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The iScore is a validated tool to estimate outcomes after an acute ischemic stroke. A

previous study showed the iScore can predict clinical response and risk of intrace-

rebral hemorrhage (ICH) after administration of tissue plasminogen activator

(tPA). We applied the iScore (www.sorcan.ca/iscore) to participants in the National

Institute of Neurological Disorders and Stroke tPA stroke trials to evaluate its ability

to estimate clinical response and risk of ICH after thrombolysis. Based on results

from our previous study, patients were stratified a priori into iScore,200 and iScore

$200. The main outcome measure was ICH. Secondary outcomes included favor-

able composite outcome (defined as amodified Rankin Scale score of 0 or 1, National

Institutes of Health Stroke Scale score#1, Barthel Index $95, or Glasgow Outcome

Scale,1 at 3 months) and functional outcomes. The iScore was calculated in all 624

patients enrolled in the trial. The cohort comprised 507 patients (81%) with an iScore

,200 and 117 (19%)with an iScore$200. An iScore$200was associatedwith greater

risk of symptomatic ICH in the tPA group comparedwith the placebo group (15.4% v

3.9%; P5 .04). Similar findings were found for ICH of any type (30.8% v 11.5%; P5
.014), with higher ICHmortality (69.2% v 23.8%; P, .001). Despite the higher favor-

able composite outcome of tPA therapy in patients with an iScore ,200 (58.7% v

41.9%; P , .001), this therapy had no benefit in patients with an iScore $200

(15.4% v 13.4%; P 5 .77). In patients receiving tPA in the National Institute of Neu-

rological Disorders and Stroke trial, the iScore estimated the clinical response and

risk of hemorrhagic complications. Further prospective studies are needed before

a change in practice can be recommended. Key Words: Risk score—tools—

thrombolysis—tPA—outcomes—mortality—disability—intracerebral hemorrhage—

modified Rankin scale.
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Table 1. Risk scoring system for the iScore

Variable

Points

30-day

score

1-year

score

Age, years 1 age

(in years)

1 age

(in years)

Sex

Female 0 0

Male 110 15

Stroke severity (using the CNS)*

Mild (CNS score $8) 0 0

Moderate (CNS score 5-7) 140 125

Severe (CNS score #4) 165 140

Coma (CNS score 0) 1105 170

Stroke subtype

Lacunar 0 0

Nonlacunar 130 115

Undetermined etiology 135 120

Risk factors

Atrial fibrillation 110 15

Congestive cardiac failure 110 110

Previous myocardial

infarction

NA 15

Current smoker NA 15

Comorbid condition

Cancer 110 115

Renal dialysis 135 140

Preadmission disability

Independent 0 0

Dependent 115 120

Glucose level on admission

,7.5 mmol/L

(,135 mg/dL)

0 0

$7.5 mmol/L

($135 mg/dL)

115 110

Abbreviations: CNS, Canadian Neurological Scale; NA, not ap-
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The decision to administer intravenous (IV) thromboly-

sismay be challenging, especially in patientswith a higher

prevalence of comorbid conditions, preadmission depen-

dency, and dementia. Patients and families wonder about

the likelihood of a good outcome when tissue plasmino-

gen activator (tPA) is given, especially if the risk of devel-

oping hemorrhagic complications is high.

