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The trial of the National Institute of Neurological
Disorders and Stroke (NINDS) proved intra-
venous treatment with tissue plasminogen activa-

tor (tPA) to be effective and safe for acute ischemic stroke.1

However, the outcomes in patients with prior disability
have not been examined.2 We report outcomes in this
group as compared with patients without prior disability
and patients in the NINDS trial.

Methods

The acquisition of patient data was part of a larger Canada-
wide survey of intravenous tPA use.3 The protocol was not for-
mally approved by the Ethics Review Board at the University of

Western Ontario. The chair, Dr. Bessie Borwein, felt that ap-
proval was not required because the study only observed out-
comes after a standard treatment intervention at this institution.
Patients presenting with acute ischemic stroke in London, Ont.,
were given thrombolysis treatment according to the NINDS trial
protocol,1 with 1 exception: patients with initial computed tomog-
raphy (CT) evidence of involvement of more than one-third of
the territory of the middle cerebral artery were excluded because
they were possibly at higher risk of hemorrhage and less likely to
benefit from thrombolysis treatment.4 Other trials had deviated
from the NINDS protocol in the same way.5,6

All patients were followed for 3 months. They were assigned a
score on the modified Rankin scale (MRS)7 for their functional
disability (Box 1) before the stroke and at 3 months after the
stroke. In addition, they were assigned a score on the National In-
stitutes of Health stroke scale (NIHSS)8 for their neurologic im-
pairment at baseline (just before the administration of tPA) and 24
hours and 3 months thereafter. In general, an NIHSS score of less
than 8 reflects a mild stroke, 8–15 a moderate to severe stroke and
more than 15 a severe stroke. The MRS and the NIHSS have ac-
ceptable validity and reliability.7–9 All patients underwent follow-
up CT or magnetic resonance imaging at 24 hours and thereafter
when clinically indicated. Intracerebral hemorrhage was consid-
ered symptomatic when accompanied by a 1-point increase in the
level-of-consciousness score or a 4-point or greater increase in the
NIHSS score.

Patients were stratified into 2 groups: those without pre-exist-
ing disability (defined as an MRS score of 0 or 1 before the stroke
[group 1]) and those with pre-existing disability (defined as an
MRS score before the stroke of 2 or more [group 2]). Baseline
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Abstract

Background: Thrombolysis for acute stroke is beneficial in se-
lected patients. Because clinical trials generally exclude pa-
tients with pre-existing disability, this subgroup of patients has
not been studied. We examined the outcomes after thrombol-
ysis of patients with and without disability before their stroke.

Methods: We prospectively followed 112 consecutive patients
with acute ischemic stroke who were given intravenous throm-
bolysis treatment according to published protocols. Three-
month outcomes of the patients with pre-existing disability (de-
fined as a prestroke score of 2 or more on the modified Rankin
scale [MRS]) were compared with those of patients without
pre-existing disability (defined as a prestroke MRS score of 0 or
1) and with those of 168 patients similarly treated in the Na-
tional Institute of Neurological Disorders and Stroke trial.

Results: At 3 months after the stroke, patients with pre-existing
disability (21% of the 112) had a higher mortality rate than
those without (33% v. 14%) (odds ratio 3.2, 95% confidence
interval 1.0–10.1) and worse function (median MRS score 3 v.
2, p = 0.03). However, there was little difference between the
2 groups in neurologic impairment among the survivors (me-
dian score on the National Institutes of Health stroke scale 4 v.
2, p = 0.41) or in the total proportion of those with an MRS
score of 0 or 1 or, for those with a prestroke score greater than
1, a return to the prestroke score (42% v. 41%, p = 0.87).

Interpretation: Although the true effectiveness of thrombolysis for
acute stroke in patients with pre-existing disability is not
known, treated patients appear able to return to their prestroke
level of function as often as patients without pre-existing dis-
ability, despite a significantly higher mortality rate.
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Level Description

0 No symptoms

1 No significant disability despite symptoms: able
to perform all usual duties and activities

2 Slight disability: unable to perform all previous
activities, but able to look after own affairs
without assistance

3 Moderate disability: requires some help, but able
to walk without assistance

4 Moderately severe disability: unable to walk or
attend to own bodily needs without assistance

5 Severe disability: bedridden and incontinent;
requires constant nursing care and attention



characteristics and outcomes at 24 hours and at 3 months were
compared in these 2 groups and in patients given intravenous tPA
treatment in part 2 of the NINDS trial.1 A good outcome at 24
hours was defined as an improvement of 4 or more points from
baseline in the NIHSS score. A good or favourable outcome at 3
months was defined as an NIHSS score of 0 or 1, an MRS score
of 0 or 1, or, for patients with an MRS score greater than 1 before
the stroke, a return to the prestroke MRS score.

