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Diffusion MRI in Patients With Transient Ischemic Attacks

Chelsea S. Kidwell, MD; Jeffry R. Alger, PhD; Francesco Di Salle, MD; Sidney Starkman, MD;
Pablo Villablanca, MD; John Bentson, MD; Jeffrey L. Saver, MD

Background and Purpose—Diffusion MRI has established value in patients with ischemic stroke but has not been
systematically investigated in patients with transient ischemic attack (TIA).

Methods—Clinical, conventional MRI, and diffusion MRI data were collected on 42 consecutive patients with symptoms
of cerebral TIA. TIA imaging data were compared with those from a contemporaneous group of 23 completed stroke
patients.

Results—Twenty of the 42 TIA patients (48%) demonstrated neuroanatomically relevant focal abnormalities on diffusion-
weighted imaging (DWI) and apparent diffusion coefficient (ADC) imaging. When present, DWI/ADC signal changes in TIA
patients were less pronounced and smaller in volume than those in completed stroke patients. TIA symptom duration was
significantly longer for DWI-positive than for DWI-negative patients, 7.3 versus 3.2 hours. Diffusion MRI information
changed the suspected anatomic and vascular TIA localization and the suspected etiologic mechanism in over one third oi
patients with diffusion MRI abnormalities. Of the 20 TIA patients with identifiable lesions on diffusion MRI, 9 had follow-up
imaging studies; of these, 4 did not show a relevant infarct on follow-up imaging.

Conclusions—Diffusion MRI demonstrates ischemic abnormalities in nearly half of clinically defined TIA patients. The
percentage of patients with a DWI lesion increases with increasing total symptom duration. In nearly half, the diffusion
MRI changes may be fully reversible, while in the remainder the diffusion MRI findings herald the development of a
parenchymal infarct despite transient clinical symptoms. Finally, diffusion imaging results have significant clinical
utility, frequently changing the presumed localization and etiologic mecharf&tmoke. 1999;30:1174-1180.)
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ransient ischemic attacks (TIAs) are defined as neuro- The success of diffusion MRI (DWI) in recent studies of

logical symptoms of vascular etiology that resolve within clinical stroke suggests that this advance in MR technology
24 hourst The core elements of this definition were first may also improve our understanding of the pathophysiolog-
promulgated in the 1950s, on the basis of sparsedatace ical processes associated with TIA. The initial discovery that
then, controversy has arisen regarding the utility and accuracyprain tissue experiencing ischemia produces a hyperintense
of this defin_itior), Whic_h is ba_sed on clinical manifestat_ions DWI signal grew from animal studie§.These models have
and an arbitrarily assigned time window rather than tissue (early demonstrated that the DWI hyperintensity delineates
changes and physiological processes. Large-scale studiegisgye damaged by ischerffiaand that abnormal diffusion
have altere(_j our understanding of the WP'C?" duration of characteristics can become identifiable within a minute of the
TlAs, showing that most TIAs resolve within 10 to 60 complete interruption of blood flowe Subsequent studies of

mlnute§ rather Fhan lasting several h"m- - . human stroke have demonstrated that DWI scans made early
Imaging studies have challenged the simplistic assumption .

that because clinical TIA symptoms resolve, significant in the infarction process have good potential for predicting
ischemic tissue injury must not occur. Several studies have clinical outcom(_alﬁ o .

shown that many patients meeting the clinical criteria for TIA W€ hypothesized that diffusion MRI would provide a more
demonstrate neuroanatomically relevant infarcts on standardSensitive and specific evaluation of ischemic insult in TIA
neuroimaging (2% to 48% using GTL°31% using MRI):: patients compared with prior CT and MRI studies. We
The probability of finding an infarct on imaging appears to Studied consecutive TIA patients using diffusion MRI and
increase when the TIA persists longer than 1 hour. Waxman compared them with a group of contemporaneous completed
and Toolé2 coined the term “cerebral infarction with tran-  Stroke patients to determine (1) the incidence of DWI and
sient signs” (CITS) to describe patients who meet clinical apparent diffusion coefficient (ADC) abnormalities in TIA
criteria for TIA but show a relevant infarct on imaging. patients; (2) whether the presence of a diffusion MRI abnor-
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TABLE 1. Choices for Suspected Anatomic Localization,
Vascular Localization, and TIA Mechanism

Z planes]), and DWI images were formed from average of these.
ADC images were computed by use of the equation

ADC,;={In[S;;(0)]-In[S,;*(1000)]}/1000

Anatomic Localization Vascular Localization Mechanism
ACA

Superficial MCA

Right cortical Small-vessel lacunar disease

Left cortical

where the subscript i,j denotes the image voxe|(0p denotes
the image intensity obtained without diffusion sensitization, and
S,*(1000) denotes the directionally averaged signal intensity mea-
sured at the higher level of sensitization. The ADC calculation was
not performed in image voxels where the=b000 signal intensity
was <10% of the maximum (extracranial regions). Intracranial
regions having ADC values characteristic of cerebrospinal fluid (ie,
>2000uwm?s) were zeroed to provide visualization of parenchymal
ADC with higher visual dynamic range. The calculated ADC images
were displayed using a gray scale.