The iScore is a newly developed and validated tool that

can be used to estimate the risk of short-term and long-

termmortalityandclinical outcomesafter anacute ischemic

stroke.1,2 The iScore contains variables easily evaluated

in the early hours after hospital presentation independent

of specialized laboratory tests or imaging evaluations,

including age, sex, stroke severity and subtype, serum

glucose level on admission, and history of atrial

fibrillation, myocardial infarction, cardiac failure, cancer,

kidney disease on dialysis, and dependency before

the stroke (Table 1). The iScore includes some well-

established predictors (eg, age, stroke severity, hypergly-

cemia) and adds other relevant concomitant conditions

associated with poorer clinical response to thrombolysis.3-5

Observational data suggest that patients with an iScore

.200 derive no apparent benefit from IV tPA and are at an

increased higher risk of hemorrhagic complications.6 The

possibility of residual confounding raises questions about

the validity of observational studies, however. Conse-

quently, application of the iScore to randomized clinical

trials is crucial before changes to clinical practice can be

recommended.2

The objectives of the present study were to evaluate the

ability of the iScore to predict clinical response after tPA

administration in participants in the National Institute

of Neurological Disorders and Stroke (NINDS) tPA Stroke

Study, and to determine whether the iScore is predictive

of the risk of hemorrhagic transformation (ie, intracranial

hemorrhage [ICH]) after tPA therapy in these patients.
plicable.

A CNS score of$8 is equivalent to an NIHSS score of#8 (mild);

a CNS score of 5-7 is equivalent to an NIHSS score of 9-13 (mod-

erate); a CNS score of 1-4 is equivalent to an NIHSS score of

14-22 (severe); and a CNS score of 0 is equivalent to an NIHSS score

of $23.20

*Patients in a coma should be assigned a score of 0.
Methods

The NINDS tPA Stroke Study is a multicenter, prospec-

tive, double-blind, placebo-controlled, randomized trial of

IV tPA for acute ischemic stroke conducted from January

1991 through October 1994.7 A noncontrast computed to-

mography (CT) scan of the brain was mandatory before en-

rollment in the study to rule out ICH. All CT scans were

performed using third- or fourth-generation CT scanners,

and all baseline CTscans were obtained with a 10-mm slice

thickness. Further details on trial methodology are avail-

able elsewhere.7,8 We used data from the NINDS tPA

stroke trial parts I and II to determine the ability of the

iScore to predict clinical outcomes and the risk of

hemorrhagic complications in patients randomized to tPA

or placebo. Details on the selection of variables for the

iScore, data sources, and creation and conceptualization

of the iScore are available elsewhere.1,2,6 An online Web-

based tool (www.sorcan.ca/iscore) and iPhone version
are currently available. We estimated the individual iScore

of each participant of the NINDS tPA Stroke Study. The

only variable not captured was renal failure on dialysis.
Outcome Measures

The main outcome measures included ICH, symptom-

atic (sICH) and any type. Hemorrhagic transformation

(ie, ICH) was defined the presence of any hemorrhagic

transformation occurring within 36 hours after tPA treat-

ment. A hemorrhage was considered symptomatic (ie,

sICH) when a decline in neurologic status was evident.

http://www.sorcan.ca/iscore
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Secondary outcomes included (1) favorable composite

outcome, defined as a composite of a modified Rankin

scale (mRS) score of 0 or 1, an NIHSS score #1, a Barthel

Index $95, and a Glasgow Outcome Scale ,1 at 3

months9; (2) favorable functional outcome, defined as

an mRS score of 0-2 at 3 months and 12 months; (3) lack

of neurologic improvement, defined as a ,3-point differ-

ence between baseline and 24-hour NIHSS scores5; and

(4) poor (catastrophic) outcome, defined as an mRS score

of 4-6 at 3 months.
Figure 1. Main outcomes by IScore quartile. (A) Favorable composite out-

come. (B) ICH (any type). Favorable composite outcome is defined as an mRS

score of 0 or 1, NIHSS #1, Barthel Index $95, or Glasgow Outcome Scale

,1. Quartile 1: iScore range, 35-131; quartile 2: iScore range, 132-166;

