, multi- 

ated on (all grades) variate statistical 
analysis 

Solomon, 
et al., 1991 

145 patients operated on < 7 prospective evalua- 
days post-SAH (all grades) tion, univariate sta- 

tistical analysis 

blood pressure, aneurysm 
location, time to surgery, 
vasospasm data provided; 
reason for delay in surgery 
not stated; day of admission 
for each group not provided 

management mortality by 
day of surgery, patient age, 
& clinical grade; all admit- 
ted early after SAH 

management mortality by 
day of surgery, clinical 
grade, & patient age; all 
admitted early after SAH 

patient groups differed in 
age, clinical grade, & 
aneurysm location 

patient groups matched for 
age, medical illness, clinical 
& CT grade, day of admis- 
sion 

patients operated on 4 to 10 
days post-SAH had lower 
blood pressure, longer inter- 
val from SAId to admission, 
younger age, less SAH on 
CT scans, & were more alert 
vs. those with surgery -< 3 
days post-SAH 

delayed surgery usually due 
to delay in admission to 
hospital 

day of surgery affected outcome; data sup- 
port early surgery 

no statistically significant differences in 
outcome or infarction rates with surgery 
before or after 8 days; trend toward in- 
creased infarction & poor outcome with 
early surgery; data support delayed surgery 

mortality rates by time of surgery: Day 
1-3, 0%; Day 4-7, 15%; --> Day 8, 4%; 
data support early or delayed surgery 

mortality rates by time of surgery: Day 
0-1, 8%; Day 2, 12%; Day 3, 31%; Day 4, 
21%; Day 5, 15%; Day 6, 19%; Day 7, 
14%; data support early or delayed surgery 

outcome predicted by discriminanl function 
using clinical grade, patient age, blood 
pressure, interval from SAH to surgery, 
aneurysm side; data support late surgery 

management mortality rates by time of 
surgery: Day 0--3, 59%; Day 4-9, 59%; 
Day 10-32, 72%; data support early 
surgery 

statistically significant decrease in manage- 
ment mortality rate when policy of early 
surgery instituted; data support early 
surgery 

mortality rates by time of surgery: Day 
0-3, 9%; Day 4-9, 12%; -> Day 10, 22%; 
ischemic symptoms more common & SAH 
more severe with early surgery; data sup- 
port early surgery 

no significant differences in outcome or 
ischemic deficits; patients independent at 3 
months by time of surgery: Day 0-3, 92%; 
Day 4-7, 79%; > Day 8, 80%; data sup- 
port early surgery 

overall outcome for early surgery equal to 
late surgery & outcome significantly worse 
for surgery Days 7-10 post-SAH; results 
support early or late surgery 

delayed cerebral ischemia by time of sur- 
gery: Day 0-1, 16%; Day 2-3, 22%; Day 
4-7, 28%; good outcome after surgery: 
Day 0-1, 90%; Day 2-3, 83%; Day 4-7, 
83%; results support early surgery 

* SAH = subarachnoid hemorrhage; CT = computerized tomography. 
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vious animal studies, why might surgery performed be- 
tween 4 and 12 days after SAH be associated with an 
increased risk of cerebral infarction? Subarachnoid 
hemorrhage results in decreased CBF, which may de- 
crease further during vasospasm. 34 Autoregulation and 
reactivity of arteries to CO2 may be impaired/TM This 
may render the swollen, tight brain more sensitive to 
retraction and to fluctuations in blood pressure and car- 
diac output that may occur inadvertently during anes- 
thesia or be purposely induced. Surgical complications, 
such as inlraoperative aneurysm rupture, perforator in- 
jury, and major artery occlusion, were equally common 
in patients operated on at different times after SAH and 
therefore may not contribute. 32 Cerebral blood flow 
studies have shown that, in patients with midline an- 
eurysms and symmetrical SAH on CT scans, blood 
flow is significantly lower postoperatively on the side 
of  surgery, and cerebral infarction is more likely to oc- 
cur. 2~176 Others, however, have reported that, with ag- 
gressive pre-, intra-, and postoperative treatment with 
hypervolemia and hypertension, CBF can be elevated 
postoperatively, effectively preventing cerebral infarc- 
tion.2~ .23,27 

