
UTCOME following subarachnoid hemorrhage
(SAH) is influenced by many variables includ-
ing aneurysm location and the patient’s clinical

grade. Most patients who harbor anterior circulation aneu-
rysms4,13,14,26,29 and fall into good clinical grade cate-
gories4,6,8,10,13,28,33 experience little surgical morbidity.
Management results, however, demonstrate that there is
still potential for improvement in the overall care of
patients suffering aneurysmal SAH, including those at low
surgical risk.3,13,20–23,32

During the last decade several advances in the manage-
ment of SAH, such as early surgery,7 transcrania Dop-
pler,30 hypervolemia,2 calcium channel blockers,27 balloon
angioplasty,18,24 identification of secondary cerebral
insults,16,31,35 invasive monitoring, and aggressive inten-
sive care,17 have provided opportunities to improve over-
all outcome after SAH. These advances have been incor-
porated into our SAH management policy, successful
implementation of which requires a dedicated, knowl-
edgeable team and a large commitment of resources. We
therefore undertook this retrospective study to examine
the management of 224 good-grade (Hunt and Hess10

Grades I to III) patients who suffered ruptured anterior cir-
culation aneurysms during the last 10 years. We wanted to
test the hypothesis that aggressive, comprehensive man-
agement has improved overall outcome for patients at low
surgical risk. We also examined what factors are associat-
ed with outcome, because our ability to improve outcome
further and to make effective use of resources in the future
depends, in part, on identifying the patient at most risk for
the deleterious consequences of SAH.

Our overall management results indicate that the num-
ber of patients who experienced a favorable outcome sig-
nificantly increased as management evolved during the
period reviewed. This improved patient outcome appears
to be associated with vigorous critical-care techniques and
aggressive vasospasm management.

Clinical Material and Methods

Patient Population

During a 10-year period (September 1983 to August
1993), 543 patients admitted to Harborview Medical Cen-
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ter at the University of Washington received treatment for
cerebral aneurysms. All patients were considered surgical
candidates regardless of their clinical status. We retro-
spectively evaluated all of these patients using the follow-
ing inclusion criteria: 1) diagnosis of SAH, 2) an anterior
circulation aneurysm, and 3) good clinical grade, defined
as Hunt and Hess10 Grade I, II, or III at admission.
Changes in grade were not made for systemic disease or
for the presence of vasospasm. Subarachnoid hemorrhage
was confirmed by computerized tomography (CT) or, in
rare instances, by lumbar puncture. The severity of the
SAH was classified radiologically from the CT appear-
ance according to a modification of the Fischer5 grade.
The presence of an aneurysm was diagnosed by four-ves-
sel angiography. Information was obtained from patient
charts, operative reports, review of radiological investiga-
tions (including CT scans and angiographic films), clinic
visits, and telephone interviews.

Management of Cases

All patients were managed according to a standardized
policy16 that included aggressive preoperative resuscita-
tion, early surgery, and aggressive prevention and treat-
ment of vasospasm. Patients were cared for in the Neu-
rosurgery Intensive Care Unit with routine intracranial
pressure and invasive hemodynamic monitoring. Fre-
quent head CT and single-photon emission CT scans sup-
plemented the clinical evaluation. Patients were routinely
administered dilantin to therapeutic levels, dexametha-
sone (4 mg every 6 hours), and since 1987, nimodipine
(60 mg every 4 hours). Volume expansion and hemodilu-
tion were initiated prophylactically in all patients. Since
1987, all patients have undergone daily transcranial Dop-
pler examination to diagnose vasospasm and to predict
which patient might develop ischemic symptoms. The
diagnosis of vasospasm was confirmed by angiography.
Patients who developed symptomatic vasospasm were
treated with induced hypertensive therapy, and since
1990, transluminal angioplasty has been routinely used
when other means of therapy were ineffective.24

Patient Outcome

Outcome was assessed at least 6 months after the SAH,
by clinic visit or telephone interview, according to the
Glasgow Outcome Scale12 (GOS). Patients with a GOS
score of “good” or “moderately disabled” live indepen-
dently, caring for all their needs, and participate in a nor-
mal social life; for statistical comparison, these patients
were classified as a favorable outcome. The classification
of unfavorable outcome was assigned to those patients
who died or were not capable of independent existence.

