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ABSTRACT

Objective: To determine the frequency of acute infarction detected by diffusion-weighted imaging
(DWI)-MRI and stroke risk in TIA patients with different symptom duration in a population-based study.

Methods: During a 54-month period (starting November 2007), 3,724 admitted patients (mean age,
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67 6 14 years; 45% women) with transient neurologic symptoms lasting ,24 hours from 15
hospitals were included. All patients underwent DWI-MRI during hospitalization.

Results: Of 3,724 patients, 1,166 showed an acute infarction (32.2%; 95% confidence interval [CI],
30.8%–33.8%) and 88 (2.4%; 95% CI, 1.9%–2.9%) had a stroke during hospitalization (7 days).
Stroke risk was higher in patients with tissue-positive DWI than in those with tissue-negative DWI
(4.5% vs 1.5%, respectively; p , 0.001). Logistic regression analysis revealed that stroke risk was
correlated with positive DWI (odds ratio [OR], 3.1; 95% CI, 2.0–4.8; p , 0.001), atrial fibrillation (OR,
2.1; 95% CI, 1.3–3.5; p 5 0.001), and symptom duration ,1 hour (OR, 1.5; 95% CI, 1.0–2.4; p 5
0.042). Patients with symptoms lasting ,1 hour had a lower rate of acute infarction than those with
symptoms lasting $1 hour (24% vs 36%, respectively; p , 0.001), whereas stroke risk did not differ
between the groups (2.8% vs 2.1%, respectively; p 5 0.22). Stroke risk was higher after tissuepositive events than tissue-negative ones in patients with symptom duration ,1 hour (5.2% vs 2.0%,
respectively; p 5 0.002) and in those with symptom duration $1 hour (4.1% vs 1.1%, respectively;
p , 0.001).
Conclusion: Stroke risk was higher after tissue-positive events than tissue-negative ones in TIA
patients with different symptom duration. Neurologyâ 2013;80:1920–1926
GLOSSARY
AF 5 atrial fibrillation; CI 5 confidence interval; DWI 5 diffusion-weighted imaging; LAA 5 large-artery atherosclerosis; OR 5
odds ratio; TOAST 5 Trial of Org 10172 in Acute Stroke Treatment.
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A shift in emphasis from the time-based1 (,24 hours) to the tissue-based definition2 of TIA, which
includes symptom duration ,1 hour and the absence of acute infarction on diffusion-weighted
imaging (DWI), resulted in DWI-MRI being used to fulfill a key role in the diagnostic evaluation of
patients with TIA. The American Heart Association revised the newly proposed definition of TIA,
describing it as “a transient episode of neurologic dysfunction caused by focal brain, spinal cord, or
retinal ischemia, without acute infarction.” The typical symptom duration is less than 1 or 2 hours;
however, prolonged episodes do occasionally occur. Diagnostic correctness depends on the extent of
evaluation.3
Evidence of acute infarction detected by DWI-MRI among patients with TIA distinguishes
between TIA and ischemic stroke and portends higher risk of stroke after TIA.4–6 The risk of
stroke after TIA can reach as high as 12.8% at 7 days, and it varies depending on the TIA
management and investigated population.7,8
Previous studies have investigated the frequency of acute infarction detected by DWI and the
association with the ensuing risk of stroke.9–11 However, data about the incidence of acute infarction and stroke risk in TIA patients with different symptom duration in a large cohort are rare—
particularly for those patients with symptom duration lasting ,1 hour, which occurs among 60%
of TIA defined by time-based criteria.12
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We aimed to determine the frequency of an
acute infarction identified by DWI-MRI and
stroke risk in patients with TIA of different
symptom duration (,1 hour vs $1 hour) in
a population-based study.
METHODS Study design. As part of the benchmarking project,
“Quality of Treatment of Stroke in the Federal State SchleswigHolstein” (in German: “Qualitätsgemeinschaft Schlaganfallversorgung in Schleswig-Holstein” [QugSS2]), a total of 3,724 patients
(mean age, 67 6 14 years; 45% women) with transient neurologic
symptoms (symptom duration ,24 hours) from the ongoing stroke
registry in Schleswig-Holstein were included in this population-based
study during a 54-month period (beginning November 2007). The
stroke registry, QugSS2, included all hospitals involved in the treatment of patients with stroke in the German federal state of SchleswigHolstein, which has 2.8 million inhabitants. Of the 15 participating
sites, 2 were university departments of neurology, 8 were departments
of neurology at nonuniversity hospitals, and 5 were departments of
internal medicine at nonuniversity hospitals. The criterion for inclusion in this stroke registry was patients’ main residence in the state of
Schleswig-Holstein. Patients who presented to emergency departments but were not admitted to hospital for evaluation were not
included in the present study. In accordance with the guidelines of
the German Stroke Society, patients with TIA are generally hospitalized so as to obtain a rapid evaluation of the TIA origin. To avoid
bias selection following the proposal of the tissue-based definition
of TIA,1 we included in the present study all patients with transient
neurologic symptoms lasting ,24 hours, regardless of whether the
patients were diagnosed with acute ischemic stroke or TIA after
imaging with DWI-MRI.
Patients with TIA who were admitted to neurology departments were interviewed and examined by a neurologist and received
treatment from vascular neurologists. In internal medicine hospitals,
patients were treated by internists and interviewed and examined by
an external neurologist so as to provide an appropriate neurologic
diagnostic evaluation and therapeutic advice in accordance with
the provisions and guidelines of the German Stroke Society. All
internal medicine departments maintain cooperation with neurologists working in outpatient departments in order to guarantee the
delivery of appropriate neurologic advice. The documentation and
data collection procedures followed a uniform study manual as part
of a benchmarking project. In cases of development of stroke-related
symptoms in TIA patients after admission, patients underwent an
emergent noncontrast cranial CT scan and received stroke management and stroke care. The diagnosis of stroke was based on clinical
presentation and brain imaging.