For all patients we recorded date and time of MRI, presence of a
DWI abnormality, presence of a DWI lesion correlate on T2, PD, or
T1images, and evidence of prior old stroke(s) and/or ischemic white
matter disease on T1, T2, and PD images. Readings were performed
jointly by a neuroradiologist and a neurologist who were aware of the
patient’s history. For patients demonstrating a DWI abnormality,
further image processing and data analysis were performed by an
independent neuroradiologist who was unfamiliar with the cases.
Additional analyses included calculation of DWI lesion volume and
mean lesion intensity, ADC lesion volume, and the mean ADC value
for each lesion.

DWI lesion volumes were first identified by visual inspection for
Subjects regions of hyperintensity, then measured by outlining regions of

We collected clinical, conventional MR, and diffusion MR data on Intérest by hand with the aid of an image analysis system. Final
consecutive patients who presented to the UCLA Medical Center !€Sion volume was then calculated by multiplying the area obtained
over a 6-month period with symptoms of a TIA. TIAs were defined from each section by the slice thickness. DWI signal increase was
as symptoms of presumed ischemic cerebrovascular etiology lasting@lculated by comparing the mean signal intensity within the region
less than 24 hours. Patients with brain stem and/or hemispheric ©f DWI abnormality to the mean signal intensity in the contralateral
symptoms were included, whereas patients with isolated amaurosis€9ion, using the following formula:-1(mean DWI signal intensi-
fugax were excluded. All MRI scans were obtained within 3 days of ¥)/(mean corresponding contralateral region signal intensity). If
symptom onset. The following clinical data were compiled on all multiple scattered or noncontiguous abnormalities were noted, vol-
patients: age, sex, symptom(s) of TIA, date and time of symptom UMes were calculated by summing individual volumes of all abnor-
onset, date and time of symptom resolution, history of previous Mal lesions. Regions having abnormal ADC were identified using an
clinical TIA(s) or stroke(s), and presence of vascular risk factors automated threshzoldlng procedure that identified regions having an
(hypertension, coronary artery disease, diabetes mellitus, hypercho-APC Of <545 um’/s. The area and the mean ADC within the area
lesterolemia, and history of tobacco use). were then calculated. _ _

We also recorded a stroke neurologist's leading neuroanatomic, | 1° compare the ADC and DWI signatures (lesion volumes and
vascular anatomic, and etiologic diagnoses of the TIA (1) reached intensities) to those of patients with c_ompleted stroke_, we (_:ollected
without information from DWI and (2) reached after reviewing the APC and DWI data on 23 patients with completed clinical infarcts
results of DWI. The method of rendering the etiologic diagnosis was selectgd from_stroke patients admitted to our institution over the
informed by but not restricted to criteria of standard stroke classifi- S@Me time period. For each of the 6 months, we used the first 3 to 4
cation schemes..18 Available choices for each of these categories COMpleted stroke patients from each month who underwent acute
are shown in Table 1. Both the prediffusion and postdiffusion MRI with a DWI sequence. Consecutive patients were selected and
imaging diagnoses incorporated information available from the included large-vessel atherthromboembolic, cardioembolic, and
conventional T1-weighted, T2-weighted, and proton density (PD)- small-vessel |schem|<_: stroke subtypes. Lesion volu_me gnd intensity
weighted MR sequences that were obtained on all patients. The Were calculate_d for this group by the same neuroradiologist and same
diagnoses also incorporated information from other testing per- method described for the TIA patients.
formed during the admission, including carotid imaging and echo- L.
cardiography in all patients and more detailed studies such as Statistical Analyses
catheter cerebral angiography in selected patients, when deemedBetween-group comparisons were performed with both parametric
appropriate by the attending physician. tests for normally distributed data (the Studetest and=2 test) and

nonparametric tests for nonnormally distributed data (rank sum test).

