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BACKGROUND AND PURPOSE: Radiologic assessment of acute transient ischemic attacks
(TIAs) has been handicapped by the low sensitivity of CT and conventional MR imaging for
acute small-vessel infarction and the difficulty in differentiating between acute and chronic
lesions by use of these methods. Our purpose was to evaluate the incidence of TIA-related
infarction by using diffusion-weighted MR imaging to determine whether the presence of a
diffusion imaging abnormality correlates with the duration of symptoms or cause of TIA.
METHODS: We prospectively studied 58 consecutive patients with acute TIA by use of
diffusion-weighted imaging. All MR imaging was performed with a 1.5-T whole-body system
with 24-mT/m gradient strength and an echo-planar– capable receiver. All patients were imaged
within 10 days of stroke onset.
RESULTS: Thirty-nine patients (67%) manifested a diffusion imaging abnormality consistent
with acute ischemia. Cortical lesions were identified in 54% of these patients; most of them
associated with other acute ischemic lesions. Subcortical lesions were identified in 46%; most of
them were isolated from other lesions.
The mean duration of symptoms in patients with no TIA-related diffusion imaging abnormalities was 0.96 hours (median, 0.33 hours) compared with a mean of 6.85 hours (median, 1.53
hours) in patients with diffusion imaging abnormalities (P ⴝ .025, Mann-Whitney U test). This
significant correlation between the duration of TIA symptoms and the presence of TIA-related
abnormalities was lost when we excluded from the analysis patients whose symptoms lasted
longer than 6 hours (P ⴝ .513, Mann-Whitney U test).
No significant correlation was observed between the size of TIA-related lesions and the
duration of symptoms or cause of TIA.
CONCLUSION: Two thirds of our TIA patients showed focal abnormalities indicative of acute
ischemic lesions on diffusion-weighted images. This incidence is higher than that previously
reported in the literature. The presence of such abnormalities increased with increasing total
symptom duration, but this relation was not observed when only patients whose symptoms
lasted less than 6 hours were considered. No significant correlation was observed between the
cause and presence of TIA-related lesions on diffusion-weighted MR images. These TIA-related
lesions are probably irreversible and may lead to subsequent infarct.
Transient ischemic attacks (TIAs) are neurologic deficits caused by vascular disease that clear completely
in less than 24 hours (1), although most of them have
a much shorter duration of less than 1 hour (2).
Patients who have had a TIA have a 24 –29% estimated risk of stroke in the first 5 years after the event

(3). The risk is higher in the first month, especially in
patients with hemispheric TIA and carotid stenosis
(4) and probably increases in patients with a TIArelated infarct revealed on CT or MR images (5).
Therefore, a TIA should be evaluated promptly so
that therapy to decrease the risk of stroke can be
established as soon as possible. The goals of imaging
procedures are to identify candidates for specific surgical or pharmacologic therapy, determine prognosis,
and exclude rare nonvascular causes (6).
Data on the frequency and type of TIA-related
infarcts have been almost exclusively drawn from CT
(5, 7–9) and conventional MR imaging (10) investigations. However, these studies have been handicapped by the low sensitivity of these radiologic tech-
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niques for detecting acute small-vessel infarction and
differentiating acute from chronic lesions. Recent
studies have shown diffusion-weighted MR imaging
to be a highly sensitive and specific diagnostic technique for acute small-vessel infarction (11–15) by
demonstrating neuroanatomically relevant focal abnormalities in nearly half of clinically defined TIA
patients (16 –18). The presence of TIA-related lesions
becomes more and more likely as the duration of
clinical symptoms advance, although it is not known
whether the presence and number of TIA-related
lesions correlate with etiologic factors.
Our purpose was to analyze the incidence of neuroanatomically relevant focal abnormalities in TIA
patients that were revealed by diffusion-weighted MR
imaging and to correlate the presence, number, and
size of these focal lesions with the total duration of
symptoms and causes of the attack.