Data acquisition. The data acquisition was performed at the point
of care and recorded from the patients directly and from patient records. The study protocol was placed in the individual file of each
patient, and the treating neurologist filled in the baseline characteristics
at admission and completed the protocol at discharge after the TIA
workup was finished. Patients who met the following criteria were
included in this study: transient neurologic symptoms lasting ,24
hours, examination with DWI-MRI, age 18 years or older, and main
residence in the German federal state of Schleswig-Holstein. Patients
were excluded from the study if they were younger than 18 years, had
a contraindication for MRI investigation, and were admitted with
suspected TIA but, after diagnostic evaluation during hospitalization,
were diagnosed with other conditions such as epileptic seizure,
migraine attack, or functional disorders instead of TIA. Demographic
data and baseline characterizations at admission—sex, age, TIA

symptoms, medical history, time between admission and assessment
by MRI, treatments, secondary prevention strategies, and etiology of
the TIA in accordance with the Trial of Org 10172 in Acute Stroke
Treatment (TOAST) classification13—were recorded.

Magnetic resonance imaging. During hospitalization, MRI was
performed as part of the TIA workup. The most common MRI protocol, which was used in this study, is with a high-field strength of 1.5
tesla and includes T2 and T1 sequences in addition to DWI. The
MRI scans were independently read by neuroradiologists who were
not involved in the study. The definition of an acute infarction used
in this study adhered to the one by Culebras et al.14
Standard protocol approval, registration, and patient
consent. Approval for the study was obtained from the local ethics
committee of the University of Lübeck. All patients provided written
informed consent for their inclusion in this prospective study.

Statistics. We used the SPSS program (version 20; IBM SPSS Statistics, Armonk, NY) to analyze the data. The data were described
with mean and SD values for continuous variables and with absolute
numbers and percentages for nominal and categorical variables. We
performed a x2 test to determine the correlation between categorical
variables, and a t test between continuous variables. Adjusted logistic
regression was performed to estimate the odds ratio (OR). All variables with a p value ,0.1 were entered in the logistic regression
model. A p value ,0.05 was considered significant.
RESULTS All patients with TIA lasting <24 hours.

