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Abstract
Background—Although stroke from large vessel athero-thromboembolism has a common
pathogenesis, its topographic presentation is variable. Given the impact of cerebral infarct size and
location on incident stroke magnitude and subsequent prognosis, we evaluated the determinants of
cerebral infarct topography among patients with atherosclerotic stroke.

Methods—We analyzed data on 148 consecutive patients admitted over a 4-year period to a
university medical center with acute ischemic stroke within the MCA distribution on DWI, presumed
due to atherosclerosis. Based on the DWI data, we divided the patients into three stroke phenotypes:
large cortical, small (< 1 cm in diameter) cortical, and deep pattern. Independent factors for each
stroke phenotype were evaluated using logistic regression.

Results—After adjusting for covariates, premorbid statin use (OR, 3.05; 95 % CI, 1.40–6.65) and
older age (OR, 1.05 per 1 year increase; 95 % CI, 1.02–1.08) were independently associated with
the small cortical phenotypic pattern. In contrast, younger age (OR, 0.95 per 1 year increase; 95 %
CI, 0.92–0.98), premorbid statin non-use (OR, 0.40; 95 % CI, 0.17–0.99), and higher levels of fasting
s-glucose (OR, 1.01 per 1 mg/dl increase; 95 % CI, 1.00–1.02) and admission peripheral WBC counts
(OR, 1.13 per 1 × 109 cells/L; 95 % CI, 1.00–1.27) were independently associated with the large
cortical pattern. There was no relation between DWI patterns and LDL-cholesterol levels.

Conclusions—Age, premorbid statin use, s-glucose and WBC count predict atherosclerotic stroke
phenotype. Further studies should examine whether modifying some of these factors may result in
more favorable phenotypic patterns.
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Introduction
Given the limited options for acute stroke therapies and modest effects of current prevention
strategies [29], there is a need to explore other avenues to reduce the devastating consequences
of stroke. Specifically, efforts geared at identifying modifiable factors that may influence the
phenotypic presentation of stroke could lead to strategies that mitigate stroke extent and
improve clinical outcomes. For instance, it has been observed that although strokes of large
vessel atherosclerotic origin have a common pathogenesis, their phenotypic expression can be
quite varied. DWI studies reported variable lesion patterns in stroke patients with large artery
atherosclerosis (LAA), even among patients with atherosclerosis in the same vascular system
(extracranial [37] or intracranial [27]). However, there is a paucity of data regarding the
frequencies, clinical determinants, and outcomes of topographic subtypes of ischemic strokes
of LAA origin.

The objective of this study was to investigate the frequencies, clinical determinants, and
outcomes of cerebral infarct topographic subtypes among patients with MCA infarction due
to LAA.

Methods
Patient selection

We analyzed demographic, clinical, laboratory, and radiographic data collected prospectively
on consecutive patients admitted for acute cerebral infarction to UCLA Stroke Center from
December 2002 through December 2006. Inclusion criteria for this study were: (a) presentation
within 5 days of symptom onset, (b) acute ischemic lesions within the MCA distribution on
DWI, and (c) work-up disclosed modified TOAST algorithm diagnosis of LAA as the likely
stroke mechanism [22]. Exclusion criteria were: (a) initial DWI performed only after active
recanalization (fibrinolytic or mechanical) therapy administered (with some lesions potentially
due to treatment complications rather than natural expression of stroke mechanism), (b)
modified TOAST algorithm competing diagnosis of cardioembolic, small vessel, or other
causes (such as arterial dissection, hypercoaguable state, vasculitis, and complicated migraine)
[22].

Work-up
All patients underwent MRI (1.5 T Siemens Medical Systems, NJ). The MRI protocol also
included DWI, gradient-recalled echo, fluid-attenuated inversion recovery, and T2*-perfusion-
weighted imaging, and magnetic resonance angiography (MRA) imaging of the cervical and
intracranial vessels, using MRI methods previously described [22]. Select patients also
underwent additional vascular imaging including digital subtraction angiography at the
attending physician’s discretion.

