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Abstract

Background: Various mechanisms can be considered in
ischemic stroke with internal carotid artery (ICA) occlusive
diseases. We clarified the etiologic mechanisms from lesion
patterns on diffusion-weighted imaging (DWI). Methods:
One hundred and twenty consecutive ischemic stroke pa-
tients with ipsilateral ICA occlusive diseases were enrolled
and classified into 3 groups according to the size of DW1 le-
sions: group A, massive; group B, moderate-to-large; and
group C, small. Group C was divided into 3 subgroups
according to the number of lesions: C1, 1-3; C2, 4-9; and (3,
10 or more. The relationship between the DWI findings
and stroke subtypes according to the TOAST classification
was investigated. Results: Cardioembolism was significantly
more common in groups A and B than in group C, while
large-artery atherosclerosis (LAA) was more frequent in
group Cthan in groups A and B. In group A, cardicembolism
accounted for 32%, while LAA was not observed. Statistical
analyses showed trends toward a higher frequency of LAAIn

groups C2 and C3 than in group Cl. Conclusions: Mecha-
nisms of acute stroke in ICA diseases can be simply assessed
from the lesion size and number, which may be useful in con-
sidering acute therapeutic strategies.

Copyright © 2012 5. Karger AG, Basel

Introduction

In acute ischemic stroke patients with internal carotid
artery (ICA) diseases, various lesion patterns can be ob-
served on computed tomography or magnetic resonance
(MR) imaging, In particular, diffusion-weighted imaging
{DWTI) is more useful for the detection of acute ischemic
stroke (1, 2]. However, the variability of ischemic lesion
patterns on DWTI [3] makes the judgement of stroke etiol-
ogy more difficult. For example, in cases of ICA occlusive
lesion accompanied by atrial fibrillation, diagnostic in-
terpretation of topographic features on DW1 is often dif-
ficult. Some studies have shown that infarcts caused by
cardioembolism are generally larger than those caused
by artery-to-artery embolism; however, cardicembolic
stroke also causes multiple scattered lesions [4-7]. In an-
other study, it was reported that acute ischemic lesions in

KARGER © 2012 8. Karger AG, Basel
0014-3022/13/0693-0142838.00/0
Fax +41 61 306 12 34
E-Mail karger@karger.ch
www.karger.com

Accessible online at:
www.karger.com/ene

Naoki Oyama, MD

Department of Neurology, Osaka University Graduate School of Medicine
2-2 Yamadaoka, Suita

Osaka 565-0871 (Japan)

Tel. +81 6 6879 35376, E-Mail oyama @ osaka-njm.net

327



ICA occlusive disease without atrial fibrillation were
mostly multiple on DWTI [8]. However, Jung et al. [7] and
Lodder et al. [9] suggested that the degree of ICA stenosis
could contribute to infarct size. To the best of our knowl-
edge, the etiology of acute stroke associated with ipsilat-
eral ICA occlusive disease has not yet been precisely in-
vestigated from the viewpoints of lesion size and number
on DWT in previous studies. In the daily clinical situa-
tion, the early diagnosis of ischemic stroke etiology is im-
portant since it is connected with the selection of acute
stroke treatment which largely determines the long-term
prognosis. The aim of the present study was to clarify
whether the etiology can be estimated from DWT lesion
patterns in acute stroke patients with ipsilateral ICA oc-
clusive diseases.

Methods

Study Population

‘We retrospectively studied consecutive ischemic stroke pa-
tients with ipsilateral ICA occlusive diseases who were admitted to
our department within 72 h after stroke onset during the period
from January 1998 to July 2005. ICA occlusive lesions [ = 50%; eval-
uated by the North American Symptomatic Carotid Endarterec-
tomy Trial (NASCET) method [10]] were confirmed with carotid
ultrasonography, MR angiography, or cerebral digital subtraction
angiography within 24 h after admission, mostly within 3 h.

Magnetic Resonance Imaging

DWI was performed within 72 h of symptom onset using a
L.5T scanner with echo-planar imaging capability (Magnetom
Vision, 1.5T; Siemens Medical Systems, Erlangen, Germany).
Transaxial DWI was obtained using a single-shot spin-echo echo-
planar imaging sequence with an effective TE of 100 ms, slice
thickness of 4.0 mm, interslice gap of 2.0 mm, with 20 slices, a
matrix size of 128, field-of-view of 23 cm, and 20 s of data acquisi-
tion time. Diffusion sensitive gradients were applied to each of the
x, » and z directions with b = 1,000 s/mm?, and the trace image
was calculated to obtain a standard isotropic DWI. Acute isch-
emic lesions were determined on the trace image as high signal
regions by consensus reading between a neurologist (N.O.) and a
neuroradiologist (N.Y.) blinded to the clinical findings.

