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Abstract

Background The intracerebral hemorrhage (ICH) score is a

simple grading scale that can be used to stratify risk of 30 day

mortality in ICH patients. A similar risk stratification scale

for subarachnoid hemorrhage (SAH) is lacking. We sought

to develop a risk stratification mortality score for SAH.

Methods With approval from the Institutional Review

Board, we retrospectively reviewed 400 consecutive SAH

patients admitted to our institution from August 1, 2006 to

March 1, 2011. The SAH score was developed from a

multivariable logistic regression model which was vali-

dated with bootstrap method. A separate cohort of 302

SAH patients was used for evaluation of the score.

Results Among 400 patients with SAH, the mean age was

56.9 ± 13.9 years (range, 21.5–96.2). Among the 366

patients with known causes of SAH, 292 (79.8 %) of

patients had aneurysmal SAH, 65 (17.8 %) were angio-

gram negative, and 9 (2 %) were other vascular causes.

The overall in-hospital mortality rate was 20 %. In multi-

variable analysis, the variables independently associated

with the in-hospital mortality were Hunt and Hess score

(HH) (p < 0.0001), age (p < 0.0001), intraventricular

hemorrhage (IVH) (p = 0.049), and re-bleed (p = 0.01).

The SAH score (0–8) was made by adding the following

points: HH (HH1-3 = 0, HH4 = 1, HH5 = 4), age

(<60 = 0, 60–80 = 1, C80 = 2), IVH (no = 0, yes = 1),

and re-bleed within 24 h (no = 0, yes = 1). Using our

model, the in-hospital mortality rates for patients with

score of 0, 1, 2, 3, 4, 5, 6, and 7 were 0.9, 4.5, 9.1, 34.5,

52.9, 60, 82.1, and 83.3 % respectively. Validation analysis

indicates good predictive performance of this model.

Conclusion The SAH score allows a practical method of

risk stratification of the in-hospital mortality. The in-hospital

mortality increases with increasing SAH mortality score.

Further investigation is warranted to validate these findings.

Keywords Subarachnoid hemorrhage � Mortality �
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Introduction

Subarachnoid hemorrhage (SAH) is a neurologic catastro-

phe with a natural history associated with high morbidity

and mortality rates [1]. Sudden death occurs in 12 % of

patients even before reaching medical attention [2]. For

those who survive the initial hemorrhage, they face a

critical period after SAH due to risk from a myriad of

complications including cardiac injury, cerebral vaso-

spasm, hydrocephalus, and re-bleeding, which can further

devastate the patient. The intracerebral hemorrhage (ICH)

score is a simple grading scale that stratifies risk of 30 day

mortality in ICH patients [3]. It uses standard clinical and

radiographic data such as GCS score, ICH volume, intra-

ventricular hemorrhage (IVH), infratentorial location, and

age >80 to predict 30 day mortality, with the 30 day

mortality increasing as ICH score increases. The ICH score

has become a useful research and clinical tool in risk

stratification for ICH. We sought to develop a similar cli-

nico-radiographic risk stratification scale for SAH.
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Patients and Methods

With approval from the Institutional Review Board, we

retrospectively reviewed 400 consecutive SAH patients

admitted to our institution from August 1, 2006 to February

1, 2011. Our institution is a tertiary referral academic

medical center that received transfers from surrounding

outside hospital’s emergency rooms (ER). Our academic

institution has a dedicated closed-unit neuro-intensive care

unit staffed only by neurointensivists boarded by the Uni-

ted Council for Neurologic Subspecialities. We have

institutional SAH protocols and order sets that are followed

on all SAH patients.

Patients were identified from the Get with the Guidelines

stroke database. We excluded CT negative SAH and trau-

matic SAH. Data were collected on demographic

information and medical history including age, history of

hypertension (HTN), diabetes mellitus (DM), coronary

artery disease (CAD), hyperlipidemia (HL), prior stroke,

and smoking history. Data were collected on Hunt and Hess

score (HH), Glasgow Coma Scale (GCS), in-hospital mor-

tality, and proximate cause of death. Complications, which

are collected, included symptomatic cerebral vasospasm

(defined as cerebral vasospasm requiring intra-arterial

vasodilator infusion or angioplasty), radiographic infarct

(defined as new or evolving hypodensity on CT brain),

cardiac troponin I (cTI) leak (defined as cTI level >0.5 ng/

mL), and re-bleed (defined as new or expanded hemorrhage

on CT within 24 h of admission), including pre-hospital or

intra-operative rupture. CT brain imaging was reviewed by

the study neurologist (VL, SJ, SP) for Fisher scale [4] and

the presence of IVH. We chose to use the original Fisher

scale rather than the modified Fisher scale, because we

wanted to evaluate thickness of blood and the presence of

IVH as separate elements rather than a combined data point.

