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ABSTRACT

INTRODUCTION: Although transient ischemic attack (TIA) is defined as “a brief episodes of temporary neurological
dysfunction due to focal brain, spinal cord, or retinal ischemia without acute infarction”; acute ischemic lesion is observed
in approximately 1/3 of the patients and it is accepted as a predictive finding for the risk of developing stroke. In this
study, it was aimed to investigate acute ischemic lesions in patients diagnosed with TIA and the relationship between
these lesions and clinical features.

METHODS: Patients whose neurological deficits resolved completely within the first 24 hours and clinically diagnosed
with TIA were included in the study. Brain diffusion weighted imaging (DWI) was performed in all patients within the first
24 hours after the onset of symptoms; lesions compatible with acute ischemia were determined. Neurological
examination findings, recovery time of neurological deficit, vascular risk factors, TIA etiology and ABCD? scores were
recorded.

RESULTS: Ninety-four patients (37 females, 57 males; mean age 68.4+13.8 years) were included in the study. Acute
ischemic lesion restricting diffusion was detected on DWI in 40 patients (42.6%). The time to recovery of neurological
symptoms was 117.9+105.1 minutes in patients with DWI positive and 58+69.9 minutes in patients with negative DWI,
and the difference was statistically significant (p=0.003). The number of patients with symptom duration 260 minutes was
higher in the DWI positive group than in the negative group (p=0.025); the number of patients with <10 minutes was less
(p=0.040).

DISCUSSION AND CONCLUSION: The results of our study indicated that acute ischemic lesions may be encountered quite
frequently in patients whose symptoms recover within 24 hours, and that acute ischemic lesions are more likely to occur
especially in patients whose symptoms persist for more than one hour; it suggested that new classifications and TIA
definitions including subgroups related to the presence of time-dependent and viewable ischemic lesions may be required.
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GECICI iISKEMIK ATAKLI HASTALARDA AKUT ISKEMIiK LEZYONLAR VE KLiNiK OZELLIKLER iLE ILISKiSi
0z

GIRIS ve AMAG: Giiniimiizde gecici iskemik atak (GIA) “akut infarkt olmaksizin fokal beyin, spinal kord, veya retinal iskemi
nedeniyle gelisen kisa stireli ve gegici norolojik islev bozuklugu atag1” olarak tanimlansa da; hastalarinin yaklasik 1/3’tinde
akut iskemik lezyon goriintiilenmekte ve inme gelisme riski icin éngoriicii bir bulgu olarak kabul edilmektedir. Bu
calismada GIA tanisi konulan hastalarda akut iskemik lezyonlarin ve bu lezyonlarin Klinik 6zelliklerle iliskisinin
arastirilmasi amaglanmistir.

YONTEM ve GERECLER: Norolojik defisiti ilk 24 saat icinde tam olarak diizelen ve klinik olarak GIA tanis1 konulan hastalar
calismaya alindi. Tiim hastalara semptom baslangicindan sonraki ilk 24 saat icerisinde beyin difiizyon agirlikl
gorintiileme (DAG) yapilarak; akut iskemi ile uyumlu lezyonlar belirlendi. Nérolojik muayene bulgulari, ndrolojik defisitin
diizelme siiresi, vaskiiler risk faktdrleri, GIA etyolojisi ve ABCD? puanlar1 kaydedildi.

BULGULAR: Doksan doért hasta (37 kadin, 57 erkek; yas ortalamasi 68.4+13.8) c¢alismaya alindi. Kirk hastada DAG’'da
diftizyon kisitlayan akut iskemik lezyon saptandi (%42.6). Norolojik semptomlarin diizelmesine kadar gegen siire DAG
pozitif hastalarda 117.9+105.1 dakika, DAG negatiflerde ise 58+69.9 dakika idi ve aradaki fark istatistiksel olarak anlaml
bulundu (p=0.003). DAG pozitif grupta negatif gruba gore semptom siiresi 260 dakika olan hasta sayisinin daha fazla
(p=0.025); <10 dakika olan hasta sayisinin ise daha az oldugu (p=0.040) saptandi.

