
INCE the pioneering outcome studies by Richardson
and colleagues23–25 in the mid-1960s and the subse-
quent work by Hunt and Hess,7 there has been an

increasing emphasis on outcome prediction for subarach-
noid hemorrhage (SAH) and for the management of cere-
bral aneurysms. Clinical grade on admission is strongly
associated with outcome and probably encompasses many
reported outcome predictors such as age and the extent
of initial hemorrhage.2,5,6,14,19,26 The search for more accu-
rate outcome predictors and the continued development of
more precise outcome-based measures remains impor-
tant.29 In addition, economic concerns require a concomi-
tant improvement in methods for assessing and predicting
management cost. Length of hospital stay (LOS) provides
a reasonable estimate of medical resource utilization and
has been emphasized in several recent publications pri-
marily related to cardiac3,15 and peripheral vascular sur-
gery.1,22 The relationship between LOS and neurosurgi-
cal procedures such as lumbar laminectomy16 and carotid
endarterectomy4 has received attention recently. In the
present study we tested the hypothesis that, in patients
suffering aneurysmal SAH, clinical grade on admission
would correlate with LOS and cost.

Clinical Material and Methods

Patient Population, Management, and Outcome 

All patients with the diagnosis of cerebral aneurysm
admitted to Harborview Medical Center at the University
of Washington between September 1983 and August 1993
were retrospectively reviewed. Harborview is the Level 1
acute care facility for Seattle and its surrounding area.

Subarachnoid hemorrhage from aneurysm rupture was
confirmed on admission by computerized tomography
(CT) scan (model 9800; General Electric Corp., Mil-
waukee, WI) or in rare cases by lumbar puncture. An-
eurysm location was assessed using four-vessel angiogra-
phy, or in the case of moribund patients, by infusion CT
scanning.10,18 All patients admitted during this time period
were considered to be candidates for surgery and were
treated with a standardized regimen that included: 1) ag-
gressive preoperative resuscitation; 2) early surgery; 3)
aggressive management of intracranial pressure and
vasospasm; and 4) intensive perioperative care in a dedi-
cated neurosurgical intensive care unit (ICU).10–13 Routine
intracranial pressure and invasive hemodynamic monitor-
ing, frequent head and single-photon emission CT scans
supplemented the clinical evaluation. Phenytoin to thera-
peutic levels, dexamethasone, and nimodipine (starting
in 1987) were routinely administered. Volume expansion
and hemodilution were initiated prophylactically in all pa-
tients. Beginning in 1987, daily perioperative transcra-
nial Doppler examinations were performed to diagnose
vasospasm, which was subsequently confirmed with an-
giography. Since 1989, all patients who developed symp-
tomatic medically refractory vasospasm were treated with
balloon and/or papaverine angioplasty.17

Clinical Grade and Length of Hospital Stay 

Hunt and Hess grade7 was assessed at admission by a
member of the neurosurgical team. Changes in grade were
not made for systemic disease or the presence of vaso-
spasm. Using a standardized data instrument, we reviewed
hospital records and radiographic studies for all patients

J Neurosurg 85:388–391, 1996

388

Predicting length of hospital stay and cost by aneurysm grade
on admission

J. PAUL ELLIOTT, M.D., PETER D. LE ROUX, MB., CH.B., M.D., GALEN RANSOM,
DAVID W. NEWELL, M.D., M. SEAN GRADY, M.D., AND H. RICHARD WINN, M.D.

Department of Neurological Surgery, University of Washington, Seattle, Washington

U To determine the relationship between clinical grade on admission and treatment cost after aneurysm rupture, the
authors retrospectively examined the length of hospital stay (LOS) and total hospitalization costs (excluding professional
fees) for 543 patients admitted for aneurysm surgery between 1983 and 1993. The overall median LOS was 18 days, with
a range of 1 to 165 days. Increased median LOS correlated with Hunt and Hess Grades 0 to IV on admission (p , 0.001).
Median LOS for Grade V patients was reduced, in part, because of early mortality. Increased treatment cost also correlat-
ed with worse admission clinical grade (p , 0.001). A significant proportion of total expenditures occurred early in the
hospitalization for patients in all clinical grades. Identification of additional factors affecting the cost of aneurysm treat-
ment is indicated to complement treatment outcome studies. 

KEY WORDS • aneurysm surgery • grade • length of stay • cost

S

J. Neurosurg. / Volume 85 / September, 1996



and abstracted more than 500 data entries per patient
from the preoperative, operative, and postoperative peri-
ods. The LOS was defined as the number of days a patient
received inpatient neurosurgical care during the initial
hospitalization. Rehabilitative care was not included in
LOS. Total LOS was divided into the number of days in
the intensive and nonintensive care units. Overall LOS
during the first 5-year period was compared to the second
5-year period. 