Vasospasm and Patient Age 

Inagawa 15 compared patients with aneurysmal SAH 
who were under 59 years of age to those over 60 years 
and found that the rates of angiographic and sympto- 
matic vasospasm were not significantly different; in his 
study, angiographic vasospasm was assessed qualita- 
tively. We found that older patients developed less an- 
giographic vasospasm; other investigators have con- 
firmed this finding, which might be due to 
atherosclerosis and hardening of  the arterial wall in eld- 
erly patients. 24 

Conclusions 

Vasospasm develops 4 to 12 days after SAH in re- 
lation to the clinical grade, patient age, and preopera- 
tive artery size. Surgery does not affect the develop- 
ment of vasospasm. Therefore, it seems reasonable not 
to delay surgery on the basis that vasospasm might be 
aggravated when patients present in good condition 
with angiographic vasospasm 4 to 12 days after SAH. 

References 

l. Adams CBT, Fearnside MR, O'Laoire SA:An investigation 
with serial angiography into the evolution of cerebral ar- 
terial spasm following aneurysm surgery. J Neurosurg 49: 
805--8]5, 1978 

2. Adams HP Jr, Kassell NF, Kongable GA, et al: Intracranial 
operation within seven days of aneurysmal subarachnoid 
hemorrhage. Results in 150 patients. Arch Neurol 45: 
1965-1969, 1988 

3. Artiola i Fortuny L, Prieto-Valiente L: Long-term prognosis 
in surgically treated intracranial aneurysms. Part 1: Mor- 
tality. J Neurosurg 54:26-34, 1981 

4. Aniola i Fortuny L, Prieto-Valiente L: Long-term prognosis 
in surgically treated intracranial aneurysms. Part 2: Mor- 
bidity. J Neurosurg 54:35-43, 1981 

5. Chyatte D, Fode NC, Sun& TM Jr: Early versus late in- 
tracranial aneurysm surgery in subarachnoid hemorrhage. 

J Neurosurg 69:326-331, 1988 
6 Disney L, Weir B, Grace M, et al: Factors influencing the 

outcome of aneurysm rupture in poor grade patients: a pro- 
spectivc series. Neurosurgery 23:1-9, 1988 

7. Disney L, Weir B, Petruk K: Effect of management mor- 
tality of a deliberate policy of early operation on supra- 
tentorial aneurysms. Neurosurgery 20:695-701, 1987 

8. DrakeCG: Postoperative arterialspasm, inWilkinsRH(ed): 
Cerebral Arterial Spasm. Baltimore: Williams & Wilkins, 
1980, pp 435437 

9. Drake CG: Report of World Federation of Neurological Sur- 
geons Committee on a Universal Subarachnoid ftemorrhage 
Grading Scale. J Nenrosurg 68:985 986, 1988 

10. Findlay JM, Macdonald RL, Weir BKA, et al: Surgical ma- 
nipulation of primate ccrcbral arteries in established vaso- 
spasm. J Neurosurg 75:425-432, 1991 

11. Fisher CM, Kistler JP, Davis JM: Relation of cerebral va- 
sospasm to subarachnoid hemorrhage visualized by com- 
puterized tomographic scanning. Neurosurgery 6:l-9, 
1980 

12. Gabrielsen TO, Greitz T: Normal size of the internal carotid, 
middle cerebral and anterior cerebral arteries. Aeta Radiol 
(Diagn) 10:1-10, 1970 

13. Hunt WE: Timing of surgery for intracranial aneurysm, in 
Wilkins RH (ed): Cerebral Arterial Spasm. Baltimore: 
Williams & Wilkins, 1980, pp 459M.62 

14. Hunt WE, Miller CA: The results of early operation for an- 
eurysm. Clin Neurosurg 24:208-215, 1977 

15. Inagawa T: Cerebral vasospasm in elderly patients treated 
by early operation for ruptured intracranial aneurysms. Aeta 
Nenroehir 115:79-85, 1992 

16. Jennett B, Bond M: Assessment of outcome after severe 
brain damage. A practical scale. Lancet 1:480--484, 1975 

17. Kassell NF, Adams HP Jr, Torner JC, et al: Influence of 
timing of admission after aneurysmal subarachnoid hem- 
orrhage on overall outcome. Report of the Cooperative An- 
eurysm Study. Stroke 12:620--623, 1981 

18. Kassell NF, Torner JC, Haley EC Jr, et al: The International 
Cooperative Study on the Timing of Aneurysm Surgery. Part 
1: Overall management results. J Neurosurg 73:18-36, 
1990 

