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A Risk Score for In-Hospital Death in Patients Admitted With Ischemic
or Hemorrhagic Stroke
Eric E. Smith, MD, MPH; Nandavar Shobha, DM; David Dai, MSc; DaiWai M. Olson, PhD, RN; Mathew J. Reeves, PhD; Jeffrey L. Saver, MD;
Adrian F. Hernandez, MD; Eric D. Peterson, MD, MPH; Gregg C. Fonarow, MD; Lee H. Schwamm, MD

Background-—We aimed to derive and validate a single risk score for predicting death from ischemic stroke (IS), intracerebral
hemorrhage (ICH), and subarachnoid hemorrhage (SAH).

Methods and Results-—Data from 333 865 stroke patients (IS, 82.4%; ICH, 11.2%; SAH, 2.6%; uncertain type, 3.8%) in the Get
With The Guidelines—Stroke database were used. In-hospital mortality varied greatly according to stroke type (IS, 5.5%; ICH,
27.2%; SAH, 25.1%; unknown type, 6.0%; P<0.001). The patients were randomly divided into derivation (60%) and validation (40%)
samples. Logistic regression was used to determine the independent predictors of mortality and to assign point scores for a
prediction model in the overall population and in the subset with the National Institutes of Health Stroke Scale (NIHSS) recorded
(37.1%). The c statistic, a measure of how well the models discriminate the risk of death, was 0.78 in the overall validation sample
and 0.86 in the model including NIHSS. The model with NIHSS performed nearly as well in each stroke type as in the overall model
including all types (c statistics for IS alone, 0.85; for ICH alone, 0.83; for SAH alone, 0.83; uncertain type alone, 0.86). The
calibration of the model was excellent, as demonstrated by plots of observed versus predicted mortality.

Conclusions-—A single prediction score for all stroke types can be used to predict risk of in-hospital death following stroke
admission. Incorporation of NIHSS information substantially improves this predictive accuracy. ( J Am Heart Assoc. 2013;2:
e005207 doi: 10.1161/JAHA.112.005207)
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S troke is a leading cause of death in the United States, and
a substantial portion of those deaths occur during

hospitalization for acute stroke. The risk of death varies
greatly across stroke types, with higher mortality from
intracerebral hemorrhage (ICH) and subarachnoid hemorrhage
(SAH) compared with ischemic stroke (IS).

Predicting risk of stroke death may be useful to objectively
determine prognosis, target care to patients at risk, counsel
patients and families regarding end-of-life decisions, and help

clinicians and hospitals understand whether stroke case
fatality rates are similar to expected rates based on patient
case mix. Several risk scores have been published for
prediction of mortality following IS1–7 and ICH,8–16 but there
are few risk scores for SAH.17,18 There is only 1 validated risk
score that has included both IS and ICH patients, to our
knowledge.1 Limitations of many previously published models
include derivation from small or selected populations and the
use of noncontemporary cohorts, which may have limited
applicability to current practice given the decreasing stroke
case fatality rate of the past decade.

Get With The Guidelines—Stroke (GWTG-Stroke) is a large
national stroke registry and quality-improvement initiative
that has been previously used to derive and validate a risk
score for prediction of death from IS.19 Participating hospitals
now use this risk score, with Web-based computerized
decision support, to produce on-demand reports of predicted
and observed mortality in individual patients or groups of
patients. However, there is a need to extend these predictions
to patients with other stroke types. The objective of the
current study was to derive and validate a more general
predictive model for an individual patient’s risk of in-hospital
death from acute stroke of any type (IS, ICH, SAH, or
uncertain type).
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Methods

Subject Population and Study Measurements
Characteristics of the GWTG-Stroke program have been
previously described.20,21 Participating hospitals used the
Internet-based Patient Management Tool (Outcome Sciences
Inc, Cambridge, MA) to enter data, receive decision support,
and obtain feedback on stroke quality of care. All hospitals
entered consecutive patients with IS. Hospitals could enter
ICH and SAH cases at their discretion; when they did so, they
were instructed to submit consecutive cases, as for IS.22

Trained hospital personnel abstracted data using the Patient
Management Tool with standardized data definitions and
detailed coding instructions. The Internet-based system
performs checks to ensure that the reported data are
complete and internally consistent. Hospital characteristics
(ie, academic teaching status, bed size) were based on
American Hospital Association data.23

Between October 1, 2001, and December 30, 2007, there
were 1046 hospitals that contributed data on 408 412 stroke
hospitalizations. We excluded patients transferred out to
another acute care hospital (n=15 372, 3.8%) or transferred in
from another acute care hospital (n=52 076, 12.8%). Further-
more, 7099 (1.7%) were excluded because of missing data on
discharge destination, leaving 333 865 patients for analysis.