All the patients underwent routine blood tests, electrocardiography, cardiac telemetry for at
least 24 hours, and echocardiography. Transesophageal echocardiography was performed in
patients with infarcts unexplained after initial diagnostic evaluation. Aortic plaques on
transesophageal echocardiogram were classified as moderate to severe if they were ≥4 mm in
thickness, ulcerative, or contained mobile elements (most often thrombi) [1,6]. Only plaques
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of the ascending and transverse aorta were considered to have the risk of brain embolus.
Hemostatic markers of arterial prothrombotic tendency, including antiphospholipid antibodies
(anticardiolipin antibody, dilute Russell Viper venom time, β2-glycoprotein-1 antibody), were
measured in patients younger than 50 years-old or with stroke cause undefined after initial
work-up. Hemostatic markers of venous prothrombotic tendency, including functional activity
of protein C and protein S, factor V Leiden, prothrombin gene mutation, antithrombin-III
functional activity, and factor VIII activity, were measured in patients with right-to-left shunts
who were less than 50 years-old or had stroke cause undefined after initial work-up. Stroke
mechanism categories were classified by the use of modified TOAST classification [22].

Conventional and non-conventional risk factors for atherosclerosis
Patients were evaluated according to the protocols that included demographic data, medical
history, vascular risk factors, and the NIH Stroke Scale (NIHSS) score [34]. Type and dose of
statin were recorded at the time of admission, and doses of statin were converted to an
atorvastatin equivalent on the basis of estimates of their LDL-lowering potency [19]; as high-
dose patients, who were taking ≥ 10 mg atorvastatin-equivalent dose, and low-dose patients,
who were taking < 10 mg atorvastatin-equivalent dose.

All patients had fasting lipid panels drawn the day after hospital admission. In selected patients,
C-reactive protein (CRP) levels at the time of admission (N = 94) and fasting homocysteine
levels (N = 123) were evaluated, because levels of CRP and homocysteine have been associated
with LAA [11,13,38]. To define the metabolic syndrome, we used the Adult Treatment Panel
III guidelines [3] with some modification; we used body mass index (≥ 30 kg/m2) rather than
waist circumference as the index of obesity, as used in the World Health Organization
metabolic syndrome definition [5].

Subtypes of large vessel atherosclerotic stroke
Based on vessel imaging studies, we divided patients with LAA stroke within the MCA territory
into three atherosclerosis lesion location groups according to previously published methods,
namely those with (a) occlusive lesions (> 50 % stenosis or occlusion) of the extracranial
portion of ICA [2], (b) those with occlusive lesions on the intracranial ICA or the proximal
portion of the MCA (M1) [31], or (c) moderate-to-severe atherosclerotic changes on the
ascending or transverse aorta [1,6]. Patients with tandem stenoses in lesion-supplying
extracranial and intracranial anterior circulation arteries were placed in the extracranial internal
carotid disease category in group analyses. Patients with stenoses on the M2 segment were
classified as intracranial atherosclerosis when there was coexistence of stenoses of non-relevant
large intracranial vessels (intracranial portion of ICA or vertebral artery, basilar artery, or M1).

We divided the patients into three infarct topography pattern groups based on the observed
DWI patterns (Fig. 1):

• Large cortical/cortical-deep patterns included territorial infarcts involving two or
three MCA subdivisions (superior, inferior, or deep) [17], cortical infarcts involving
one subdivision (lobar type), and cortico-striatocapsular infarcts (mixed cortical-deep
type), that is large striatocapsular lesions with concomitant small DWI lesions outside
the striatocapsular area. These infarct patterns have been postulated to reflect artery
to artery emboli caused by the rupture of unstable plaque.

• Small cortical only pattern was infarcts with small single or multifocal ischemic
lesions of < 1 cm in diameter on DWI. This category includes multiple small cortical
infarcts suggesting microembolism [20] and multiple border-zone infarcts (either
superficial or deep), suggesting hypoperfusion, microembolism, or both, as
previously reported [40].
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• The deep only pattern was defined as deep infarcts restricted to the striatocapsular
area without any cortical DWI lesions.

Two readers blinded to the clinical data analyzed the DWI data; inter-observer agreement was
97.3 % for the interpretation of DWI lesion pattern (large cortical/cortical-deep vs. small
cortical only vs. deep only). A third reader’s opinion was obtained in cases of disagreement.