quartile 3: iScore range, 167-191; quartile 4: iScore range, 192-262. Note

a gradient effect between the iScore and favorable outcome and ICH. *P ,

.05 for the comparison between tPA and placebo in each iScore quartile. Fur-

ther details are provided in the text.
Statistical Analysis

The c2 test was used to compare categorical variables,

and analysis of variance or the Kruskal-Wallis test was

used to compare mean and median differences for contin-

uous variables. The iScore was initially categorized into

quartiles (quartile 1, iScore range 35-131; quartile 2, iScore

range 132-166; quartile 3, iScore range 167-191; quartile 4,

iScore range 192-262) to determine the presence of a gradi-

ent effect with the main outcomes. Following the findings

in our previous study, and owing to the relatively small

sample size in the NINDS tPA trials, the primary analysis

was conducted to evaluate the associations between an iS-

core $200 and the outcomes of interest.6 Secondary anal-

yses were performed using logistic regression with

adjustment for NIHSS tPA iScore to identify any iScore-

by-treatment interaction. The number-needed-to-treat

(NNT) and the number-needed-to-harm (NNH) were cal-

culated as the inverse of the absolute risk difference ac-

cordingly, and 95% confidence intervals (CIs) for each

are reported.10 Functional outcomes after ICH were mea-

sured using the method proposed by Saver (1/absolute

risk reduction3 0.058 - rate of increased ICH in recipients

of tPA compared with recipients of placebo) to estimate

clinically relevant NNH, which takes into account those

patients destined to have catastrophic outcomes.11

Statistical analyses were performed using Stata version

9 (StataCorp, College Station, TX). All tests were 2-tailed,

and a P value,.05 was considered significant. The St Mi-

chael’s Hospital Institutional Review Board approved the

study design. We described our findings in accordance

with the CONSORT 2010 Statement.
Results

The iScore was calculated in all 624 patients enrolled in

the NINDS tPA trials. The mean iScores were 161.36 44.7

for the entire cohort, 159.4 6 47.8 for the tPA group, and

163.2 6 41.5 for the placebo group (P 5 .28). A total of

117 patients had an iScore $200, including 65 patients

(20.8%) in the tPA group and 52 patients (16.7%) in the

placebo group (P 5 .18). Higher iScore was associated

with an escalating probability of hemorrhagic complica-

tions (P , .0001) and a lower probability of a favorable

composite outcome at 3 months (P , .0001) (Fig 1).
The final mean infarct volume based on CTat 3 months

was 496 82mL in patients with an iScore,200 and 1346

126 mL in those with an iScore $200 (P , .0001). Results

by iScore quartile are shown in Figure 2.

Outcome Measures

ICH

Overall, there were 42 cases (8.3%) of ICH of any type in

patients with an iScore,200 and 26 cases (22.2%) in those

with an iScore$200 (P, .0001). Similarly, sICHwas more

common in patients with an iScore $200 (12 [10.3%] v 17

[3.4%]; P , .001).

For the primary analysis, an iScore$200 was associated

with a higher rate of sICH in patients receiving tPA com-

pared with those receiving placebo (15.4% v 3.9%; P 5

.041; NNH, 9). In patients with an iScore ,200, sICH oc-

curred in 2 patients (0.8%) receiving placebo and in 15 pa-

tients (6.1%) patients receiving tPA (P 5 .001; NNH, 19).

mailto:Images of Figure 1|eps


Figure 2. Final infarct volume by iScore quartile. *P for trend,.001 com-

paring infarct volumes by iScore quartile among patients receiving tPA and

those receiving placebo. There was no difference in infarct volume between

tPA and placebo for any iScore quartile. Quartile 1: iScore range, 35-131;

quartile 2: iScore range, 132-166; quartile 3: iScore range, 167-191; quartile

4: iScore range, 192-262.
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An iScore $200 was also associated with a higher rate

of ICH of any type in the tPA group compared with the

placebo group (30.8% v 11.5%; P 5 .014; NNH, 5)

(Table 2). Mortality from hemorrhagic stroke at 3 months

was significantly higher in patients with an iScore $200

(69.2% v 23.8%; P , .001; NNH, 2). This represents 13

more deaths (NNH, 13) for every 100 patients with ICH

treated with tPAwith an iScore $200, as estimated using

clinically relevant NNH calculations.11

Similarly, poor functional outcome (mRS score 4-6) af-

ter ICH was more prevalent in patients with a higher iS-

core (88.5% of those with an iScore $200 v 71.4% of

those with an iScore ,200; NNH, 6) (Table 2). Using the
Table 2. Outcome analysis according to baseline iS

iScore ,20

tPA Placeb

Total patients, n (%) 247 (48.7) 260 (51

Main outcome measures, n (%)

ICH (any type) 28 (11.3) 14 (5.

sICH 15 (6.1) 2 (0.