Statistical Analysis

Data analyses for this report included several bivariate
techniques selected for their appropriateness to the mea-
surement level and distributional properties of the avail-
able data. Data are expressed as the mean � the standard
deviation of the mean or, in the case in which samples
depart substantially from normal distributions, are sum-
marized as the median. Two-sample significance of data
that departed from a normal distribution and rank-order

variables were tested by the Mann–Whitney U-test pro-
cedure; Spearman rank-order correlations were used to
relate ordered variables to one another. The Student’s
t-test was used to test for differences between groups
in which the samples were normally distributed. Sub-
sample differences on categorical variables were tested by
Pearson chi-square statistics or for 2 � 2 tables with ex-
pected frequencies less than five by the Fisher’s exact
two-tailed test. All univariate and bivariate statistical anal-
yses were performed using a commercially available
software package (SPSS/PC+, Version 4.0, SPSS, Inc.,
Chicago, IL).

Multivariate analysis of outcome was accomplished
through a three-stage process. First, a pool of potential
outcome predictors was constructed, including all vari-
ables whose unadjusted association with outcome, deter-
mined by the techniques described above, were significant
at or beyond the 0.05 probability level without correction
for multiple tests. In addition to the total predictor pool, a
subset including only admission and preoperative predic-
tors was formed. Second, three stepwise logistic regres-
sion models were constructed using the three predictor
pools established in stage one. At each step in model con-
struction, variables remaining in the pool were evaluated
using score tests, and the variable with the most signifi-
cant score test was added to the existing model. Model
building ceased when no variables remaining in the pool
had score tests with probability values less than 0.05.
Probability values and confidence intervals (CIs) for the
final model are based on likelihood ratio tests. Logistic
regression modeling was performed using EGRET soft-
ware (Statistics and Epidemiology Research Corp.,
(SERC), Seattle, WA). 

Results

Clinical Data

Over the 10-year period, 224 patients (87 men and 137
women, mean age 50.6 � 14.7 years) were admitted to
Harborview Medical Center in good clinical grade (Hunt
and Hess10 Grade I, II, or III) following rupture of anteri-
or circulation aneurysms. The distribution of neurological
grade at admission is shown in Fig. 1; presentation and
clinical characteristics are listed in Table 1.

Preoperative Diagnostic Studies

All patients underwent preoperative CT and four-vessel
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FIG. 1. Pie graph depicting the distribution of patients on admis-
sion according to Hunt and Hess10 clinical grades.



angiography. The CT characteristics are summarized in
Table 2 and Fig. 2. The severity of the SAH (Spearman
r = 0.319; p � 0.00001), but not that of intracerebral hem-
orrhage (ICH) as it appeared on CT, correlated with the
patient’s clinical grade. The distribution of ruptured aneu-
rysms is summarized in Table 3. The median aneurysm
size was 8 mm; five aneurysms exceeded 25 mm in diam-
eter. Multiple aneurysms were observed in 71 patients
(31.7%). On admission angiogram, vasospasm and intra-
cranial atherosclerosis were demonstrated in 39 (17.4%)
and 26 (11.6%) patients, respectively.

Preoperative Course

Twenty-one patients received ventricular drainage be-
cause of significant ventricular enlargement. Intracranial
pressure (ICP) monitors were inserted in 50 patients
preoperatively; the median maximum ICP was 18 mm
Hg. Overall, nine patients (4%) demonstrated clinical im-
provement, whereas 29 patients (12.9%) deteriorated be-
fore surgery. Aneurysm rebleeding, confirmed by head
CT scan, was observed in 11 (4.9%) of the patients; no
factors that predicted rebleeding were identified.

Surgical Findings

The timing of surgery following SAH is illustrated in
Fig. 3. Two aneurysms were wrapped; the remaining
aneurysms were occluded by application of a single
(81.7%) or multiple clips. Suction or internal decompres-
sion was used to facilitate the obliteration of eight
aneurysms. Moderate hypotension (systolic blood pres-
sure 80 mm Hg) was used in 47 patients (21.0%) and
temporary clips were applied in 42 patients (18.8%).
Aneurysm rupture or minor leak occurred in 52 patients
(23.2%). The timing of surgery did not correlate with
intraoperative aneurysm rupture.

Postoperative Course

Patients were cared for in the neurosurgery intensive
care unit between 7 and 14 days after SAH. The following
secondary cerebral insults were identified: hypotension
(systolic blood pressure � 80 mm Hg) in 33 patients
(14.7%); elevated ICP (� 20 mm Hg for at least 15 min-
utes) in 106 patients (47.3%); hypoxia (PaO2 � 70 mm
Hg on two consecutive arterial blood–gas samples) in 99
patients (44.2%); or hyperglycemia (blood glucose � 200
mg/dl on two consecutive samples) in 94 patients
(42.0%). Postoperative surgical, medical, and infectious
complications are listed in Table 4.