During a 54-month period (starting November 2007),
6,678 patients (mean age, 70.8 6 13 years; 49%
women) with transient neurologic symptoms lasting
,24 hours were admitted to hospital.
A total of 3,724 patients (55.7%) underwent DWIMRI as part of the diagnostic evaluation of TIA during
hospitalization. Patients with TIA who were imaged with
DWI-MRI were younger than those who were not
imaged with DWI-MRI (67.1 vs 75.9 years, respectively;
p , 0.001). They also had lower rates of TIA symptoms:
unilateral motor weakness (30% vs 36%, respectively;
p , 0.001), aphasia (15% vs 24%, respectively; p ,
0.001), and dysarthria (18% vs 24%, respectively; p ,
0.001). Atrial fibrillation (AF) was less common in
patients who received an MRI investigation than in those
who did not (14% vs 30%, respectively; p , 0.001).
A TIA-related acute infarction was detected in 1,166
of 3,724 patients (32.2%; 95% confidence interval [CI],
30.8%–33.8%). Table 1 presents a comparison between
patients with an acute infarction who underwent DWIMRI and those without acute infarction who underwent
DWI-MRI. Logistic regression analysis revealed that evidence of acute infarction among patients imaged with
DWI-MRI was independently associated with male sex,
TIA symptoms (unilateral weakness, aphasia, and dysarthria), and AF (table 2).
During a mean hospitalization of 7 days, stroke
occurred in 88 of 3,724 patients (2.4%; 95% CI,
1.9%–2.9%) and was independently correlated with
positive DWI (OR, 3.1; 95% CI, 2.0–4.8; p ,
0.001), AF (OR, 2.1; 95% CI, 1.3–3.5; p 5 0.001),
Neurology 80
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Table 1

Demographic and clinical data in all TIA patients imaged with DWI-MRI
and comparison between patients without and with evidence of acute
infarctiona

Table 2

Associated factors with acute
infarction detected by DWI-MRI in all
TIA patients (N 5 3,724) imaged with
MRI using logistic regression

Acute infarction in all patients imaged with
DWI-MRI
Characteristics

No (n 5 2,454)

Yes (n 5 1,166)

Mean age (SD), y

67.2 (13)

66.8 (14)

Sex

p Value
0.4
0.006

Female

1,147 (47)

486 (42)

Male

1,299 (53)

671 (58)

Motor weakness

543 (22)

523 (45)

,0.001

Aphasia

278 (12)

259 (23)

,0.001

Dysarthria

325 (13)

310 (27)

,0.001

Regression
coefficient

Factors

OR (95% CI)

p Value

Male sex

1.3 (1.1–1.5)

0.002

0.22

Motor weakness 2.3 (2.0–2.7)

,0.001

0.85

Aphasia

1.7 (1.4–2.1)

,0.001

0.53

Dysarthria

1.5 (1.3–1.9)

,0.001

0.42

Atrial fibrillation 1.6 (1.3–2.0)

,0.001

0.45

TIA symptoms

,0.001

Time, admission to MRI
<24 h

153 (6)

100 (9)

24–<48 h

645 (26)

410 (35)

48–72 h

1,092 (45)

440 (38)

>72 h

564 (23)

216 (19)

Hypertension

1,825 (75)

847 (74)

0.2

Diabetes mellitus

401 (17)

232 (20)

0.009

Hyperlipidemia

1,292 (54)

550 (49)

0.004

History of stroke

544 (23)

285 (25)

0.1

Atrial fibrillation

287 (12)

219 (19)

,0.001

AT before TIA

863 (36)

462 (40)

0.009

OAC

388 (16)

381 (33)

,0.001

CEA/stenting

78 (4)

82 (8)

,0.001

AT at discharge

2,056 (85)

843 (74)

,0.001

Antihypertensive medication

1,756 (72)

832 (72)

0.9

Antidiabetic medication

346 (14)

206 (18)

0.004

Statin

1,488 (61)

720 (63)

0.3

Medical history

Treatment

Abbreviations: CI 5 confidence interval; DWI 5 diffusionweighted imaging; OR 5 odds ratio.

(OR, 2.8; 95% CI, 1.3–6.0; p 5 0.005) and symptom duration ,1 hour (OR, 2.9, 95% CI, 1.4–5.9;
p 5 0.004).
The TIA etiologies of all TIA patients imaged with
DWI-MRI were determined in accordance with the
TOAST classification: 22.6% large-artery atherosclerosis
(LAA), 23% cardioembolism, 16.6% small-artery occlusion, 3.6% other determined etiology, and 30.6%
undetermined etiology. After evaluation, carotid
revascularization (carotid endarterectomy/carotid artery
stenting) was performed in 5.1% of all patients and in
28% of patients with LAA as a cause of TIA. Oral anticoagulants were administered to 21.8% of patients
(N 5 3,724). At discharge from hospital, 81.5% of
patients were undergoing antiplatelet therapy.