Statistical analysis
All potential predictors were entered into a logistic regression model with DWI pattern as the
dependent variable and the potential risk factor as independent variable. Potential factors
considered for inclusion in the model were (a) demographic and medical history variables: age,
hypertension, diabetes, current smoking, previous stroke/TIA, coronary heart disease, and
peripheral arterial disease, (b) blood work ups: fasting serum levels of glucose, lipid panels,
and peripheral WBC count, (c) the site of atherosclerotic vascular lesions, and (d) taking statin
and antithrombotic agents at the time of onset of index stroke.

Results
General characteristics

Among 915 patients admitted for acute ischemic stroke during the study period, 344 patients
were cardioembolic stroke, 241 LAA, 152 small vessel disease, 96 other cause, and 82
undetermined (including 55 patients with cryptogenic stroke). Among the 241 (26.3 %) patients
with LAA, 148 patients with acute infarcts within the MCA territory on DWI were included
in this study. Reasons for exclusion of the remainder were acute ischemic lesions outside the
MCA distribution – 79, DWI contraindicated or not done – 8, and DWI performed after active
recanalization – 6.

The average age of the 148 study patients was 68.0 years (range 30 to 101) and 53.4 % were
male. DWI was performed within 24 hours of last known well time in > 75 % of the LAA
patients. MRAs and transthoracic echocardiography were performed in all LAA patients and
transesophageal echocardiography in 52 (35 %).

Among the LAA patients, identified sites of atherosclerosis were: within the intracranial
arterial system in 65 (43.9 %), extracranial carotid artery in 63 (42.6 %), and ascending or
transverse aorta in 20 (13.5 %). Intracranial arterial system lesion sites included 13 intracranial
ICA, 4 combined intracranial ICA and M1 or M2, 33 proximal M1, 11 distal M1, and 4 M2
occlusive lesions.

Large cortical/cortical-deep pattern DWI infarct patterns were observed in 56 patients
(territorial – 22, lobar – 27, and mixed cortical-deep – 7). Small cortical only pattern were
observed in 71 patients (multiple small cortical – 37, cortical border-zone – 18, and internal
border-zone – 16), and deep infarct only pattern in 21 patients. Patients’ clinical characteristics
according to the DWI pattern are shown in Table 1. Ethnicity and site of atherosclerosis were
not different between the groups. The small cortical pattern group differed from the other
groups in exhibiting older age, higher prevalence of hypertension and dyslipidemia, lower
prevalence of the metabolic syndrome (P < 0.05 in all cases). The large cortical/cortical-deep
group differed from the other groups in exhibiting higher WBC count (P = 0.011). Other risk
factors and laboratory results were not different between the groups.

A total 50 patients were taking statins; 26 – atorvastatin (10∼80 mg), 15 – simvastatin (10∼80
mg), 10 – lovastatin (10∼80 mg), 1 – rosuvastatin (20 mg), and 1 – pravastatin (20 mg). In one
patient, information on type and dose of statin was unavailable. The prevalence of prior statin
use was higher (P = 0.006) and total and LDL-cholesterol levels were lower in patients with
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small cortical pattern than in other groups (P = 0.027 and 0.013, respectively). Among statin
users, 71 % (35 of 49 patients) were taking high-dose statins (≥ 10 mg atorvastatin-equivalent
dose). Prior use of high-dose statins was more frequently observed in patients with small
cortical pattern (32.9 %) than those with large cortical (17.9 %) or deep pattern (9.5 %).

Multivariable analysis
Table 2 shows the results of the multiple logistic regression model and the OR for each stroke
phenotype. Significant factors in the model differed for the three stroke phenotypes. Age of
patients and the premorbid use of statin were independently associated with DWI lesion pattern.
Older age and premorbid statin use were strongly related to small cortical pattern. On the
contrary, younger age and statin non-user were independently associated with large cortical/
cortical-deep pattern, and when the large cortical/cortical-deep subdivided into three types, the
premorbid statin use was lowest in patients with territorial type than those with lobar and mixed
cortical type (Fig. 1 and Supplementary Table 1). In addition, elevated levels of fasting glucose
and WBC on admission were independently associated with large cortical/cortical-deep
pattern. Conversely, lower WBC counts were strongly related to the deep pattern (P = 0.15),
and there were trends that patients with deep only pattern had intracranial atherosclerosis (vs.
carotid bifurcation or aortic atheroma), and less likely to have hypertension (P = 0.096 and
0.091, respectively).