Each participating hospital received either human research
approval to enroll cases without individual patient consent
under the common rule or a waiver of authorization and
exemption from subsequent review by their institutional
review board. Outcome Sciences, Inc, serves as the data
collection and coordination center for GWTG. The Duke
Clinical Research Institute serves as the data analysis center
and has institutional review board approval to analyze the
aggregate deidentified data for research purposes.

Statistical Analysis
First, the sample was randomly divided into a derivation
sample (200 319, 60%) and a validation sample (133 546,
40%). Model building was carried out exclusively in the
derivation sample. Using chi-square tests for categorical
variables and the Kruskal–Wallis test or Wilcoxon rank-sum
test for continuous variables, patient characteristics were
compared among those who died in-hospital or survived to
discharge.

Variables for model inclusion were selected on the basis of
prior literature, clinical relevance, and general availability and
were selected in parallel with the model-building process used
to derive a risk score for predicting in-hospital death from IS
alone.19 These variables were entered into a multivariable
logistic regression model to determine the independent

predictors of in-hospital death in the entire stroke population
(including IS, ICH, SAH, and stroke of uncertain type). Age was
entered as a continuous function if age >60 because we found
a linear increased probability of death with each year of age
>60 in prior analyses. The generalized estimating equations
(GEE) approach was used to account for within-hospital
clustering.24 Stepwise backward elimination was used to
remove nonsignificant variables (P>0.05) from the model.

Variables with missing data were imputed as follows:
missing mode of arrival to the hospital (4.8%) was imputed to
private transport (because ambulance personnel should have
documented arrival times for patients arriving by ambulance),
missing race (0.20%) was imputed to white, and missing arrival
time (4.8%) was imputed to the off hours or weekend category
(themost common category). The few patients withmissing sex
information (0.09%) were excluded from the models.

The beta coefficients from the final model were used to
generate point scores for calculating mortality risk.25 The
resulting mortality prediction rule was then validated by
generating c statistics and plots of observed versus predicted
mortality in the validation sample, using either 5 prespecified
categories of predicted risk or 10 deciles of predicted risk.
The c statistic was used as the primary measure of model
discrimination.

Stroke severity, measured by the National Institutes of
Health Stroke Scale (NIHSS), was not entered in the overall
model because it was not routinely documented as part of
routine clinical practice and was recorded for only 37.1% of
patients. To test an a priori hypothesis that the NIHSS would
be a strong determinant of mortality, we separately derived
and validated a model in the subset of patients with the NIHSS
documented, using the same approach described above.

Analyses were performed using SAS version 9.1.3 (SAS
Institute, Cary, NC).

Results
The study population consisted of 333 865 hospitalized stroke
patients. Mean age was 71.1�14.7 years, and 53.3% were
women. Admissions were submitted by 1046 hospitals. Median
hospital bed size was 374 (interquartile range, 262 to 543), and
60.7% were identified as academic teaching hospitals accord-
ing to American Hospital Association criteria.23

There were 274 988 (82.4%) with IS, 37 609 (11.2%) with
ICH, 8664 (2.6%) with SAH, and 12 704 (3.8%) with stroke of
uncertain type. The characteristics of patients according to
stroke type are shown in Table 1. Overall, in-hospital death
occurred in 28 283 of 333 865 patients (8.5%). Mortality
varied widely by stroke type: IS, 5.5%; ICH, 27.2%; SAH,
25.1%; uncertain type, 6.0% (P<0.001). Characteristics asso-
ciated with in-hospital death are shown in Table 2.
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Table 1. Characteristics According to Stroke Type

Characteristic
Ischemic Stroke
(n=274 988), %

Subarachnoid
Hemorrhage
(n=8664), %

Intracerebral
Hemorrhage
(n=37 509), %

Uncertain Type
(n=12 704), % P Value*

Age, y 74 (62, 83) 59.5 (49, 75) 73 (59, 82) 74 (61, 83) <0.0001

Male 46.5 39.7 49.4 46.0 <0.0001

Race/ethnicity <0.0001

White 73.9 67.8 68.4 70.6

African American or Black 15.1 14.1 15.8 16.6

Asian 2.3 4.0 4.4 1.8

Hispanic 4.2 6.5 5.6 4.2

Other 4.4 7.4 5.6 6.0

Arrival mode to your hospital <0.0001

EMS from scene 53.4 53.7 65.9 49.0

Private transport 40.9 29.2 26.5 44.7

Did not present via ED 5.7 17.1 7.6 6.3

Initial NIHSS Score† 5 (2, 11) 3 (0, 15) 9 (3, 19) 3 (1, 8() <0.0001

Medical history

Atrial fibrillation 18.2 7.5 15.7 15.0 <0.0001

Atrial fibrillation, current admission 15.9 6.3 12.2 10.9 <0.0001

Prosthetic heart valve 1.5 0.9 1.6 1.3 <0.0001

Previous stroke/TIA 30.8 12.2 25.0 30.8 <0.0001

Coronary artery disease 27.5 13.6 21.1 25.0 <0.0001

Carotid stenosis 4.7 1.2 1.8 4.5 <0.0001

Diabetes mellitus 29.9 15.0 22.9 29.3 <0.0001

Peripheral vascular disease 5.2 1.8 3.4 4.7 <0.0001

Hypertension 74.0 54.8 71.4 69.8 <0.0001

Dyslipidemia 35.2 19.0 24.5 28.1 <0.0001

Smoker, current/past year 17.1 25.0 13.2 15.0 <0.0001

Arrived daytime regular hours‡ 46.8 33.1 40.8 45.5 <0.0001

Hospital characteristics

Number of beds§ 372 (262, 540) 434 (327, 587) 407 (281, 558) 317 (200, 499) <0.0001