Large-artery atherosclerosis

258 (19)

319 (28)

Cardioembolismb

213 (15)

366 (32)

Small-artery occlusion

253 (18)

169 (15)

Other determined etiology

42 (3)

49 (4)

TIA with symptom duration <1 hour. Among 1,418 patients (38%) with neurologic symptoms of TIA lasting ,1 hour, 343 patients had a TIA-related acute
infarction detected by DWI-MRI (24%; 95% CI,
23%–27%), which was significantly associated with
male sex, TIA symptoms (motor weakness, aphasia,
and dysarthria), AF, and etiology of TIA (table 3).
During hospitalization (mean, 7 days), the rate of
stroke in patients with symptoms lasting ,1 hour was
2.8% (95% CI, 2%–4%) and was higher in patients with
tissue-positive DWI than in those with tissue-negative
DWI (5.2% vs 2.0%, respectively; p 5 0.002).

Undetermined etiologyb

627 (45)

247 (22)

TIA with symptom duration ‡1 hour. The frequency of

36 (1.5)

52 (4.5)

,0.001

Etiology of TIA (TOAST)
b

Stroke risk during hospitalization

,0.001

Abbreviations: AT 5 antiplatelet therapy; CEA 5 carotid thromboendarterectomy; DWI 5
diffusion-weighted imaging; OAC 5 oral anticoagulant; TOAST 5 Trial of Org 10172 in
Acute Stroke Treatment.
a
Data are n (%) unless otherwise indicated.
b
Differences after a Bonferroni correction are significant.

and symptom duration ,1 hour (OR, 1.5; 95% CI,
1.0–2.4; p 5 0.042).
In patients with negative DWI, stroke risk was independently associated with unilateral motor weakness
1922
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acute infarction was higher in patients with symptoms
lasting $1 hour compared with those with symptoms
lasting ,1 hour (36% vs 24%, respectively; p , 0.001).
Similar to patients with symptoms lasting ,1 hour, acute
infarction in patients with TIA whose symptoms lasted
$1 hour significantly correlated with TIA symptoms
(motor weakness, aphasia, and dysarthria), AF, and TIA
etiology. Moreover, diabetes mellitus and hypercholesterolemia were associated with acute infarction (table 4).
The stroke rate during hospitalization in patients
with symptom duration $1 hour was 2.1% (95% CI,
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Table 3

Baseline characteristics of TIA patients with symptom duration
<1 hour and comparison between patients without and with acute
infarction detected by DWI-MRIa
Acute infarction

Characteristics

All (n 5 1,418) No (n 5 1,038) Yes (n 5 343) p Value

Mean age (SD), y

66.9 (14)

67.0 (14)

66.2 (13)

Female

619 (45)

491 (48)

128 (38)

Male

756 (55)

543 (53)

213 (63)

Motor weakness

185 (14)

110 (11)

75 (22)

,0.001

Aphasia

123 (9)

77 (8)

46 (14)

,0.001

Dysarthria

100 (7)

60 (6)

40 (12)

,0.001

Sex

0.3
0.001

TIA symptoms

Time, admission to MRI

0.3

<24 h

92 (7)

72 (7)

20 (6)

24–<48 h

396 (29)

285 (28)

111 (32)

48–72 h

599 (43)

459 (44)

140 (41)

>72 h

294 (21)

222 (21)

72 (21)

Hypertension

1,011 (74)

765 (75)

246 (72)

0.3

Diabetes mellitus

211 (16)

151 (15)

60 (18)

0.1

Hypercholesterolemia

701 (52)

539 (53)

162 (48)

0.1

History of stroke

262 (19)

192 (19)

70 (21)

0.4

Atrial fibrillation

161 (12)

98 (10)

63 (19)

,0.001

AT before TIA

461 (34)

340 (33)

121 (35)

0.4

OAC

272 (20)

153 (15)

119 (35)