Ischemic Lesion Patterns on DWI

Based on the volume of high-intensity lesions on DWI, pa-
tients were classified into 3 groups: group A, massive lesions in
which the size of the largest infarction is larger than or equal to
half of the cerebral hemisphere (corresponding to almost com-
plete middle cerebral artery infarction); group B, moderate-to-
large lesions in which the maximum diameter of atleast one lesion
is 30 mm or more and the size is smaller than half of the cerebral
hemisphere; and group C, small lesions in which the diameter of
alllesions is less than 30 mm. Group C was further divided into 3
subgroups according to the number of lesions: group C1, 1-3 le-
sions; group C2, 4-9 lesions; and group C3, 10 or more lesions.
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Stroke Subtype Classification

Routine evaluations for cardiac disease, carotid artery disease,
intracranial artery disease, and cerebral ischemic lesions were
performed in all patients using chest radiography, 12-lead electro-
cardiography, continuous telemetric electrocardiographic moni-
toring, carotid ultrasonography within 24 h after admission, con-
ventional MR imaging, DWI, and MR angiography. Transtho-
racic (n = 38) or transesophageal echocardiography including
microbubble testing (n = 27) was also performed in patients
younger than 50 years and those with suspected heart disease or
no definite cause of stroke after initial evaluation. Cardiac dis-
eases that create a risk of potential cardiac embolic sources in-
clude intracardiac thrombus, atrial fibrillation, recent myocar-
dial infarction (<4 weeks), sick sinus syndrome, a patent foramen
ovale with an atrial septum aneurysm, mitral valve stenosis, pros-
thetic valves, and endocarditis [11]. Transcranial Doppler ultra-
sonography with bubble contrast (n = 12) was performed to detect
a right-to-left shunt and to assess microembolic signals, intracra-
nial arterial diseases, collateral flow, and recanalization after oc-
clusion. Carotid MR angiography (n = 7) and digital subtraction
angiography (n = 68) were performed to evaluate arterial diseases,
collateral circulation, and the potential for endovascular or surgi-
cal treatment.

Stroke subtype was determined on the basis of the TOAST
classification (Trial of Org 10172 in Acute Stroke Treatment) {11]
as follows: (1) large-artery atherosclerosis (LAA), (2) cardioembo-
lism (CE), (3) small-vessel occlusion (SVO), {4) stroke of other de-
termined etiology (O), (5) stroke of undetermined etiology (U)
due to 2 or more identified causes (U-a), negative evaluation (U-
b), or incomplete evaluation (U-c). Because all subjects had ca-
rotid occlusive diseases, diagnoses of stroke subtype were made
as follows: if a patient with a cardioembolic and no other embolic
source had ICA occlusion followed by significant recanalization,
the patient was classified as ‘CE} if a patient had atherosclerotic
[12] nonrecanalized ICA occlusion and no other cause of stroke,
the patient was classified as ‘LA A’; other patients with ICA occlu-
sion were classified as ‘O’ or ‘U’. In stroke subtype U, if a patient
had ICA occlusion followed by significant recanalization and no
cause of stroke was found despite extensive investigations, the pa-
tient was classified as ‘U-b’. Patients with ICA stenosis (=50%
evaluated by the NASCET method) were classified as ‘LAA’, ‘O,
or ‘U”. None of the patients with an ICA occlusive lesion was clas-
sified as ‘SV(’. Because of the differential diagnosis of ICA occlu-
sive diseases such as cardiogenic embolus, atherosclerotic throm-
bus, arteritis, and dissection, the results of carotid ultrasound im-
aging, MR imaging, MR angiography, and digital subtraction
angiography were interpreted by 4 expert stroke neurologists
(N.O.,, H.M., K.N., and H.N.), an expert neurosonographer (K.NJ),
and an expert neuroradiologist (N.Y.). Examples of each DW1 le-
sion pattern and stroke subtype diagnosis are provided in fig-
ure 1.