A 2-tailed t-test or Wilcoxon 2-sample test was used to com-
pare means and medians, respectively. Yates χ2 or Fisher’s exact
test was used to compare proportions between groups. Results are
presented before and after adjustment for age, initial NIHSS score,
and the presence of hypertension, atrial fibrillation and previous
stroke. An α level greater than 0.05 was considered significant.

Results

We prospectively studied 112 consecutive patients: 88 in
group 1 and 24 in group 2. NIHSS scores at 24 hours were
not recorded for 3 patients: 2 in group 1 and 1 in group 2.
The results of 3-month follow-up visits were obtained for
109 patients; the remaining 3 patients were assessed by
telephone for MRS scores but not for NIHSS scores.

In baseline characteristics (Table 1) groups 1 and 2 were

comparable except that group 2 had a higher mean age (p =
0.05) and higher proportions with hypertension (p = 0.03)
and previous stroke (p = 0.02). Group 2 patients also were
older (p = 0.03) and more had atrial fibrillation (p = 0.04)
and previous stroke (p < 0.01) than treated patients in part 2
of the NINDS trial.

The 3-month mortality rate was higher in group 2
(33%) than in group 1 (14%) (unadjusted odds ratio [OR]
3.2, 95% confidence interval [CI] 1.0–10.1). Symptomatic
intracerebral hemorrhage occurred in 1 patient (1.1%) in
group 1 and 2 patients (8.3%) in group 2, and all were fatal;
the patients were 79, 81 and 81 years old and their initial
NIHSS scores 13, 22 and 27, respectively. Fewer group 1
patients than patients in part 2 of the NINDS trial had
symptomatic intracerebral hemorrhages (p = 0.04).

There were no differences in the categorized outcomes
(Fig. 1) between all treated London patients or between
group 1 patients and those in the NINDS trial. Although
more patients in group 1 than in group 2 had the good out-
come of a 3-month MRS score of 0 or 1 (41% v. 8%), there
was little difference between the 2 groups in the propor-
tions of patients with a good NIHSS score at 24 hours or at
3 months or in those with a favourable outcome at 3
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Table 1: Baseline characteristics of patients with acute ischemic stroke who
were given intravenous thrombolysis treatment with tissue plasminogen
activator (tPA)

No. (and %) of patients (unless otherwise indicated)

Characteristic

No pre-existing
disability*

n = 88

Pre-existing
disability*

n = 24

Treated in
NINDS part 2

n = 168

Mean age (and SD), yr 71 (9) 76 (8)†‡ 69 (12)

Median initial NIHSS score (and
range)

   13 (3–32) 16 (2–27)  14 (2–37)

Mean time (and SD) from stroke
onset to tPA administration, min

155 (26) 155 (31)

Smoker 17 (19) 4 (17) 45 (27)

Hypertension 49 (56) 19 (79)† 113 (67)

Atrial fibrillation 26 (30) 10 (42)‡ 34 (20)

Diabetes 17 (19) 5 (21) 34 (20)

Coronary artery disease (history of
myocardial infarction or angina)

25 (28) 10 (42)

History of myocardial infarction 37 (22)

History of angina 40 (24)

Hyperlipidemia 35 (40) 8 (33)

Previous stroke 16 (18) 10 (42)†‡ 20 (12)

Previous transient ischemic attacks 11 (13) 3 (13) 22 (13)

Should have been excluded
because > one-third of territory of
middle cerebral artery involved

5   (6) 2   (8)

Note: NINDS = National Institute of Neurological Disorders and Stroke, SD = standard deviation, NIHSS = National
Institutes of Health stroke scale.8

*Disability defined as a score of 2 or more on the modified Rankin scale (MRS).7 The respective numbers of patients with
scores of 0, 1, 2, 3, 4 or 5 were 71, 17, 10, 6, 7 and 1.
†p < 0.05 for comparison with the group without pre-existing disability.
‡p < 0.05 for comparison with NINDS group.



months, defined as either a 3-month MRS score of 0 or 1
or, for patients with an MRS score greater than 1 before
the stroke, a return to the prestroke MRS score (Table 2,
Fig. 2). Using an MRS score of 3 or more to define pre-ex-
isting disability produced similar results, except that the
mortality rate was then 50% in those with prior disability
and 13% in those without (OR 6.5, 95% CI 1.7–25.6).

Interpretation

Our study demonstrated that acute stroke patients with
pre-existing disability who are treated with intravenously
administered tPA have a poorer outcome, in terms of both
survival and function, than those without pre-existing dis-
ability and those in the NINDS study. The mortality rate is
high (33%) in those with pre-existing disability and espe-
cially high (50%) in those with a prestroke MRS score of
3–5. These findings are consistent with those from larger
studies of stroke patients not treated with tPA that have

shown pre-existing disability to be a predictor of out-
come,10–12 with a 30-day relative risk of death of 2.2 (95%
CI 1.2–4.1).12

In contrast, there was little difference between patients
with or without pre-existing disability in the proportion at
3 months with a “favourable” NIHSS score or a return to a
good prestroke MRS score.