TARTISMA ve SONUC: Calismamizin sonuglari semptomlar: 24 saat icerisinde diizelen hastalarda akut iskemik lezyonlara
oldukga sik olarak rastlanilabilecegine, 6zellikle semptomlari bir saatten daha uzun siiren hastalarda akut iskemik lezyon
goriilme olasiliginin daha yiiksek olduguna isaret etmis; zaman-bagimli ve goriintiilenebilir iskemik lezyon varlig ile
iligkili alt gruplari iceren yeni siniflandirmalara ve GIA tanimlamalarina gereksinim olabilecegini diisiindirmiistiir.
Anahtar Sozciikler: Gecici iskemik atak, difiizyon agirlikli goriintiileme, serebral iskemi.

INTRODUCTION

The scope of the definition of transient minor / mild stroke with symptoms that are not
ischemic attack (TIA) has been a controversial crippling or rapidly resolving, although there is no
issue for many years. Time-based definitions consensus on its definition (6,7). Perhaps it will be
based on the resolution of symptoms within 24 better to classify patients with DWI lesions whose
hours were recognized first, and later tissue-based symptoms improve within 24 hours as having
definitions based on the absence of ischemic suffered a mild stroke (7). On the other hand, it
lesions were accepted (1). While TIA is defined as has been suggested that the distinction between
“a a brief episodes of temporary neurological TIA and minor ischemic stroke, which are the
dysfunction due to focal brain, spinal cord, or lightest examples of a stroke spectrum with
retinol ischemia without acute infarction” (1); it is common pathophysiology and requiring similar
recognized that an acute ischemic lesion is urgency in terms of diagnosis and treatment, is
observed in 1/3 of patients whose symptoms last losing its clinical significance and may not be
less than 24 hours (2-4). Moreover, it has been necessary for practice (8-10).
demonstrated that diffusion-weighted imaging While TIA is commonly thought to be a
(DWI) lesions can result in permanent damage in benign condition, patients who have TIA are at a
subsequent magnetic resonance imaging (MRI) in high risk of having an early stroke in the following
patients with TIA (5). As a result, time- and tissue- period (1). About 20% of ischemic strokes are
based definitions have unclear and contradictory preceded by one or more TIAs, and 10-15% of TIA
aspects. As much as the answer questions; "How patients have a stroke within the first 3 months,
are the neurological findings, even if severe, with half of them occurring within the first 48
transient despite the development of imageable hours (2,11-13). Therefore, TIA provides an
ischemia? How do pathophysiological mechanisms important opportunity for rapid diagnosis of the
work?", the one for the question "What should be underlying cause and initiation of treatment
the terminology that should be used when a before a permanent disability develops (2). The
neurological deficit lasting less than 24 hours is increase in stroke risk after TIA can be predicted
accompanied by a lesion showing diffusion by clinical scales, diffusion MRI, and vascular
restriction?" are not yet clear. Approximately half imaging (1). The accompanying acute ischemic
of the patients with stroke can be classified as lesion on DWI to clinical findings of TIA is
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associated with the risk of developing stroke, and
it has been suggested to be a strong predictor of
stroke (14-19). The presence of DWI lesion in
patients with transient neurological symptoms can
be considered as a stimulus to initiate more
effective prophylactic treatments, as well as
supporting the vascular origin of the deficit and
contributing to the determination of the
mechanism of stroke with its localization and
distribution (2).

This study aimed to look into DWI acute
ischemic lesions and the relationship between
these lesions and clinical features in patients
whose symptoms improved within 24 hours and
were clinically diagnosed with TIA.

METHODS

The file records of the patients who were
hospitalized in the neurology clinic with the
diagnosis of TIA between 01.08.2019-01.02.2020
were retrospectively analyzed. The study involved
consecutive patients whose symptoms and
findings were consistent with stroke, whose
neurological deficits healed fully within the first 24
hours, and who underwent brain DWI within the
first 24 hours. Patients whose symptoms were
consistent with transient global amnesia, who had
a history of epilepsy or had epileptic seizures
before or during admission, who had a history of
migraine, or who had a headache consistent with
migraine attack before admission, and who had
hypoglycemia at the time of admission were not
included in the study. Also, patients with a known
neurological disease, severe head trauma, history
of intracranial mass, and in whom brain MRI could
not be performed were excluded from the study.