Teaching hospital¶ 60.6 69.0 63.4 50.0 <0.0001

Region

Northeast 25.5 17.7 22.3 23.7 <0.0001

Midwest 19.9 17.5 17.4 16.9

South 36.7 41.3 38.5 46.0

West 17.9 23.6 21.8 13.4

Outcome

Died in the hospital 5.5 25.1 27.2 6.0 <0.0001

EMS indicates emergency medical services; ED, emergency department; NIHSS, National Institutes of Health Stroke Scale; TIA, transient ischemic attack. Age and NIHSS are reported as
median (interquartile range).
*Significance testing by chi-square test (for categorical variables) or Kruskal–Wallis test (for continuous variables).
†Available in 37.1% overall (ischemic stroke, 39.7%; intracerebral hemorrhage, 27.6%; subarachnoid hemorrhage, 15.8%; uncertain type, 23.5%).
‡Daytime regular hours were defined as 7 AM to 5 PM Monday to Friday; all other times (including all-day Saturday and Sunday) were considered off-hours.
§Missing in 0.90%.
¶Missing in 0.99%.
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Table 2. Characteristics of Stroke Patients Who Died in the Hospital

Characteristic
Overall
(n=333 865)

Alive
(n=305 582)

Dead
(n=28 283) P Value*

Age, y 74 (61, 82) 73 (61, 82) 78 (65, 85) <0.0001

Male 46.7 46.9 44.3 <0.0001

Race/ethnicity <0.0001

White 73.0 72.9 74.1

African American or Black 15.2 15.5 12.6

Asian 2.5 2.5 3.2

Hispanic 4.4 4.4 4.1

Other 4.9 4.8 6.1

Stroke type <0.0001

Ischemic stroke 82.4 85.0 53.5

Subarachnoid hemorrhage 2.6 2.1 7.7

Intracerebral hemorrhage 11.2 8.9 36.1

Stroke of uncertain type 3.8 3.9 2.7

Arrival mode to your hospital <0.0001

EMS from scene 54.7 52.3 80.4

Private transport 39.1 41.6 12.0

Did not present via ED 6.2 6.1 7.6

Initial NIHSS Score† 5 (2, 11) 4 (2, 10) 19 (12, 26) <0.0001

Medical history

Atrial fibrillation 17.5 16.6 26.8 <0.0001

Atrial fibrillation, current admission 15.1 14.4 22.4 <0.0001

Prosthetic heart valve 1.5 1.4 1.9 <0.0001

Previous stroke/TIA 29.6 29.8 27.7 <0.0001

CAD/prior MI 26.4 26.1 29.7 <0.0001

Carotid stenosis 4.3 4.4 3.0 <0.0001

Diabetes mellitus 28.7 29.0 26.2 <0.0001

PVD 4.9 4.9 5.5 <0.0001

Hypertension 73.0 73.2 71.0 <0.0001

Dyslipidemia 33.3 34.2 23.8 <0.0001

Smoker, current/past year 16.8 17.3 11.6 <0.0001

Arrived daytime regular hours‡ 45.7 46.3 40.2 <0.0001

Hospital characteristics

Number of beds§ 375 (262, 543) 373 (261, 543) 398 (267, 546) <0.0001

Teaching hospital¶ 60.7 60.5 63.1 <0.0001

Region

Northeast 24.9 24.8 25.7 <0.0001

Midwest 19.4 19.7 16.8

South 37.4 37.5 35.7

West 18.3 18.0 21.7

EMS indicates emergency medical services; ED, emergency department; NIHSS, National Institutes of Health Stroke Scale; CAD, coronary artery disease; TIA, transient ischemic attack; MI,
myocardial infarction; PVD, peripheral vascular disease.
*Significance testing by chi-square test (for categorical variables) or Wilcoxon rank-sum test (for continuous variables).
†Available in 37.1% overall (ischemic stroke, 39.7%; intracerebral hemorrhage, 27.6%; subarachnoid hemorrhage, 15.8%; uncertain type, 23.5%).
‡Daytime regular hours were dened as 7 AM to 5 PM Monday to Friday; all other times (including all-day Saturday and Sunday) were considered off-hours.
§Missing in 0.90%.
¶Missing in 0.99%.
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Prediction Model Without Stroke Severity
Information
The derivation sample (n=200 319 patients, 60%) and valida-
tion sample (n=133 546 patients, 40%) were well matched
with respect to patient characteristics and overall mortality,
with the sole exception that history of hypertension was
slightly more frequent in the derivation sample than in the
validation sample (73.2% versus 72.9%, P=0.04). A logistic
regression model for in-hospital death was built using the
following candidate predictor variables based on our previous
work: age, stroke type, method of arrival at the hospital,
history of atrial fibrillation, previous stroke, coronary artery
disease, carotid stenosis, diabetes, peripheral vascular
disease, hypertension, dyslipidemia, smoking, and weekend
or night admission. All these candidate variables were
significant independent predictors of mortality. The regres-
sion-model beta coefficients were then used to derive point
scores that could be used to predict a patient’s risk of dying in
the hospital (Figure 1). The predicted in-hospital mortality
according to point score category is tabulated in Table 3 and
is plotted as a continuous function of the risk score in
Figure 1.

The risk score demonstrated good discrimination in the