All patients underwent postoperative four-vessel angio-
graphy; complete obliteration of the ruptured aneurysm
was confirmed in 208 patients (92.9%). In 16 patients, an-
eurysm remnants were observed on postoperative angio-
gram; only one patient required further surgery. Angio-
graphically confirmed vasospasm was observed in 117
patients. Thirty-nine patients (17.4%) developed sympto-
matic vasospasm. The severity of the SAH demonstrated
by preoperative CT did not predict the development of
symptomatic vasospasm; however, a worse clinical grade
at admission was associated with the onset of delayed
ischemic deficits (Mann–Whitney z = �2.2; p = 0.03).
Angioplasty was performed in 22 symptomatic patients;
21 (95.5%) of whom demonstrated a clinical response and
experienced favorable outcomes. The patient who did not
respond to angioplasty did poorly.
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TABLE 1
Clinical presentation of 224 patients and findings at admission

Presentation or Finding No. (%)

sentinel bleed 54 (24.1)
headache 216 (96.4)
seizure 35 (15.6)
transient loss of consciousness 53 (23.7)
neck stiffness 151 (67.4)
pupillary abnormality 10 (4.5)
cranial nerve palsy 31 (13.8)
motor weakness 28 (12.5)

TABLE 2
Ruptured anterior circulation aneurysms: computerized

tomography features in 224 good-grade patients*

Features No. (%)

subarachnoid hemorrhage 209 (93.3)
intraventricular hemorrhage 101 (45.1)
ventricular enlargement 99 (44.2)
intracerebral hemorrhage ≤3 cm 31 (13.8)
intracerebral hemorrhage >3 cm 7 (3.1)

* Good grade = Hunt and Hess10 Grades I to III.

FIG. 2. Bar graph showing subarachnoid hemorrhage (SAH)
grade on computerized tomography (CT) obtained at admission. *
SAH not visible on admission CT; only intracerebral or intraven-
tricular hemorrhage present; ** SAH not visible on admission CT;
diagnosed by lumbar puncture.

TABLE 3
Location of ruptured anterior circulation aneurysms in 224

good-grade patients*

Location No. (%)

pericallosal 8 (3.6)
anterior cerebral artery 1 (0.4)
anterior communicating artery 83 (37.1)
middle cerebral artery bifurcation 43 (19.2)
middle cerebral artery trunk 4 (1.8)
posterior communicating artery 57 (25.4)
cavernous carotid 3 (1.3)
internal carotid artery 19 (8.5)
carotid ophthalmic artery 6 (2.7)

* Good grade = Hunt and Hess10 Grades I to III.



Immediately postoperative and subsequent follow-up
CT scans were obtained in all patients; an area of low
density consistent with cerebral infarction was document-
ed in 54 patients (24.1%). Low-density changes were tran-
sient in 15 patients. The development of CT low-density
changes did not correlate with the development of either
angiographic or symptomatic vasospasm.

Thirty-five patients required insertion of a shunt, in-
cluding seven patients who underwent ventriculostomies
preoperatively. The severity of intraventricular hemor-
rhage (IVH) (Mann–Whitney z = 3.4; p = 0.0008) and the
severity of ventricular enlargement (Mann–Whitney z =
�4.2; p � 0.0001) observed on preoperative CT scan cor-
related with the need for a long-term shunt procedure.

Patient Outcome

Overall, 194 patients (86.6%) experienced a favorable
outcome and were found to be fully independent at
their 6-month follow-up examination. The distribution
of outcome according to grade is depicted in Table 5.
Eighteen patients (8%) died; the causes of death are listed
in Table 6.

To determine which factors predicted or correlated with
outcome, we evaluated a variety of pre-SAH conditions,
clinical factors, radiological features, operative findings,
and postoperative characteristics (Table 7). The signifi-
cant results of univariate analysis are summarized in Table
8. Notable are the following observations:

1) Several factors identified at admission, including
age, a history of hypertension or vascular disease, clinical
grade at admission, elevated blood glucose, the presence
of IVH or thick SAH observed on admission CT, and ath-
erosclerosis identified on preoperative angiogram, were
associated with an unfavorable outcome. 2) During the
preoperative course, rebleed, insertion of a ventricular
shunt, or clinical deterioration predicted an unfavorable
outcome. All patients who improved preoperatively dem-
onstrated favorable outcomes. 3) Timing of surgery and
other surgical factors did not demonstrate an association
with outcome. However, surgical complications, such as a
postoperative ICH, were associated with an unfavorable
outcome. 4) During the postoperative course, the develop-
ment of medical complications (listed in Tables 4 and 8)
or secondary insults (such as an episode of hypoxia, hypo-
tension, or hyperglycemia) predicted a poor outcome. The
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FIG. 3. Bar graph displaying timing of surgery. Two patients
died before surgery could be attempted; the remaining 222 patients
underwent surgical obliteration of their aneurysm. Aneurysm oblit-
eration was achieved within 3 days of subarachnoid hemorrhage  in
75.2% of patients. Day 1 = day of hemorrhage.

TABLE 4
Postoperative complications in 224 patients with ruptured

anterior circulation aneurysms

Complications* No. (%)

surgical
new IH 5 (2.2)
new IH, surgery† 10 (4.5)
wound dehiscence 5 (2.2)
CSF leak 4 (1.8)

medical
deep vein thrombosis 9 (4.0)
pulmonary embolus 2 (0.9)
cardiac 24 (10.7)
pulmonary 25 (11.2)
renal 8 (3.6)
hepatic 2 (0.9)
drug allergy 16 (7.1)

infection
meningitis 5 (2.2)
pneumonia 33 (14.7)
scalp wound 1 (0.4)
urinary tract 24 (10.7)
line sepsis 21 (9.4)
endocarditis 1 (0.4)
enterocolitis 2 (0.9)

* IH = intracerebral hematoma; CSF = cerebrospinal fluid.
† New IH requiring surgical evacuation.

TABLE 5
Clinical grade of 224 patients with ruptured anterior

circulation aneurysms at admission and outcome*

Outcome

Clinical Grade† Favorable Poor Dead

Grade I (31 patients) 96.8% 3.2% —
Grade II (102 patients) 88.3% 3.9% 7.8%
Grade III (91 patients) 81.3% 7.7% 11.0%

* Clinical grade at admission was determined according to the Hunt and
Hess10 scale. Outcome was assessed at 6 months according to the
Glasgow Outcome Scale12 with “good” or “moderate disability” classified
as a favorable outcome and “severe disability” or “vegetative” classified
as a poor outcome.

† Increasing clinical grade predicted a worse outcome (Spearman corre-
lation: r = 0.15; p = 0.03).

TABLE 6
Causes of death in 224 patients with ruptured anterior

circulation aneurysms

Cause of Death No. (%)

rebleed prior to surgery 6 (2.7)
vasospasm 2 (0.9)
myocardiac infarct 2 (0.9)
respiratory failure 2 (0.9)
sepsis 3 (1.3)
undetermined 3 (1.3)
total 18 (8)



development of angiographic or symptomatic vasospasm
was not correlated with outcome, whereas an area of low
density observed on CT scan predicted a poor outcome.
Patients who required insertion of a shunt for sympto-
matic hydrocephalus were three times more likely to have
poor outcome than patients who did not require diversion
of cerebrospinal fluid.

Multivariate Analysis and Outcome Prediction

To determine which variables were the most predictive
of outcome, variables found to have a significant associa-
tion with outcome in univariate analysis (Table 8) were
subjected to multivariate analysis. Three prediction mod-
els, which allowed for added factors as the patient’s hos-
pital course progressed chronologically, were constructed.

Admission Model. This paradigm used only admission
clinical and radiographic factors. Age demonstrated the
strongest association with outcome (odds ratio 1.09; 95%
CI 1.05–1.13; p = 0.001) and once entered into the model
no other factor or combination of factors added significant
information. The admission model correctly predicted all
favorable outcomes, but only 17% of unfavorable out-
comes.

Preoperative Model. This analysis included preoperative
variables and admission characteristics. Rebleed exhibited
the strongest association with an unfavorable outcome
(odds ratio 14.16; 95% CI 2.742–73.17; p = 0.001). Once
age and rebleed were added to the model, none of the
remaining univariate predictors were able to improve the
model’s predictive power; however, only 30% of unfavor-
able outcomes were correctly predicted.

Comprehensive Model. This model added postoperative

factors and included all univariate predictors of outcome
in a multiplicative model without interactions. Nine fac-
tors that made significant prediction were retained from
the 21 potential predictors; these are summarized in Table
9. Once postoperative factors were added, age gave way
to three other admission factors: clinical grade, IVH on
CT, and atherosclerosis on angiogram. Use of the com-
prehensive model correctly predicted 93% of all out-
comes, including 97% of favorable and 67% of unfavor-
able outcomes.