Neurological examination findings
(motor/hemiparesis, sensory, aphasia/dysphasia,
brainstem/cerebellar), recovery  time of
neurological symptoms and deficits during TIA
were recorded. Blood tests of patients,
electrocardiography, transthoracic
echocardiography, carotid, and vertebral color
Doppler Ultrasonography, and 24-hour rhythm
Holter, transesophageal echocardiography, and
other examinations for stroke etiology were
evaluated. Vascular risk factors (hypertension,
diabetes mellitus, dyslipidemia, smoking, coronary
artery disease, valvular heart disease, atrial
fibrillation, history of stroke, and/or TIA) and
antiaggregants, anticoagulant or lipid-lowering
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medications of the patients were recorded. The
etiology of TIA/stroke was determined according

to the TOAST classification (large artery
atherosclerosis, cardioembolism, small-vessel
occlusion, other determined etiology and

undetermined etiology) (20). ABCD? (age, blood
pressure, clinical weakness, duration, diabetes
mellitus) scores were recorded (21).

In DWI performed within the first 24 hours
after the symptom onset; the presence of lesions
consistent with acute ischemia showing diffusion
restriction; the location, number (single, multiple),
and size (<1.5 cm,> 1.5 cm) of the lesions (anterior
cerebral artery, middle cerebral artery, posterior
cerebral artery hemispheric territories, brainstem,
cerebellum, and watershed areas), and the time
between the onset of symptoms and DWI were
determined.

The study was conducted in accordance with

the Helsinki Declaration and with the approval of
the Clinical Research Ethics Committee of the
University of Health Sciences Diskap1 Yildirim
Beyazit Training and Research Hospital (Date:
16.03.2020, Number: 84/15). Written informed
consent was obtained from all patients
participating in the study.
Statistical Analysis: SPSS 23.0 program was used
for analyzes (Statistical Package for the Social
Sciences, version 23.0 for Windows, SPSS Inc,
Chicago, IL). Compliance of continuous variables to
normal distribution was investigated by the
Kolmogorov-Smirnov test. Descriptive statistics
for continuous variables were expressed as
mean+SD, for categorical variables as number (%).
Normally distributed continuous variables were
compared using the Student-t-test, and those not
showing normal distribution were compared with
the Mann-Whitney U test. Pearson's chi-square
test was used for categorical variables, and
Fisher's exact test was used when chi-square test
conditions were not met. The statistical
significance level in the analyzes was accepted as
p<0.05.

RESULTS

Ninety-four patients (37 females, 57 males; mean
age 68.4+13.8 years) were included in the study.
While acute ischemic lesions restricting diffusion
(DWI positive) were detected in 40 patients on
DWI (42.6%), no acute ischemic lesion restricting
diffusion was detected on DWI in 54 patients (DWI
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negative). There was no statistical difference
between the DWI positive and negative groups in
terms of age and gender. The recovery time of
neurological deficit was 117.9 + 105.1 minutes in
patients with positive DWI and 58 + 69.9 minutes
in patients with negative DWI, and the difference
was statistically significant (p= 0.003). The
number of patients with neurological deficits
lasting <10 minutes is lower in the DWI positive
group than in the negative group (p= 0.040); the
number of patients with neurological deficits of
260 minutes is higher (p= 0.025) was detected.
There was no difference between DWI positive
and negative patients in terms of neurological
deficits, vascular risk factors, and ABCD? scores
during TIA. The time between symptom onset and
DWI was not statistically different between DWI
positive and negative patients. While the etiology
was determined as small vessel occlusion in 4
patients in the DWI positive group, there was no
patient whose stroke was evaluated as small
vessel occlusion in the DWI negative group (p=
0.030) (Table 1). In 24 patients with positive DWI,
the lesion was single (60%); <1.5 cm (52.5%) in 21
patients; and in the middle cerebral artery
territory in 25 patients (62.5%) (Table 2).