Large-vessel atherothrombotic
disease

Cardioembolic
Other

Right pure subcortical Deep MCA
PCA
Basilar artery

Left pure subcortical
Right brain stem

Left brain stem Vertebral artery
Right cerebellum

Left cerebellum

Brain stem perforators

mality correlates with the duration, location, or mechanism of
symptoms; (3) whether the diffusion MRI signature in TIA
differs from that in completed stroke; and (4) the impact of
diffusion imaging data on clinical diagnosis of TIA localiza-
tion and mechanism.

Subjects and Methods

MRI Methods

MRI was performed on a 1.5-T Siemens Vision MR system equipped Results

with echo planar imaging data acquisition capability designed to Over a 6-month period, 67 patients were admitted to our
obtain rapid diffusion images. MRI studies included sagittal T1- university hospital with symptoms suggestive of a TIA. Of

weighted, axial T2-weighted, axial T1-weighted, PD-weighted, and . .
DWI sequences (approximately 30 minutes of scanning time). Most these 67 patients, 6 had symptoms of amaurosis fugax and

patients also underwent standard intracranial and/or extracranial MR Were excluded from our analysis. Of the remaining 61

angiography. patients, 42 were eligible for MRI scanning, including DWI.
To obtain diffusion information rapidly and maintain consistency Reasons for patients not undergoing MRI were presence of a

with several recent clinical trials, diffusion imaging was performed atq) implant (5), refused/claustrophobic (6), MRI technical

using a slice thickness of 7 mm with no interslice gap and 2 levels ... -
of diffusion sensitization (b=0, 1000 s/mMmThe higher level of difficulty (3), and nonstroke attending preference (5).

diffusion sensitization was replicated in each of the 3 orthoganol,
principal gradient directions (read, slice select, phase encod¥,[

Of these 42 patients, 20 (48%) demonstrated a DWI
abnormality consistent with acute neural bioenergetic com-
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Figure 1. A large region of DWI and
ADC imaging abnormality in the right
temporal lobe in a patient with a left
hemiparesis that rapidly resolved within 5
hours of onset. Other slices (not shown)
demonstrated frontal and parietal regions
of abnormality. a, DWI image; b, ADC
image; and c, baseline T2-weighted
image.

promise (examples are shown in Figures 1 through 3). In 5 tures in 7 patients, and cortical regions in 7 patients. Vascular
(25%) of these 20 patients, there was no lesion correlate onterritories affected were superficial middle cerebral artery in
initial T2-weighted sequences. The remaining 15 patients did 6 patients, deep middle cerebral artery in 6 patients, brain
exhibit T2-weighted lesion abnormalities in the same regions stem perforators in 4 patients, and posterior cerebral arteries
as DWI alterations. Two patients with visible but very small in 2 patients. In these 20 patients, the final etiologic mecha-
DWI abnormalities did not have a measurable ADC volume. nism was felt to be small-vessel lacunar in 9 patients,
There were no significant differences in baseline character- large-vessel atherothrombotic in 4 patients, and cardioem-
istics and vascular risk factors between patients demonstrat-polic in 7 patients.
ing DWI abnormalities versus those who did not (Table 2).  pw) results altered the attending physician’s opinion
An accurate estimation of TIA duration (all were unequiv-  regarding vascular localization in 7 of 20 patients, anatomic
ocally <24 hours) was available for 15 of the 20 patients with - |ocalization in 8 of 20 patients, and probable TIA mechanism
DWI abnormalities and 17 of the 22 without DWI abnormal- i g of 20 patients. The types of alterations in diagnosis were
ities. Duration of TIA symptoms for patients without a DWI' 4 jite varied, and no single pattern predominated. For exam-
abnormality was a mean of 3.2 hours4.7 hours SD) and 10 " 3mong etiologic diagnoses, of 4 patients initially sus-

ggdian dOf 0'3. ho‘j{% \;‘ersus fa me?n cf[f 7.3thhourD§V\(l1louLs pected of having large-artery atherothrombotic mechanisms,
). and median =.9 hours for patients with a abnor- changed after DWI to likely cardioembolic and 1 changed
mality (t test for difference in mean®=0.03). The percent- . . s ) o

to likely small vessel; of 7 initial cardioembolic diagnoses, 1

age of patlent_s W'th a DW' abnormality within various changed to likely large-vessel atherothrombotic and 1 to
symptom duration intervals increased as the total duration of ) o .
likely small vessel; and of 9 initial small-vessel diagnoses, 1

symptoms increased (Figure 4). . .
The mean time from symptom onset to MRI study for all ﬁE;;gfgr dtit())elrlrliziclarge-vessel atherothrombotic and 1 to