reserved validation sample (c statistic, 0.78). Stratification of
the derivation and validation samples by quintile of predicted
in-hospital mortality demonstrated the predicted risk of in-
hospital death varied >23-fold across the quintiles, from 1.0%
in quintile 1 to 23.2% in quintile 5 (Figure 2). A plot of
observed versus predicted mortality in the validation sample,
grouped into 10 deciles of predicted risk, showed excellent
correlation between observed and predicted mortality (Fig-
ure 2). Despite this good correlation, the Hosmer–Lemeshow
statistic was positive (P<0.001), indicating a statistically
detectable difference between observed versus predicted
events, possibly reflecting the high statistical power of the
test because of the very large sample size.

Prediction Model Including Stroke Severity
Information (NIH Stroke Scale Score)
We also derived a model in the subset of patients with NIHSS
documented on admission (n=123 916, 37.1%). Documenta-
tion of NIHSS varied by stroke type: IS, 39.7%; ICH, 27.6%;
SAH, 15.8%; uncertain type, 23.5% (P<0.001). As with our
prior approach, 60% of the sample of patients with NIHSS

Figure 1. Prediction tool for in-hospital death after admission for stroke. Risk of death is ≥45% for point score totals >160.
Mortality ¼ 1

1þ exp ð5:193866�0:031209394½pts�Þ.

ED indicates emergency department; TIA, transient ischemic attack.
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recorded was used for derivation (n=74 278), and 40% was
used for validation (n=49 483). The 2 samples were well
matched with respect to patient characteristics and overall
mortality, with no significant differences (data not shown). The
NIHSS was strongly associated with mortality; median NIHSS
was 19 in those who died (interquartile range, 12 to 26)
compared with 4 in those who survived (interquartile range, 2
to 10; P<0.001). The c statistic for a model including the
NIHSS as the only predictor was 0.84. Point scores for the full
prediction model including the NIHSS are shown in Figure 3,
and a table of predicted mortality according to point score
category is shown in Table 4. The validation sample c statistic
for the model including NIHSS (0.86) was greater than the c
statistic for the model derived without NIHSS (0.78, P<0.001).
Plots of observed versus predicted events showed good
correlation (Figure 4), even though the Hosmer–Lemeshow
test indicated a statistically significant difference between
observed and predicted event rates (P<0.001).

Model Predictions in Each Stroke Type
Model discrimination is shown in Table 5, with and without
incorporation of the NIHSS as a variable. Discrimination of
in-hospital death within each individual stroke type was
worse than that in the overall model; this was not
unexpected because stroke type was a powerful indepen-
dent predictor of mortality in the overall model. When
controlling for NIHSS, discrimination within each stroke type
was excellent.

Discussion
Using data from a large nationwide study, we have generated
a risk score that reliably predicts in-hospital mortality in
patients with IS, ICH, SAH, and stroke not classified. To our
knowledge, this is the first validated clinical risk score for
discrimination of death in all 3 major stroke types. When
information on stroke severity was incorporated, as measured
by the NIHSS, discrimination was substantially better. The
NIHSS was the strongest determinant of in-hospital death,
more so than stroke type, even though stroke mortality is
known to vary widely between IS, ICH, and SAH. Conse-
quently, the risk score including NIHSS performed well within
each individual stroke type. The risk score is complex but easy
to use with the aid of Web-based computational support and
has already been implemented into the GWTG-Stroke Patient
Management Tool.

The calibration of the models appeared excellent, with high
correlations between observed and expected event rates
(Figures 2 and 4). However, the Hosmer–Lemeshow test was
significant for most models, indicating a significant difference
between the observed and predicted event rates. The most

Figure 2. A, Observed vs predicted in-hospital mortality accord-
ing to quintiles of predicted risk. B, Observed (ie, actual) vs
predicted in-hospital mortality in the validation sample according
to 10 deciles of predicted risk. The Hosmer–Lemeshow statistic
was <0.001. Observed and expected mortality were highly
correlated (r2=0.99).