Univariate analysis was performed with Chi square test

and Fisher’s exact test as appropriate. Multivariable

logistic regression model was used to identify variables

that independently predicted in-hospital mortality. Odds

ratios (OR), 95 % confidence intervals (CI), and p values

were reported. To evaluate predictive performance of our

model, internal validation was carried out with bootstrap-

ping (using 500 resamplings) which is an efficient internal

validation procedure for logistic regression model [6]. We

estimated Optimism-corrected model’s predictive perfor-

mance including overall performance, discrimination

ability, and calibration which were measured with Nage-

lkerke’s R2, c statistic (the area under the receiver

operating curve), and calibration slope, respectively [5, 6].

The SAH score was developed from the validated model. A

separate cohort of 302 SAH patients admitted February 1,

2011 to December 1, 2013 was used to evaluate the per-

formance of the SAH score. All statistical analysis was

performed using commercially available statistical soft-

ware (R version 2.15 and SAS 9.2).

Results

Patient Characteristics

Among 400 patients with SAH, the mean age was 56.9

±13.9 years (range, 21.5–96.2), and 261 (65.3 %) were

female. Baseline characteristics are reported in Table 1.

Table 1 Baseline characteristics of the 400 SAH patients

Total (400)

Age (mean) 56.9 years

Sex: female 261 (65.3 %)

Race

Black 162 (40.5 %)

White 160 (40 %)

Other 78 (19.5 %)

Hispanic ethnicity 62 (15.5 %)

Transfers from outside ER 377 (94.3 %)

Fisher scale

2 70 (17.5 %)

3 300 (75 %)

4 30 (7.5 %)

IVH 220 (55.4 %)

HH 1 7 (1.8 %)

2 176 (44 %)

3 87 (21.8 %)

4 54 (13.5 %)

5 76 (19 %)

GCS

3–8 129 (32.3 %)

9–12 32 (8 %)

13–15 239 (59.8 %)

EVD placement 262 (65 %)

Etiology of SAH

Angiogram negative 65 (16.3 %)

aSAH 292 (73 %)

Other 9 (2.3 %)

Unknown 34 (8.5 %)

Elevated cTI levels 78 (22.1 %)

Vasospasm 79 (19.8 %)

Cerebral infarct 101 (25.3 %)

Re-bleed within 24 h 17 (4.2 %)

Discharge disposition

Home 163 (40.8 %)

ARF 98 (24.5 %)

Other 59 (14.7 %)

Expired 80 (20 %)

Neurocrit Care (2014) 21:14–19 15

123



There were 162 (40.5 %) black and 160 (40 %) white.

Most were HH2 or 3 (65 %), had IVH (55.4 %), and were

Fisher scale 3 (75 %). Most patients (94.2 %) were trans-

fers from outside hospital ERs. Among the 366 patients

with known causes, 292 (79.8 %) of patients had aneu-

rysmal SAH, 65 (17.8 %) were angiogram negative, and 9

patients had other vascular lesions (arteriovenous malfor-

mation or dural arteriovenous fistula). In a small number of

patients (34), testing could not be performed and were of

unknown cause. However, most of the patients with

unknown cause of SAH died (32). Among the 292 patients

with aneurysmal SAH, 179 (61.3 %) underwent endovas-

cular treatment, 93 (31.8 %) underwent surgical treatment,

11 (3.8 %) underwent both, and 9 (3.1 %) expired before

any treatment.