TIA patients (with available data) was 17 hours (range, 1.25 T ) )

to 73 hours) and did not significantly differ between the 2 1 "€re were significant differences in the DWI and ADC
groups (mean, 15.8 hours for DWI-negative patients and 19.5 MR signature bgtween Fhe TIA patients with DWI abnormal-
hours for DWI-positive patients). One patient in the group ities and the patients with completed stroke (Table 3, Figure

without DWI lesions was still symptomatic at the time of the 2)- There was a strong correlation=0.77) between ADC
MR imaging, while 2 in the DWI- positive category were still and DWI volumes.
symptomatic at the time of MR imaging. Interval from time ~ All 20 TIA patients demonstrating DWI abnormalities
of resolution of TIA symptoms to time of MRI for patients ~Were contacted for a follow-up MRI, and 9 of these patients
with a DWI abnormality was a mean of 12.7 hours (median, agreed to return for repeat neuroimaging. Three patients were
8.8 hours) in patients with a DWI abnormality versus a mean studied with head CT and 6 with brain MRI 2 to 7 months
of 12.9 hours (median, 5.1 hours) in patients without a DWI after the event. Of these 9 patients, 5 (3 MRI, 2 CT)
abnormality (rank sum test for difference in medidhs;0.7). demonstrated a subsequent infarct in the region correspond-
In the 20 patients with diffusion MR abnormalities, DWI ing to the original DWI abnormality (Figure 3) while 4 (3
signal changes were localized to the brain stem in 4 patients,MRI, 1 CT) did not (Figure 2). Five of the 22 patients without
the cerebellum in 2 patients, subcortical hemispheric struc- a DWI abnormality underwent follow-up imaging (3 MRI, 2

Figure 2. Several foci of left cerebellar DWI and ADC abnormality in a patient presenting with 6 hours of vertigo and left-arm clumsi-
ness. Other slices (not shown) also showed foci of right cerebellar DWI abnormality. Follow-up MRI at 3 months did not show corre-
sponding late ischemic changes on T1- or T2-weighted images. a, DWI image; b, ADC image; c, baseline T2-weighted image; and d,
late (follow-up) T2-weighted image.
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Figure 3. Diffusion MR sequences show an
abnormality in the right cerebral peduncle of
the midbrain in a patient presenting with 16
hours of transient left hemiparesis. Repeat
MRI 5 months later shows an infarct in the
same region. a, DWI image; b, ADC image;
¢, baseline T2-weighted image; and d, late
(follow-up) T2-weighted image.

CT) 2 weeks to 15 months after the event. None demonstrated This study allowed us to compare the diffusion MR
a subsequent relevant infarct. signatures of clinical TIA patients with those in patients with
clinically completed stroke. In TIA patients, the ADC vol-
Discussion ume, mean ADC value, DWI volume, and DWI signal
Traditionally, the term “transient ischemic attack” often was intensity were all significantly less abnormal than in acute
taken to imply absence of permanent ischemic injury. Since stroke patients. It is important to point out that the ADC
the 1970s, however, increasing evidence has accumulatedcalculations were based on only 2 b values, thus yielding only
from neuroimaging studies using CT and conventional T1- semiquantitative measurements. Nonetheless, the significant
and T2-weighted MRI suggesting that a substantial propor- differences between the 2 groups support the concept that the
tion of patients with TIAs experience some degree of perma- cerebral ischemia experienced by patients with TIAs is
nent ischemic injury. These studies, however, were limited by smaller in volume and lesser in severity than that experienced

the inability of noncontrast and even contrast CT and MRI to
accurately differentiate acute lesions from prior, unrelated
ischemic events.

Our findings with diffusion MRI confirm and expand on
these earlier imaging studies. We found that 48% of cerebral
TIA patients demonstrated diffusion MRI evidence of acute
bioenergetic compromise. Among TIA patients with early
DWI abnormalities who had follow-up imaging, approxi-
mately one half exhibited late CT or MRI evidence of

by patients with clinically completed stroke syndromes.
Diffusion MRI signatures of brain bioenergetic compro-
mise may be visualized with either DWI or ADC imaging or
both. In many cases, these techniques provide complementary
data. Among the TIA patients, the DWI sequences allowed
immediate and clear visualization of diffusion abnormalities
while the ADC maps provided a more precise and semiquan-
titative characterization of the lesions. Lesion volumes de-
fined by DWI abnormalities generally exceeded lesion vol-

established infarction. Together, these data suggest that apymeg defined by ADC abnormalities. This discordance likely

proximately one quarter to one third of cerebral TIA patients
actually have cerebral infarction with transient signs.