Change in Outcome From 1983 to 1993

During the 10-year period under review we observed a
significant improvement in the number of favorable out-
comes that were achieved (Table 10). Three distinct treat-
ment epochs, in part determined by techniques available
to manage vasospasm, were observed: 55 patients were
treated between 1983 and 1987, 74.5% of whom experi-
enced favorable outcomes; 77 patients were treated be-
tween 1987 and 1990, and favorable outcomes were
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TABLE 7
Factors evaluated for prognostic significance*

Category Factor

patient characteristics age, sex, smoking, hypertension,
cardiac disease, vascular disease

admission clinical status consciousness level, Hunt & Hess
grade, systolic blood pressure,
meningeal signs, blood glucose

admission CT findings amount of SAH, presence & size of IH,
midline shift, ventricle size, IVH 

admission angiogram findings aneurysm size & location, atherosclero-
sis, vasospasm

preop clinical course rebleed, clinical course, ventriculosto-
my, ICP

surgery timing, aneurysm rupture, use of
hypotension, temporary clips, clip
application, technique of aneurysm
obliteration

postop radiographic studies aneurysm obliteration, angiographic
spasm, new IH, low density changes
on CT, ventricle size

postop course secondary insults (hypoxia, hypoten-
sion, hyperglycemia, increased ICP),
complications (surgical, medical, or
infectious), symptomatic spasm &
treatment, shunt for hydrocephalus

* Abbreviations: CT = computerized tomography; SAH = subarachnoid
hemorrhage; IH = intracerebral hematoma; IVH = intraventricular hemor-
rhage; ICP = intracranial pressure.

TABLE 8
Variables associated with outcome*

Factor Significance

pre-SAH condition
age Student’s t test, t = �5.8, df = 222,

p < 0.0001
hypertension χ2 = 4.7, df = 1, p = 0.03
history of vascular disease Fisher’s exact, p = 0.01

admission clinical status
Hunt & Hess grade Mann–Whitney, z = �2.2, p = 0.03
blood glucose Mann–Whitney, z = �2.3, p = 0.02

admission CT findings
amount of SAH Mann–Whitney, z = �1.9, p = 0.05
IVH χ2 = 6.5, df = 1, p = 0.01

admission angiogram
atherosclerosis Fisher’s exact, p = 0.0005

preop course
rebleed Fisher’s exact, p < 0.0001
ventriculostomy Fisher’s exact, p = 0.01
clinical course Mann–Whitney, z = �3.6, p = 0.0003

surgery NS

postop radiographic studies
new IH Mann–Whitney, z = �3.9, p = 0.0001
low-density changes on CT χ2 = 4.8, df = 1, p = 0.03
nonobliteration of aneurysm Fisher’s exact, p = 0.03

postop course
hypoxia χ2 = 9.1, df = 1, p =  0.003
hypotension Fisher’s exact, p = 0.001
hyperglycemia χ2 = 4.7, df = 1, p = 0.03
deep vein thrombosis Fisher’s exact, p = 0.02
cardiac complications Fisher’s exact, p = 0.001
pulmonary complications Fisher’s exact, p < 0.0001
renal complications Fisher’s exact, p < 0.0001
hepatic complications Fisher’s exact, p = 0.02
pneumonia Fisher’s exact, p < 0.0001
line sepsis Fisher’s exact, p < 0.0001
shunt for hydrocephalus Fisher’s exact, p = 0.0004

* Abbreviations: SAH = subarachnoid hemorrhage; IVH = intraventricu-
lar hemorrhage; NS = not significant; IH = intracerebral hematoma; CT =
computerized tomography.



observed in 87%; and 92 patients were treated between
1990 and 1993, and favorable outcomes were observed in
93.5% of these patients.

We assessed the incidence of factors of possible biolog-
ical significance (Table 8) and factors associated with out-
come in this series (Table 9) according to treatment epoch.
Patient demographics and admission characteristics were
very similar in each treatment time period. Between 1983
and 1987, however, more patients were classified as Hunt
and Hess Grade III at admission, and ICH was observed
more frequently on admission CT than during subsequent
treatment epochs. When the variables were analyzed for
an association with outcome in each treatment epoch,
no association between outcome and admission clinical
status or ICH was found in the first treatment epoch. Fur-
thermore, when outcome was assessed within each Hunt
and Hess grade, an improvement in favorable outcomes
with increased time was observed within each category.
These observations suggest that advances in management,
rather than differences in patient characteristics, may be
associated with the improved outcome observed over
time. We did not change our surgical technique during the
decade reviewed. By contrast, advances in critical-care
techniques and vasospasm management were incorporat-
ed into our therapeutic protocol. Consequently, we ana-
lyzed the impact of these two factors on patient outcome
over the decade.