,0.001

CEA/stenting

81 (7)

45 (5)

36 (12)

,0.001

AT at discharge

1,106 (82)

861 (85)

245 (73)

,0.001

Antihypertensive medication

975 (71)

738 (71)

237 (69)

0.4

Antidiabetic medication

175 (13)

125 (12)

50 (15)

0.1

Statin

820 (60)

627 (61)

193 (57)

0.1

Medical history

Treatments

,0.001

Etiology of TIA (TOAST)
Large-artery atherosclerosis

209 (23)

116 (21)

93 (28)

Cardioembolism

195 (22)

84 (15)

111 (33)

Small-artery occlusion

126 (14)

81 (14)

45 (13)

Other determined etiology

36 (4)

22 (4)

14 (4)

Undetermined etiology

346 (34)

261 (46)

75 (22)

Abbreviations: AT 5 antiplatelet therapy; CEA 5 carotid thromboendarterectomy; DWI 5
diffusion-weighted imaging; OAC 5 oral anticoagulant; TOAST 5 Trial of Org 10172 in
Acute Stroke Treatment.
a
Data are n (%) unless otherwise indicated.

1.6%–2.8%) and was 3-fold higher in patients with
tissue-positive DWI than in those with tissue-negative
DWI (4.5% vs 1.5%, respectively; p , 0.001). A comparison of patient groups with TIA of different symptom duration (,1 hour vs $1 hour) who underwent
DWI-MRI is shown in table 5.

DISCUSSION Because the risk of stroke is high in the
short period of time following a TIA, it is important to
treat and evaluate patients with TIA as quickly as possible
so as to prevent stroke.15,16 The management of TIA
requires a rapid diagnostic evaluation, which ideally includes a DWI-MRI assessment, to distinguish between
TIA and ischemic stroke in accordance with the tissuebased definition of TIA and to predict the risk of stroke
after TIA.2,3,17,18 In addition to the ABCD2 score,19,20
research has revealed that evidence of acute infarction
in patients presenting with TIA is appropriate for detecting patients who are at higher risk of stroke after TIA.21
The rate of acute infarction in our complete population (31%) was similar to that of another investigation
with a comparable cohort.22 In the present study, the
frequency of acute infarction was lower in patients with
symptoms lasting ,1 hour (24%) compared with those
with symptoms lasting 1 to 24 hours (36%). The longer
duration of TIA is associated with increased probability of
evidence of acute infarction. The extended duration may
reflect the severity of the pathologic mechanism, which in
turn may be attributed to poor cerebral collateralization
with insufficient supply of the affected brain area.
Patients with symptoms lasting ,1 hour who had
positive DWI-MRI were more likely to be male and to
have motor weakness, aphasia, dysarthria, AF, and LAA
as well as cardioembolism as the TIA etiology. These
associated factors, with the exception of male sex, were
also more frequent in patients with TIA symptoms
lasting 1 to 24 hours who had positive DWI-MRI.
A comparison of the groups (,1 hour vs $1 hour)
in our study demonstrated that patients with longer
duration of neurologic symptoms (1–24 hours) had
higher rates of TIA symptoms, AF, diabetes, and previous stroke (table 5). These findings were demonstrated in previous studies and found to be associated
with acute infarction in patients with TIA.9,21,23–26
In this study, the rate of stroke occurring during hospitalization was lower than expected in the complete population imaged by DWI-MRI; this finding may be
attributed to the early admission, rapid and comprehensive evaluation, and initiation of secondary prophylaxis in
our population. The impact of the immediate evaluation
of patients with TIA has been shown in earlier studies
(EXPRESS study27 and SOS-TIA study28) on stroke prevention after TIA. In addition, previous investigations
found that early hospitalization of patients with TIA
may have helped reduce the risk of stroke after a TIA.29,30
In the present study, stroke risk was higher in patients
with positive DWI-MRI compared with those with negative DWI-MRI, regardless of symptom duration (symptom duration ,1 hour vs 1–24 hours). The difference in
the rate of stroke between the tissue-positive and tissuenegative groups in this study was not huge compared
with the results of another study21 in which the rate of
stroke was 18-fold higher in patients with tissue-positive
Neurology 80
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Table 4