Table 3. Predicted In-Hospital Mortality According to Risk
Score Category

Points In-Hospital Mortality (%)

0 to 20 <1.1

21 to 40 1.1 to 1.9

41 to 50 2.0 to 2.5

51 to 60 2.7 to 3.5

61 to 70 3.6 to 4.7

71 to 79 4.8 to 6.3

81 to 90 6.5 to 8.4

91 to 100 8.7 to 11.2

101 to 110 11.5 to 14.7

111 to 120 15.1 to 19.0

121 to 130 19.5 to 24.3

131 to 140 24.9 to 30.5

141 to 150 31.1 to 37.5

151 to 160 38.2 to 45.0

>160 >45.0
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likely explanation for this discrepancy is that the statistical
power of the Hosmer–Lemeshow test was excessively high
because of the large sample sizes, with as many as 333 865
patients included in the models. The Hosmer–Lemeshow test
is overly sensitive to trivial deviations from the ideal fit when
the sample size is this large.26

The ability of this risk score to discriminate patients who
died from patients who survived was similar to or better
than previously published models. We used the c statistic as
the primary measure of model discrimination. The c statistic
is equivalent to the probability that the predicted risk of
death is higher for patients who died than for patients who
survived and is also equivalent to the area under the
receiver operating characteristics (ROC) curve.27 The c
statistic for our model without NIHSS information was
0.78 and for the model including NIHSS was 0.86. Previous
prediction models for in-hospital or 30-day death following
ischemic stroke have reported c statistics ranging from 0.79
to 0.88.1–4,6,7,19 Prediction models for in-hospital or 30-day
death following ICH have reported c statistics ranging from

Figure 3. Prediction tool for in-hospital death after admission for stroke, incorporating the NIH Stroke Scale score (NIHSS). The risk of death
was ≥60.8% for point scores >100.
Mortality ¼ 1

1þ exp ð5:949803�0:066087½pts�Þ.

ED indicates emergency department; TIA, transient ischemic attack; NIH, National Institutes of Health.

Table 4. Predicted In-Hospital Mortality According to Risk
Score Category, Model Including NIH Stroke Scale Score

Points In-Hospital Mortality (%)

0 to 20 ≤1.3

21 to 30 1.3 to 2.4

31 to 40 2.4 to 4.2

41 to 50 4.3 to 7.3

51 to 60 7.5 to 12.6

61 to 70 12.7 to 20.7

71 to 75 20.8 to 26.0

76 to 80 26.1 to 32.1

81 to 85 32.2 to 38.9

86 to 90 40.0 to 46.1

91 to 95 46.2 to 53.6

96 to 100 53.7 to 60.8

>100 >60.8

NIH indicates National Institutes of Health.
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0.86 to 0.90.8–16,28 A single risk score for 90-day mortality
after SAH had an area under the ROC curve of 0.69 and
0.75 in 2 independent validation samples.17 A previous
model of in-hospital mortality in all forms of stroke (IS, ICH,
SAH) based solely on administrative data had lower
discrimination (c statistic, 0.72) than our model not including
NIHSS (0.78) or including NIHSS (0.86).29 Our finding that
the addition of NIHSS information resulted in improved
model discrimination is consistent with a prior analysis of
Get With The Guidelines-Stroke data, which showed that
adding the NIHSS substantially improved discrimination of
the risk of 30-day mortality in ischemic stroke compared
with a model using administrative claims data alone, with an
improvement in the c statistic from 0.77 to 0.84.30 In this
paper, we showed that the addition of the NIHSS improved
model discrimination in ICH and SAH, as well as in ischemic
stroke (Table 5).

The prediction model that included NIHSS performed well
in ICH and SAH despite the absence of several variables that
are known predictors of poor outcomes in these populations.

In ICH studies hematoma volume, presence of intraventric-
ular hemorrhage, and Glasgow Coma Scale have been found
to be independent predictors of poor outcome.8–16 In SAH
studies clinical grading systems such as the Hunt and Hess
scale or the World Federation of Neurosurgical Societies
scale,17,18 location of the aneurysm,31 and extent of
subarachnoid blood17,18 have been independently associated
with poor outcome. Had information on these factors been
available in GWTG-Stroke, it is possible that our ability to
predict death in these stroke types would have been further
improved. However, our results suggest that risk of death in
these stroke types can be predicted well even in the
absence of information on these factors. A reason for the
excellent discrimination may be that the NIHSS is a good
marker of stroke severity in hemorrhagic stroke types as
well as in ischemic stroke. Previous studies showed that the
NIHSS is a strong independent predictor of outcome following
ICH9,12 and also following SAH, particularly in SAH patients
without depressed consciousness.32 Therefore, routine col-
lection of the NIHSS for all stroke types may facilitate risk
stratification and allow for hospital-level stroke risk models
with enhanced discrimination.