Methods
Patients Selection
We studied 58 consecutive patients with TIA. Fifty-three of
the patients were men and five women with an age range of
17–79 years (mean, 60 years). TIA was defined as an acute
transient focal neurologic deficit caused by vascular disease
that reversed totally within the first 24 hours of symptom onset
(1). Patients with brain stem or hemispheric symptoms or both
were included in the study, but patients with isolated amaurosis
fugax were excluded. The following clinical data were collected
from all patients: age, sex, symptom(s) of TIA, date and time of
symptom onset, and date and time of symptom resolution.
Thus, an estimation of TIA duration was available in all patients included in the study.
The pathogenesis of TIA was established in all patients
according to the TOAST classification (19) on the basis of
imaging and laboratory studies and from past clinical history
and present clinical examination. This classification established
five stroke subtype diagnoses: large-vessel disease with significant stenosis; large-vessel disease without significant stenosis;
cardioembolic disease; small-vessel disease; more than one
likely cause or unknown cause.
MR Imaging
All patients were examined with MR imaging within 10 days
of stroke onset. Five patients (9%) were imaged within the first
2 days after symptom onset, 35 patients (60%) between the
second and fifth day, and the remaining 18 (31%) after the
sixth day. Before MR imaging, all cases had been studied with
non– contrast-enhanced CT, and patients with nonischemic
brain lesions were excluded from the study.
All MR imaging was performed with a 1.5-T whole-body
system with a 24-mT/m gradient strength, 300-ms rise time, and
echo-planar– capable receiver equipped with a gradient overdrive (Magnetom Vision Plus; Siemens Medical Systems, Erlangen, Germany).
Axial T2-weighted turbo spin-echo (3700/90/2 [TR/TE/
excitations]), T1-weighted spin-echo (550/14/2), turbo fluidattenuated inversion recovery (FLAIR) (9000/110/2), and
echo-planar diffusion-weighted sequences were performed.
The diffusion-weighted images were obtained with a singleshot spin-echo echo-planar pulse sequence with diffusion
gradient b values of 0 and 1000 s/mm2 along all three orthogonal axes over 15 axial sections, 5-mm-thick sections, intersection gap of 1.5 mm, 240-mm field of view, and 96 ⫻ 128 matrix.
The acquisition time for the diffusion-weighted images was 25

seconds. To minimize the effects of diffusion anisotropy, the
diffusion-weighted data were automatically processed to yield
standard isotropic diffusion-weighted images.
Three of the authors (A.R., A.R.G., E.G.) retrospectively
reviewed images, and findings were determined by consensus.
Conventional T1- and T2-weighted images were assessed apart
from diffusion-weighted images.
Initially, readers were blinded to the pattern of TIA symptoms and to any other clinical information. Subsequently, with
knowledge of the TIA symptoms, the following items were
recorded: 1) presence of a focal lesion (ie, index lesion) related
to the TIA on a diffusion-weighted image; for example, a lesion
located in a territory corresponding to the patient’s symptoms
and with acute ischemic characteristics such as hyperintensity
in the isotropic diffusion-weighted images; 2) size of the index
lesion on a diffusion-weighted image; and 3) presence of an
acute or subacute ischemic lesion other than the index lesion
(subsidiary infarcts). In a subgroup of nine patients who initially showed an index lesion, a follow-up MR investigation that
included T1- and T2-weighted (fast spin-echo and fast-FLAIR)
imaging was performed 2 to 6 months after the initial MR
examination. In these patients, the follow-up MR examination
was used to define the presence or absence of a subsequent
infart at the location of the index lesion. This analysis was
performed without blinding the readers to the results of the
initial MR examination.
In our study, we did not attempt to calculate the apparent
diffusion coefficient (ADC) values of the ischemic lesions,
because many of the lesions were so small that they were
beyond the spatial resolution of current ADC detection.
Statistical Analysis
Statistical analysis was performed with the SPSS software
package v. 7.5 (SPSS Inc., Chicago, IL). Depending on the
behavior of the variables, significant differences were evaluated
with one-way analysis of variance (ANOVA) or the MannWhitney U test. The 2 test was used to assess the correlation
between TIA pathogenesis and the presence of an index lesion.
A P value of ⬍.05 indicated significance.