Most patients, 261 (65 %), were discharge to home or

acute rehabilitation facilities (ARF), and 59 (14.7 %) were

discharged to other facility (including nursing home, skil-

led nursing facility, or ventilator weaning facility). Among

survivors, the mean length of stay was 17 ± 8 days (range,

0–77 days). The overall in-hospital mortality rate was

20 %. The mean time to death was 7.5 ± 7.7 days (range

0–31 days). Among 80 patients who died, the cause of the

in-hospital mortality was withdrawal of support in 61

(76 %), brain death in 15 (18.8 %), and cardiopulmonary

death in 4 (5 %). The mean time to death was significantly

different between the groups and was 8.4 days for with-

drawal of support, 2.7 days for brain death, and 11.3 days

for cardiopulmonary death (p = 0.02). The majority of

brain deaths (14/15) occurred within 4 days of admission.

Model Development and Validation

In univariate analysis, the following items were signifi-

cantly associated with the in-hospital mortality: age, HH,

FG, CAD, IVH, prior stroke, GCS, and re-bleed (Table 2).

Gender, HTN, DM, HL, symptomatic cerebral vasospasm,

and radiographic cerebral infarct were not significantly

related to the in-hospital mortality. Significant factors from

the univariate analysis were included in the multivariate

logistic regression analysis. Based on the distribution of

our cohort and their association with the in-hospital mor-

tality, we categorized age as <60, 60–79 and >80 and HH

as 1–3, 4 and 5. In multivariate analysis, the variables

independently associated with the in-hospital mortality

were HH (p < 0.0001), age (p < 0.0001), IVH

(p = 0.049), and re-bleed (p = 0.01) (Table 3). We also

examined GCS; however, due to its strong correlation with

HH, either of them was significant in multivariate analysis,

but not both. Since HH and GCS are a measure of the same

information, i.e., the patient’s clinical exam severity, we

chose to pursue HH as the more relevant scale for SAH

patients. From the internal validation analysis with

bootstrapping, the optimism corrected Nagelkerke’s R2,

c statistic, and calibration slope were 0.53, 0.91, and 0.95,

respectively, which all indicate good predictive perfor-

mance of this model.

The SAH score

We developed a risk stratification scale (the SAH score)

from the above internally validated logistic regression

model. Based on the strength of association with the in-

hospital mortality, the four predictors were assigned

Table 2 Univariate analysis of characteristics of SAH patients

(n = 400)

Survivors (320)

(%)

Mortality (80)

(%)

p value

Sex Male 112 (35) 27 (33.8) 0.89

Female 208 (65) 53 (66.3)

Age <60 219 (68.4) 30 (37.5) <0.0001

60–79 88 (27.5) 36 (45)

C80 13 (4.1) 14 (17.5)

CAD Yes 13 (4) 9 (11.3) 0.02

No 307 (95.9) 71 (88.8)

DM Yes 50 (15.6) 16 (20) 0.4

No 270 (84.4) 64 (80)

HTN Yes 176 (55.0) 50 (56.5) 0.26

No 144 (45.0) 30 (37.5)

HL Yes 39 (12.2) 9 (11.3) 1.0

No 281 (87.8) 71 (88.8)

HH 1 7 (2) 0 (0) <0.0001

2 168 (52.5) 8 (10)

3 81 (25.3) 6 (7.5)

4 40 (12.5) 14 (17.5)

5 24 (7.5) 52 (65)

FG 2 65 (20.3) 5 (6.3) 0.001

3 236 (73.8) 64 (80)

4 19 (5.9) 11 (13.8)

IVH* Yes 156 (48.8) 64 (83.1) <0.0001

No 164 (51.3) 13 (16.9)

GCS 3–8 67 (20.9) 62 (77.5) <0.0001

9–12 27 (8.4) 5 (6.3)

13–15 226 (70.6) 13 (16.3)

Prior stroke Yes 17 (5.3) 12 (15) 0.003

No 303 (94.7) 68 (85)

Re-bleed Yes 7 (2.2) 10 (12.5) <0.0001

No 309 (96.6) 62 (77.5)

Cerebral

infarct

Yes 80 (25) 21 (26.3) 0.82

No 240 (75) 59 (73.8)

Vasospasm Yes 66 (20.6) 13 (16.3) 0.4

No 254 (79.4) 67 (80.3)

* Missing data in 3 patients
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weighted points (Table 4). The weighted points were

derived from the regression coefficients from the logistic

model. The SAH score was the sum of individual points,

and it ranged from 0 to 8.

