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Atransient ischemic attack (TIA) is a common neuro-
logical condition that is seen by all physician groups
including family and emergency physicians, in-

ternists, vascular surgeons, and neurologists. In Canada,
half a million adults aged 18 and over have been diagnosed
with a TIA.1 Presenting symptoms vary depending on
which arterial supply is compromised, but they commonly
consist of a brief episode of weakness, numbness, loss of vi-
sion or speech difficulty with complete recovery.

Atherosclerotic disease of the carotid arteries outside the
cranial cavity has long been recognized as the most com-
mon source of emboli that then travel to the brain causing
stroke.2–4 TIAs are often early warning signs of atheroscle-

rotic disease. About 10% of patients with a TIA presenting
to California emergency departments returned to the
emergency department with a stroke within 90 days.5 In
half of the patients, the stroke occurred within the first
48 hours after the TIA. Similar 90-day results have been
observed in earlier community-based studies.6–8 However,
these studies all included some patients who had emboli
from heart lesions or arrhythmias and some patients who
had small-vessel disease as a cause of their TIA.

Although several large stroke-prevention trials among
patients with TIAs9–18 have presented some data on the risk
of stroke from pre-existing atherosclerotic disease of the
carotid arteries, they are limited because enrolment in the
trials was delayed by 1 or more months after the TIA oc-
curred. Small case series19,20 have examined the relation
between carotid artery disease and TIA, but without assess-
ment of stroke outcome. Thus, the influence of atheroscle-
rotic disease in the carotid artery on early stroke occur-
rence among people presenting with a TIA has not been
assessed in any large study.21

Using patients from the medical arm of the North
American Symptomatic Carotid Endarterectomy Trial
(NASCET), we describe the early risk of stroke in a large
number of patients with a TIA in whom internal carotid
artery disease was the only presumed cause.

Methods

The NASCET was a randomized, multicentre clinical trial de-
signed to determine the efficacy of carotid endarterectomy among
patients with ischemic symptoms associated with internal carotid
artery disease. Patients were enrolled in the trial if they had had a
retinal or hemispheric TIA or a completed retinal or hemispheric
ischemic stroke within 180 days before randomization. A retinal
TIA was defined as a partial or complete visual field loss in 1 eye
of ischemic origin lasting less than 24 hours. A hemispheric TIA
was defined as a focal cerebral dysfunction of ischemic origin last-
ing less than 24 hours. A stroke was defined as a neurological dys-
function of ischemic origin with deficits persisting longer than
24 hours. The trial protocol was approved by the institutional re-
view board at each participating centre, and written informed
consent was obtained from each patient.

From December 1987 to December 1996, patients were ran-
domly assigned to best contemporary medical care (n = 1449) or
best contemporary medical care plus carotid endarterectomy (n =
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Abstract

Background: Transient ischemic attacks (TIAs) often herald a
stroke, but little is known about the acute natural history of
TIAs. Our objective was to quantify the early risk of stroke af-
ter a TIA in patients with internal carotid artery disease.

Methods: Using patient data from the medical arm of the North
American Symptomatic Carotid Endarterectomy Trial, we cal-
culated the risk of ipsilateral stroke in the territory of the symp-
tomatic internal carotid artery within 2 and 90 days after a
first-recorded hemispheric TIA. We also studied similar out-
comes among patients in the trial who had a first-recorded
completed hemispheric stroke.

Results: For patients with a first-recorded hemispheric TIA (n =
603), the 90-day risk of ipsilateral stroke was 20.1% (95% con-
fidence interval [CI] 17.0%–23.2%), higher than the 2.3% risk
(95% CI 1.0%–3.6%) for patients with a hemispheric stroke
(n = 526). The 2-day risks were 5.5% and 0.0%, respectively.
Patients with more severe stenosis of the internal carotid artery
(> 70%) appeared to be at no greater risk of stroke than patients
with lesser degrees of stenosis (adjusted hazard ratio 1.1, 95%
CI 0.7–1.7). Infarct on brain imaging (adjusted hazard ratio 2.1,
95% CI 1.5–3.0) and the presence of intracranial major-artery
disease (adjusted hazard ratio 1.9, 95% CI 1.3-2.7) doubled the
early risk of stroke in patients with a hemispheric TIA.

