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Abstract

Background: Brain imaging in stroke aims at the detection
of the relevant ischemic tissue pathology. Cranial computed
tomography (CT) is frequently used in patients with tran-
sient ischemic attack (TIA) but no data is available on how it
directly compares to magnetic resonance imaging (MRI).
Methods: We compared detection of acute ischemic lesions
on CT and MRI in 215 consecutive TIA patients who under-
went brain imaging with either CT (n = 161) or MRI (n = 54).
An MRI was performed within 24 hin all patients who had CT
initially. Results: An initial assessment with CT revealed no
acute pathology in 154 (95.7%) and possible acute infarction
in 7 (4.3%) patients. The acute infarct on CT was confirmed
by diffusion-weighted imaging (DWI) in only 2 cases (28.6%).
DWI detected an acute infarct in 50 of the 154 patients with
normal baseline CT (32.5%). Among 54 patients without
baseline CT, DWIshowed acute ischemiclesionsin 19 (35.2%).
The ischemic lesions had a median volume of 0.87 cm?
(range: 0.08-15.61), and the lesion pattern provided clues to

the underlying etiology in 13.7%. Conclusion: Acute MRI is
advantageous over CT to confirm the probable ischemic na-
ture and to identify the etiology in TIA patients.

Copyright © 2012 S. Karger AG, Basel

Introduction

The term transient ischemic attack (TTA) was first in-
troduced in 1964 [1] to describe a transient focal neuro-
logical deficit with restitution within 24 h, a most likely
cerebrovascular etiology and a presumed lack of perma-
nent brain injury. The developments in brain imaging
with the introduction of computed tomography (CT) and
later magnetic resonance imaging (MRI) resulted in a
changed point of view, a debate about this classical con-
cept and a call for its replacement or redefinition [2]. In
contrast to the assumption that neurological symptoms
lasting less than 24 h are not associated with cerebral
ischemia, several studies could demonstrate that up to
20% of TTA patients had a cerebral infarction on CT per-
formed days to months after the episode [3, 4]. The rate
of cerebral infarctions is even higher — up to 67% - in TIA
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patients who underwent MRI with diffusion-weighted
imaging (DWTI) [5, 6]. While CT may be useful in exclud-
ing other etiologies of short-lasting focal neurological
symptoms such as brain tumors or intracranial hemor-
rhage, its low sensitivity in detecting acute and small cor-
tical and subcortical infarctions is a concern [7]. Only
recently, Totaro et al. [8] could demonstrate that DWT is
able to detect acute ischemic lesions in up to 58% of isch-
emic stroke patients in whom CT did not yield a defini-
tive diagnosis in the subacute phase. There is currently no
data on direct comparative assessments of CT and MRI
in TIA patients in the acute situation. The objective of
this study was to compare CT and MRI findings of acute
cerebral infarction in patients with TIA.

Patients and Methods

For this retrospective observational study, we identified 215
consecutive patients with TIA from our Stroke Unit registry. Pa-
tients were eligible for the present study if (1) they had clinical-
ly suspected TIA with complete resolution of symptoms within
24 h after onset and before admission to our Stroke Center and (2)
underwent either MRI or CT at admission and a second MRI
within 24 h of the initial imaging. The decision whether a CT or
MRI was performed as first-line imaging procedure was mainly
based on the discretion of the treating physician and the avail-
ability of an MRI. All clinical and imaging data were recorded and
documented in the framework of a standardized acute stroke care
protocol: detailed physical and neurological examinations (4
times a day), assessment of cerebrovascular risk factors, CT and
MRI, Doppler and duplex sonography of the extracranial vessels,
transcranial Doppler sonography, transthoracic or transesopha-
geal echocardiography, 24-hour Holter electrocardiogram and
blood pressure monitoring, pulse oximetry and laboratory tests.

CT was performed with a Siemens Volume Zoom CT scanner
(Siemens Medical Systems, Erlangen, Germany) with a slice thick-
ness set to 4 and 5 mm for the posterior fossa and supratentorial
scans, respectively (120 kV, 350 or 400 mAs). MRI was performed
on a 1.5-T MR system (Magnetom Sonata; Siemens Medical Sys-
tems). A standardized protocol was used in all patients: (1) trans-
verse, coronal and sagittal localizing sequences followed by trans-
verse oblique contiguous images aligned with the inferior borders
of the corpus callosum (applied on sequences 2-6); (2) T,-weight-
ed images; (3) T;-weighted images; (4) diffusion-weighted images;
(5) T,-weighted fluid-attenuated inversion recovery images; (6)
T,*-weighted images; (7) 3-dimensional time-of-flight MR angi-
ography sequences of the circle of Willis and the neck arteries in
coronal direction.