We also identified a distinct subset of TIA patients,
representing about one fifth of TIA cases, who had early DWI
abnormalities but no late evidence of established infarction.
This finding suggests that DWI abnormalities may be fully
reversible in humans if early restoration of blood flow is
obtained. The reversibility of DWI lesions has been consis-
tently demonstrated in animals but only in a few case reports
in humanst3.16.19-21Hgasegawa and colleag@@dgound that
there was a critical intensity threshold for reversal of ADC
abnormalities that might allow discrimination of potentially
salvageable tissue, while Minematsu and colleagjues-
ported that reversible DWI lesions were less intense than
irreversible lesions.

TABLE 2. Baseline Patient Characteristics

No DWI Abnormality DWI Abnormality

n=22 n=20
Age, y (mean, range) 72 (41-82) 72 (37-93)
Sex, F/M 11/11 6/14
Hypertension, n 15 (68) 8 (40)
Diabetes mellitus, n 6 (27) 7 (35)
Coronary artery disease, n 9 (41) 10 (50)
Tobacco use, n 11 (50) 9 (45)
Hypercholesterolemia, n 15 (68) 9 (45)
History of prior stroke, n 5(23) 7 (35)
History of prior TIA, n 6 (27) 4 (20)

Values in parentheses are percent unless otherwise specified.

reflects the strong influence of transverse relaxation time (T2)
on the DWI image intensity, leading to overestimation of the
effect directly related to acute versus subacute ischemia.
There were only 2 patients with visible but very small DWI
abnormalities who did not have measurable ADC volumes.
These patients likely had abnormalities that were either
beyond the spatial resolution of current ADC detection
techniques or beyond our chosen ADC threshold.

Several prior studie%81°but not alll* have demonstrated
a correlation between the duration of TIA symptoms and the
subsequent development of an infarct: longer events are more
likely to produce permanent alterations on CT and standard
MR imaging. We found significant statistical correlation
between duration of TIA symptoms and presence of a lesion
on DWI. This correlation, however, was not absolute, and
several patients with DWI lesions had symptoms lastirig
minutes, while some patients in the DWI negative group had
symptoms lasting hours.

In addition to improving our understanding of the under-
lying pathophysiological processes that occur with TIAs, our
data add to a growing body of evidence demonstrating the
clinical utility of DWI.23.24 A variety of studies have demon-
strated that the diagnosis of TIA is often difficult, especially
for the nonneurologistz26 Kraaijeveld and colleagues
found k measures of interrater agreement of only 0.65 among
8 experienced neurologists diagnosing 56 TIA patients and
only 0.31 for determination of the vascular territory involved.
The size, appearance, and location of the lesion(s) may help
guide physicians in determining the underlying TIA mecha-
nism and in choosing the optimal therapeutic regimen to
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Figure 4. Relationship of TIA symptom
duration to presence or absence of DWI
abnormality in different duration cohorts.
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reduce the probability of recurrent TIAs or completed stroke related to the recent TIA may not have been possible without
in the future. the DWI sequences. Standard T2 studies alone are generally

In our study, information obtained from the DWI study led

to a change in the suspected anatomic localization, vascular

localization, and TIA mechanism in over one third of pa-
tients. In addition to clarifying the site and source of ischemia
in patients with clinically definite TIAs, diffusion imaging

incapable of differentiating acute from chronic events.
Identification of which patients have a new infarct on
imaging may have important prognostic vakién the Dutch
TIA trial,2930 evidence of any cerebral infarct on CT was an
independent risk factor for subsequent stroke, myocardial

also may be helpful in patients with atypical transient infarction, or vascular death. Evans and colleaguegorted

neurological symptoms, when it is unclear whether the event that in TIA patients, CT-verified infarction increased the risk
was a TIA versus migraine, hyperventilation, brief seizure, or of death by 109% over a 10-year period following the TIA.
other TIA mimic. Although DWI abnormalities have rarely ~However, this study did not correlate the risk with evidence

been reported in TIA mimics, a visualized diffusion abnor-

of a new, appropriately located TIA-related infarct. Eliasziw

mality in these cases generally provides supportive evidenceand colleagués did not find an increased risk of ipsilateral

of the diagnosis of TIA.