Analysis of Stroke Subtype U

In stroke subtype U, to make the estimation of stroke etiology
easier, we assessed the location of the ICA occlusion and deter-
mined whether there were any cases of ischemic lesions in vascu-
lar territories other than the ICA. In addition, we investigated the
relationship between the presence of cardioembolic sources and
DWI lesion patterns.
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Fig. 1. a Example from group A. A 71-year-old female presented
with decreased consciousness and complete right hemiparesis.
DWI performed 16 h after stroke onset shows a massive hyperin-
tense lesion in the left hemisphere. Cerebral angiography reveals
distal occlusion of the left ICA. She was diagnosed with CE be-
cause she had chronic atrial fibrillation and follow-up MR angiog-
raphy at 21 days showed complete recanalization. b Example from
group B. A 76-year-old male presented with disorientation and
moderate left hemiparesis. DWTI performed 5 h after stroke onset
demonstrates large striatocapsular infarction with concomitant

144 Eur Neurol 2013;69:142--148

Clinical Evaluation

We retrospectively investigated risk factors for carotid ath-
erosclerosis which included hypertension, diabetes mellitus, hy-
perlipidemia, and habitual cigarette smoking by reviewing the
medical records of each patient. Hypertension was defined by
a casual blood pressure =140/90 mm Hg or the current use of an-
tihypertensive agents. Diabetes mellitus was defined by a fasting
blood glucose value =7.0 mmol/l, nonfasting glucose value =11.1
mmol/l, or the use of hypoglycemic agents. Hyperlipidemia was
defined by a fasting serum total cholesterol level =5.7 mmol/l,
triglycerides =1.7 mmol/l, or the use of antihyperlipidemic
agents. Smoking was judged to be positive if patients had been
smoking cigarettes within 1 year prior to the ischemic event.

Statistical Analysis

We evaluated the association of DWT lesion patterns with risk
factars using a x? test for frequencies of categorical variables and
1-way ANOVA for continuous variables. The x* test was also used
to analyze the relationship between DWTI lesion patterns and
stroke subtypes. Fisher’s exact test was used in place of the x? test
when the number of cells was <5. A value of p < 0.05 was consid-
ered statistically significant. Commercially available software
(SPSS for Windows, version 11.0) was used for statistical analysis.

Results

A total of 120 consecutive patients with acute ischemic
stroke who had ipsilateral ICA occlusive lesions were sub-
jected to the analysis. There were 78 men and 42 women
(meanage * SD,70.9 £ 10.0 years, range: 24-89). Eighty-
eight patients (73.3%) had complete ICA occlusion, and
the other 32 patients (26.7%) had significant ICA stenosis.
Stroke subtype was CE in 27 patients, LAA in 47, O in 4
(carotid dissection in 3 and moyamoya disease in 1), and
Uin 42 (U-ain 40, U-bin 2).

small-to-moderate disseminated lesions in the right hemisphere,
Cerebral angiography reveals complete proximal occlusion of the
right ICA. He was diagnosed as LAA due to the observation of no
other embolic sources except for ICA disease. ¢ Example from
group C (C3). A 75-year-old male presented with mild left hemi-
paresis and dysarthria. DWI performed 40 h after stroke onset
shows multiple ischemic lesions in the cortical and subcortical ar-
cas of the right hemisphere. Cercbral angiography reveals severe
stenosis of the right ICA (arrow head). He showed no other em-
bolic source and was diagnosed as LAA. R indicates right.
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Table 1. Clinical features of patients with each DWT1 lesion pattern

Values Group A Group B Group C ; p
(n=38) (n=39) Cl(n=13) C2 (n=14) C3(n=16)
Male, n (%) 23 (60.5) 25 (64.1) 7 (53.8) 12 (85.7) 11 (68.8) NS*
Mean age, years 71.5 71.0 71.2 70.2 69.6 NSt
Risk factors, n (%)
Hypertension 24 (63.2) 31 (79.5) 10 (76.9) 13 (92.9) 13 (81.3) NS*
Diabetes 8(21.1) 10 (25.6) 4(30.8) 8(71.4) 5(31.3) NS§*
Hyperlipidemia 13 (34.2) 16 (41.0) 9(69.2) 8 (71.4) 9(56.3) NS*
Smoking 9 (23.7) 10 (25.6) 4(30.8) 5(35.7) 6(37.5) N§*

* x* or Fisher’s exact test for frequencies. T One-way ANOVA for means.