Secondary outcomes, n (%)

Favorable composite outcome at 3 months 145 (58.7) 109 (41

Catastrophic outcome (mRS score 4-6)

At 3 months 69 (27.9) 107 (41

At 12 months 61 (25.9) 100 (40

Good functional outcome (mRS score 0-2) 145 (58.7) 114 (43

Discharge to home 129 (52.2) 97 (37

Lack of improvement at 24 hours 124 (50.4) 166 (63

Values in parentheses are column percentages, unless indicated otherwis

of 0 or 1, NIHSS score#1, Barthel Index$95, or Glasgow Outcome Scale

4-6 at 3 months and 12 months. Lack of neurologic improvement is defined

Poor outcome is defined as an mRS score of 4-6 at 3 months. Data on favor

to home, and lack of improvement were available for all patients at 3 month

patients.
method of Saver,11 there would be 34 patients with poor

functional outcome (NNH, 34) for every 100 patients

with ICH with an iScore $200 treated with tPA.

Multivariate Analysis for ICH

In logistic regression analysis, after adjusting for tPA,

an iScore $200 was associated with a 3-fold greater risk

of sICH (odds ratio [OR], 3.08; 95% CI, 1.41-6.74; c-statis-

tic, 0.745; correctly classified, 95.4%). There were no treat-

ment effect interactions between iScore as a continuous

variable (P for the interaction 5 .69) or iScore $200 (cate-

gorical) and tPA for sICH (P value for the interaction 5

.58; c-statistic, 0.745), likely owing to the small number

of cases. In logistic regression analysis for ICH of any

type, an iScore $200 was associated with a 3-fold greater

risk of ICH (OR, 3.06; 95% CI, 1.77-5.27; c-statistic, 0.669;

correctly classified, 89.1%). There was no treatment effect

interaction between the iScore as continuous variable

(P for the interaction 5 .51) or iScore $200 (categorical)

and tPA (P for the interaction 5 .49; c-statistic, 0.669).

Similar findings were found for the interaction between

iScore $200 and CT findings (edema or mass effect, or

midline shift) (c-statistic, 0.725; 95% CI 0.653-0.789). OR

(with 95% CI) estimations for each outcome by iScore

group are provided in Table 2.

Secondary Outcomes

Patients with an iScore ,200 had significantly better

outcomes with tPA compared with placebo (favorable

composite outcome at 3 months, 58.7% v 41.9%; P ,

.001; NNT, 6). However, in patients with an iScore $200,
core ,200 and $200 by treatment assignment

0 (n 5 507) iScore $200 (n 5 117)

o OR (95% CI) tPA Placebo OR (95% CI)

.3) — 65 (55.6) 52 (44.4) —

4) 2.24 (1.15-4.38) 20 (30.8) 6 (11.5) 3.41 (1.25-9.26)

77) 8.34 (1.89-36.9) 10 (15.4) 2 (3.9) 4.54 (0.95-21.8)

.9) 1.97 (1.38-2.80) 10 (15.3) 7 (13.5) 1.16 (0.41-3.32)

.2) 0.55 (0.38-0.80) 46 (70.7) 40 (76.9) 0.73 (0.31-1.68)

.2) 0.52 (0.35-0.76) 48 (77.4) 40 (78.4) 0.94 (0.39-2.31)

.9) 1.82 (1.28-2.59) 12 (18.5) 6 (11.5) 1.73 (0.60-4.99)

.3) 1.84 (1.29-2.62) 11 (16.9) 5 (9.2) 1.91 (0.62-5.91)

.9) 0.58 (0.40-0.82) 40 (61.5) 24 (46.2) 1.87 (0.89-3.91)

e. Favorable composite outcome is defined a defined as an mRS score

,1. Catastrophic functional outcome is defined as an mRS score of

as a,3-point difference between baseline and 24-hour NIHSS score.

able composite outcome, catastrophic functional outcome, discharge

s. Data on catastrophic outcomes at 12 months were available for 598

mailto:Images of Figure 2|eps
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tPA administration was not associated with significantly

better outcomes (favorable composite outcome at 3

months, 15.4% v 13.4%; P 5 .77). Similar results were

found for favorable composite outcome at 12 months

(Table 2).