Interpretation: Patients who had a hemispheric TIA related to in-
ternal carotid artery disease had a high risk of stroke in the first
few days after the TIA. Early risk of stroke was not affected by
the degree of internal carotid artery stenosis.
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1436) and followed to the end of December 1997. Details of the
methods22 and final results23 have been published. Patients were
not eligible if they had a probable cardiac source of embolism or a
serious disease likely to cause death within 5 years. Patients with
disabling stroke before randomization were also excluded.

All patients underwent a detailed medical examination at base-
line, including echocardiography and chest radiography. CT or
MRI scanning of the brain was performed before randomization
to determine the presence of infarcts and to rule out structural le-
sions that could have caused stroke-like symptoms. The degree of
internal carotid artery stenosis was measured from a conventional
carotid angiogram using strict criteria.24 Patient follow-up con-
sisted of clinical examinations at 30 days, at 3, 6, 9 and 12 months,
and every 4 months thereafter.

Data collection for this trial included a face-to-face patient in-
terview in which all ischemic events occurring within 180 days be-
fore randomization were recorded. Clinical details of ischemic
events, including type, duration and number, were collected as
part of the trial protocol by the participating stroke neurologist. A
written narrative of the patient’s medical history was included in
the case report form. Following data collection, all events were
scrutinized by the trial’s medical data managers and stroke fellows
and were reconciled with the written narrative.

The territory and type of stroke (ischemic or hemorrhagic) oc-
curring during follow-up were centrally reviewed. The presumed
cause of each ischemic stroke was designated as large-artery, lacunar
or cardioembolic. Definition of lacunar strokes was based on confor-
mity with the 5 classic lacunar syndromes, with or without deep le-
sions no more than 1 cm in diameter visible by CT brain imaging.25

Cardioembolic strokes were defined using a combination of clinical
and echocardiographic criteria.26 Ischemic strokes that were not
lacunar or cardioembolic were classified as large-artery strokes.

This study is distinct from previous reports from the
NASCET in that we chose to measure time and count events
from the date of the first-recorded ischemic event rather than
from the date of randomization, and we excluded patients with a
first-recorded retinal event because we are focusing on cerebral is-
chemia. The prognosis of patients with retinal ischemia has been
reported elsewhere.27

The primary outcome of the study was the occurrence of ipsi-
lateral stroke in the territory of the symptomatic internal carotid
artery within 90 days after the first-recorded event. The risk of ip-
silateral stroke was estimated from Kaplan–Meier event-free sur-
vival curves. Differences in stroke-free survival between groups
were assessed for statistical significance by the logrank test. Cox
proportional hazards regression modelling was used to identify
patient characteristics that increased the risk of ipsilateral stroke
among those with a hemispheric TIA. Differences between pro-
portions were assessed for statistical significance using a χ2 test.
The relation between symptom duration in hemispheric TIA and
the risk of ipsilateral stroke was also examined.

Results

Of the 1449 patients randomly assigned to the medical
arm of the trial, 320 had a first-recorded retinal event (TIA
252, stroke 68) and were excluded from further analyses.
Of the remaining 1129 patients, 603 (53.4%) had a hemi-
spheric TIA and 526 (46.6%) had a hemispheric stroke as
the first-recorded event (Table 1). The mean age was 66.4
years (standard deviation [SD] 8.6), and vascular risk factors
were common to the 2 groups. The median duration of a

Eliasziw et al

1106 JAMC • 30 MARS 2004; 170 (7)

Table 1: Characteristics of patients whose first-recorded event was hemispheric
TIA or hemispheric stroke

First-recorded event;
no. (and %) of patients

Characteristic
Hemispheric TIA

n = 603
Hemispheric stroke

n = 526 p value*

Age ≥ 75 yr† 116 (19.2) 91 (17.3) 0.40
Male sex 411 (68.2) 368 (70.0) 0.51
Hypertension 366 (60.7) 326 (62.0) 0.66
Diabetes mellitus 128 (21.2) 133 (25.3) 0.11
Myocardial infarction or angina 263 (43.6) 182 (34.6) 0.002
Hyperlipidemia 226 (37.5) 181 (34.4) 0.28
Smoking in the past year 259 (43.0) 205 (39.0) 0.18

Degree of ICA stenosis‡
< 50% 307 (50.9) 281 (53.4)
50%–69% 157 (26.0) 166 (31.6) 0.002§
70%–99% 139 (23.1) 79 (15.0)