Results
Diffusion-weighted MR imaging showed an index
lesion in 39 (67%) patients. Index lesions were cortical in 21 (54%) and subcortical in the remaining 18
(46%). In two patients, the index lesion was located in
the brain stem (paramedial region of the pons) and
was considered subcortical. Subsidiary infarctions
were seen in 23 (59%) of the 39 patients; all but two
were located in the same arterial territory as the index
lesion. Most of the patients with a cortical index
lesion had subsidiary infarcts (76%) (Fig 1), whereas
most of the patients with a subcortical index lesion
had no subsidiary infarcts (61%) (Fig 2).
An estimation of TIA duration was available in all
patients. The mean duration of TIA symptoms in all
patients was 10.70 hours. Mean duration of TIA
symptoms in patients with no index lesion on diffusion-weighted images was 0.96 hours (median, 0.33
hours) compared with a mean duration of 6.85 hours
(median, 1.53 hours) in patients with an index lesion
(P ⫽ .025, Mann-Whitney U test). However, when we
included only those patients whose symptoms lasted
less than 6 hours (81% of patients) in the analysis, no
significant differences were observed between the duration of symptoms and the presence of TIA-related
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FIG 1. Diffusion-weighted images obtained in a 75-year-old man with transient left paresis.
A, Axial diffusion-weighted image depicts hyperintense signal indicative of acute infarction in the precentral gyrus of the right frontal
lobe.
B and C, Additional subsidiary lesions in the same arterial territory (middle cerebral artery) are shown at different levels (parietal and
temporal cortex).

FIG 2. Axial MR images obtained in a 40-year-old man with transient right hemiparesis 5 days after onset of symptoms.
A–C, T2-weighted (A), fast-FLAIR (B), and diffusion-weighted (C) imaging all reveal a small, acute ischemic lesion in the thalamocapsular region equally well. Note absence of prior ischemic lesions in A and B that helped identify the TIA-related infarct.

abnormalities (P ⫽ .513, Mann-Whitney U test). All
patients with an attack lasting more than 6 hours (11
patients) had a TIA-related focal abnormality on diffusion-weighted images, whereas only 59% of patients whose symptoms lasted less than 6 hours had a
TIA-related lesion (Fig 3).
The mean time from symptom onset to MR imaging was 5 days (range, 1–9 days), and no significant
difference existed between patients with and those
without TIA-related infarcts. However, the contribution of diffusion-weighted imaging to the detection of
TIA-related infarcts in relation to that of conventional MR imaging differed depending on the time
from symptom onset to MR imaging. Diffusionweighted images showed an index lesion not visualized on conventional MR images in 13% of patients
(Fig 4), but this percentage increased to 25% when
MR imaging was performed within the first 2 days
after symptom onset. In 29% of patients, the index
lesions visualized on diffusion-weighted images were
not initially seen on the T2-weighted images (Fig 5),

FIG 3. Plot of the relationship between TIA symptom duration
and presence of TIA-related lesions on diffusion-weighted images.
A significant statistical correlation existed between symptom
duration and presence of TIA-related lesions (P ⫽ .025); the
significance was lost when only patients with symptoms lasting
less than 6 hours were included in the analysis (P ⫽ .513).
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FIG 4. Axial MR images obtained 4 hours
after onset of symptoms in a 65-year-old
woman with sudden-onset left-sided pure
motor hemiparesis lasting 6 hours.
A and B, Fast-FLAIR (A) does not show
the clinically appropriate small lesion in the
right insular cortex, which is well visualized
on a diffusion-weighted (B) image.

FIG 5. Axial MR images obtained in a
75-year-old man with transient left hemiparesis.
A, Fast-FLAIR T2-weighted MR image
shows multiple focal lesions in the subcortical white matter. It is not possible to discern whether any of the lesions are acute.
B, Diffusion-weighted MR section obtained at the same level as A depicts a
single focus of high signal intensity in the
left centrum semiovale suggestive of acute
infarction.

although they could be identified retrospectively. We
attribute this to the small size of lesions, slight hyperintensity compared with surrounding brain tissue, to
the presence of multiple, old infarcts, or ischemic
white matter disease that masked the lesions. In 58%
of patients, diffusion-weighted images did not add
information to that obtained from conventional MR
imaging; identification of the index and subsidiary
infarcts was equally achieved with both techniques
(Fig 2). In most of these patients, the TIA was their
first ischemic event, and no MR imaging evidence of
old ischemic lesions within the brain within the brain
parenchyma existed.
The vascular territories affected were superficial,
middle, or anterior cerebral arteries in 18 patients;
deep middle cerebral arteries in 10; brain stem perforators in two; border zone areas in six; and posterior cerebral arteries in three.
In nine of the patients who manifested a positive
index lesion, follow-up conventional MR imaging was
performed 2 to 6 months after the clinical event. All
of these nine patients manifested a subsequent infarct
in the region corresponding to the original index
lesion, which in most cases could only be recognized