Baseline characteristics of TIA patients with symptoms lasting ‡1 hour
and comparison between patients without and with acute infarction
detected by DWI-MRIa
Acute infarction

Characteristics

All
(n 5 2,306)

No
(n 5 1,416)

Yes
(n 5 823)

p Value

Mean age (SD), y

67.2 (14)

67.3 (13)

67.1 (14)

0.6

Sex

0.2

Female

1,014 (46)

656 (47)

358 (44)

Male

1,214 (55)

756 (54)

458 (56)

Motor weakness

881 (40)

433 (31)

448 (55)

,0.001

Aphasia

414 (19)

201 (14)

213 (27)

,0.001

Dysarthria

535 (24)

265 (19)

270 (33)

,0.001

TIA symptoms

,0.001

Time, admission to MRI
<24 h

161 (7)

81 (6)

80 (10)

24–<48 h

659 (29)

360 (25)

299 (36)

48–72 h

933 (42)

633 (45)

300 (37)

>72 h

486 (22)

342 (24)

144 (18)

Hypertension

1,661 (75)

1,060 (76)

601 (74)

0.4

Diabetes mellitus

422 (19)

250 (18)

172 (21)

0.06

Hypercholesterolemia

1,141 (53)

753 (55)

388 (49)

0.016

History of stroke

567 (26)

352 (25)

215 (27)

0.4

Atrial fibrillation

354 (16)

189 (14)

156 (19)

,0.001

AT before TIA

864 (39)

523 (38)

341 (42)

0.025

OAC

497 (22)

235 (17)

262 (32)

,0.001

CEA/stenting

79 (4)

33 (3)

46 (7)

,0.001

AT at discharge

1,793 (82)

1,195 (85)

598 (75)

,0.001

Antihypertensive medication

1,613 (72)

1,018 (72)

595 (73)

0.6

Antidiabetic medication

377 (17)

221 (16)

156 (19)

0.04

Statin

1,388 (62)

861 (61)

527 (65)

0.07

Medical history

Treatment

,0.001

Etiology of TIA (TOAST)
Large-artery atherosclerosis

368 (22)

142 (17)

226 (28)

Cardioembolism

384 (23)

129 (16)

255 (31)

Small-artery occlusion

296 (18)

172 (21)

124 (15)

Other determined etiology

55 (3)

20 (2)

35 (4)

Undetermined etiology

538 (33)

366 (44)

172 (21)

Abbreviations: AT 5 antiplatelet therapy; CEA 5 carotid thromboendarterectomy; DWI 5
diffusion-weighted imaging; OAC 5 oral anticoagulant; TOAST 5 Trial of Org 10172 in
Acute Stroke Treatment.
a
Data are n (%) unless otherwise indicated.

DWI than in those with tissue-negative DWI. One reason for this discrepancy in findings between studies is the
difference in the study populations (i.e., patients with
transient neurologic symptoms who underwent DWIMRI but were diagnosed with other conditions [not
TIA] were excluded from the present study). Another
1924
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reason is that patients who underwent DWI-MRI had
lower rates of TIA symptoms (unilateral motor weakness, aphasia, and dysarthria) and AF as a potential TIA
cause than those who did not. This finding suggests that
patients with nonspecific TIA symptoms were more
likely to be investigated by DWI-MRI, whereas patients
with reliable diagnosis did not undergo this investigation. Previous research has shown that the diagnosis of
TIA is unreliable.31 Yet another reason is that the present study evaluated the stroke risk only during hospitalization, thus making it more difficult to compare
with other findings.
The risk of stroke in patients with shorter symptom
duration (,1 hour) was not significant in the univariate analysis in comparison with patients with longer
symptom duration ($1 hour). However, when the
symptom duration (,1 hour vs $1 hour) was entered
into the adjusted logistic regression, the shorter symptom duration was strongly associated with increased
risk of stroke (OR, 1.5). This finding stands in contrast
to the known presumption that longer symptom durations (10–59 minutes and $60 minutes) are associated
with higher stroke risk following TIA.19,20 In our study,
the symptom length was recorded in 2 categories (,1
hour vs $1 hour) similar to the first proposed tissuebased definition of TIA. On the one hand, this categorization of TIA duration in the present study may mask
the association between stroke risk and prolonged TIA
duration. On the other hand, TIA with longer duration
may lead to better preconditioning of brain tissue than
TIA with shorter duration, resulting in a low rate of
stroke after TIA with longer duration. In the present
study, TIA patients were included after they had been
evaluated at full length by stroke specialists and neurologists. Because not all TIA patients admitted to hospital
underwent an MRI investigation in the present study,
this fact may handicap direct comparisons with other
findings on stroke risk in TIA patients imaged with
DWI-MRI. These reasons may be linked to bias selection. However, studies comparing large cohorts of TIA
patients with different symptom duration (,1 hour
vs $1 hour) similar to the present study are sparse.
In our population, stroke risk during hospitalization
was independently correlated with acute infarction detected by DWI-MRI. Because evidence of acute infarction is recognized as a risk factor for stroke after TIA,
researchers have proposed that it should be added to
the ABCD2 score for its prognostic value in patients
with TIA.6,21,22,32 Furthermore, AF as a potential cause
of TIA is well known to be associated with stroke risk
after TIA and poor outcome after stroke.33–36
The independently associated factors (DWI positivity, AF, and symptom duration ,1 hour) that were
identified with logistic regression analysis may be helpful in estimating stroke risk following a TIA in patients
imaged with DWI-MRI. TIA patients with none of
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Table 5

