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Abstract
Introduction—There has been limited attention to pathological features of basilar artery
atherosclerosis. It has been assumed that pathology of basilar artery atherosclerosis mimics that of
other vascular beds.

Methods—To define the nature of the basilar artery atherosclerotic lesions we analyzed
postmortem intracranial artery samples from eight subjects with history of stroke.

Results—Atherosclerotic lesions were present in 7/8 arteries examined, with a mean estimated
stenosis of 34%. Lumen thrombus with a disrupted fibrous cap was seen in 1 lesion; the remaining
6 lesions revealed a thick fibrous cap. Neovascularity and calcification were seen in 1 lesion and
mild to moderate inflammation was seen in 3 lesions. Necrotic core was present in 4/7 lesions, and
was associated with plaque rupture in the only disrupted lesion.

Conclusions—Basilar artery atherosclerotic lesions were relatively benign in this series of
patients presenting with stroke. While confirmation is needed with larger sample size, the relative
paucity of neovascularity suggests a possibly distinctive histopathological profile.
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Introduction
The presence of intracranial atherosclerosis and its complications play an important role in
ischemic stroke [1-4]. In a study of consecutive autopsies of stroke patients with brain
infarction, intracranial plaques and stenoses were observed in 62% and 43% of patients
respectively [5]. A higher prevalence of atherosclerotic pathology of the vertebral-basilar
system, especially the proximal/lower basilar artery has been reported [6-8]. However, the
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exact nature of the culprit lesion in basilar atherosclerosis has attracted little attention. It is
largely assumed that characteristics of basilar atherosclerotic lesions mimic those seen in
atherosclerosis of the extra-cranial vasculature. However, there is little evidence to support
this contention. The purpose of this study is to begin to define the nature of atherosclerotic
lesions of the basilar system. Better understanding of elements of basilar atherosclerosis may
have important consequences for identifying optimal therapy.

Methods
Intracranial arteries were removed at autopsy from subjects randomly chosen with clinical
symptoms of acute stroke (confirmed by CT), in a study approved by the Ethics Committee
of Debrecen University, Hungary. Within 24 hours from time of death, intracranial vessels
were removed, frozen, and stored at -80ºC. Vessels were shipped frozen for pathological
analysis to the University of California, Irvine (UCI), where they were cut into three pieces.
Arterial segments were further processed by dehydration in a series of graded ethanol
solutions prior to paraffin embedding. The blocks were cut in serial 5um thick sections and
mounted on slides. All gross lesions were studied, with approximately nine stained sections
per lesion.

For oil red staining, 7 micron thick sections were cut from specimens embedded in OCT.
Sections were stained in 0.3% Oil Red O solution (Nilechemicals) in 60% propylene glycol
solution for 10 minutes. The sections were then rinsed in 60% propylene glycol solution for
30 seconds. Cellular nuclei were counterstained in Gill's hematoxylin solution for 3 minutes.
The sections were then washed in distilled water and mounted in aqueous medium.

For additional histopathological study, specimens were thawed, formalin-fixed, and
embedded in paraffin, followed by cutting serial 5-micron thick sections and mounting on
vectabond (Vector SP-1800)-pretreated slides. Deparaffinzation was performed by heating
sections for 25 minutes at 56°C. The tissue was then dehydrated twice in xylene bath and a
graded series of ethanol. Tissue sections were stained with hematoxylin & eosin, and
Masson's trichrome stain.

For immunohistochemistry (IHC), deparaffinized sections were treated with 3% H2O2 in
PBS to block endogenous peroxidase for 5 minutes at room temperature. Nonspecific
background staining was blocked by incubation in 3% BSA for 1 hour with 0.3% Triton
X-100 (TX) at room temperature. Smooth muscle cells were stained with anti-smooth
muscle actin antibody (0.25ug/ml, R&D, MAB1420). Sections were incubated with the
primary antibodies overnight at 4°C, rinsed 3 times with PBS with 0.1% TX and incubated
with biotinylated secondary antibody followed by ABC kit reagent (Vector, Burlingame,
CA) for 1 hour each at room temperature. Finally, after washing three times with PBS, the
sections were incubated for approximately 2-5 min with diamino-benzidine (DAB) (Vector).
Sections were further processed by dehydration in a series of graded ethanol, cleared with
xylene, and then coverslipped with DPX (BHD, Biomedical Specialties, CA). H&E, Masson
and immunostaining were observed under a Zeiss Axiovert-200 inverted microscope (Carl
Zeiss,Thornwood, NY, USA) and images acquired with a Zeiss Axiocam high-resolution
digital color camera (1300 × 1030 pixel) using Axiovision 3.1 software (Carl Zeiss).
Histological specimens were analyzed on the basis of the classification scheme of the
American Heart Association, as previously described [9-11].