In the patients with an iScore,200, tPA administration

was associated with a lower risk of poor functional out-

come (mRS score 4-6) at 3 months compared with placebo

(27.9% v 41.1%; P , .002; NNT, 8). In contrast, no signifi-

cant reduction in the rate of death or major disability was

associated with tPA administration in patients with an iS-

core$200 (70.8% with tPAvs 76.9%with placebo; P5 .45)

(Fig 3). Patients with an iScore $200 who received tPA

were more likely to meet the criteria for lack of improve-

ment (61.5% v 46.2%; P 5 .14).

Multivariate Analysis for Favorable and Poor

Functional Outcomes

In logistic regression analysis with adjustment for tPA, an

iScore $200 was associated with a greater risk of a poor

functional outcome (mRS 4-6) at 3 months (OR, 5.57; 95%

CI, 3.53-8.80; c-statistic, 0.667). An iScore $200 was associ-

ated with a lower favorable composite outcome after ad-

justment for tPA (OR, 0.16; 95% CI, 0.09-0.27; c-statistic,

0.667). Therewas no interaction between the iScore as either

a continuous variable or a categorical variable and treat-

ment effect for a functional outcome (P for the interaction

for a favorable composite outcome 5 .58 for continuous

and .35 for categorical; P for the interaction for an mRS

score of 4-6 5 .74 for continuous and .56 for categorical).

Discussion

The prediction of efficacy and risk of hemorrhagic com-

plications after thrombolysis presents a challenge to clini-

cians. In the present study, we calculated the iScore for

each participant in the NINDS tPA Stroke Study and eval-

uated the iScore’s predictive ability in that randomized
Figure 3. Relationship between functional out-

come at 3 months according to mRS score and

baseline iScore by treatment assignment. This fig-

ure illustrates the disability at 3 months accord-

ing to mRS score (0, no symptoms; 6, death)

between tPA and placebo in patients stratified

by iScore (,200 or $200). The dotted lines indi-

cate the corresponding category (mRS score 0-2 or

mRS score 5-6) between tPA and placebo in each

strata. For patients with an iScore,200, tPA ad-

ministration was associated with a significant

likelihood of a favorable functional outcome

(mRS score 0-2) at 3 months (OR, 1.82; 95%

CI, 1.28-2.59). In contrast, those with an iScore

$200 received no benefit from tPA administra-

tion (OR, 1.73; 95% CI, 0.60-4.99).
clinical trial. We found an iScore $200 was associated

with a 3-fold greater risk of ICH (absolute ICH risk,

30.8% in the tPA group v 11.5% in the placebo group),

a 5-fold greater risk of sICH (15.4% v 3.9%), and a nonsig-

nificant increase in favorable composite outcome at 3

months or 12 months (Table 2). Moreover, the case fatality

rate at 3 months due to ICHwas significantly higher in pa-

tients with an iScore $200 (69.2% v 23.8%; P , .001; NNH,

2). Patients with an iScore $200 had a 2.7-fold greater

mean final infarct volume (as determined by CT at 3

months) compared with patients with an iScore ,200.

No interaction was identified between iScore and treat-

ment effect for ICH or a favorable composite outcome.

