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Figure 2. Observed vs predicted 30-day (A) and 1-year (B) mortality in the validation sample as a continuous function of the risk score at 10-point
intervals. Overall, there was a very high correlation between observed and expected mortality (Pearson correlation coefficient=0.992 for 30-day and
0.996 for 1-year mortality), indicating excellent calibration. Note that each dot in the graph represents the mean mortality for that corresponding risk
category. A more accurate estimation of the mortality for the specific risk score can be found with the Web tool (http://www.sorcan.ca/iscore).

(eg, Southeast Asia). Finally, the measure of stroke severity assessed the capacity to use one of these scores and to convert
in this study was achieved through the application of the CNS it in terms of its counterpart; this study validated the ability to
Scale,” which is analogous to the more widely used NIHSS3° use the CNS and NIHSS interchangeably, finding the follow-
for assessing neurological functioning. A recent study?3! ing results: a CNS score of 1 to 4 equals an NIHSS score of
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14 to 22 (severe), a CNS score of 5 to 7 equals an NIHSS
score of 9 to 13 (moderate), a CNS score of =8 equals an
NIHSS score of =8 (mild), and a CNS score of 0 equals an
NIHSS score of >22. Thus, our proposed stroke mortality
prediction score may be used by healthcare providers using
either one of these scales for neurological assessment.

The present model differs from other models used to
predict stroke mortality in a number of important ways. Our
model was designed to be independent of stroke volume, and
each of the variables in the present model can be obtained
easily and is independent of specialized laboratory tests or
imaging evaluations because this information may be un-
available in the early hours of hospital presentation. Addi-
tionally, this may also allow its use at small centers and at
community hospitals with limited resources. A caveat, how-
ever, is the need for recalibration/validation in other specific
populations. Another feature unique to our new risk score
model allows the individual estimation of both early (30
days) and long-term (1 year) mortality after stroke with a
nearly complete ascertainment of stroke severity and follow-
up. Furthermore, because of the number of variables required,
it has a good face validity and greater parsimony than most
other predictive risk models. Other simple models included 2
to 4 variables; however, the instrument was developed only
for 30-day mortality assessment and did not account for
relevant comorbid conditions, as in our model.2021.26.27 [p
addition, although several authors have developed models to
predict mortality, only a few went on to develop a risk score.

Unlike acute myocardial infarction, stroke is a syndrome with
several mechanisms and consequently different prognoses. Phy-
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Figure 3. Comparison of predicted mor-
tality between a 2-variable model (age
and stroke severity) and the addition of
other relevant variables as proposed in
the current risk score. A, Comparison of
30-day mortality for patients with moder-
ate ischemic stroke in different age
groups (low-risk category). B, Compari-
son of 1-year mortality for patients with
severe ischemic stroke in different age
groups (higher-risk category). Continu-
ous lines represent the increased mortal-
ity with the addition of other relevant
variables. Fib indicates atrial fibrillation;
Mod stroke, moderate stroke (CNS=5 to
7); and hyperglycemia, glucose >135
mg/dL.
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sicians may underestimate or overestimate prognosis in stroke
patients, sometimes on the basis of recent or memorable clinical
experiences. In contrast to anecdotal experience, our new stroke
index constitutes an objective tool to stratify mortality risk. An
online Web-based tool (http://www.sorcan.ca/iscore) is available
for practical use to facilitate estimation of individual patient
mortality at 30 days and 1 year. The index could be used as a
framework to discuss prognosis and to provide evidence to support
rational decision making about treatment and the difficult end-of-
life care in stroke patients who are at highest risk. Besides its utility
in clinical decision making, this risk score may be used in research
to assist in stratifying patients into clinical risk groups or to help
policymakers with standardized measures when seeking to compare
facilities and/or to analyze hospital performance.
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CLINICAL PERSPECTIVE

Stroke is a leading cause of death and adult disability. The ability to estimate prognosis in acute stroke patients directly affects treatment
decisions for patients. It may also guide supportive care plan and facilitate patient and/or family counseling or discussions pertaining
to end-of-life decisions. At the population level, prognostic estimations may assist policymakers in conducting fair comparisons when
evaluating stroke fatality among different facilities for hospital outcomes and performance assessment. Clinicians usually rely on their
own personal experience or average mortality reported in clinical trials, which do not account for valuable information available at the
time of the hospital presentation. Unfortunately, few risk scores are available that include simple and relevant clinical variables,
including stroke severity on admission. In this large cohort study, we created and validated a risk score model to predict 30-day and
1-year mortality early after hospitalization for patients with an acute ischemic stroke. Our model was designed to include clinical
variables easily obtained in the early hours of hospital presentation and is independent of specialized laboratory tests or imaging
evaluations. Additionally, this model allows estimating death at small centers and at community hospitals with limited resources.
Predictors of mortality included older age, male sex, severe stroke, nonlacunar stroke subtype, glucose =7.5 mmol/L. (135 mg/dL),
history of atrial fibrillation, coronary artery disease, congestive heart failure, cancer, kidney disease on dialysis, and dependency before
the stroke. Our risk score helps to estimate 30-day and 1-year mortality in individuals presenting with an acute ischemic stroke.
Examples are provided in the text. An online Web-based tool (http://www.sorcan.ca/iscore) is available to estimate mortality by adding
individual patient characteristics.
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Supplemental