Table 2. Association of stroke etiology with DWT lesion patterns

Stroke etiology Group A Group B Group G Total
(TOAST classification) {n=38) (n= 39,) Clin=13) C2(n=14 Ci(n=16)
Cardioembolism (CE) 12 (31.6) 11(28.2) 2 (15.4) 1(7.1) 1{6.3) 27
Large artery atherosclerosis (LAA) 0 17 (43.6) 7 (53.8) 11 (78.6) 12 (74.9) 47
Other cause (O) 1(2.6) 2(5.1) 0 0 1(6.3) 4
Undetermined etiology (U)

Two or more identified causes (UJ-a) 23 (60.5) 9(23.1) 4(30.8) 2 (14.3) 2{12.5) 40

Cryptogenic (U-b) 2(53) 0 0 0 0 2

Values are n (%).

Size Analysis of Ischemic Lesions on DWT

Massive ischemic lesions (group A: =1/2 of cerebral
hemisphere) were observed in 38 patients, moderate-to-
large ischemic lesions (group B: =30 mm and <1/2 of 1
cerebral hemisphere) in 39 patients, and small ischemic
lesions (group C: <30 mm) in 43 patients. In group C, 13
patients had 1-3 lesions (group Cl), 14 patients had 4-9
lesions (group C2), and the remaining 16 patients had 10
or more lesions (group C3). Among these groups, there
were no significant differences in sex, age, hypertension,
diabetes mellitus, hyperlipidemia, and habitual cigarette
smoking (table 1).

The frequency of stroke subtypes in the 5 topographic
lesion groups is summarized in table 2. CE was signifi-
cantly more frequent in the moderate-to-massive isch-
emic lesion group (groups A and B) than in the small le-
sion group (group C; 23 of 77 patients, 29.9% vs. 4 of 43
patients, 9.3%; p = 0.01), while LAA was more common
‘in the small lesion group than in the larger lesion groups

Stroke Etiology and DWI Patterns in ICA
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(30 of 43 patients, 69.8% vs. 17 of 77 patients, 22.1%;
p < 0.001). In the massive DWI lesion group (group A),
following undetermined etiology U, CE was observed in
12 of 38 cases (31.6%), whereas LA A was not observed.

Number Analysis of Ischemic Lesions on DWI

In group C (n=43), LAA (n = 30, 69.8%) was most fre-
quently observed, and the other subtypes such as CE (n =
4,9.3%), O (n=1,2.3%), and U (n = 8, 18.6%) were rarely
encountered. In analysis of the number of lesions, the
stroke subtype was LAA in 7 of 13 patients (53.8%) in
group Cl, 11 of 14 patients (78.6%) in group C2, and 12 of
16 patients (74.9%) in group C3. As shown in figure 2,
there were weaker trends for higher LAA frequency in
groups C2 and C3 than in group C1 (23 of 30 patients,
76.7% vs. 7 of 13 patients, 53.8%; p = 0.13). On the other
hand, CE was found in only 4 of 43 patients in group C.
Among groups Cl, C2, and C3, no significant difference
in the frequencies of CE was noted.

Eur Neurol 2013;69:142-148 145



Table 3. Cardiac causes with DWT lesion patterns in patients classified under stroke subtype U

Presence of cardiac causes

Group A~ GroupB ‘- Group c Total
=29 =9 Clm=49 C2@=2) Cim=-2
Undetermined etiology
With cardiac causes 22 (88.0) 9 (100.0) 1(25.0) 2 (100.0) 2 (100.0) 36
Without cardiac causes 3(12.0) 0 3(75.0) 0 0 6

Values are n (%).

i
g Group C1
% (n=13) o LAA
gcz i CE
2 =20
& GroupC2+C3 mU
S (=30 :
e : f T T {

0% 20% 40% 650% 80%  100%

Frequency

Fig. 2. Frequency distribution of DWI lesion patterns in group C.