Comparison between TIA patients with symptoms lasting <1 hour vs
those with symptoms lasting ‡1 houra
Symptom duration

Characteristics

<1 h (n 5 1,418)

1–24 h (n 5 2,306)

Mean age (SD), y

66.9 (14)

67.2 (14)

Sex

p Value
0.4
0.8

Female

619 (45)

1,014 (46)

Male

756 (55)

1,214 (55)

Motor weakness

185 (14)

881 (40)

,0.001

Aphasia

123 (9)

414 (19)

,0.001

Dysarthria

100 (7)

535 (24)

,0.001

TIA symptoms

Time, admission to MRI

0.5

<24 h

92 (7)

161 (7)

24–<48 h

396 (29)

659 (29)

48–72 h

599 (43)

933 (42)

>72 h

294 (21)

486 (22)

Hypertension

1,011 (74)

1,661 (75)

0.4

Diabetes mellitus

211 (16)

422 (19)

0.005

Hypercholesterolemia

701 (52)

1,141 (53)

0.6

History of stroke

262 (19)

567 (26)

Atrial fibrillation

161 (12)

354 (16)

0.003

AT before TIA

461 (34)

864 (39)

,0.001

OAC

272 (20)

497 (22)

CEA/stenting

81 (7)

79 (4)

AT at discharge

1,106 (82)

1,793 (82)

Antihypertensive medication

975 (71)

1,613 (72)

Antidiabetic medication

175 (13)

377 (17)

Statin

820 (60)

1,388 (62)

Medical history

,0.001

Treatment

Etiology of TIA (TOAST)

events. These findings might explain why these patients
more frequently received secondary preventive measures,
such as oral anticoagulant treatment and carotid revascularization. The rate of carotid revascularization (5.1%)
was lower compared with the rate of detected LAA
(23%) as a cause of TIA. This finding may be attributed
to the fact that some patients with symptomatic carotid
stenosis received the vascular treatment after discharge or
were transferred to an external hospital to undergo surgery, and, therefore, were not recorded in our evaluation.
This study has several strengths, including its population-based design and large patient cohort. It is the
first population-based study to investigate DWI-MRI
findings in patients with TIA of symptom duration
,1 hour and the risk of stroke in patients with TIA
as characterized with the tissue-based TIA definition.
Our study has several limitations. One limitation
is that an MRI investigation was not performed in
all patients admitted with TIA. Another limitation
is that the symptom duration of TIA was recorded
in only 2 categories: ,1 hour vs $ 1 hour. The present study also did not include the ABCD2 score,
follow-up data, and the exact time to MRI assessment
during hospitalization.
Despite these limitations, this study is the largest population-based DWI-MRI investigation ever reported in
patients with TIA of different symptom duration. Our
study sheds light on the stroke risk after a TIA related
to MRI findings and symptom duration of TIA. Further
studies are necessary to confirm these findings.

0.1
,0.001
0.8
0.1
,0.001
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