19. Kassell NF, Torner JC, Jane JA, et al: The International Co- 
operative Study on the Timing of Aneurysm Surgery. Part 
2: Surgical results. J Neurosurg 73:37-47, 1990 

20. Mishima K, Segawa H, Saito I, et al: Incidence of symp- 
tomatic vasospasm on the operated versus non-operated side 
after early aneurysm surgery, in Sano K, Takakura K, Kas- 
sell NF, et al (eds): Cerebral Vasospasm. Tokyo: University 
of Tokyo Press, 1990, pp 28-32 

21. Mountz JM, McGillicuddy JE, Wilson MW, et al: Pre- and 
post-operative cerebral blood flow changes in subarachnoid 
haemorrhage. Aeta Neurochir 109:30-33, 1991 

22. Ohman J, Heiskanen O: Timing of operation for ruptured 
supratentorial aneurysms: a prospective randomized study. 
J Neurosurg 70:55~50, 1989 

23. Origitano TC, Wascher TM, Reichman OH, et al: Sustained 
increased cerebral blood flow with prophylactic hyperten- 
sive hypervolemic hemodilution ("triple-H" therapy) after 
subarachnoid hemorrhage. Neurosurgery 27:729-740, 
1990 

24. Rohde V, Meyer B, Schaller K, et al: Cerebral vasospasm 
after aneurysmal SAH in elderly patients. Can J Neurol 
Sei 20 (Suppi 1):$4, 1993 (Abstract) 

25. Samson DS, Hodosh RM, Reid WR, et al: Risk of intra- 
cranial aneurysm surgery in the good grade patient: early 
versus late operation. Neurosurgery 5:422-426, 1978 

26. Sano K, Saito I: Timing and indication of surgery for rup- 
tured intracranial aneurysms with regard to cerebral vaso- 

438 J. Neurosurg. / Volume 80 / March, 1994 



Effect of surgery on vasospasm 

spasm. Aeta Neurochir 41:49-60, 1978 
27. Solomon RA, Onesti ST, Klebanoff L: Relationship be- 

tween the timing of aneurysm surgery and the development 
of delayed cerebral ischemia. J Neurosurg 75:56-61, 1991 

28. Sundt TM Jr: Cerebral vasospasm following subarachnoid 
hemorrhage: evolution, management, and relationship to 
timing of surgery. Clin Neurosurg 24:228-239, 1977 

29. Suzuki J, Onuma T, Yoshimoto T: Results of early opera- 
tions on cerebral aneurysms. Surg Neurol 11:407-412, 
1979 

30. Tomita H, Ito U, Tone O, et al: Laterality of symptomatic 
vasospasm following early aneurysm surgery, in Sano K, 
Takakura K, Kassell NF, et al (eds): Cerebral Vasospasm. 
Tokyo: University of Tokyo Press, 1990, pp 33-34 

31. Torner JC, Kassell NF, Haley EC Jr: The timing of surgery 
and vasospasm. Neurosurg Clin North Am 1:335-347, 
1990 

32. Tucker WS: The relationship between timing of surgery and 
operative complications in aneurysmal subarachnoid hem- 
orrhage. Can J Neurol Sci 14:84-87, 1987 

33. Vermeulen M, Lindsay KW, Murray GD, et al: Antifibri- 
nolytic treatment in subarachnoid hemorrhage. N Engl J 
Med 311:432-437, 1984 

34. Weir B: Aneurysms Affecting the Nervous System. Bal- 
timore: Williams & Wilkins, 1987 

35. Weir B, Aronyk K: Management mortality and the timing 
for surgery for supratentorial aneurysms. J Neurosurg 54: 
146-150, 1981 

36. Weir B, Grace M, Hansen J, et al: Time course of vasospasm 
in man. J Neurusurg 48:173-178, 1978 

37. Weir B, Rothberg C, Grace M, et al: Relative prognostic 
significance of vasospasm following subarachnoid hemor- 
rhage. Can J Neurol Sci 2:10%114, 1975 

Manuscript received May 10, 1993. 
Accepted in final form July 27, 1993. 
Address reprint requests to: R. Loch Macdonald, M.D., Sec- 

tion of Neurosurgery, MC3026, University of Chicago Medical 
Center, 5841 South Maryland Avenue, Chicago, Illinois 60637. 

J. Neurosurg. / Volume 80 / March, 1994 439 