The observation that DWI alone was positive in 25% of
patients while 75% had correlative lesions identified retro-
spectively on T2 imaging underestimates the diagnostic
impact of DWI. Even in the patients with T2 visible lesions,
the diffusion imaging provided added clinical utility. Many of
the T2-positive patients had multiple foci of increased T2
signal, and determining which, if any, T2 foci were new and

TABLE 3. Comparison of DWI Signature Between TIA Patients
With Diffusion MR Abnormality and Patients With
Completed Stroke

TIA Patients Completed Stroke
(n=20) Patients (n=23)

Mean (SEM) Mean (SEM) P
DWI lesion volume, cm?® 2.9(8.4) 22.2(7.8) 0.0002t
ADC volume,* cm?® 0.7 (3.4 10.5(3.2) 0.0001t
DWI intensity, % 35(5) 62 (5) 0.001%
Mean ADC 442 (6.7) 409 (6.1) 0.009%
value, um?/s

*Includes 2 patients with visible but very small DWI abnormalities who did
not have a measurable ADC volume.

tRank sum test.

Fttest.

stroke in a group of TIA patients with severe carotid stenosis
treated medically as part of the North American Symptomatic
Carotid Endarterectomy Trial; however, these results cannot
be generalized to all TIA patients. Only larger series with
long-term follow-up will be able to distinguish whether there
is a difference in prognosis in TIA patients without diffusion
abnormalities, TIA patients with transient diffusion abnor-
malities but no eventual T2 lesion, and patients with diffusion
abnormalities and a subsequent T2 lesion.

To the best of our knowledge, no prior formal studies have
been reported that specifically evaluated DWI abnormalities
in TIA patients. In their study of DWI findings in 40 patients
presenting with symptoms of acute ischemic stroke, Warach
and colleagués reported that 4 patients did not have a DWI
correlate and that all 4 patients had resolution of their
symptoms (at least 1 within 24 hours). Sorensen ¥tadso
reported negative DWI results in two patients whose clinical
findings resolved within 24 to 48 hours. However, both
subsequently gave a history suggestive of hemiplegic mi-
graine. We are not aware of any prior report of positive DWI
or ADC studies in patients with presumed cerebrovascular
disease whose clinical symptoms completely resolved within
24 hours. There are, however, several regdptsof revers-
ible DWI abnormalities in patients with transient global
amnesia and status epilepticus.
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Figure 5. Comparison of ADC measurements between patients
with completed stroke and TIA patients with DWI abnormalities:
a, ADC lesion volume (logarithmic scale); b, mean ADC.

There are several limitations to this study. Perfusion-
weighted imaging, not performed in our patients, would
likely have provided additional relevant pathophysiological
information. Several functional studies using SPECT or
xenon CT have demonstrated that up to one third of TIA

Kidwell et al June 1999 1179

patients may have a focal area of hypoperfusfof’ Also,

we were not able to obtain follow-up MR imaging studies on
all our patients, limiting the strength of our observation
regarding long-term imaging outcome. Although it is unlikely
that patients without a DWI abnormality acutely would go on
to have a relevant infarct on subsequent imaging, this will
need to be confirmed in a prospective study.

Several issues require further study. The clinical prognostic
significance of finding an associated DWI abnormality in a
patient with a TIA remains uncertain. We concur with the
general view advanced by Captéithat all TIA patients are
at significant risk of subsequent vascular events, and it is the
underlying mechanism rather than the duration of symptoms
that is most critical to determine. However, it may be that
within each mechanism category, longer duration of a TIA or
presence of a DWI abnormality identifies a subgroup at
increased risk. How often patients with DWI abnormalities
are experiencing ongoing ischemia will need to be clarified
by concurrent perfusion studies. The pathologic correlates of
DWI changes in TIA require investigation including how
often signal abnormalities reflect, at the histopathologic level,
absence of infarction, incomplete infarction, or complete
infarction.

In summary, this study demonstrated that among 42
consecutive TIA patients, 20 (48%) demonstrated acute,
relevant DWI abnormalities. The presence of a DWI lesion
increased with increasing total symptom duration. This infor-
mation was clinically useful in determining the anatomic and
vascular localization of the event and the etiologic mecha-
nism. In 4 of 9 patients undergoing follow-up imaging, a
relevant infarct was not visualized, suggesting that the acute
DWI changes can sometimes reflect fully reversible ischemia.
Finally, in those patients with DWI lesions, the MR signature
(DWI volume, ADC volume, mean ADC value, and DWI
intensity) differed significantly from that of patients with
completed stroke.

Acknowledgments
Financial support for this project was provided by Grant-in-Aid
9650621N from the American Heart Association (to Dr Alger) and
by a fellowship grant from the National Stroke Association (to
Dr Kidwell).

References

1. Special Report from the National Institute of Neurological Disorders and
Stroke. Classification of cerebrovascular diseasesSitoke. 1990;21:
637-676.