Results
Postmortem intracranial artery samples were collected from 8 patients, with a distribution of
3 females and 5 males aged 71-93 years old (median 82.5, mean 82). Four patients had right
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middle cerebral artery (RMCA) stroke distribution. Five patients had left middle cerebral
artery stroke distribution (LMCA). One of the patients had infarction of left cerebellum.

Atherosclerotic lesions were present in 7/8 arteries examined. Stenosis ranged from 10-90%
with mean estimated stenosis of 34%. Only one lesion had a thin fibrous cap associated with
plaque rupture. All remaining lesions had thick fibrous caps. Neovascularity and
calcification were seen in 1/7 arteries examined. Inflammation was found in 3/7 lesions, and
when present was only mild or moderate. Necrotic core was present in 4/7 lesions, but was
associated with plaque rupture and thin fibrous cap in only one lesion. Overall, lumen
thrombus was present in 1/7 lesions, with a corresponding plaque rupture. Erosion was not
observed in any sample. Figures 1 and 2 illustrate histological appearance of the
characteristics of atherosclerotic lesions from two patients. Plaque characteristics of all 8
patients are tabulated (Table 1)

Discussion
In this series, basilar artery atherosclerotic lesions had rare neovascularity, infrequent
inflammation, and rare ulceration and rupture. This suggests a relatively benign
histopathological profile for these lesions. The only plaque associated with lumen thrombus
had a thin, ruptured fibrous cap (Figure 1). This is consistent with plaque rupture seen in
coronary artery disease, in which plaque rupture is associated with an inflamed fibrous cap
overlying a large plaque and necrotic core volume [12]. Undisrupted coronary lesions with
similar pathology are considered vulnerable to rupture; the characteristics of the basilar
artery plaque in patient 6 was considered vulnerable, given the presence of a large necrotic
core and a thin fibrous cap (Figure 2). It is uncertain whether the thick fibrous-capped
plaque of patient 4, who had acute cerebellar infarct, was the culprit lesion for the acute
stroke.

Vasa vasorum abundance is commonly associated with plaque neovascularization,
erythrocyte leak, and intraplaque hemorrhage [13-19]. Red blood cell membrane is a rich
source of free cholesterol and contributes to large necrotic cores, and further perpetuates
plaque inflammation [13,18,20,21]. Intracranial arteries have been observed to have limited
or absent vasa vasorum [17], suggesting the possibility for a fundamentally distinct
pathogenesis for intracranial atherosclerotic lesions.

We encountered neovascularity only rarely in this series. The arteries that contained the
most inflammation (Patients 2 and 6) did not have associated neovascularity. Moreover, 3/4
arteries with a necrotic core did not show neovascularization. This suggests that the
pathogenesis of a necrotic core may be different in the atherosclerosis of basilar artery.
There was also lack of neovascularization in the basilar artery with the most extensive
stenosis (90%) and inflammation (patient 6). These findings provide some support that
neovascularity may have a relatively minor role in basilar artery atherosclerotic lesions.

Our study is limited by the small sample size and presence of relatively mild lesions in these
largely asymptomatic basilar artery plaques. While the basilar artery has received limited
attention, previous pathology studies of intracranial atherosclerosis have described complex
lesions [22-24]. Note, however, that in a larger series examining middle cerebral artery
stenosis, neovascularity was encountered in only 16% of plaques examined [22]. This is
consistent with what we found in our basilar artery lesions, ie, paucity of neovasculature.
Finally, our study focused on grossly visible lesions, and we cannot rule-out possible
presence of pathologic changes occurring at non-macroscopic level.

In summary, basilar atherosclerosis lesions were relatively benign in this series. The lesions
had rare neovascularity, infrequent inflammation, and rare ulceration and rupture.
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Confirmation of these results is needed in a larger pathological series. Relative paucity of
neovascularity in these lesions suggests a potentially distinctive histopathological profile for
basilar artery atherosclerosis.
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Figure 1.
Basilar artery plaque with hemorrhage (thick arrow), ruptured fibrous cap (thin arrow) and
luminal thrombus (arrowhead) (patient 5) (Original magnification: Left×100; Right×400)
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Figure 2.
Basilar artery plaque with thick fibrous cap (a,b,d,e) rich in smooth muscle (d) and fibrous
tissue (e) (thin arrows) (patient 6). The plaque has a lipid rich core demonstrated by oil red
O stain (c) and 90% lumen stenosis. Thrombus (thick arrow) is post-mortem (patient 6)
(Original magnification: a, c, d, e ×100; b×400)
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