by comparison with the initial diffusion-weighted images (Figs 6 and 7).
The index lesion ranged in size from 2 to 40 mm
(mean, 15 mm) on diffusion-weighted images. When
patients were grouped according to the duration of
symptoms, no significant differences in the size of the
index lesions were found among the groups (P ⫽ .368,
ANOVA).
TIA cause in all patients was established according
to TOAST classification (19). In seven patients, the
cause was attributed to small-vessel disease; in 19, to
large-vessel disease with significant stenosis; in three,
to large-vessel disease without significant stenosis; in
six, to cardioembolic disease; and in 16, to more than
one or unknown cause. No significant correlation was
observed between the cause of TIA and the presence
of an index lesion (2 test). Subsidiary infarcts were
most commonly seen in patients with large-vessel disease with significant stenosis (74%), although no significant differences were observed when compared
with other groups, because of their small number of
patients (Fig 8).
Two patients with positive index lesions had multiple subsidiary lesions distributed in different vascular
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FIG 6. Axial MR images obtained 3 days
after symptom onset in a 75-year-old man
with left hemiparesis that rapidly resolved
within 4 hours of onset.
A and B, Small cortical ischemic lesions
in the right middle frontal gyrus are better
visualized on a diffusion-weighted image
than on a T2-weighted image.
C, A subsequent infart was overlooked on this follow-up T2-weighted
MR image obtained 4 months after A
and B.
D, A follow-up fast-FLAIR MR image obtained at the same time as C helps identify
a small lesion at the same location as the
prior ischemic lesions, indicating a chronic
infarct.

FIG 7. Axial MR images obtained in a
65-year-old man with aphasia that rapidly
resolved within 3 hours of onset.
A, A diffusion-weighted image obtained
2 days after symptom onset clearly depicts a small, acute cortical ischemic lesion in the opercula of the left frontal lobe.
B, A follow-up fast-FLAIR MR image
obtained 3 months later shows a small
cortical lesion with high signal intensity at
the same location as the lesion in A, indicating a chronic infarct. This subsequent
infarct might have been overlooked had
the reader not been aware of the location
of the lesion on the initial diffusionweighted image.

territories, which could not be explained by the presence
of arterial anatomic variations. The TIA cause was considered to be atherothrombotic in these two cases because of the presence of large-vessel disease with significant stenosis at the level of several cervical arteries and
the exclusion of embolism of cardiac origin.

Discussion
Neuroradiologic investigations with CT and conventional MR imaging have shown that a substantial
proportion of patients with TIAs have ischemia-related lesions of the brain parenchyma (5, 7, 9, 10).
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FIG 8. Plot of the relationship between TIA cause and the presence of multiple TIA-related lesions on diffusion-weighted images. Although the small number of patients in some groups
impeded correlation analysis, patients with large-vessel disease
and significant stenosis showed more multiple lesions.
Note.—SV indicates small-vessel disease; LV w SS, largevessel disease with significant stenosis; LV wo SS, large-vessel
disease without significant stenosis; CE, cardioembolism; and
Unk/MTO, unknown or more than one mechanism.