Risk factor and metabolic profile depending on statin use
Patients with statins more frequently had a history of conventional atherosclerotic risk factors
and of previous atherosclerotic events affecting brain or heart. However, no significant
differences in laboratory findings at admission were found between premorbid statin users and
non-users, including the distribution of CRP levels and metabolic syndrome abnormalities
(Supplementary Table 2).

Total and LDL-cholesterol levels were significantly lower in statin users than in non-users
(P < 0.001). However, no significant correlation between lipoprotein levels and DWI patterns
were determined; the range of LDL-cholesterol levels was not significantly different between
the large and small cortical groups in both (a) statin non-user and (b) statin user (Fig. 2).

Discussion
In this study, we found that several factors were independently associated with distinct stroke
phenotypes among patients whose index ischemic stroke was due to LAA. In multivariable
analysis, younger age and premorbid statin non-use were associated with large cortical pattern,
whereas older age and premorbid statin use were strong independent factor for small cortical
pattern. The association of older age with small cortical only pattern, accords with results from
another study [32], and suggests that older patients are more vulnerable to border-zone
infarctions potentially due to reduced collateral vigor. The association of statin non-use with
large, multisectorial infarctions accords with several studies that found an association between
premorbid statin use and better clinical stroke outcome [16,21,32]. However, previous studies
encompassed all major stroke etiologic subtypes including cardioembolic and lacunar stroke,
so it remains unclear whether these improved clinical outcomes with prior statin use may be
due to facilitated recanalization, collateral perfusion enhancement, or a direct neuroprotective
effect [32]. Statins have also been shown to have plaque stabilizing effects; with the occurrence
of atherosclerotic plaque regression and reverse remodeling after statin therapy [24]. Our study
indicates that statins may modify the pattern of infarct expression even within the subgroup of
patients with large artery aortocervicocerebral atherosclerosis. Since we only included patients
with LAA stroke in this study, it is conceivable that prestroke statin use may have stabilized
symptomatic plaques to a certain extent, so that individuals on statins prior to the stroke were
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predisposed to smaller emboli (resulting in small cortical patterns) rather than large
macroemboli (resulting in large cortical/cortical-deep patterns). Given the fact that statin-users
were more likely to have advanced atherosclerosis than non-user (risk factors for
atherosclerosis and previous vascular events on brain or heart were more frequently observed
in statin users), it is interesting that non-disabling pattern was more prevalent in the former
than the latter. Reflecting the fact that patients with deep pattern had lower prevalence of history
of dyslipidemia and coronary arterial disease, statin use was low in these patients compared to
other groups.

To further explore the potential mechanism behind the effect of statin use and LAA phenotype,
we evaluated the difference in vascular risk factor and metabolic profiles between statin users
and non-users, since among patients with coronary heart disease, it has been shown that those
with severe metabolic and inflammatory abnormalities obtained greater incremental benefit
with higher doses of statins [14]. However, the distributions of metabolic abnormalities and
CRP levels were not different between statin users and non-users in our study. In addition, the
presence of diffusion-perfusion mismatch was evaluated in 89 patients, but it was not different
between statin user and non-user (data not shown). Nonetheless, given the limited number of
patients checked CRP levels and lack of plaque image, it will be important to consider the
impact of statin on the plaque and infarct images in future clinical investigations. It was recently
reported that regression of atherosclerotic plaques is strongly associated with LDL-cholesterol
reduction [24]. Interestingly, in the present study, although statin user had lower serum LDL
levels compared to non-user, no significant correlation was observed between LDL-cholesterol
levels and DWI topographic patterns. Statin has cholesterol-independent plaque stabilizing
effect as well as LDL-lowering effects [23]. Statin has been shown to inhibit production of
matrix metal-loproteinase (MMP) that promotes plaque instability, independent of lipoprotein
changes [35]; the inhibitory effect of statin was reversed by the addition of mevalonate (a
precursor of isoprenoids), providing non-lipid mechanism-directed antiatherosclerotic
potential [10]. Our findings, therefore, support previous reports of cholesterol-independent
plaque stabilizing effects in preclinical studies [23], and the use of statin regardless of LDL-
cholesterol levels in patients with advanced large vessel artherosclerosis [30].