Limitations of this study include the relatively small
number of patients and the lack of a control group against
which to test the true effectiveness of intravenous treatment
with tPA. Our CT exclusion criterion may have biased our
results toward better outcomes and lower rates of intracere-
bral hemorrhage as compared with the NINDS trial.13 A
potentially offsetting bias is the increased time until treat-
ment in our patients as compared with those in the NINDS
trial: only 5% of the London patients (6/112), compared
with approximately 50% of the NINDS patients,1 were
treated within 90 minutes. The higher rate of symptomatic
intracerebral hemorrhage in patients with pre-existing dis-
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Fig. 1: Unadjusted proportions of patients with acute ischemic stroke who were given intravenous thrombolysis
treatment with tissue plasminogen activator, by scores on the modified Rankin scale (MRS)7 and the National Insti-
tutes of Health stroke scale (NIHSS)8 before the stroke and at 3 months after the stroke. NINDS = patients so
treated in part 2 of the trial of the National Institute of Neurological Disorders and Stroke.1 All pts. = all London,
Ont., patients so treated. Three patients had 3-month MRS scores (but not NIHSS scores) assessed by telephone.
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ability may reflect the increased age and initial stroke sever-
ity in this group, because both factors increase risk in pa-
tients treated with intravenously administered tPA.14,15

Previous stroke likely accounts at least partly for the
pre-existing disability in many patients. Other factors that
limit mobility (arthritis, deconditioning, etc.) are non-
specifically reflected in the MRS score. Thus, patients may

improve beyond their prestroke MRS status, as exempli-
fied by the 2 patients in group 2 who had a 3-month MRS
score of 0–1.

Despite shortcomings and limited data, our study has
shown that patients with pre-existing disability may benefit
from intravenous treatment with tPA. Further studies in
this patient population are required.
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Fig. 2: Unadjusted proportions of the same patients by 3-month favourable or unfavourable outcome, a favourable
outcome being defined as either an MRS score of 0 or 1, or, for patients with an MRS score greater than 1 before
the stroke, a return to the prestroke MRS score.
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Table 2: Outcome measures in the same patients

No. (and %) of patients (unless
otherwise indicated)

Odds ratio (and 95% confidence
interval)

Outcome measure

No pre-existing
disability
n = 88*

Pre-existing
disability
n = 24* Unadjusted Adjusted†

Treated in
NINDS part 2,

no. (and %)
of patients
n = 168

≥ 4-point improvement in
NIHSS score at 24 h

47 (55) 13 (56) 1.0 (0.4–2.8) 1.2 (0.4–3.4) 81 (48)

Median 3-mo NIHSS score
(and range)

2 (0–32) 4 (0–15)

Median 3-mo MRS score
(and range)

2 (0–5) 3 (0–5)‡

3-mo favourable outcomes
MRS score 0 or 1 36 (41) 2   (8)§¶ 0.1 (0.0–0.6) 0.1 (0.0–0.6) 66 (39)
NIHSS score 0 or 1 34 (40) 5 (22) 0.4 (0.1–1.3) 0.4 (0.1–1.5) 52 (31)
MRS score 0 or 1 or, for
those with score > 1
before stroke, return to
this score

36 (41) 10 (42) 1.0 (0.4–2.8) 1.3 (0.4–4.1)

Death within 3 mo 12 (14) 8 (33) 3.2 (1.0–10.1) 2.6 (0.7–9.1) 29 (17)
Intracerebral hemorrhage

   Symptomatic 1 (1.1)§ 2 (8.3) 7.9 (0.4–471.7) 11.2 (0.6–229.0) 12 (7.1)**
   Fatal 1 (1.1) 2 (8.3) 7.9 (0.4–471.7) 11.2 (0.6–229.0) 5 (3.0)

*NIHSS scores were not recorded at 24 h and 3 mo for 2 patients without pre-existing disability and 1 patient with pre-existing disability; therefore, the denominators
are 86 and 23, respectively, in certain calculations.
†Adjusted for age, initial NIHSS score, and the presence of hypertension, atrial fibrillation and previous stroke.
‡p < 0.05  for comparison with the group without pre-existing disability.
§p < 0.05 for comparison with the NINDS group.
¶MRS scores can improve from prestroke levels if medical conditions contributing to the score lessen over the 3-month period.
**For NINDS parts 1 and 2 combined, the rate was 6.4% (p  = 0.06 for comparison with the group without pre-existing disability).
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