2. Ad Hoc Committee on Cerebrovascular Disease of the Advisory Council
of the National Institute on Neurological Disease and Blindness: a clas-
sification of and outline of cerebrovascular diseadé=urology. 1958;8:
395-434.

3. Levy DE. How transient are transient ischemic attad¥s@rology. 1988;
38:674-677.

4. Dyken ML, Conneally M, Haerer AF, Gotshall RA, Calanchini PR,
Poskanzer DC, Price TR, Swanson PD. Cooperative study of hospital
frequency and character of transient ischemic attacks, I: background,
organization, and clinical surveyAMA. 1977;237:882—886.

5. Dennis M, Bamford J, Sandercock P, Molyneux A, Warlow C. Computed
tomography in patients with transient ischaemic attacks: when is a
transient ischaemic attack not a transient ischaemic attack but a stroke?
J Neurol. 1990;237:257-261.

6. Koudstaal PJ, van Gijn J, Frenken CW, Hijdra A, Lodder J, Vermeulen
M, Bulens C, Franke CL. TIA, RIND, minor stroke: a continuum, or

Downloaded from http://stroke.ahajournals.org/ by guest on May 10, 2012


http://stroke.ahajournals.org/

1180

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Diffusion MRI in Transient Ischemic Attacks

different subgroups? Dutch TIA Study GroupNeurol Neurosurg Psy-
chiatry. 1992;55:95-97.

. Evans GW, Howard G, Murros KE, Rose LA, Toole JF. Cerebral

infarction verified by cranial computed tomography and prognosis for
survival following transient ischemic attac®&troke. 1991;22:431-436.

. Bogousslavsky J, Regli F. Cerebral infarct in apparent transient ischemic

attack.Neurology. 1985;35:1501-1503.

. Awad |, Modic M, Little JR, Furlan AJ, Weinstein M. Focal parenchymal

lesions in transient ischemic attacks: correlation of computed tomography
and magnetic resonance imagirgjroke. 1986;17:399—-403.

Davalos A, Matias-Guiu J, Torrent O, Vilaseca J, Codina A. Computed
tomography in reversible ischaemic attacks: clinical and prognostic cor-
relations in a prospective study.Neurol. 1988;235:155-158.

Fazekas F, Fazekas G, Schmidt R, Kapeller P, Offenbacher H. Magnetic 57

resonance imaging correlates of transient cerebral ischemic attacks.
Stroke. 1996;27:607—-611.

Waxman SG, Toole JF. Temporal profile resembling TIA in the setting of  >g
cerebral infarctionStroke. 1983;14:433-437.

Mintorovitch J, Moseley ME, Chileuitt L, Shimizu H, Cohen Y,
Weinstein PR. Comparison of diffusion- and T2-weighted MRI for the
early detection of cerebral ischemia and reperfusion in Mégn Reson
Med. 1991;18:39-50.

Knight RA, Dereski MO, Helpern JA, Ordidge RJ, Chopp M. Magnetic
resonance imaging assessment of evolving focal cerebral ischemia: com-
parison with histopathology in strok&8troke. 1994;25:1252-1261.
Pierpaoli C, Alger JR, Righini A, Mattiello J, Dickerson R, Des Pres D,
Barnett A, Di Chiro G. High temporal resolution diffusion MRI of global
cerebral ischemia and reperfusiadnCereb Blood Flow Metahl996;16:
892-905.

Baird AE, Warach S. Magnetic resonance imaging of acute stroke.
J Cereb Blood Flow Metab. 1998;18:583—-609.

Bamford J, Sandercock P, Dennis M, Burn J, Warlow C. Classification
and natural history of clinically identifiable subtypes of cerebral
infarction. Lancet. 1991;337:1521-1526.

Adams HP Jr, Bendixen BH, Kappelle LJ, Biller J, Love BB, Gordon DL,
Marsh EE Ill. Classification of subtype of acute ischemic stroke: defi-
nitions for use in a multicenter clinical trial. TOAST: Trial of Org 10172

in Acute Stroke TreatmenStroke. 1993;24:35-41.

Marks MP, de Crespigny A, Lentz D, Enzmann DR, Albers GW, Moseley
ME. Acute and chronic stroke: navigated spin-echo diffusion-weighted
MR imaging. Radiology. 1996;199:403—-408.