Cost Analysis

The management cost for patients receiving neurosur-
gical care for cerebral aneurysms was determined by re-
viewing computerized institutional financial records using
International Classification of Diseases, Ninth Revision
(ICD.9.CM) codes for unruptured cerebral aneurysm
(437.3) and subarachnoid hemorrhage (430).8 The list of
medical records generated was confirmed using our clini-
cal aneurysm database. Total hospital charges for all
patients during the 10-year period were subdivided into
six categories: room, surgery, radiology, laboratory, phar-
macy, and miscellaneous. Hospital charges were used as
an approximation of management cost. Professional fees
were not included because they were not available on
the same computerized database. All figures are reported
in US dollars. Where indicated, mean costs have been
adjusted for inflation to reflect estimated value in 1995
dollars. Unit charges for a day in the ICU and an hour of
operating room time in 1983 were compared to the same
charges in 1995. Total patient ICU days and operating
room hours were used to derive a weighted estimate re-
flecting the overall increase in charges during the period
from 1983 to 1995. This allowed derivation of a factor
reflecting the estimated effective annual compounding
rate. Using this factor, the cost for each individual patient
was adjusted to 1995 dollars.

Statistical Analysis

Following entry of cost data into the clinical database,
statistical analysis was performed using a commercial-
ly available software package (SPSS/PC+, Version 4.0;
SPSS Inc., Chicago, IL). The median LOS and cost, as
well as adjusted mean cost, were tested against clinical
grade on admission using the Spearman rank-order corre-
lation. The LOS mean and range, and unadjusted manage-
ment cost mean and range, were also identified. Length of

stay for good-grade (I–III) and poor-grade (IV–V) cohorts
during the first 5 years was compared to the final 5 years
using the Mann–Whitney U-test.

Results

Clinical Data 

During the decade between September 1983 and Au-
gust 1993, 543 patients (158 male, 385 female) received
treatment for cerebral aneurysms. The median age was 51
years, with a range of 5 to 91 years. An unruptured an-
eurysm was the presenting pathology in 106 cases (20%);
after SAH, patients presented with good clinical grade
(Hunt and Hess Grades I, II, and III) in 278 (51%) and
with poor grade (IV or V) in 159 (29%) of cases. The
symptomatic aneurysm was located in the anterior circu-
lation in 434 patients (80%) and in the posterior circula-
tion in 109 patients (20%). Overall, 391 patients (72%)
experienced a favorable outcome, defined as “good” or
“moderately disabled” on the Glasgow Outcome Scale.9 A
detailed description of clinical aspects and outcome of
these patients is reported elsewhere.10–13

Length of Stay

Overall, the median LOS was 18 days. The median
LOS correlated with admission clinical grade, increasing
from 10 days for Hunt and Hess Grade 0 patients to 28
days for Grade IV patients (Spearman correlation 0.24,
p , 0.001; Table 1). Grade V patients demonstrated a rel-
ative decrease in median LOS due to their increased early
mortality. Intensive care unit LOS represented between
35% and 57% of total LOS but did not correlate with
clinical grade (Fig. 1). Overall, patients suffering SAH re-
mained in the ICU for approximately 50% of their neuro-
surgical hospitalization. 

The median LOS for the study population during the
first 5 years was 21 days. This decreased significantly dur-
ing the second 5 years to 16 days (Mann–Whitney, p ,
0.001). The median LOS decreased from 22 to 18 days in
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TABLE 1
Length of hospital stay for treatment of cerebral aneurysms in

relation to Hunt and Hess grade on admission

Length of Stay (days)
Hunt & Hess

Grade Median* Mean Range

0 10 14 2–54
I 15 18 5–44
II 18 20 1–82
III 23 24 1–86
IV 28 27 3–100
V 16 21 1–165

* p , 0.001 (Grades 0–IV).
FIG. 1. Bar graph showing length of stay (LOS) in the intensive

care unit (ICU) as a percentage of overall LOS according to Hunt
and Hess grade on admission: (0) unruptured; (I) asymptomatic
or minimal headache or nuchal rigidity; (II) moderate or severe
headache, no neurological deficit except cranial nerve palsy; (III)
drowsiness, confusion, or mild focal deficit; (IV) early decerebrate
rigidity, vegetative disturbance; and (V) coma. No adjustment of
grade was made for serious systemic disease or vasospasm.



good-grade patients (p , 0.021) and decreased from 29 to
22 days in poor-grade patients (p , 0.042).