Lesions on MRI were further analyzed: localization of acute
ischemic lesions on DWI was classified in anterior, middle and
posterior cerebral artery territory, border zone, brainstem and
cerebellum. Acute ischemic lesion size was measured on DWI by
manually delineated regions of interest (ROI), summation of
these areas in square centimeters on each section, and multiplica-
tion by the interslice spacing to determine the volume in cubic
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Table 1. Definition of ischemic lesion patterns in TIA patients

Pattern Description Example (DWI)

1 Solitary ischemic
lesion

2 Multiple ischemic
lesions scattered in one
vascular territory

3 Multiple ischemic
lesions scattered in
different vascular
territories, either in both
hemispheres or in the
anterior and posterior
circulation

4 Multiple ischemic
lesions scattered in one
vascular territory and
adjacent border zones

5 Solitary ischemic lesion
in the territory of a deep
penetrating artery
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Table 2. Baseline data of TIA patients

All Initial CT Initial MRI p
(n=215) (n=161) (n=54) value

Mean age * SD, years 67.1%X12.9 68.1%X13.0 64.0%X12.0 0.04
Male sex, n (%) 116 (54.0) 86 (53.4) 30 (55.6)  0.79
Time of onset to admission

Mean exact time * SD, min (n = 112) 195.5£144.71 188.9%£139.0 2139%£160.7 0.40
Duration of symptoms

Mean exact duration * SD, min (n = 145) 40.41+44.6 38.0+42.8 47.8+50.0 0.32
Attacks, n (%)

Single attack 163 (75.8) 125 (77.6) 38(70.4)  0.28
Medical history, n (%)

Hypertension 167 (77.7) 127 (78.9) 40 (74.1) 0.46

Diabetes mellitus 40 (18.6) 26 (16.1) 14 (25.9) 0.11

Hyperlipidemia 81 (37.7) 58 (36.0) 23 (42.6) 0.39

History of smoking 29 (13.5) 23(14.3) 6(11.1) 0.56

Coronary heart disease 39 (18.1) 29 (18.0) 10 (18.5) 0.93

Peripheral vascular disease 15 (7.0) 11 (6.8) 4(7.4) 0.89

Prior TTA 16 (7.4) 13 (8.1) 3 (5.6) 0.54

Prior stroke 21(9.8) 17 (10.6) 4(7.4) 0.50
Treatment with, n (%)

Platelet inhibitors 71 (33.0) 52 (32.3) 19 (35.2) 0.70

Therapy with anticoagulants 14 (6.5) 13 (8.1) 1(1.9) 0.11

centimeters using a commercially available workstation (nor-
dicICE, NordicNeuroLab, Bergen, Norway). Both CT and MRI
were assessed by an attending neuroradiologist/neurologist for
clinical purposes and by a study physician (A.F.) who was pro-
vided with the clinical information.

Based on the lesion distribution and localization on DWI, 5
patterns of ischemic lesions were defined (summarized in table 1).
Pattern 1 is defined as a solitary ischemic lesion involving the ce-
rebral cortex and/or subcortical structures. Pattern 2 represents
multiple ischemic lesions either in cortical or subcortical regions
in one vascular territory. Pattern 3 encompasses several dissemi-
nated small lesions sprinkled in different vascular territories ei-
ther in both hemispheres or in the anterior and posterior circula-
tion, involving mainly but not exclusively cortical regions. This
ischemic lesion pattern is considered to be typical for stroke due
to a proximal embolic source (the heart or proximal vessels). Pat-
tern 4 denotes multiple ischemic lesions either completely or pre-
dominantly located in regions considered to be one of the hemo-
dynamic risk zones between major cerebrovascular territories:
the superficial or cortical border zones wedged between the ante-
rior and middle cerebral artery or between the middle and poste-
rior cerebral artery, and the deep or subcortical border zone
located in the vascular territory between deep and superficial ar-
terial systems. This ischemic lesion pattern is assumed to be char-
acteristic for ischemic stroke due to large artery disease. Pattern
5 is defined as infarction in the territory of a deep perforating ar-
tery originating from the middle cerebral artery, posterior cere-
bral artery or basilar artery.

Probable TIA/stroke etiology was classified according to the
Trial of Org 10172 in Acute Stroke Treatment (TOAST) classifica-
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tion [9] as large vessel disease, small vessel occlusion, cardioem-
bolism, other rare causes, and undetermined causes as imple-
mented earlier [10].

Statistical analysis was carried out using SPSS 19.0. Descrip-
tive data was analyzed using either t tests, the rank-sum test or
x>-based tests as appropriate.

Results

Between July 2007 and September 2008, 215 consecu-
tive patients (mean age: 67.1 years, range: 31-92) were in-
cluded in the study. Of these, 116 (54.0%) were men, and
99 (46.0%) were women. Table 2 shows the baseline char-
acteristics. Based on the clinical presentation, TTA was
classified as localized in the anterior circulation in 111
(51.6%) patients, in the posterior circulation in only 38
patients (17.7%); localization was classified as uncertain
in 66 patients (30.7%). Exact onset of symptoms could be
identified in only 145 (67.4%), while the exact duration of
symptoms (mean duration: 40.4 min) could be estimated
in 112 (52.1%) patients. In the remaining 103 patients, the
duration of symptoms could be narrowed down to min-
utes in 52 (50.5%) or hours in 51 (49.5%) patients. In all
patients, clinical symptoms resolved completely before
admission.
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Fig. 1. CT and MRI findings in a 49-year-
old TIA patient. CT (a), diffusion-weight-
ed (b) and T,-weighted FLAIR MRI (c) of
a 49-year-old man presenting with tran-
sient nausea, dizziness and right visual
field loss. CT, diffusion-weighted and T,-
weighted FLAIR images show a small
acute ischemic lesion (arrow) in the left
posterior cerebral artery territory.