Tables

Supplemental Table 1. Summary of multivariable logistic regression estimates of significant risk factors for 30 day mortality

Derivation Cohort Validation Cohort A Validation Cohort B (External)
B Standard Wald B Standard Wald B Standard Wald
Coefficient Error p value  Coefficient Error p value  Coefficient Error p value
Intercept -7.6521 0.3462 <0.0001 -6.6358 0.4414 <0.0001 -6.229 0.5093 <0.0001
Age (in years) 0.0376 0.0037 <0.0001 0.0272 0.00503 < 0.0001 0.034 0.00622 < 0.0001
Gender — Male 0.1965 0.0808 0.015 -- -- NS - -- NS
CNS Score
0 3.8964 0.1716 <0.0001 3.5713 0.249 <0.0001 3.0249 0.2922 <0.0001
<4 2.2769 0.1049 <0.0001 2.4508 0.1433 <0.0001 1.734 0.1602 <0.0001
5-7 1.381 0.1085 <0.0001 1.2017 0.1519 <0.0001 0.7869 0.1428 <0.0001
Stroke Type
NonLacunar 0.9468 0.1847 <0.0001 0.7267 0.2385 0.0023 0.4134 0.1952 0.0342
Undetermined 1.2608 0.1824 <0.0001 1.1139 0.2345 <0.0001 0.5515 0.1715 0.0013
etiology
Atrial Fibrillation 0.3475 0.0941 0.0002 0.4673 0.1333 0.0005 -- -- NS
CAD -- -- NS 0.3128 0.1218 0.0102 -- -- NS
CHF 0.2758 0.1138 0.0154 0.3659 0.1609 0.023 0.7116 0.1648 <0.0001
Cancer 0.3523 0.1155 0.0023 0.7358 0.1557 <0.0001 -- -- NS
Renal Dialysis 1.1518 0.3398 0.0007 -- -- NS -- -- NS
PreAdmission 0.4453 0.0865 <0.0001 0.4439 0.1209 0.0002 0.6195 0.1263 <0.0001
Disability —
Dependent
Glucose — >7.5 0.4915 0.078 <0.0001 0.4341 0.1113 <0.0001 0.5237 0.1206 <0.0001

mmol/L

NS — Not Significant, p > 0.05
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Supplemental Table 2. Summary of multivariable logistic regression estimates of significant risk factors for 1 year mortality

Derivation Cohort Validation Cohort A Validation Cohort B (External)
B Standard Wald B Standard Wald B Standard Wald
Coefficient Error p value  Coefficient Error p value  Coefficient Error p value
Intercept -7.0429 0.2721 <0.0001 -7.2151 0.3874 <0.0001 -6.6458 0.4128 <0.0001
Age (in years) 0.0494 0.0031 <0.0001 0.0478 0.00448 <0.0001 0.0574 0.00507 <0.0001
Gender — Male 0.1644 0.0644 0.0107 - -- NS 0.2932 0.0945 0.0019
CNS Score
0 3.2853 0.1774 <0.0001 3.414 0.2856 <0.0001 2.5705 0.3287 <0.0001
<4 1.7497 0.0785 <0.0001 1.8859 0.1142 <0.0001 1.3211 0.1396 <0.0001
5-7 1.0083 0.0751 <0.0001 0.8144 0.1096 <0.0001 0.6975 0.1039 <0.0001
Stroke Type
NonLacunar 0.6357 0.1125 <0.0001 0.9331 0.1681 <0.0001 - - NS
Undetermined 0.77 0.111 <0.0001 1.136 0.1673 <0.0001 -- -- NS
etiology
Atrial Fibrillation 0.2317 0.0788 0.0033 -- -- NS -0.259 0.1237 0.0363
Previous MI 0.216 0.0818 0.0082 -- -- NS - - NS
CAD -- -- NS 0.2492 0.1014 0.014 -- -- NS
CHF 0.4893 0.0976 <0.0001 0.6637 0.1394 <0.0001 0.8872 0.147 <0.0001
Current Smoker 0.2393 0.0922 0.0094 0.354 0.1303 0.0066 -- -- NS
Cancer 0.6138 0.0923 <0.0001 1.0985 0.1297 <0.0001 0.7547 0.1492 <0.0001
Renal Dialysis 1.8664 0.2851 <0.0001 1.3932 0.4213 0.0009 1.3085 0.4203 0.0019
Dementia -- -- NS 0.4305 0.1494 0.004 0.349 0.1513 0.0211
PreAdmission 0.7541 0.07 <0.0001 0.7548 0.1062 <0.0001 0.6935 0.1067 <0.0001
Disability —
Dependent
Glucose — >7.5 0.3958 0.063 <0.0001 0.4341 0.0924 <0.0001 0.3731 0.0939 <0.0001

mmol/L

NS — Not Significant, p > 0.05
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Supplemental Figure 1
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Canadian Neurological Scale (CNS)