These studies, however, have been handicapped by
their low sensitivity in detecting acute and small infarctions and differentiating acute lesions from prior
unrelated ischemic events (5, 7–10, 20, 21). Thus, the
identification of a particular brain lesion attributable
to the actual ischemic event remains difficult with
these imaging techniques.
Diffusion-weighted MR imaging has high sensitivity and specificity for early detection of ischemic lesions (22–24). It also provides temporal information,
because acute lesions are bright compared with normal brain tissue or old ischemic events in isotropic
diffusion-weighted images. This excellent background
suppression permits the detection of even very small,
acute infarction at almost any anatomic location
within the brain hemispheres, brain stem, and cerebellum. Previous reports have shown that the addition
of diffusion-weighted imaging to the conventional
MR examination in patients with small-vessel infarctions substantially increases the detection of clinically
relevant infarcts (11, 13–15). Our prospective analysis
of diffusion-weighted MR imaging in patients with
TIAs helped detect acute ischemic lesions in approximately two thirds of cases (67%). This incidence is
higher than that reported for CT and conventional
MR imaging studies, which ranged from 12– 48% (5,
10) and is also slightly higher than that recently reported for previous diffusion-weighted MR imaging
investigations, which ranged from 35– 48%. This
higher incidence may have occurred, because we only
included patients who were attended by a neurologist
in the emergency department. Thus, a bias toward
patients with symptoms that were more severe and of
a longer duration may have existed.
TIAs can result from intermittent embolic occlusion of a main arterial branch followed by recanalization and upstream transportation of the remaining
particles toward the distal branches, which can give
rise to cortical and multiple infarts (Fig 1). This con-
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curs with the high frequency of multiple acute ischemic lesions that we found in patients in whom
index lesions were located within the hemispheric
cortex (16 of 21), whereas index subcortical lesions
located were more commonly isolated (11 of 18).
Although the presence of subsidiary lesions was more
frequent among patients in whom TIA was caused by
large-vessel stenosis, the small number of patients
included in each pathogenetic category precluded the
establishment of statistically significant correlation
between presence of more than one lesion and TIA
cause.
Previous reports (10, 25–27) evaluating the relationship between the duration of TIA symptoms and
the subsequent development of an infarct, as visualized on CT or conventional MR images, have yielded
conflicting results, although it seems that longer
events are more likely to produce symptom-related
infarcts. This type of correlation should be interpreted cautiously, as TIA duration is determined by
the patient’s estimate and is not a precisely measured
period. In our group of patients, we found a significant correlation between duration of TIA symptoms
and presence of an index lesion on diffusion-weighted
images. Moreover, all patients who had symptoms for
more than 6 hours showed an index lesion on diffusion-weighted images, an incidence that lowered to
59% in patients with symptoms for less than 6 hours.
However, when we included only patients with symptoms that lasted less than 6 hours in the analysis, no
significant correlation existed between the presence
of an index lesion and estimated duration of symptoms. These data seem to establish a clear cut-off
time of 6 hours between TIA patients who always
show a TIA-related infarct on diffusion-weighted images and those who show infarcts only in two thirds of
cases. On the basis of these data, we suggest that
TIAs of more than 6 hours’ duration correspond to a
subgroup of patients who manifest an MR imaging
pattern similar to that seen in patients with established stroke.
The subset of patients with TIA-related lesions on
initial diffusion-weighted images exhibited late evidence of established infarction, at least within the
index lesion, on follow-up MR images. This contradicts findings of a previous investigation (16) that did
not show post-TIA infarcts in approximately half of
the patients studied, suggesting that lesions revealed
on initial diffusion-weighted images may be fully reversible.
This discrepancy with our study may be explained
by two factors. First, the readers in our work were not
blinded to the baseline diffusion-weighted imaging
findings, which helped them to know the precise location in which a subsequent infarction might be
expected. Second, the use of fast-FLAIR in addition
to fast spin-echo sequences as the standard for T2weighted imaging might have improved our capacity
to detect subsequent infarcts, because this technique
seems to increase the sensitivity in detecting small
chronic ischemic lesions within or close to the cortex
(28). This point is particularly relevant in TIA-related
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lesions, which are usually small, located within or
close to the cortex, and decreased in size as the lesion
becomes chronic, which may render them undetectable at MR imaging follow-up. Although our experience indicates that acute TIA-related lesions on diffusion-weighted images correspond to irreversible
ischemic tissue, the strength of our observation is
limited in that we were not able to perform follow-up
MR imaging in most of our patients. Moreover, we
did not perform follow-up studies in the patients in
whom diffusion-weighted imaging did not reveal
acute TIA-related lesions; thus, we do not know
whether a relevant infarct would be visible on subsequent images.
The use of diffusion-weighted MR imaging in the
acute phase of TIA appears to be clinically useful and
does not significantly increase the total examination
time. It is more sensitive than is conventional MR
imaging in detecting TIA-related lesions and confirms their ischemic origin in most cases. Diffusionweighted MR imaging also defines the size, number,
and location of the lesion(s) as well as the vascular
territory involved, all of which may be useful in determining TIA cause, guiding therapy, and initiating
long-term secondary stroke preventative therapy differentiated by stroke subtype (29). Moreover, the
identification of which patients have a new infarct on
images may have important prognostic value (5).
However, further studies are required to establish the
clinical prognostic significance of TIA-related diffusion-weighted imaging abnormalities.
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