DISCUSSION AND CONCLUSION

In our study, an acute ischemic lesion was
detected in DWI performed in the first 24 hours in
42.6% of TIA patients. Although it is accepted that
approximately 1/3 of TIA patients have acute
ischemic lesions (2,4,19), this rate varies within a
wide range and it has been reported that 30-50%
of patients have acute ischemic lesions on DWI
(1,8,14,22-25).

Why can acute ischemic lesions be
demonstrated in some patients with TIA, but not in
others? The answer to this question is not very
clear. This may be partially related to the imaging
technique. The time between TIA and
neuroimaging likely plays a role in MRI positivity.
Hyperacute DWI findings may vary; Positive
images may initially be falsely negative or
normalize later (4). Serial MRI studies have shown
that some ischemic lesions disappear rapidly and
may lose visibility after more than 48 hours from
the onset of TIA, and it has been suggested that the
diagnostic value of MRI performed after TIA is
delayed (4,26). Conversely, it has been reported
that lesion viewability may be delayed (4,27-29),
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in which case DWI positivity may be found lower if
the first MRI was performed immediately after
symptom onset. The sensitivity of DWI in patients
with TIA was higher than in the first 3 hours in
patients performed in the first 24 hours (28). If the
time between the onset of TIA symptoms and the
first DWI is less than 2 hours, repeat DWI is
recommended to minimize false-negative findings
(27). In our study, DWI was performed in all
patients in the first 24 hours after the onset of
symptoms, and no statistical difference was found
between the onset of symptoms and the duration
of DWI between patients with and without acute
ischemic lesions within the first 24 hours. Apart
from the time-dependent sensitivityof DWIin the
imaging of acute ischemia; frequently small DWI
lesions associated with TIA and possible errors in
ADC measurements of small DWI lesions may
cause ischemic lesions not to be visualized (30).
Also, the fact that the mean ADC values of DWI
lesions are lower in patients with transient
ischemic deficits than those with permanent
deficits may be effective in negative results (2,23).

In our study, the recovery time of
neurological deficit was found to be associated
with DWI positivity, and acute ischemic lesions
were observed more frequently, especially in
patients whose symptoms lasted longer than 60
minutes. DWI positivity, on the other hand, was
less frequent in patients whose symptoms lasted
less than 10 minutes. In studies, long symptom
duration was found to be associated with DWI
positivity, and the risk of DWI positivity was found
to be high, especially when symptoms last longer
than 60 minutes (18,23,31,32). The duration of
symptoms may reflect the time at which ischemia
resolves, and a longer duration of ischemia may
increase the likelihood of resulting in infarction.
This also suggests that when an ischemic lesion
cannot be demonstrated on DWI in prolonged
deficits, attention should be paid to the possibility
that the symptoms may be due to non-vascular
causes.

TIA-related lesions on DWI are often small
and multiple (16,23,30,32). The term "footprints of
transient ischemic attacks" has been suggested to
identify such punctate lesions that persist on DWI
after the TIA symptoms have healed completely
(33). TIA-associated DWI lesions can be found
anywhere in the brain; they can be located in
functional brain regions such as the brainstem,
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Tablo 1. Characteristics of patients with and without acute ischemic lesions in diffusion-weighted imaging in

patients with transient ischemic attacks.

Patients with ischemic lesions on Patients without ischemic lesions on p

DWI DWI
n=40 n=54

Age (years) 68.4£15.1 68.4+13 0.988!
Gender Male/Female 13/27 (32.5/67.5) 24/30 (44.4/55.6) 0.338
Symptom duration (min) 117.9+105.1 58+69.9 0.0032
Symptom duration <10 min 1(2.5) 9 (16.7) 0.040
Symptom duration 10-59 min 14 (35) 26 (48.1) 0.287
Symptom duration =2 60 min 25 (62.5) 20 (37) 0.025
TIA symptoms