Critical Care Techniques. The frequency of any medical
complication (Fig. 4) and the incidence of iatrogenic com-
plications, such as line sepsis (Mann–Whitney z = �2.4;
p = 0.02), declined over each treatment period. In addi-
tion, the number of medical complications a patient might
develop also decreased over time (Fig. 4). By contrast, no
decline in the incidence of intraoperative or postoperative
surgical complications associated with outcome was
observed in each treatment epoch.

Were we better able to deal with medical complications
once they occurred? When composite measures of med-
ical complications (any or none and the total number of
systems involved in a patient) were analyzed, the num-

ber of medical complications were found to be signifi-
cantly associated with outcome in each treatment epoch
(Mann–Whitney Epoch 1: z = �2.2, p = 0.03; Epoch 2: z
= �3.1, p = 0.002; Epoch 3: z = �2.0, p = 0.05).
Unfavorable outcome correlated with an increased num-
ber of systems involved in a patient. These results suggest
that once a medical complication occurred it had an
adverse effect on outcome. Furthermore, the association
of a medical complication and unfavorable outcome did
not change over time. By contrast, the frequency of med-
ical complications decreased over time, which suggests
that proactive, rather than reactive, attempts to decrease
the impact of medical complications on outcome are, in
part, associated with improved outcome.

Vasospasm Management. Were advances in vasospasm
management associated with the improvement in out-
come? Symptomatic vasospasm occurred in 39 patients
(17.4%). Five (12.8%) of these patients experienced an
unfavorable outcome. Prophylactic hypervolemia was
used throughout the series and may have contributed to
this relatively low incidence of symptomatic vasospasm.
The introduction of routine transcranial Doppler exam-
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TABLE 9
Multivariate analysis of variables demonstrating potential

prognostic significance*

Predictor Odds Ratio 95% CI p Value

admission grade 2.87 1.03 – 9.56 0.04
IVH on admission CT 3.74 1.07–16.04 0.04
atherosclerosis on admission 10.11 2.68–42.35 0.001

angiogram
preop rebleed 33.0 5.09–312 0.001
postop hypotension 5.33 1.49–19.83 0.01
postop IH 15.57 3.16–86.49 0.001
postop pulmonary complications 7.21 1.84–29.73 0.005
postop renal complications 48.0 4.34–817.3 0.001
postop shunt for hydrocephalus 5.49 1.63–19.81 0.006

* All variables that predicted outcome from univariate analysis (Table 8)
were included in a multiplicative model, without interactions, using logis-
tic regression techniques. Two additional models, which included only
characteristics present at admission or admission and preoperative factors,
were also created; the findings are summarized in Results. CI = confi-
dence interval; IVH = intraventricular hemorrhage; CT = computerized
tomography; IH = intracerebral hematoma.

TABLE 10
Improvement in management results of 224 patients over time*

Time Type of Vasospasm No. of Favor-
Period Management Patients able Poor Dead

1983–1987 hypervolemia 55 74.5% 9.1% 16.4%
induced hypertension

1987–1990 hypervolemia 77 87% 7.8% 5.2%
induced hypertension
TCD, calcium channel 
blockers

1990–1993 hypervolemia 92 93.5% 1.1% 5.4%
induced hypertension
TCD, calcium channel
blockers, angioplasty

* Spearman correlation: r = �0.21, p = 0.002. TCD = transcranial
Doppler ultrasound.

Outcome

FIG. 4. Bar graph indicating a decrease in the incidence of med-
ical complications following a subarachnoid hemorrhage (SAH)
deemed “good grade.” The number of patients having any compli-
cation (Mann–Whitney z = �4.27; p = 0.0000) and the number of
complications each patient may experience (Spearman correlation
r = �0.29, p = 0.00001) declined each successive treatment epoch
(Table 10).



ination and administration of calcium channel blockers
during the second treatment time period was associated
with improved management outcome (Table 10). With the
routine use of angioplasty for the treatment of medically
refractory vasospasm after 1989, further improvement in
outcome was noted (Table 10). For example, when angio-
plasty was not used or not available (17 patients), 76.5%
of symptomatic vasospasm patients achieved a favorable
outcome in contrast to 96.6% when angioplasty was avail-
able and used (22 patients). Although these results may
reflect advances in critical-care techniques, it is possible
that aggressive vasospasm management may correlate
with some of the improved outcome observed during the
decade.