Our study also found that the probability of having large cortical infarcts increased, whereas
the probability of having no cortical infarct (deep only pattern) decreased, with the increase of
WBC counts on admission. Several mechanisms could contribute to the association between
WBC count and stroke pattern. Leukocytosis has been associated with subclinical
atherosclerosis and plaque instability [15,25]. Greater plaque instability may generate larger
artery-to-artery emboli, producing large infarcts, superficial or deep, rather than small cortical
infarcts [36]. Conversely, although blood sampling was performed within several hours after
onset in most of our cases, it is possible that WBC counts increased after onset of stroke as a
result of inflammatory process triggered by the presence of large ischemic lesions [9]. A brain
SPECT study using 99mTc-hexamethylpropyle-neamine oxime (HMPAO)-labeled leukocyte
revealed that accumulation of leukocyte correlated with the severity of the brain tissue damage
[4].

We found an association of elevated glucose levels with large multisectorial MCA infarcts.
Hyperglycemia has previously been reported to predict increased stroke mortality
independently of age, stroke type, and severity [39]. MR perfusion and spectroscopy studies
have also shown that acute hyperglycemia increased brain lactate production and facilitates
conversion of hypoperfused at-risk tissue into infarction [28].

We investigated DWI lesion patterns in aortocervicocephalic atherosclerotic stroke because
several studies have suggested that infarct patterns are better delineated by DWI than other
imaging modalities, correlate with the underlying stroke pathogenic mechanism [7], and are
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associated with stroke outcome [8]. In addition, infarct pattern on DWI may differ depending
on the characteristics (type and nature) of clots [12,26]. A clinicopathologic analysis of autopsy
cases with atheromatous embolism showed that cholesterol crystal emboli lodged in the
terminal leptomeningeal arteries, compatible with border-zone infarcts [26]. On the other hand,
larger arteries were occluded by atheromatous emboli composed of thromboemboli containing
fibrin and platelets as well as cholesterol crystals, which caused arterial territorial infarcts
[26]. Patients with non-bacterial thrombotic endocarditis were found to uniformly demonstrate
multiple, widely distributed, small and large strokes on DWI, consistent with source
vegetations that fragment more easily and cause more widespread infarcts because they lack
inflammatory reaction and have little cellular organization [33]. In the present study, we did
not use DWI volumetric analysis. The role of DWI volumetric analysis in clinical practice is
being challenged [18], and decision-making based on DWI lesion patterns has many
advantages, particularly in the acute phase of ischemic stroke, in that it is a simpler and less
time-consuming procedure than volumetric analysis.

Strengths of our study included the consecutive, prospective recruitment of a well-phenotyped
group of patients. All subjects underwent comprehensive work-ups, including vascular,
laboratory and cardiologic studies. However, the results of this study should be interpreted
with caution because of the limited sample size and retrospective nature. Larger, multicenter
studies will be required to prove or disprove our results. Our study demonstrates that LAA
infarcts are a complex entity, not a unitary stroke subtype. LAA patients differ in predisposing
risk factors, infarct patterns, and plaque location. Determinants of infarct pattern subtypes may
also exist in cardioembolic (such as platelet activation in patients with atrial fibrillation) and
small vessel disease strokes and merit further study. Given the diversity of stroke phenotypes
and various determinant factors even within the same stroke subtype, not only occurrence of
stroke but also the stroke phenotype should be considered as a measurable endpoint in future
clinical trials. Statin therapy appears not only to avert the development of atherosclerosis, but
also to favorably modify the infarct expression of established large artery disease, promoting
small distal rather than large proximal or distal infarcts.