Motor 8(20) 19 (35.2) 0.168

Sensory 17 (42.5) 24 (44.4) 1.000

Aphasia/dysphasia 22 (55) 24 (44.4) 0.422

Brainstem/cerebellar 2(5) 2(3.7) 1.000
Vascular risk factors

Hypertension 23 (57.5) 30 (55.6) 1.000

Diabetes mellitus 11 (27.5) 20 (37) 0.453

Smoking 11 (27.5) 11 (20.4) 0.575

Hypercholesterolemia 9 (22.5) 17 (31.5) 0.466

Hypertriglyceridaemia 12 (30) 11 (20.4) 0.406

Coronary artery disease 13 (32.5) 15 (27.8) 0.790

Heart valve disease 7 (17.5) 8(14.8) 0.947

Atrial fibrillation 6 (15) 5(9.3) 0.519
History of previous stroke (number of patients) 4 (10) 7 (13) 0.754
Number of past strokes 0.1+0.3 0.1+0.3 0.6602
Previous TIA history (number of patients) 2(5) 3(5.6) 1.000
Number of past TIA 0.1+0.3 0.1+0.5 0.8912
Drugs used

Antiaggregants 17 (42.5) 22 (40.7) 1.000

Anticoagulants 2(5) 5(9.3) 0.695

Statins 5(12.5) 4(7.4) 0.488
Total cholesterol (mg/dl) 200.1£195.9 209£193.9 0.1562
LDL (mg/dl) 211.2+317.8 168.8£190.8 0.2182
HDL (mg/dl) 48.8+60.7 52.9+59.5 0.2212
Triglyceride (mg/dl) 193+188.5 179.2+168.3 0.9942
Glucose (mg/dl) 112.7+58.2 115.9+55.5 0.6462
HbA1c* (%) 6.742.1 6.3%1.1 0.9322
Etiology

Large artery athesclerosis 11 (27.5) 12 (22.2) 0.729

Cardioembolism 7 (17.5) 6(11.1) 0.559

Small vessel occlusion 4(10) 0(0) 0.030

Other causes 0(0) 0(0)

Undetermined 18 (45) 36 (66.7) 0.059
ABCD? score 4.1+1.4 3.9+1.6 0.4132
ABCD? score <4 12 (30) 18 (33.3) 0.905
ABCD? score = 4-5 22 (55) 28 (51.9) 0.926
ABCD? score = 6-7 6 (15) 9 (16.7) 1.000
Seymptom onset-DWI time (hours) 6.4+4.9 6.4+5.2 0.7642

Data are given as a number (%) or meantstandard deviation.
1Student-t test, 2Mann-Whitney U test
* HbA1lc was evaluated in 85 patients.

DWI: Diffusion-weighted imaging, TIA: Transient ischemic attack, LDL: Low-density lipoprotein, HDL: High-density lipoprotein, HbA1lc: Glycolyzed hemoglobin

internal capsule, and motor cortex and arterial
territories compatible with clinical symptoms, as
well as in silent regions (2). In our study, it was
found that approximately half of the DWI-positive
patients had lesions <1.5 c¢cm and 40% had
multiple. It was observed that ischemic

lesions were frequently located in the middle
cerebral artery territory.

In our research, there was no correlation
between the symptoms and signs of TIA and the
occurrence of acute ischemic lesions. Motor
deficits, unilateral weakness, and aphasia have
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Table 2. Infarct number, size, and location in
diffusion-weighted imaging.

n (%)
DWI number of ischemic lesions
Single 24 (60)
Multiple 16 (40)
DWI ischemic lesion size
21.5cm 19 (47.5)
<1.5cm 21 (52.5)
DWI ischemic lesion location
Middle cerebral artery territory 25 (62.5)
Posterior cerebral artery territory 4(10)
Brainstem 5(15)
Mesencephalon 1(2.5)
Pons 2(5)
Bulbus 3(7.5)
Cerebellum 2(5)
Border area settled 5(12.5)
Anterior 1(2.5)
Posterior 3(7.5)
Internal 1(2.5)

Data are given as a number (%).
DWI: Diffusion-weighted imaging.

been found to be correlated with DWI positivity
(14,22,24,31,32,34).