The in-hospital mortality rates for patients with score of

0, 1, 2, 3, 4, 5, 6, and 7 were 0.9, 4.5, 9.1, 34.5, 52.9, 60,

82.1, and 83.3 %, respectively (Fig. 1). Each increase in

the score was associated with an increase in the in-hospital

mortality (p < 0.0001 for trend). There were no patients

with a score of 8. With 83.3 % mortality rate for patients

with score 7, we expect patients with score 8 have even

higher risk of mortality. However, this needs to be exam-

ined in a larger study. For ease of clinical application of the

SAH score, we can simplify the classification of the risk as

low (SAH score 0–2), moderate (SAH score 3–5), and high

(SAH score 6–8).

In the separate cohort of 302 SAH patients, there were

only few patients with score higher or equal to 6, so we

evaluated the SAH score in this cohort with the simplified

classification. The in-hospital mortality rates were 4.8, 60,

and 71.4 % for patients with low (score 0–2), moderate

(score 3–5), and high (score 6–8) risk, respectively.

Discussion

Compared with other stroke subtypes, SAH is an uncom-

mon cause of stroke overall. However, because the median

age of death for SAH is 59 years compared with 81 years

for ischemic stroke, SAH produces a relatively large bur-

den of premature mortality compared with ischemic stroke

[7]. With improved care, SAH mortality has steadily

decreased since in the last four decades in the US and

internationally [7–11]. Clinical scores, such as HH, GCS,

and World Federation of Neurological Surgeons classifi-

cation, are used as an indicator of clinical severity, which is

an indirect maker of prognosis. Studies on long-term

mortality in SAH are limited, although the 1-year mortality

after SAH is increased compared to matched controls, and

this excess risk in SAH survivors is attributable to cere-

brovascular disease [12].

Several prognostic scores have been developed in the

SAH population. The SAH physiological derangement

score was developed from a prospective observational

study of 413 SAH patients [13]. Among 20 physiologic

variables, 4 were independently associated with death or

severe disability at 3 months, including Arteriolar–alveolar

gradient, Serum bicarb, Serum glucose, and Mean arterial

pressure. Although the SAH physiologic derangement

score provides useful information, it was made by adjusting

for over-riding ‘‘known predictors’’ of mortality, such as

in-hospital re-bleeding, aneurysm size, IVH, LOC, HH,

and age. Because the SAH physiologic derangement score

excluded factors more meaningful and relevant to mortal-

ity, it is not clinically intuitive for practitioners and has not

gained widespread use. The admission bioclinical score

(ABC score) was developed using data from 526 aneu-

rysmal subarachnoid hemorrhage (aSAH) patients who

underwent aneurysm coiling [14]. This ABC score predicts

1-year mortality and consists of GCS, S100 B, and cTI.

However, this study had selection bias by only including

SAH patients who survived long enough to be coiled

Table 3 Multivariate analysis of independent predictors of the in-

hospital mortality after SAH

Factor OR (95 % CI) p value

HH 1–3 (ref) 1 <0.0001

4 4.08 (1.65, 10.09)

5 41.3 (17.56, 97.11)

Age <60 (ref) 1 <0.0001

60–80 3.36 (1.55, 7.3)

C80 16.66 (5.47, 50.76)

IVH 2.27 (1.0, 5.14) 0.049

Re-bleed within 24 h 5.38 (1.48, 19.52) 0.01

Table 4 Determination of the SAH (HAIR) score (0–8)

Component Point

HH 5 4

4 1

1–3 0

Age C80 2

60–80 1

<60 0

IVH Yes 1

No 0

Re-bleed* Yes 1

No 0

* within 24 h

Fig. 1 Mortality rate based on SAH score
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(excluding those who were clipped or did not receive

aneurysm treatment), thus limiting the generalizability of

their findings. Turck et al. [15] developed a six-parameter

clinical and biomarker panel, including WFNS, H-FABP,

S100B, NDKA, UFD-1, and cT1, to predict unfavorable

clinical 6 month outcomes after aSAH.

The elements of our SAH score have been consistently

associated with mortality in previously published reports.

The severities of the initial hemorrhage (as measured by

HH and the presence of IVH), age, and re-bleeding have

been consistently shown to impact mortality in SAH [16,

17]. Naidech reported a re-bleed rate of 6.9 % and those

with re-bleed were more likely to die in the hospital [17].

Short-term (30 day) mortality was 45 % in the Cincinnati

study, a large representative metropolitan population, with

most deaths occurring early within the first 2 days and

attributable to the initial hemorrhage or re-bleeding [16].