Irregular or ulcerated ICA plaque‡ 334 (55.4) 250 (47.5) 0.008

Infarct on brain imaging‡ 229 (38.0) 327 (62.2) < 0.001

Intracranial disease of major artery‡ 196 (32.5) 169 (32.1) 0.89

Duration of symptoms ≥ 10 min 380 (63.0) – –

Notes: TIA = transient ischemic attack, ICA = internal carotid artery.
*Computed from a χ2 test comparing proportions.
†Mean age (and standard deviation) of patients: 66.4 (8.7) and 66.4 (8.4) years, respectively.
‡Ipsilateral to the territory of the first-recorded ischemic symptoms.
§For overall association between degree of ICA stenosis and type of event.



hemispheric TIA was 15 minutes (interquartile range 5–60
minutes; for 72.1% the duration was less than 1 hour, and
for 7.6% it was ≥ 6 hours).

A total of 133 patients had an ipsilateral stroke within
90 days after the first-recorded event. The 90-day risk of
ipsilateral stroke was higher among patients who had had
a hemispheric TIA than among those who had had a
hemispheric stroke (20.1%, 95% confidence interval [CI]
17.0%–23.2% v. 2.3%, 95% CI 1.0%–3.6%; logrank test
p < 0.001) (Fig. 1). About one-quarter of the 90-day
stroke risk (i.e., 5.5% of 20.1%) accrued within 48 hours
after the hemispheric TIA. The event-free survival curves
became parallel at about 60 days. There were no hemor-
rhagic events.

Although in most cases the stroke was large-artery in
origin, more patients in the hemispheric TIA group than in
the hemispheric stroke group had a lacunar stroke (37.2%
v. 8.3%; χ2 test p = 0.043). The occurrence of cardioem-
bolic stroke was low (0.8% and 0.0% respectively).

When the hemispheric TIA patients were stratified by
degree of stenosis, the event-free survival curves for ipsilat-
eral stroke were virtually indistinguishable (logrank test p =
0.93, Fig. 2). The early hazard of ipsilateral stroke was not
increased by severe (70%–99%) internal carotid artery
stenosis (adjusted hazard ratio 1.1, 95% CI 0.7–1.7, Table
2). Except for infarct visible on brain imaging (adjusted
hazard ratio 2.1, 95% CI 1.5–3.0) and the presence of
intracranial major-artery disease (adjusted hazard ratio 1.9,

Early stroke risk after transient ischemic attack

CMAJ • MAR. 30, 2004; 170 (7) 1107

Fig. 1: Kaplan–Meier ipsilateral stroke-free survival curves
from date of first-recorded hemispheric transient ischemic at-
tack (TIA) or hemispheric stroke.
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Fig. 2: Kaplan–Meier ipsilateral stroke-free survival curves from
date of first-recorded hemispheric TIA by degree of internal
carotid artery stenosis.
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Table 2: Effect of various factors on early risk of stroke among patients with a previous hemispheric TIA

No. of strokes/no. of patients
in category (and %) Hazard ratio* (and 95% CI)

Factor Factor present Factor absent Crude Adjusted

Age ≥ 75 yr 24/116 (20.7) 97/487 (19.9) 1.0 (0.7–1.6) 1.1 (0.7–1.8)

Male sex 89/411 (21.6) 32/192 (16.7) 1.3 (0.9–1.9) 1.3 (0.9–2.0)
Hypertension 71/366 (19.4) 50/237 (21.1) 0.9 (0.6–1.3) 0.9 (0.6–1.2)
Diabetes mellitus 32/128 (25.0) 89/475 (18.7) 1.4 (0.9–2.1) 1.3 (0.8–1.9)
Myocardial infarction or angina 58/263 (22.0) 63/340 (18.5) 1.2 (0.8–1.7) 1.1 (0.8–1.6)
Hyperlipidemia 48/226 (21.2) 73/377 (19.4) 1.1 (0.8–1.6) 1.2 (0.8–1.7)
Smoking in the past year 54/259 (20.8) 67/344 (19.5) 1.1 (0.7–1.5) 1.1 (0.8–1.7)

ICA stenosis 70%–99%† 29/139 (20.9) 92/464 (19.8) 1.1 (0.7–1.6) 1.1 (0.7–1.7)