Sorensen AG, Buonanno FS, Gonzalez RG, Schwamm LH, Lev MH,
Huang-Hellinger FR, Reese TG, Weisskoff RM, Davis TL, Suwanwela
N, Can U, Moreira JA, et al. Hyperacute stroke: evaluation with
combined multisection diffusion-weighted and hemodynamically
weighted echo-planar MR imagingadiology. 1996;199:391-401.
Minematsu K, Li L, Sotak CH, Davis MA, Fisher M. Reversible focal
ischemic injury demonstrated by diffusion-weighted magnetic resonance
imaging in rats.Stroke 1992;23:1304-1310. Editorial comment,
1310-1311.

Hasegawa Y, Fisher M, Latour LL, Dardzinski BJ, Sotak CH. MRI
diffusion mapping of reversible and irreversible ischemic injury in focal
brain ischemiaNeurology. 1994;44:1484—-1490.

23.

24,

25.

26.

31.

32.

33.

34.

35.

36.

37.

38.

Lee LJ, Kidwell C, Alger J, Starkman S, Saver J L. Impact upon stroke
subtype diagnosis of early diffusion-weighted MR and MRA imaging.
Neurology. 1998;50:298. Abstract.

Lutsep HL, Albers GW, DeCrespigny A, Kamat GN, Marks MP, Moseley
ME. Clinical utility of diffusion-weighted magnetic resonance imaging in
the assessment of ischemic stroRen Neurol. 1997:41:574-580.

Ferro JM, Falcao |, Rodrigues G, Canhao P, Melo TP, Oliveira V, Pinto
AN, Crespo M, Salgado AV. Diagnosis of transient ischemic attack by the
nonneurologist: a validation stud$troke. 1996;27:2225-2229.
Calanchini PR, Swanson PD, Gotshall RA, Haerer AF, Poskanzer DC,
Price TR, Conneally PM, Dyken ML, Futty DE. Cooperative study of
hospital frequency and character of transient ischemic attacks, IV: the
reliability of diagnosisJAMA. 1977;238:2029-2033.

Kraaijeveld CL, van Gijn J, Schouten HJ, Staal A. Interobserver
agreement for the diagnosis of transient ischemic atte8tkeke. 1984;
15:723-725.

. Toole JF. The Willis Lecture: transient ischemic attacks, scientific

method, and new realitieStroke. 1991;22:99-104.

29. The Dutch TIA Trial Study Group. Predictors of major vascular events in

patients with a transient ischemic attack or nondisabling stroke: the Dutch
TIA Trial Study Group.Stroke. 1993;24:527-531.

30. van Swieten JC, Kappelle LJ, Algra A, van Latum JC, Koudstaal PJ, van

Gijn J. Hypodensity of the cerebral white matter in patients with transient
ischemic attack or minor stroke: influence on the rate of subsequent
stroke: Dutch TIA Trial Study GroupAnn Neurol. 1992;32:177-183.
Eliasziw M, Streifler JY, Spence JD, Fox AJ, Hachinski VC, Barnett HJ.
Prognosis for patients following a transient ischemic attack with and
without a cerebral infarction on brain CT: North American Symptomatic
Carotid Endarterectomy Trial (NASCET) Groupleurology. 1995;45:
428-431.

Warach S, Gaa J, Siewert B, Wielopolski P, Edelman RR. Acute human
stroke studied by whole brain echo planar diffusion-weighted magnetic
resonance imagingdAnn Neurol. 1995;37:231-241.

Weishmann UC, Symms RR, Shorvon SD. Diffusion changes in status
epilepticus.Lancet. 1997;350:493-494.

Strupp M, Bruning R, Wu RH, Deimling M, Reiser M, Brandt T.
Diffusion-weighted MRI in transient global amnesia: elevated signal
intensity in the left mesial temporal lobe in 7 of 10 patiedtsn Neurol.
1998;43:164-170.

Laloux P, Jamart J, Meurisse H, De Coster P, Laterre C. Persisting
perfusion defect in transient ischemic attacks: a new clinically useful
subgroup?Stroke. 1996;27:425-430.

Vorstrup S, Hemmingsen R, Henriksen L, Lindewald H, Engell HC,
Lassen NA. Regional cerebral blood flow in patients with transient
ischemic attacks studied by xenon-133 inhalation and emission
tomography Stroke. 1983;14:903-910.

Chollet F, Celsis P, Clanet M, Guiraud-Chaumeil B, Rascol A, Marc-
Vergnes JP. SPECT study of cerebral blood flow reactivity after acet-
azolamide in patients with transient ischemic attacksoke. 1989;20:
458—-464.

Caplan LR. Are terms such as completed stroke or RIND of continued
usefulnessBtroke. 1983;14:431-433.

Downloaded from http://stroke.ahajournals.org/ by guest on May 10, 2012


http://stroke.ahajournals.org/