Clinical Features of Stroke Subtype U

Detailed clinical features of 42 patients classified
into subtype U are shown in supplementary tables 1
and 2 (for all online supplement material, see www.
karger.com/doi/10.1159/000338479). Thirty-three pa-
tients had ICA occlusion; the remaining 9 patients had
ICA stenosis. The lesion pattern was classified as group
A in 25 patients, group B in 9 patients, group Cl in 4 pa-
tients, group C2 in 2 patients, and group C3 in 2 patients.
In group Cl, 3 of 4 patients had only 1 small lesion in the
posterior limb of the internal capsule or corona radiata
- showing a clinical lacunar syndrome. Thirty-six of 42
patients had cardiac embolic sources, 4 had complicated
lesions in the aortic arch, 1 was ina hypercoagulable state
because of advanced cancer, and 2 had no cause of stroke
despite extensive investigations. Eight of 28 patients with
ICA occlusion and cardioembolic origins had terminal
occlusion of the ICA, 6 had ischemic lesions in vascular
territories other than the ICA, and 1 had significant re-
canalization. The DWT lesion pattern in each of these
patients was classified into group A or B. As shown in
table 3, cardiac causes were more frequently found in the
large ischemic lesion groups (groups A and B) than in the

146 Eur Neurol 2013;69:142-148

small lesion group (group C); however, the differences
were not statistically significant (31 of 34 patients, 91.2%
vs. 5 of 8 patients, 62.5%; p = 0.07).

Discussion

The present study suggests that the etiological mecha-
nisms of stroke in patients with ipsilateral ICA occlusive
diseases can be roughly estimated from the size and num-
ber of DWT lesions. Massive infarction as observed in
group A suggests CE, while the multiple disseminated
small lesions like those observed in group C2 or C3 im-
plies LAA.

In the size analysis, CE was frequently observed in the
larger ischemic lesion group, whereas LAA was more
common in the small lesion group. Several previous stud-
ies indicated that the frequency of CE was clearly high in
the patients with the large cerebral infarction [4, 5, 7, 13,
14]. Tt was also reported that LA A was associated with the
small ischemic lesions [5, 14-17]. However, few previous
studies are available to explain the differences of the in-
farct size between LAA and CE. Timsit et al. [5] suggest-
ed two possible explanations for these differences: the de-
gree of collateral circulation and the particle size of the
embolus. Actually, it is known that good collateral circu-
lation has been associated with decreased ischemic brain
damage and favorable functional outcomes [18-20]. Sud-
den occlusion by an embolus might provide little time to
develop the collateral pathway, and chronic carotid oc-
clusive lesions could lead to the development of the col-
lateral circulation. In particular, distal intracranial ICA
occlusions (carotid T occlusions) were most frequently
observed in the patients with cardiogenic embolism, and
often exhibit larger clots and a poorer pattern of collat-
eral blood supply [19, 21-23]. In stroke subtype U, 7 of 8
patients with terminal occlusion of the ICA and cardiac
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causes, which suggested cardioembolism, presented with
massive infarctions (group A). Our results may provide
supportive evidence for the possible involvement of the
collateral circulation and particle size in the infarct vol-
ume enlargement.

According to the number of small lesions, we divided
group C into 3 subgroups (C1, C2, and C3). In groups C2
and C3, LAA was observed at a high frequency (76.7%).
CE was also found in group C, although the frequency was
low (4 of 43 patients, 9.3%). Several previous studies sug-
gested that multiple small lesions may be caused by CE as
well as LAA and that it is difficult to discriminate between
LAA and CE from the number oflesions [17, 24-26]. How-
ever, Kang et al. [8] assessed lesion patterns on DW1in the
patients with ICA occlusive diseases and without cardiac
sources of embolism, and demonstrated that multiple
ischemic lesions were found in 29 (82.9%) of the 35 pa-
tients. Another study showed that the majority of patients
with ICA diseases had multiple DWT lesions and 4 pa-
tients with atrial fibrillation also had small cortical lesions
ipsilateral to a high-grade carotid stenosis under well-
controlled anticoagulant treatment [27]. It was also re-
ported that the presence of a unilateral pearls sign, which
was defined as 3 or more bright lesions 20 mm or less in
diameter on DWT, could predict large vessel disease [28].
In the current study, we focused on the patients with ICA
occlusive diseases. This might make it easier to disclose
the etiology from the number of small DWT lesions.

In this study, 42 patients were classified into subtype
U. Moderate-to-massive infarctions (groups A and B)
were found in 34 patients and 31 of them (91.2%) had car-
diac embolic sources. Also, infarctions in 15 patients with
cardiac causes and terminal ICA occlusion, lesions in
vascular territories other than the ICA, or significant re-
canalization may have been caused by CE despite the co-
existence of 2 or more causes of stroke. Surprisingly, 14 of
15 patients (93.3%) had moderate-to-massive infarctions
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