Our data also confirm that many deaths in SAH occur early,

with over one-third (37.5 %) occurring within 2 days and

over half (53.8 %) the deaths occurring within 5 days.

Mortality from brain death occurs significantly earlier than

death due to other causes. Thus, it is reasonable to suggest

that factors impacting early mortality (such as severity of

initial hemorrhage or re-bleeding) have a greater impact on

short-term SAH mortality compared with delayed

complications.

Other elements that have been traditionally considered a

significant cause of mortality after SAH were not found to

be independent predictors of the in-hospital mortality in

our analysis and were therefore excluded from the SAH

mortality score. Two elements that deserve mention are

cerebral vasospasm and cardiac injury. Cerebral vasospasm

(and by extrapolation radiographic infarct) were not

included in the SAH mortality score, because both ele-

ments were not found to be independent predictors of the

in-hospital mortality. The International Cooperative Study

on the Timing of Aneurysm Surgery reported that delayed

arterial vasospasm accounted for a quarter of deaths at

6 months [18]. Of note, the International Cooperative

Study by design excluded moribund patients and thus

likely underestimated the impact of the initial severity of

SAH and re-bleeding. In contrast, the Cincinnati popula-

tion-based study found that most deaths were due to the

initial hemorrhage and vasospasm played a minor role in

30 day mortality [16]. Our data confirm the results of the

Cincinnati study, and cerebral vasospasm likely contributes

to poor functional outcomes rather than short-term

mortality.

Although perimesencephalic angiogram negative SAH

has reduced complications and good outcome, angiogram-

negative non-perimesencephalic SAH is not a benign entity

and is associated with complications seen in aSAH [19,

20]. There is also a high frequency of early mortality in

SAH patients, with the result that many patients expire

before work-up can be completed to determine the cause.

In our cohort, 34 (8 %) were unknown category (testing

was not completed), and among these patients 32 (94 %)

died. The unknown category comprises 40 % of the overall

deaths. To exclude a large proportion of SAH patients in a

mortality, study would artificially attribute more impor-

tance to factors that may not be associated with true

mortality. For these reasons, we chose to include all SAH

patients in our dataset.

The advantage of our SAH score is that it is simple for

clinicians to use, incorporates intuitive information that is

part of standard clinical and radiographic bedside assess-

ment of SAH patients, and offers objective standardized

risk stratification. The results appear to be logical and

appropriate with mortality increasing steadily with SAH

score. The elements of the SAH score can be easily

recalled by the mnemonic HAIR (HH, Age, IVH, Re-

bleed).

A major limitation of the SAH score is that since the

proximate cause of death in most SAH patients is with-

drawal of care (comfort care), these results could be part

of a ‘‘self-fulfilling prophecy’’ via withdrawal of care. In

ICH as well, withdrawal of support has been shown to be

proximate cause of death in the majority of patients [21].

Aggressiveness of care by hospitals (as measured by early

DNR order) has shown to impact mortality in ICH even

after adjusting for case mix [22]. ICH patients with early

care limitations have a mortality rate in excess of that

predicted by scores, even after adjustment for expected

predictors of ICH mortality [23, 24]. These same concerns

in the ICH population are prevalent with SAH models of

mortality. Just as ICH predictive models’ performance is

impacted by early DNR status, it would be reasonable to

assume that SAH score would also underestimate mor-

tality in patients with early care limitations and

overestimate mortality in those without early DNR orders.

However, despite these limitations, the ICH score has still

remained a useful clinical and research tool. Therefore, a

similar SAH score may still be useful to clinicians and

researchers, as long as potential pitfalls and limitations

are recognized. Just as the ICH mortality score has found

use as a research tool to adjust for ICH severity, we

expect that SAH HAIR score can also be useful as a

‘‘severity’’ score, and we do not advocate using this score

to prognosticate. Other limitations of our study include

issues inherent to a retrospective study, such as biased

recall and missing data. Of note, there were only a few

patients with score 7 and no patients in the subgroup with

the highest score (score 8). Our results represent one

institution’s experience, and these results need to be

validated externally in independent cohorts with larger

numbers.
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Conclusion

The SAH score allows for risk stratification of the in-

hospital mortality. The in-hospital mortality increases with

increasing SAH mortality score. Further investigation is

warranted to validate these findings.
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