In our model, we did not adjust for orders for limitation
of care or use of palliative care, which would have further
increased the discrimination of death.33 By design, we
chose to adjust only for patient characteristics present on
hospital admission to allow our model to be used at the
time of admission for the purpose of predicting hospital
outcomes and to facilitate better quality of care by allowing
hospitals to identify patients with actual outcomes that
were better or worse than predicted. Therefore, we chose
not to adjust for postadmission events including the quality
of care provided or the use of palliative care. This approach
follows recommendations from the American Heart Associ-
ation for risk adjustment suitable for reporting of health
outcomes.34

Figure 4. A, Observed vs predicted in-hospital mortality, incorpo-
rating the NIH Stroke Scale score as a predictor, according to
quintiles of predicted risk. B, Observed (ie, actual) vs predicted in-
hospital mortality in the validation sample according to 10 deciles of
predicted risk. The Hosmer–Lemeshow statistic was <0.001.
Observed and expected mortality were highly correlated (r2=0.99).
NIH indicates National Institutes of Health.

Table 5. Model Discrimination in Each Stroke Type

Stroke Type

Model

Without NIHSS With NIHSS

c Statistic H-L Statistic c Statistic H-L Statistic

All 0.78 <0.001 0.86 <0.001

Ischemic
stroke
alone

0.72 <0.001 0.84 <0.001

ICH alone 0.66 <0.001 0.82 <0.02

SAH alone 0.69 <0.001 0.89 <0.13

Uncertain 0.72 <0.02 0.88 0.007

NIHSS indicates National Institutes of Health Stroke Scale; H-L statistic, Hosmer–
Lemeshow statistic; ICH, intracerebral hemorrhage; SAH, subarachnoid hemorrhage.
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To our knowledge, the only other clinical risk score for
stroke outcome that has been validated in both IS and ICH is
the Six Simple Variable model.1 This model was derived in
only 530 subjects using data mostly from the subacute
period following stroke (median assessment, 4 days after
onset; 45% were not admitted to hospital) and did
not include data from 50 patients who died before they
could be assessed. The predictors modeled were age, living
alone, independence in activities of daily living before
stroke, verbal component of the Glasgow coma scale, arm
strength, and ability to walk. The model was validated in
1330 subjects and showed good discrimination of 30-day
mortality (c statistic, 0.88). However, the number of ICH
patients in the validation cohort was small (97/1330, 7.3%).
A subsequent independent validation study carried out in
hyperacute stroke (<6 hours’ duration) showed worse
discrimination of 30-day death (c statistic, 0.73), probably
because the model was derived in subacute stroke survivors
excluding those who died early. Thus, the Six Simple
Variable model may not be optimal for the purpose of
making predictions at the time of hospital admission. By
contrast, our model was derived using information present
at the time of hospital admission, including a large number
of ICH patients, and was derived in a contemporary cohort
of consecutive acute stroke patients contributed by hospi-
tals across the United States including larger academic and
smaller community hospitals.

There are several limitations to this study. Hospital
participation in GWTG-Stroke is voluntary. Although academic
teaching hospitals are overrepresented in GWTG-Stroke, the
demographics and comorbidities of the ischemic stroke
patients in GWTG-Stroke are similar to the overall character-
istics of US ischemic stroke pateints.35 Study data depend on
the accuracy and completeness of medical record documen-
tation; however, a data validation audit suggests good
reliability.36 NIHSS data were often missing, and we cannot
be sure that the relationships between predictors and
outcome observed in the subset with NIHSS are the same
as in the overall study population. Postdischarge information
is not collected in GWTG-Stroke; therefore, we were not able
to test whether the risk score predicts postdischarge
mortality or functional disability.

In summary, the validated GWTG-Stroke risk score predicts
the risk of dying in the hospital from either IS, ICH, or SAH
and appears to better discriminate the risk of in-hospital
death than can be done using administrative data. The
predictions generated by the risk score may prove useful to
clinicians for counseling patients and their families on
prognosis and for identifying groups of patients at highest
risk for poor outcomes who may require more intensive
monitoring or therapy. Hospitals may find these predictions
useful for comparing their observed mortality with their

predicted mortality. Automated calculations of mortality risk
are now available to participating hospitals via the Web-based
Patient Management Tool, whereas non-GWTG-Stroke hospi-
tals could use bedside decision support aids to implement
mortality predictions based on our score. Further research will
be needed to study how hospitals and individual physicians
use this information to guide care.

Sources of Funding
The GWTG-Stroke program is provided by the American Heart
Association/American Stroke Association. The GWTG-Stroke
program is currently supported in part by a charitable
contribution from Bristol-Myers Squib/Sanofi Pharmaceutical
Partnership and the American Heart Association Pharmaceu-
tical Roundtable. GWTG-Stroke has been funded in the past
through support from Boeringher-Ingelheim and Merck.