ZO=~=p=2Z2m 2

Level of Consciousness Alert 3.0 | Spontaneous eye opening, normal level of consciousness
Drowsy 1.5 When stimulated verbally patient remains awake and alert but tends to doze

Orientation Oriented 1.0 | 1. Where are you? (City and Hospital) 2. What is the month and year?

Speech can be slurred but must be intelligible.

Disoriented 0.0 | Patient cannot state both place and time or cannot express answers in words or

intelligible speech.

It is acceptable for patient to write answer to questions of orientation
Speech Receptive deficit 0.0 | Receptive deficit:

Expressive deficit 0.5
Normal Speech 1.0

e  Example: ask patient. 1) to close eyes; 2) Point to ceiling; 3) Does a stone
sink in water?
e Ifpt. does not complete the above 3, go to Section A2.

COMPREHENSION DEFICIT

NO

YES

Go to
section Al

Go to
section A2
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Section A1 Face Ask pt. to smile:
No
Comprehension e  No weakness (none) — 0.5
Deficit e  Weakness (present) — 0.0 (Record L or R)
Arm: Proximal Ask pt. to lift arms to shoulder level and apply resistance above elbows bilaterally
e No weakness (none) — 1.5
e  Movement to 90°, unable to oppose pressure (mild) — 1.0
e Movement < 90° (significant) — 0.5
e Absence of motion (total) — 0.0
Arm: Distal Ask pt. to bend wrist back. Apply pressure on back of the hand.
e No weakness (none) — 1.5
e  Can bend wrist, unable to oppose pressure (mild) — 1.0
e Some movement of fingers (significant) — 0.5
e Absence of movement (total) — 0.0
Leg: Proximal Ask pt. to flex knee to 90°. Push down on each thigh one at a time.
e No weakness (none) — 1.5
e  Can lift leg, unable to oppose pressure (mild) — 1.0
e  Lateral movement but no power to lift leg (significant) — 0.5
e Absence of movement (total) — 0.0
Leg: Distal Ask pt. to point toes and feet upward. Push down on each foot one at a time.
e No weakness (none)— 1.5
e  Can point foot & toes upward, unable to oppose pressure (mild) — 1.0
e  Some movement of toes, but cannot lift toes or foot (significant) — 0.5
e Absence of movement (total) — 0.0
Section A2 Face: Ask pt. to mimic your grin (if unable, apply pressure to sternum).
Comprehension e  Symmetrical — 0.5
Deficit e  Asymmetrical — 0.0
Arms: Demonstrate/place pt. arms in front of pt. at 90° (if unable, apply finger nail bed
pressure bilaterally and compare response)
e  Equal motor response — 1.5
e Unequal motor response — 0.0 (record L or R)
Legs: Thighs flexed to 90° (if unable, apply toenail bed pressure bilaterally and compare
response)
e  Maintain position or withdraw equally — 1.5
e  Cannot maintain position or unequal withdrawing — 0.0 (record L or R)

Note: Score Mentation Section for all patients. Then, score Section A1 OR Section A2
Total score: Score mentation + Score section Al or A2 (Do not score both A1 & A2)
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Supplemental Figure 2. Application of the Stroke Mortality Risk Score

Illustrative Case # 1:

Adding Points
30-Day Stroke 1-Year Stroke
Mortality Score/Point Mortality Score/Point

Age - value 70 70
Sex- male 10 5
Stroke Severity- mild 0 0
Stroke Subtype- lacunar 0 0
Risk Factors

Atrial Fibrillation -yes 10 S

CHF - no 0 0

Previous M.I.- no - 0

Current Smoker- no - 0
Comorbid Conditions

Cancer - no 0 0

Renal Dialysis - no 0 0
Preadmission Disability - independent 0 0
Glucose on Admission - below 7.5 0 0
Total Score 90 80

30-Day Risk Score 1-Year Risk Score

Score Mortality (%) Score Mortality (%)

71-80 0.73 59-10 1.78

81-90 0.89 71-80 2.93

91 -100 1.33 81 -90 4.36
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Illustrative Case #2:
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Mortality Score/Point