Hospital Stay. There are many variables that influence
utilization of resources; we determined length of hospital
stay (excluding rehabilitative care) as an overall estimate
of hospital resource utilization. There was significant de-
crease in the number of days a patient spent in hospital as
the series progressed (Spearman correlation r = �0.16; p
= 0.02). The median length of hospitalization was 23 days
in the first treatment epoch, 20 days in the second, and
17.5 days in the third treatment epoch.

Discussion

The present retrospective report covers our experience
over the past decade in the management of 224 patients
who suffered ruptured anterior circulation aneurysms and
who were classified as Hunt and Hess10 Grade I, II, or III
at admission. A standardized management policy, includ-
ing early surgery, aggressive vasospasm management, and
intensive care was used to treat all patients. Seventy-five
percent of the patients were operated on within 72 hours
of their SAH. We observed a significant increase in the
number of patients experiencing a favorable outcome as
management evolved during the decade. In part, advances
in critical care and vasospasm management were associat-
ed with the observed improvement in patient outcome.

Population Under Study and Selection Factors

The results in this series demonstrate that favorable out-
comes can be expected in approximately 90% of Grade I
or II and 81% of Grade III patients following rupture of
anterior circulation aneurysms. Outcome is influenced by
several variables, including referral and admission policy,
patient selection, and therapy. Advances in therapy appear
to be associated with the improved outcome observed in
this series. Although the influence of selection cannot be
entirely excluded, we would discount a significant role
of selection bias for the following reasons: 1) this is a sin-
gle-institution study; 2) Harborview Medical Center is the
major emergency Level I medical center for Seattle and
the surrounding area and served this function throughout
the decade studied; 3) the probability of subsequent sur-
vival increases with the passage of time from aneurysm
rupture;1,34 and the vast majority of patients in this series
were admitted within 24 hours of SAH; and 4) all patients
admitted with the diagnosis of Hunt and Hess10 Grade I, II,
or III after rupture of an anterior circulation aneurysm are
included in the analysis, including those who subsequent-
ly deteriorated or died before surgery.

Comparison to Earlier Studies

Whereas historical cohorts, particularly those derived
from retrospective analysis, are less relevant than prospec-
tive randomized studies, comparison of the results ob-
tained in this series with previous reports provides an
indication of the favorable impact of aggressive SAH
management. In the pre–CT era, Hunt and Hess10 ob-
served that 20% of Grade I and II and 36% of Grade III
patients died. In our series 6% of Grade I and II and 11%
of Grade III patients died. Reports of contemporary large
series focusing on surgical8 or predominantly late surgi-
cal management results22 of mainly anterior circulation
aneurysms have cited favorable outcomes in 83% and
72%, respectively, of Grade I and II and III patients.
For example, Miyaoka and colleagues22 described 1622
patients, including 1209 categorized as good clinical
grade, treated at 12 Japanese centers between 1980 and
1987. One-third of these patients underwent early surgery.
Overall, favorable outcomes were observed in 72% of
Grade I, II, and III patients.

Previous reports describing early surgery after good-
grade SAH suggest management results have improved
over the last 10 years, in part, because of newer techniques
to manage vasospasm.19,29 For example, Ljunggren, et
al.,19 observed favorable outcomes in 74% of 160 good-
grade patients treated during the early 1980s, whereas
Säveland and coworkers,29 in a prospective analysis of
145 Grade I through III patients treated at five centers
between 1989 and 1990, observed a favorable outcome in
81% of these patients. This improved outcome was attrib-
uted to advances in vasospasm management such as the
routine use of nimodipine and hypervolemia. In our series,
Grade III patients were most likely to develop sympto-
matic vasospasm. Consequently, the successful manage-
ment of vasospasm using contemporary strategies should
have the greatest impact on outcome in these patients;
overall, 81.3% of Grade III patients in this report experi-
enced favorable outcomes with an improvement observed
over the decade. When aggressive vasospasm manage-
ment is not routine, between 56% and 73% of Grade III
patients experience favorable outcomes.8,13,15,22 For exam-
ple, Hernesniemi, et al.,8 treated 1662 good-grade patients
at a single center over a 14-year period; 68% of the Grade
III patients experienced a favorable outcome.