Disclosures
The authors have no financial conflicts of interest to disclose.
Drs Smith, Reeves, Saver, Fonarow, and Schwamm are unpaid
physician volunteers for the GWTG-Stroke program. Mr Dai, Dr
Olson, Dr Hernandez, and Dr Peterson are employees of the
Duke Clinical Research Institute, which is contracted as the
statistical analysis center for GWTG-Stroke.

References
1. Counsell C, Dennis M, McDowall M, Warlow C. Predicting outcome after acute

and subacute stroke: development and validation of new prognostic models.
Stroke. 2002;33:1041–1047.

2. Johnston KC, Wagner DP, Wang XQ, Newman GC, Thijs V, Sen S, Warach S.
Validation of an acute ischemic stroke model: does diffusion-weighted imaging
lesion volume offer a clinically significant improvement in prediction of
outcome? Stroke. 2007;38:1820–1825.

3. Weimar C, Ziegler A, Konig IR, Diener HC. Predicting functional outcome and
survival after acute ischemic stroke. J Neurol. 2002;249:888–895.

4. Weimar C, Konig IR, Kraywinkel K, Ziegler A, Diener HC. Age and National
Institutes of Health Stroke Scale Score within 6 hours after onset are accurate
predictors of outcome after cerebral ischemia: development and external
validation of prognostic models. Stroke. 2004;35:158–162.

5. Hinchey JA, Furlan AJ, Frank JI, Kay R, Misch D, Hill C. Is in-hospital stroke
mortality an accurate measure of quality of care? Neurology. 1998;50:619–625.

6. Wang Y, Lim LL, Levi C, Heller RF, Fischer J. A prognostic index for 30-day
mortality after stroke. J Clin Epidemiol. 2001;54:766–773.

7. Wang Y, Lim LL, Heller RF, Fisher J, Levi CR. A prediction model of 1-year
mortality for acute ischemic stroke patients. Arch Phys Med Rehabil.
2003;84:1006–1011.

8. Hemphill JC III, Bonovich DC, Besmertis L, Manley GT, Johnston SC. The ICH
score: a simple, reliable grading scale for intracerebral hemorrhage. Stroke.
2001;32:891–897.

9. Cheung RT, Zou LY. Use of the original, modified, or new intracerebral
hemorrhage score to predict mortality and morbidity after intracerebral
hemorrhage. Stroke. 2003;34:1717–1722.

10. Cho DY, Chen CC, Lee WY, Lee HC, Ho LH. A new modified intracerebral
hemorrhage score for treatment decisions in basal ganglia hemorrhage—a
randomized trial [see comment]. Crit Care Med. 2008;36:2151–2156.

11. Ruiz-Sandoval JL, Chiquete E, Romero-Vargas S, Padilla-Martinez JJ, Gonzalez-
Cornejo S. Grading scale for prediction of outcome in primary intracerebral
hemorrhages. Stroke. 2007;38:1641–1644.

DOI: 10.1161/JAHA.112.005207 Journal of the American Heart Association 9

Risk Score for In-Hospital Stroke Death Smith et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



12. Weimar C, Benemann J, Diener HC; German Stroke Study C. Development and
validation of the Essen Intracerebral Haemorrhage Score. J Neurol Neurosurg
Psychiatry. 2006;77:601–605.

13. Mase G, Zorzon M, Biasutti E, Tasca G, Vitrani B, Cazzato G. Immediate
prognosis of primary intracerebral hemorrhage using an easy model for the
prediction of survival. Acta Neurol Scand. 1995;91:306–309.

14. Tuhrim S, Dambrosia JM, Price TR, Mohr JP, Wolf PA, Hier DB, Kase CS.
Intracerebral hemorrhage: external validation and extension of a model for
prediction of 30-day survival. Ann Neurol. 1991;29:658–663.

15. Portenoy RK, Lipton RB, Berger AR, Lesser ML, Lantos G. Intracerebral
haemorrhage: a model for the prediction of outcome. J Neurol Neurosurg
Psychiatry. 1987;50:976–979.

16. Tuhrim S, Dambrosia JM, Price TR, Mohr JP, Wolf PA, Heyman A, Kase CS.
Prediction of intracerebral hemorrhage survival. Ann Neurol. 1988;24:
258–263.

17. Gerber CJ, Lang DA, Neil-Dwyer G, Smith PW. A simple scoring system for
accurate prediction of outcome within four days of a subarachnoid haemor-
rhage. Acta Neurochir (Wien). 1993;122:11–22.

18. Ogilvy CS, Carter BS. A proposed comprehensive grading system to predict
outcome for surgical management of intracranial aneurysms. Neurosurgery.
1998;42:959–968; discussion 968–970.