Cost Analysis

The median unadjusted total hospital charges (exclud-
ing professional fees) correlated with clinical grade on
admission and increased from approximately $21,000
for patients receiving care for unruptured aneurysms to
approximately $98,000 for patients who suffered Grade
IV SAH (p , 0.001, Table 2). The median cost of care
for patients who were Grade V at admission, however,
decreased and was similar to the cost for patients who
were Grade III at admission. The mean charge and range
of charges also correlated with Grades 0 to IV. The distri-
bution of charges, however, was similar among grades,
with room and surgical charges accounting for the major-
ity of the overall cost (Fig. 2). Following adjustment of
charges for inflation to 1995 dollars, the correlation be-
tween clinical grade on admission and treatment charges
persisted (Table 2).

Discussion

In the present study, we document that for patients with
ruptured or unruptured aneurysms (Grades 0–IV), clinical
grade on admission correlates with both neurosurgical
LOS and total hospital charges. Patients in the worst clin-
ical grade (V), however, demonstrated a relative reduction
in both LOS and cost. Although this is the first such ob-
servation relating clinical grade on admission with LOS
and cost for patients receiving treatment for cerebral an-
eurysms, the association between LOS and severity of dis-
ease has been described in other disorders. For example,
in heart transplant recipients, Grady, et al.,3 noted that
worse preoperative heart failure was associated with in-
creased LOS. These investigators stressed the need for
further evaluation of how preoperative and postoperative
factors, particularly medical and nursing interventions,
influence LOS. 

The association of increased LOS and cost of treatment
of patients following cerebral aneurysm surgery parallels
findings in other diseases. For example, Breckwoldt,
et al.,1 observed a correlation between LOS and total
standard costs for repair of abdominal aortic aneurysms.
However, these investigators were not able to predict clin-
ical outliers who accounted for the majority of institution-

al financial losses. The authors therefore recommended
revision of the diagnostic-related group system to allow
for the increased LOS necessary for the treatment of com-
plex illnesses in high-risk patients. Increased LOS was
also found to be the most important factor associated with
institutional financial loss following the repair of thora-
coabdominal aneurysms.22 In the present study, we docu-
mented that 50% or more of the total costs for patients
with a ruptured or unruptured cerebral aneurysm were as-
sociated with surgery and LOS in intensive care.

Numerous investigators have identified the decreased
morbidity and mortality associated with repair of unrup-
tured aneurysms when compared to treatment of patients
with ruptured aneurysms.21,27,28,31 Our results document
the decreased LOS and cost associated with the treatment
of patients with unruptured aneurysms and suggest that
repair of aneurysms prior to rupture could represent sig-
nificant savings in public health expenses and utilization
of neurosurgical resources. These findings are consistent
with recent observations by Wiebers, et al.,30 who esti-
mated direct costs for patients with SAH hospitalized in
the United States to be 1.5-fold greater than for patients
with unruptured aneurysms. The cost savings for the treat-
ment of unruptured aneurysms, however, will need to be
considered in conjunction with the cost of screening pro-
grams.20

In summary, Hunt and Hess grade, which is easily and
reliably determined at hospital admission, correlates with
both LOS and cost for patients undergoing treatment of
cerebral aneurysms. Clinical grade on admission, there-
fore, will be useful when considering the global issues of
hospital resource management. Further precision will be
derived from continued efforts to identify clinical, radio-
graphic, and treatment factors that will allow a more spe-
cific prediction of individual LOS and cost of treatment.
Because a large proportion of treatment costs occur early
in the course of aneurysm management, it remains par-
ticularly important to identify factors that might allow
reduced perioperative LOS in the ICU without jeopardiz-
ing outcome. 
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TABLE 2
Cost of care for cerebral aneurysms in relation to Hunt and Hess

grade on admission

Charges (U.S. $)
Hunt & Hess

Grade Median* Mean Range Adjusted Mean†

0 20,797 32,835 4,140–122,004 52,064
I 26,058 40,928 8,634–104,650 65,949
II 60,749 52,144 5,225–133,984 83,232
III 75,595 56,063 5,873–175,027 99,369
IV 97,679 63,440 11,705–197,941 108,690
V 75,168 50,280 4,993–227,105 96,194

* p , 0.001 (Grades I–IV).
† Mean charges adjusted for inflation to 1995 dollars.

FIG. 2. Bar graph showing breakdown of hospital charges for
aneurysm surgery by Hunt and Hess grade on admission.
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