Abbreviations
MCA, middle cerebral artery; ICA, internal carotid artery; DWI, diffusion-weighted imaging;
WBC, white blood cell; LDL, low-density lipoprotein; HDL, high-density lipoprotein.
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Fig. 1.
DWI lesion patterns
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Fig. 2.
Correlation between LDL-cholesterol levels and DWI topographic patterns, in (a) statin non-
user and (b) statin user
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Table 1
Demographic and clinical characteristics of 148 patients

Large cortical/cortical-
deep

(N = 56)

Small cortical only
(N = 71)

Deep only
(N = 21)

Ethnicity

  Caucasian 37 (66.1 %) 45 (63.7 %) 14 (66.7 %)

  African-American 7 (12.5 %) 9 (12.7 %) 3 (14.3 %)

  Asian-American 5 (8.9 %) 12 (16.9 %) 3 (14.3 %)

  Hispanics 7 (12.5 %) 5 (7.0 %) 1 (4.8 %)

Site of atherosclerosis

  Ascending/transverse aorta 7 (12.5 %) 12 (16.9 %) 1 (4.8 %)

  Carotid bifurcation 27 (48.2 %) 30 (42.3 %) 6 (28.6 %)

  Intracranial 22 (39.3 %) 29 (40.8 %) 14 (66.7 %)

Vascular risk factors

  Age 63.3 ± 14.3 72.2 ± 11.51 66.4 ± 16.2

  Hypertension 37 (66.1 %) 58 (81.7 %)2 11 (52.4 %)

  Diabetes 12 (21.4 %) 17 (23.9 %) 5 (23.8 %)

  Dyslipidemia 19 (35.2 %) 40 (56.3 %)2 6 (28.6 %)

  Cigarette smoking 13 (23.2 %) 11 (15.5 %) 5 (23.8 %)

  Metabolic syndrome 16 (51.6 %) 11 (25.0 %)1 7 (50.0 %)

  Previous stroke/TIA 12 (21.4 %) 25 (35.2 %) 6 (28.6 %)

  Coronary heart disease 12 (21.4 %) 17 (23.9 %) 2 (9.5 %)

  Peripheral arterial disease 4 (7.4 %) 1 (1.4 %) 1 (5.0 %)

Laboratory results

  Glucose 136.8 ± 52.5 123.1 ± 42.8 132.8 ± 93.0

  Total cholesterol 182.2 ± 49.7 164.0 ± 39.81 189.9 ± 54.4

  Triglyceride 135.9 ± 88.3 129.7 ± 84.4 136.4 ± 85.8

  HDL-cholesterol 47.1 ± 24.0 45.5 ± 12.3 47.1 ± 12.7

  LDL-cholesterol 110.9 ± 39.9 93.8 ± 33.32 116.7 ± 44.2

  WBC, 109 cells/L 9.6 ± 2.8 9.0 ± 3.5 7.2 ± 2.73

  C-reactive protein

    Q1–2 (< 0.6 mg/dl) 13 (39.4 %) 24 (55.8 %) 9 (50.0 %)

    Q3 (0.6–1.84 mg/dl) 7 (21.2 %) 11 (25.6 %) 5 (27.8 %)

    Q4 (> 1.84 mg/dl) 13 (39.4 %) 8 (18.6 %) 4 (22.2 %)

  Homocysteine, µM/L 8.4 ± 3.6 9.6 ± 3.6 8.4 ± 2.8

NIH stroke score on admission 14.5 ± 8.44 4.5 ± 5.7 6.0 ± 4.1

Medications prior to onset

  Statin use

    Non-user 43 (76.8 %) 38 (54.5 %)2 16 (81.0 %)

    Low-dose user 3 (5.4 %) 9 (12.9 %) 2 (9.5 %)

    High-dose user 10 (17.9 %) 23 (32.9 %)2 2 (9.5 %)

  Antithrombotic medication

    Antiplatelet agents 16 (28.6 %) 29 (40.8 %) 5 (23.8 %)

J Neurol. Author manuscript; available in PMC 2009 September 17.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Bang et al. Page 13

Large cortical/cortical-
deep

(N = 56)

Small cortical only
(N = 71)

Deep only
(N = 21)

    Anticoagulants 1 (1.8 %) 4 (5.6 %) 2 (9.5 %)

1
Small cortical only pattern vs. large cortical/cortical-deep pattern, P < 0.05

2
Small cortical only pattern vs. other patterns, P < 0.05

3
Deep only pattern vs. other patterns, P < 0.05

4
Large cortical/cortical-deep pattern vs. other patterns, P < 0.001
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