19. Smith EE, Shobha N, Dai D, Olson DM, Reeves MJ, Saver JL, Hernandez AF,
Peterson ED, Fonarow GC, Schwamm LH. A risk score for in-hospital ischemic
stroke mortality derived and validated within the Get With The Guidelines
Stroke program. Circulation. 2010;122:1496–1504.

20. LaBresh KA, Reeves MJ, Frankel MR, Albright D, Schwamm LH. Hospital
treatment of patientswith ischemic stroke or transient ischemic attack using the
“Get With The Guidelines” program. Arch Intern Med. 2008;168:411–417.

21. Schwamm LH, Fonarow GC, Reeves MJ, Pan W, Frankel MR, Smith EE, Ellrodt
G, Cannon CP, Liang L, Peterson E, Labresh KA. Get With the Guidelines-
Stroke is associated with sustained improvement in care for patients
hospitalized with acute stroke or transient ischemic attack. Circulation. 2009;
119:107–115.

22. Smith EE, Liang L, Hernandez A, Reeves MJ, Cannon CP, Fonarow GC,
Schwamm LH. Influence of stroke subtype on quality of care in the Get With
The Guidelines-Stroke Program. Neurology. 2009;73:709–716.

23. American Hospital Association Guide Book. Chicago, IL: American Hospital
Association; 2008.

24. Zeger SL, Liang KY, Albert PS. Models for longitudinal data: a generalized
estimating equation approach. Biometrics. 1988;44:1049–1060.

25. Sullivan LM, Massaro JM, D’Agostino RB Sr. Presentation of multivariate data for
clinical use: the Framingham Study risk score functions. Stat Med. 2004;23:
1631–1660.

26. Kramer AA, Zimmerman JE. Assessing the calibration of mortality benchmarks
in critical care: the Hosmer–Lemeshow test revisited. Crit Care Med. 2007;
35:2052–2056.

27. Cook NR. Use and misuse of the receiver operating characteristic curve in risk
prediction. Circulation. 2007;115:928–935.

28. Ariesen MJ, Algra A, van der Worp HB, Rinkel GJ. Applicability and relevance of
models that predict short term outcome after intracerebral haemorrhage.
J Neurol Neurosurg Psychiatry. 2005;76:839–844.

29. Zhu H, Hill MD. Stroke: the Elixhauser Index for comorbidity adjustment of
in-hospital case fatality. Neurology. 2008;71:283–287.

30. Fonarow GC, Pan W, Saver JL, Smith EE, Reeves MJ, Broderick JP, Kleindorfer
DO, Sacco RL, Olson DM, Hernandez AF, Peterson ED, Schwamm LH.
Comparison of 30-day mortality models for profiling hospital performance in
acute ischemic stroke with vs without adjustment for stroke severity. JAMA.
2012;308:257–264.

31. Germanson TP, Lanzino G, Kongable GL, Torner JC, Kassell NF. Risk
classification after aneurysmal subarachnoid hemorrhage. Surg Neurol. 1998;
49:155–163.

32. Leira EC, Davis PH, Martin CO, Torner JC, Yoo B, Weeks JB, Hindman BJ,
Todd MM. Improving prediction of outcome in “good grade”
subarachnoid hemorrhage. Neurosurgery. 2007;61:470–473; discussion
473–474.

33. Zahuranec DB, Brown DL, Lisabeth LD, Gonzales NR, Longwell PJ, Smith
MA, Garcia NM, Morgenstern LB. Early care limitations independently
predict mortality after intracerebral hemorrhage. Neurology. 2007;68:1651–
1657.

34. Krumholz HM, Brindis RG, Brush JE, Cohen DJ, Epstein AJ, Furie K, Howard G,
Peterson ED, Rathore SS, Smith SC Jr, Spertus JA, Wang Y, Normand SL.
Standards for statistical models used for public reporting of health outcomes:
an American Heart Association Scientific Statement from the Quality of Care
and Outcomes Research Interdisciplinary Writing Group: cosponsored by the
Council on Epidemiology and Prevention and the Stroke Council. Endorsed by
the American College of Cardiology Foundation. Circulation. 2006;113:456–
462.

35. Reeves MJ, Fonarow GC, Smith EE, Pan W, Olson D, Hernandez AF, Peterson
ED, Schwamm LH. Representativeness of the Get With The Guidelines-
Stroke Registry: comparison of patient and hospital characteristics among
Medicare beneficiaries hospitalized with ischemic stroke. Stroke. 2012;43:
44–49.

36. Xian Y, Fonarow GC, Reeves MJ, Webb LE, Blevins J, Demyanenko VS, Zhao
X, Olson DM, Hernandez AF, Peterson ED, Schwamm LH, Smith EE. Data
quality in the American Heart Association Get With the Guidelines Stroke
program: results from a national data validation audit. Am Heart J. 2012;
163:392–398.

DOI: 10.1161/JAHA.112.005207 Journal of the American Heart Association 10

Risk Score for In-Hospital Stroke Death Smith et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H