Outcome Prediction

In an era of increasing limitations of medical resources,
the ability to predict outcome is becoming increasingly
important because when outcome can be accurately pre-
dicted, treatment is more likely to be geared toward poten-
tially avoidable, deleterious factors. Subarachnoid hemor-
rhage is a complex pathophysiological event and outcome
is determined by many variables. We constructed three
simple models to determine which factors best predicted
outcome. Our admission model was effective in predicting
good outcome but fared poorly in predicting unfavorable
results. Our comprehensive model, which included all
univariate predictors of outcome, correctly predicted 93%
of all outcomes. Two points are important in interpreting
these results. First, the relatively small sample size, par-
ticularly for rare events such as preoperative rebleed,
makes it difficult to estimate the precise magnitude of the
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association between predictors and outcome. Conserv-
atively, one would estimate that each of the risk factors in
the model multiplies the odds of an unfavorable outcome
by an amount equal to the lower limit of the confidence
interval for the risk factor. Second, because events proxi-
mate to, and associated with, outcome are included, ad-
verse events that occur earlier in the causal pathway may
be forced out of the model. The early event, however, may
have an association with outcome or be a precipitating
factor of later occurring events.

Analysis of outcome prediction in this series empha-
sizes the importance of comprehensive critical care,
avoidance of medical complications, and effective vaso-
spasm management. No intraoperative factor was associ-
ated with outcome. The occurrence of vasospasm also did
not predict outcome, perhaps because it was aggressively
prevented and managed. Furthermore, multivariate analy-
sis suggested that more than half of the factors associated
with outcome were preventable, unlike the patient charac-
teristics on admission. Nevertheless, following univariate
analysis, several patient characteristics, particularly age,
clinical grade, the amount of SAH or IVH on admission
CT, and atherosclerosis observed on admission angiogram
were all found to be associated with outcome. The corre-
lation of these factors and outcome have been previously
documented.5,6,8,11,14,23,25

Improved Outcome

Perhaps the most important finding of this study is the
significant improvement in outcome over the time period
in question. What factors may account for this? Practice
effect and increased experience may explain part of the
improvement. This effect, however, was probably mini-
mized by the frequent changes in resident staff and varia-
tions in attending staff, although one individual (H.R.W.)
was responsible for two-thirds of the cases. There was lit-
tle evidence to suggest that improvement in surgical tech-
nique was associated with outcome. We cannot, however,
exclude the possibility that advances in neuroanesthesia
and a better understanding of the effects of anesthetic
agents on cerebral hemodynamics contributed either dir-
ectly or indirectly to improved outcome.

Improvements in critical-care techniques and, perhaps,
the management of vasospasm, appear to correlate with
the improvement observed in the present series. Although
vasospasm management did not improve outcome inde-
pendently, several lines of evidence suggest it may be
associated with the improved outcome. First, symptomatic
vasospasm was relatively uncommon in this series. The
routine use of prophylactic hypervolemia may have con-
tributed to this and may also explain the lack of correla-
tion between the severity of SAH identified on CT and the
incidence of vasospasm. Second, vasospasm accounted
for 16% of unfavorable outcomes in this series. By con-
trast, before antiischemic treatment was routine, between
32% and 43% of patient morbidity and mortality follow-
ing SAH was associated with vasospasm.13,14,19 Finally,
we observed a temporal association between improved
outcome and the introduction of calcium channel block-
ers, transcranial Doppler, and angioplasty. The benefits of
each of these techniques in the management of vasospasm
have been previously described.9,18,24,27,30

The successful management of SAH not only involves
prevention of rebleeding and vasospasm; it also involves
careful attention to cardiorespiratory function, volume
status, intracranial hemodynamics, and the prevention of
secondary cerebral insults or medical complications. An
association was observed between outcome and medi-
cal complications and secondary insults in this series.
Furthermore, improvement in management results was
associated with a decrease in the incidence of complica-
tions and secondary insults but not in our ability to
respond to them. These findings suggest that critical-care
monitoring in specialized neurovascular intensive care
units and proactive attempts to avoid complications may
contribute to improved outcome.

Intensive hospital care and technological advances are
frequently portrayed as being responsible for a significant
portion of increased health care costs and questions are
often raised about their effectiveness. The results of this
study demonstrate that improvements in critical-care tech-
niques and advances in vasospasm management are, in
part, associated with improved outcome following good-
grade SAH. Furthermore, the advances in care are associ-
ated with a decrease in the length of time a patient remains
in a neurosurgical care unit. Together, these observations
suggest that aggressive, state-of-the-art SAH management
practiced in specialized cerebrovascular centers may ulti-
mately be cost effective.
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