Adding Points
30-Day Stroke

1-Year Stroke
Mortality Score/Point

Age - value 80 80
Sex - woman 0 0
Stroke Severity — moderate 40 25
Stroke Subtype — non-lacunar 30 15
Risk Factors

Atrial Fibrillation - no 0 0

CHF - yes 10 10

Previous M.I. - no - 0

Current Smoker — yes - 5
Comorbid Conditions

Cancer - no 0 0

Renal Dialysis — yes 35 _ 40
Preadmission Disability — independent 0 0
Glucose on Admission - > 7.5 mmol/dL 15 10
Total Score 210 185

30-Day Risk Score 1-Year Risk Score

Score Mortality (%) Score Mortality (%)

191 — 200 171 - 180 74.8

201 -210 181 -190 75.7

211 -220 191 -200 87.3

Downloaded from circ.ahajournals.org by on February 23, 2011


http://circ.ahajournals.org

CIRCULATIONAHA/2010/983353 Saposnik G

Figure 3A- 30-day mortality

Model
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40 Age + Mod Stroke + Male + Dyalisis+
Undetermined stroke
35
E\oz 29.2 Age + Mod Stroke + Male + Glucose +
E‘ 30 A. Fib + Undetermined stroke
©
$
S 25
% 21.18 Age + Mod Stroke (2 variable model)
8 20
a
15 Age + Mod Stroke+ Male + Glucose+ A Fib
10 Age + Mod Stroke+ Glucose+ A Fib
5 Age + Mod Stroke (derived from our risk score)
0
60 70 80 90
Age
Figure 3B- 1-year mortality
100 Model
87.3
90 Age + Severe stroke+ Male + Dialysis + Dependent
70
g 59.3 . . Age + Severe stroke + Dialysis
> 60
g
S 50 Age + Severe stroke (2 variable model)
=
B
B 40
'q'é 29.0
o 30
28.2
Age + Severe stroke (derived from our risk score)
20 14.4
9.76
6.56
10
0
60 70 80 90
Age
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Legends
Supplemental Figure 1: Canadian Neurological Scale (CNS)

Note: Score Mentation Section for all patients. Then, score Section A1 OR Section A2

Total score: Score mentation + Score section Al or A2 (Do not score both A1 & A2)

Supplemental Figure 2: Application of the Stroke Mortality Risk Score

Case #1: For a 70 year old man, non-smoker, who was previously independent, with
history of atrial fibrillation, presenting with a mild lacunar stroke, and a glucose on
admission <7.5mmol/L, the 30-day risk score would be 90 and the predicted 30-day
mortality would be 0.89%, while the 1-year risk score would be 80 and the mortality

2.93%.

Case #2: For a 80 year old woman, current smoker, previously independent, with history
of congestive heart failure (+10) and renal failure on dialysis (+35//+40), presenting with
a moderate (+40//+25) non-lacunar (+30//+15) stroke, and a glucose on admission of 12.8
mmol/L (+15//+10), her 30-day risk score would be 210 and the predicted mortality at 30
days would be ~39.2%, whereas the 1-year risk score would be 185 with an expected
mortality 75.7%.

The corresponding next higher and lower risk categories are also represented.

Note: The examples included are intended to illustrate the use of the risk score. For the
individual and more precise estimation of the 30-day and 1-year mortality, please go to

www.sorcan.ca/iscore/
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Supplemental Figure 3: Comparison between a 2-variable risk score and our risk

score model.

Figure 3A. 30-day Mortality for patients with moderate ischemic stroke in different age
groups. Dotted lines represent the mortality derived from a simple risk score model (only
including age and stroke severity as in publications # 23, #24 and #25). Continuous lines
represent mortality with the addition of other relevant comorbidities derived from our risk
score model.

Note: The two variable models (dotted lines) shows that on average, a 70 year old with a
moderate stroke would have a predicted mortality of 13.7% at 30 days. The 30-day
mortality derived from our risk score for the similar age and stroke severity (but with NO

other comorbidity) would be 1.87%. The addition of other comorbid conditions

substantially increases the estimated mortality (continuous lines — 17.95% and 24.2%).

Figure 3B. 1-year Mortality for patients with moderate ischemic stroke in different age
groups. Dotted lines represent the mortality derived from a simple risk score model (only
including age and stroke severity as in publications # 23, #24 and #25). Continuous lines
represent mortality with the addition of other relevant comorbidities derived from our risk
score model.

Note: The two variable models (dotted lines) shows that on average, a 80 year old with a
severe stroke would have a predicted mortality of 60.6% at 1-year. The estimated 1-year
mortality derived from our risk score for the similar age and stroke severity (but with NO

other comorbidity) would be 14.4%. The addition of other comorbid conditions

substantially increases the estimated mortality (continuous lines — 48.9% and 75.7%).
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