Irregular or ulcerated ICA plaque† 66/334 (19.8) 55/269 (20.4) 1.0 (0.7–1.4) 0.9 (0.6–1.2)

Infarct on brain imaging† 67/229 (29.3) 54/374 (14.4) 2.2 (1.5–3.1)‡ 2.1 (1.5–3.0)‡
Intracranial disease of major artery disease† 56/196 (28.6) 65/407 (16.0) 1.9 (1.3–2.8)‡ 1.9 (1.3–2.7)‡
Duration of symptoms ≥ 10 min 81/380 (21.3) 40/223 (17.9) 1.2 (0.8–1.8) 1.2 (0.8– 1.8)

Note: CI = confidence interval, ICA = internal carotid artery, TIA = transient ischemic attack.
*Hazard ratios were calculated by means of Cox regression analysis. They were adjusted for all other factors listed in this table.
†Ipsilateral to the territory of the first-recorded hemispheric TIA.
‡p < 0.001.



95% CI 1.3–2.7), hazard ratios associated with other char-
acteristics were close to 1. The 90-day risk of ipsilateral
stroke increased with symptom duration in patients with
hemispheric TIA, but was not statistically significant (log-
rank test p = 0.58, test for trend p = 0.34, Fig. 3).

Interpretation

This study demonstrated that the risk of ipsilateral
stroke among patients with symptomatic internal carotid
artery disease was 5.5% within the first 2 days after a first-
recorded hemispheric TIA and 20.1% in the first 90 days.
The 90-day risk was not affected by the degree of stenosis.
The risk was lower among patients with a first-recorded
hemispheric stroke than among patients with a first-
recorded hemispheric TIA. In about two-thirds of the pa-
tients who had an ipsilateral stroke, it was large-artery in
origin, which implicated the newly symptomatic internal
carotid artery. The cause was cardioembolic in few of the
cases of stroke, because patients harbouring a probable car-
diogenic stroke were excluded from entry into the trial.

A previous study5 reported that older age, diabetes melli-
tus and duration of symptoms were predictors of early
stroke in patients diagnosed with a TIA. In our study, in-
creased risk of stroke was significantly associated only with
infarct visible on brain imaging and the presence of in-
tracranial major-artery disease. Risk of stroke did increase
with longer duration of symptoms, but the result did not
reach statistical significance. The difference in risk factors
is primarily due to the different case-mix of patients in
these studies; our study included only patients with symp-
tomatic internal carotid artery disease.

The large randomized trials23,28 demonstrating the effi-
cacy of carotid endarterectomy for symptomatic internal
carotid artery stenosis reported a positive relation between

degree of stenosis and long-term risk of stroke. In our
study, the degree of stenosis did not affect the early risk of
stroke. The high early risk of stroke might, therefore, be
the result of a ruptured plaque in a stenosed carotid artery.
However, if this were the only mechanism for stroke occur-
rence, then the risk of stroke would have been the same for
patients presenting with a completed stroke as for those
with a hemispheric TIA. The striking disparity between the
2 groups observed in our study suggests other mechanisms
that are unclear at this time. New imaging techniques may
shed some light by making accurate visualization of the
carotid plaque possible and allow characterization of the ef-
fect of plaque instability on stroke risk.29,30

Almost 75% of the patients with a hemispheric TIA
had symptoms that lasted less than 1 hour. The number
of patients who had hemispheric TIA symptoms persist-
ing beyond 1 hour diminished with time, which is con-
gruent with the proposed new definition for TIA, namely
the longer that symptoms persist, the less likely they are
to resolve.31

Because TIA is a historical clinical diagnosis,32 the re-
sults of this trial are limited by the ability of patients to
recall their symptoms. This difficulty is shared by all stud-
ies of TIA. However, because the stroke neurologists par-
ticipating in this trial specifically collected detailed infor-
mation about ischemic events occurring 180 days before
randomization, every attempt was made to minimize the
effects of poor recall.

In conclusion, a hemispheric TIA in the presence of in-
ternal carotid artery disease confers a high risk of stroke in
the immediate aftermath of the artery becoming sympto-
matic. Concerted efforts to conduct randomized trials fo-
cusing solely on the acute phase are now required to deter-
mine optimal intervention strategies for stroke prevention.
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Fig. 3: The 90-day risk of ipsilateral stroke by duration of first-
recorded hemispheric TIA. Error bars = 95% confidence intervals.
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