All patients underwent early brain imaging, 161 of 215
(74.9%) had both CT and MRI, while 54 of 215 (25.1%) had
MRI only. There was no difference with regard to baseline
characteristics (see table 2), clinical presentation, and eti-
ology between patients with and without CT except for a
higher age in the CT group. A difference in image inter-
pretation between the attending neuroradiologist/neurol-
ogist and the study physician was identified in only one
case (a CT scan was read as normal by the study physician,
while a lesion was seen by the attending neuroradiologist).
Assessment of CT images revealed no acute pathology in
154 (95.7%) and possible acute infarction in 7 (4.3%) pa-
tients; of these suspected lesions, 6 were located in the an-
terior circulation and 1 in the posterior circulation. DWI
confirmed the acute infarct on CT in only 2 of the 7 pa-
tients (28.6%); 1 in the anterior circulation and 1 in the
posterior circulation, respectively (see fig. 1). DWI detect-
ed an acute infarct in 50 patients with an initially normal
CT (32.5%). Among the 54 TIA patients who did not have
baseline CT examination, DWI showed acute ischemic le-
sions in 19 (35.2%). In none of the remaining patients did
follow-up MRI detect new ischemic lesions. DWI demon-
strated a median number of acute ischemic lesions of 1
(range: 1-14). Most patients had lesions in the superficial
(71.2%) and deep (47.9%) middle cerebral artery territory
followed by the posterior cerebral artery territory (6.8%)
and the cerebellum (5.5%). The most frequent ischemic
lesion patterns were pattern 1 (45.2%) and pattern 2
(37.0%), followed by pattern 3 (6.8%), 4 (4.1%), and 5 (6.8%).
The latter 3 provided clues for the underlying etiology in
13.7% of cases: pattern 3 and diagnosis of cardioembolism
(n = 3), pattern 4 and diagnosis of large vessel disease (n =
3), and pattern 5 and final diagnosis of small vessel occlu-
sion (n = 4). The ischemic lesions had a median volume of
0.87 cm? (range: 0.08-15.61). Patients with suspected TIA
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Fig. 2. DWI and MR angiography findings in two patients with
TIA. In the first patient, DWI shows an acute ischemic lesion (ar-
row) in the left middle cerebral artery territory (a). MR angiogra-
phy demonstrates a proximal left internal carotid artery stenosis
(b). In the second patient, DWT is unremarkable (c); MR angiog-
raphy shows a stenosis of the left middle cerebral artery (d).

in the anterior circulation (59.5%) had significantly high-
er rates of acute ischemic lesions on DWI compared to
those with suspected TIA in the posterior circulation
(13.2%) and with uncertain localization (3.0%; p < 0.001).
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With regard to gender, duration and number of the at-
tacks, common risk factors, and treatment with platelet
inhibitors or anticoagulants, there were no differences be-
tween patients with suspected TIA in the anterior and
posterior circulation. MR angiography detected a stenosis
or occlusion of the extracranial or intracranial vessels in
12 (5.6%) patients. In detail, there was a stenosis or occlu-
sion of the proximal or distal internal carotid artery in 10
(4.7%) patients and of the middle cerebral artery in 2
(0.9%) patients (see fig. 2).

Etiologic stroke subtypes remained undetermined in
60.9% of all TIA patients. In contrast to this, there was a
significantly lower rate of undetermined causes in patients
with acute DWT lesion (45.2 vs. 69.0%, OR 0.37, 95% CI
0.21-0.66; p = 0.001), and cardiogenic causes of embolism
were identified more often in patients with positive DWI
(35.6 vs. 14.8%, OR 3.19, 95% CI 1.64-6.29; p < 0.001).

Discussion

In this single-center study, we demonstrate that CT, as
the initial line of imaging, rarely provides positive find-
ings with regard to the suspected ischemic lesion, as the
clinically relevant acute infarct was captured by CT in
just 4.3% of patients. Previous publications have reported
detection rates of subacute ischemic lesions on CT in up
to 20% of patients after several days to months [3, 4] un-
derlining its low sensitivity in the acute work-up of TIA
patients. In contrast to CT, DWI showed an acute infarct
in approximately one third of the patients. The overall
agreement rate between DWI and CT was 68.7%, mean-
ing that, approximately in one third of TTA patients, CT
either misses or misidentifies the ischemic lesion on
DWI. These finding have major implications with re-
gards to the clinical applicability of the recently proposed
tissue-based definition of TIA. Although the new AHA
definition explicitly recognizes MRI as the first choice of
imaging in TIA, it still reserves room for CT as an alter-
native option [11]. Here, we quantify the difference be-
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