In a large cohort comprising 12,686 "real world" pa-

tients, our group compared clinical outcomes (death at

30 days, death or disability at discharge, and death or in-

stitutionalization at discharge) in patients receiving and

not receiving tPA after adjusting for differences in base-

line characteristics both using propensity score matching

and logistic regression analysis.6 We found that patients

with an iScore $200 derived no apparent benefit from

IV tPA and had a 3-fold greater risk of hemorrhagic com-

plications compared with those with an iScore,200 (20%

v 6%; P , .001). The results were consistent in the valida-

tion cohort (n5 4908). Previous studies also have demon-

strated an influence of coexisting comorbidities on clinical

outcomes and hemorrhagic complications after ischemic

stroke.12,13 The NINDS tPA Trials Group reported that

only stroke severity as evaluated using the NIHSS (OR,

1.8; 95% CI, 1.2-2.9) and brain edema (defined as acute

hypodensity) or mass effect detected on CT scan before

treatment (OR, 7.8; 95% CI, 2.2-27.1) were associated

with ICH.8 The Hemorrhage after Thrombolysis (HAT)

scale is a 5-point scale based on NIHSS score, extent of hy-

podensity on CT scan, serum glucose level at baseline,

and history of diabetes that predicts the risk of hemor-

rhage after thrombolysis. The rate of any ICH in the

NINDS tPA arm was 7% for 0 points, 13% for 1 point,
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20% for 2 points, 38% for 3 points, and 67% for 4 or more

points (c-statistic, 0.70; 95% CI, 0.61-0.79).14

Other tools are available to estimate the clinical re-

sponse to tPA and ICH.3,14-17 The iScore is a single score

that predicts both clinical response to tPA (favorable

and poor outcomes at 24 hours, 3 month, and 1 year)

and the risk of ICH and its associated outcomes. The

iScore includes other relevant comorbid conditions (eg,

atrial fibrillation, congestive heart failure, cancer) and

preadmission independence in addition to the well-

known predictors of outcome (eg, age, stroke severity) af-

ter stroke. The iScore performed similarly to the HAT

score, with an associated increased risk of ICH of 31%

for patients with an iScore $200.

As clinicians, our perception of the risks and benefits of

tPA therapy without the use of validated tools might not

be accurate. For example, in a previous survey, only 11%

(95% CI, 0-22%) of emergency physicians and neurolo-

gists were able to correctly identify the benefit with tPA,

and only 39% could estimate the risk of ICH.18 Thus, clin-

ical tools and online resources are needed to help clini-

cians provide information to stroke survivors and their

families at the point of care.19

The present study confirms the consistency of our pre-

vious results6 in a randomized trial, thus addressing the

potential concerns regarding residual confounding re-

ported in observational studies. Taken together, our re-

sults suggest that the iScore may help estimate the

probability of a favorable outcome and the risk of hem-

orrhagic complications after IV tPA. These findings

may be useful in identifying groups of patients less

likely to benefit from IV tPA and at high risk for intracra-

nial bleeding. Some clinicians may still elect to adminis-

ter IV tPA in high-risk patients, given the unlikely

possibility of spontaneous recovery. Others may con-

sider alternative interventions (eg, endovascular clot re-

moval) after consultation with and consent from patients

and/or their families.

The present study has some limitations that merit men-

tion. First, the lack of benefit from tPA in patients with an

iScore$200 may be related to the relatively small sample

size (type II error). A similar explanation may apply to the

lack of interaction between the iScore and tPA for a favor-

able outcome, as observed in a previous larger sample

size.6 Second, because renal failure was not reported in

the NINDS tPA trials, the final iScore might have been

underestimated slightly. Third, the iScore does not in-

clude imaging predictors of tPA-related ICH (eg, infarct

volume, leukoraiosis). Fourth, NINDS data were collected

in the early 1990s, and most participants were treated

early.

Despite these limitations, our study found that the iS-

core consistently estimates both the risk of hemorrhagic

complications and clinical response to thrombolysis in ob-

servational studies and now in a large randomized clini-

cal trial.6 The iScore is a cross-validated tool that can assist
clinicians in estimating the risk of death and disability in

patients with ischemic stroke, as well as the potential ben-

efits and risks of bleeding after tPA. Prospective studies

are needed to examine the role of the iScore on treatment

effect before any changes in clinical practice can be recom-

mended.
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