In our study, no difference was found
between DWI-positive and negative patients in
terms of age, gender, and accompanying vascular
risk factors. While the etiology was determined as
small vessel occlusion in 4 patients in the DWI
positive group, there was no patient whose stroke
was evaluated as small vessel occlusion in the DWI
negative group. Although the difference between
the two groups was statistically significant, it was
not reliable due to the small number of patients.
The number of patients for whom the cause of
stroke could not be determined was higher in the
DWI negative group, and the difference between
the DWI positive group was quite close to the
statistical significance limit. It has been suggested
that large vessel occlusion is associated with DWI
positivity in patients with TIA (2). Stroke or TIA
history, diabetes mellitus (24), and atrial
fibrillation (14,24) were found to be more
common in patients with positive DWI than in
negative patients; in another study, age, diabetes
mellitus, hypertension, and smoking were not
found to be associated with the presence of acute
ischemic lesions (22). In our study, no difference
was found between the DWI positive and negative
groups in terms of the number of patients who
used antiaggregant, anticoagulant, and lipid-
lowering drugs before TIA.

The existence of DWI lesions in patients with
TIA has been associated with a high risk for early
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recurrence of ischemic events (8,14,17-19,31).In a
multi-center study, the rate of recurrence of stroke
in TIA patients who underwent DWI was 7.1% in 7
days in positive DWI (tissue-positive), 0.4% in
negative patients; at 90 days, DWI was found as
7.7% in positives and 1% in negatives. It has been
suggested that a tissue-based definition of TIA may
help provide prognostic information (19). In
another study, it was reported that the risk of
developing stroke was higher in patients with TIA
or minor stroke with DWI lesions compared to
those without lesions (10.8% at 90 days), and if
there is intracranial vessel occlusion in MR
angiography, the risk is further increased (32.6%)
(35). However, in one study, a DWI lesion
accompanying TIA was detected in 11% of
patients and did not correlate with the risk of early
stroke after TIA (34). The relationship of DWI
lesions with the long-term (1-5 years) stroke risk
is not clear (8).

In our study, it was found that ABCD? total
scores, which is a prognostic scoring developed to
predict the risk of early stroke after TIA, and the
distribution of patients according to the score
categories indicating low, moderate, and high risk
did not differ between the DWI positive, and
negative groups. However, since our study is not a
long-term follow-up study, it is not possible to
comment on the prognostic significance of the
presence of acute ischemic lesions in TIA patients
only in accordance with ABCD?Z scoring. In a study
in which DWI-MRI was used, no correlation was
found between the presence of acute ischemic
lesions in TIA patients and ABCD?2 score and an
increase in stroke risk (90 days, 1 year, 5 years)
(22). However, it has been suggested that adding
the presence of brain ischemic lesions to ABCD?2
scoring in TIA patients may improve the
prediction of stroke in the acute phase after TIA
(36,37).

The fact that patients who underwent DWI in
the first 24 hours after the onset of TIA were
included in the study and no imaging repetitions
were performed, may constitute a limitation for
our study. Lesions that become positive after 24
hours may be ignored, resulting in errors in the
number of DWI-positive patients. It has been
recommended that neuroimaging, preferably MRI
including diffusion sequences, be performed
within 24 hours after the onset of symptoms in
patients with TIA (1). However, there is no
consensus on the duration of imaging of ischemic



lesions on DWI, it has been reported that lesions
that can be imaged in the early period may
disappear later or lesions that were not detected
at the beginning can be imaged in the following
days (4,26-29). In this case, it will be possible to
accurately determine the frequency of acute
ischemic lesions in patients with TIA with serial
DWIs from the onset of symptoms.

Evaluation of acute ischemic lesions is
important in patients with transient ischemic
attacks, as it is a prognostic indicator for
recurrence of stroke, and may guide the
determination of treatment approaches. The
results of our study suggest that acute ischemic
lesions can be encountered quite frequently in
patients whose symptoms improve within 24
hours, it pointed out that especially in patients
whose symptoms last longer than an hour, the
possibility of acute ischemic lesions is higher,
suggesting that there may be a need for new
classifications and TIA definitions that include
subgroups related to time-dependent and
visualizable ischemic lesions.
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