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Abstract

Introduction:

Neovascularization is an important component ofaaded atherosclerosis which leads to plaque

vulnerability and rupture. This is an endarteregtostudy where neovascularization is quantified h &vanced
atherosclerotic plaques by using IHC stain and oméag the positivity by histomorphometry, simultansly assessing
lipid pool area and fibrous cap thickness (aver@ge® minimum), also by histomorphometry. The valwese compared
across different AHA types and also probable vdhér plaques were identifieMaterials & Methods: Three heart
specimens obtained at autopsy from subjects who dieRTA showed evidence of coronary artery diseaseost-
mortem coronary angiogram. Coronary endarterectewasy done from these specimens and was made iste tidocks
for histological study. On H& E sections the plasjweere classified by AHA typing and 50 advancedemtbclerotic
plagues were chosen for this study. To assess sewaaization, the IHC stain CD34 was used andptireentage area
of positivity was later measured using histomorpbtign The lipid pool area in the plaques and theofis cap thickness
were also measured using histomorphomeRRegsults: In our study, 47 out of 50 advanced lesions showed
neovascularization although the difference in thainounts between AHA Type IV and V was not staiidly
significant. On measuring lipid pool area and filwocap thickness, we found 4 of the 50 plaquesetqiobable
vulnerable plagues as they had a combination afrgellipid pool (>40% of the plaque area) and a ftiirous cap
(<65u) in addition to revascularizatio@onclusion: This study showed that neovascularization was seemost of the
advanced atherosclerotic plaques and togethersaitie other features like large lipid pool and tlitimous cap, it can
potentially make a plaque vulnerable to rupturee Tihderstanding of role of neovascularization egpk rupture has
led to the trial of antiangiogenic therapy to prevglaque progression.
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Introduction

Atherosclerosis is a disease of large and medizedsi
muscular arteries and is characterized by endatheli
dysfunction, vascular inflammation, and the builcahfp
lipids, cholesterol, calcium, and cellular debrighin

the intima of the vessel wall. These build-up resin
plague formation, vascular remodeling, acute and
chronic luminal obstruction, abnormalities of blood
flow and diminished oxygen supply to target orggdis

More than 90% of all coronary artery diseases, the
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Leading cause of death all over the world, are eduxy
atherosclerosis. In atherosclerosis, the formatiomew
vessels around the arterial wall can be seen esfareb

the development of endothelial dysfunction and péaq
formation. The newly formed vessels are leaky and
fragile and for this reason may lead to the extsatian

of RBCs and even true intraplaque hemorrhage. Given
the rich cholesterol content of RBCs, this may
contribute to the lipid loading of the atherosctaro
plaque, its progression in volume, and vulnerahilit
Plague neovascularization seems to characterize not
only the vulnerable plaque but also the vulnerable
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patient. Angiogenesis is an associate of athenmsite
through its various stages [2].Most of the studies
atherosclerosis are either autopsy studies or estuain
experimental animals as it is difficult to obtain
atherosclerotic tissue from live patients. Thisistudy

on endarterectomy specimens obtained at autopay fro
subjects who died of road traffic accidents who had
evidence of coronary artery disease on post-mortem
coronary angiogram. This study is aimed at quaintify
neovascularization in advanced atheroscleroticygaq
by staining with the immunostain CD34 and later
measuring the percentage area of positivity using
histomorphometry. Together with neovascularization,
other parameters like lipid pool area and fibroap c
thickness which are also factors that make a plaque
vulnerable to rupture, are also measured in adwhnce
atherosclerotic lesions in this study and are caoetga
between different AHA types.

Materials & Methods

Three heart specimens were collected from autopsies
done for cases of accidental deaths. The heart
specimens were perfusion-fixed and post mortem
coronary angiogram [3] was performed in all three
specimens. Post mortem clots were flushed out by
infusing saline at 38°C. The arteries were theriused

with an Iso-opaque dye. The findings were recoraied
X-ray angiograms in both anterior and lateral views
The four main coronary arteries were dissectedcinta
from the specimen. The coronary arteries were then
divided into 5 mm transverse slices throughout the
entire length. Each slice was further fixed in faiim

and was embedded in paraffin wax blocks.

Then each section was examined using H & E stain fo
the presence of plaque and the number of plaques in
each vessel was noted. Then the plaques werefigddssi
according to the American Heart Association (AHA)
classification and early lesions (AHA Type |, licaHl)

[4] were separated from the advanced lesions (AHA
Type IV and above) [5]. 50 advanced atherosclerotic
plagues based on the morphology on H &E sections
(Fig. 1) were chosen for this study and were sthine
with the immunostain CD34 to highlight the
neovascularization in the plaqu&ach batch of the
immunohistochemical staining of the test samplesewe
done with appropriate positive and negative costtol
ensure the test results were valid and accurassu@i
sections from a case of Dermatofibrosarcoma
protruberans was used as the positive control (Bjig.
for the CD34 stain. Then, the percentage-area 34CD
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positivity in the plaques was measured using
histomorphometry. The percentage-area of lipid pool
and the thickness of fibrous cap (average and nuimim
thickness) were also measured using histomorphgmetr
on H&E sections.

Fig 1: Scanner view of vessel with AHA Type IV
plague with outward remodeling H & E stain, x 200

Fig. 2:High power view of CD34 immunostain in a
sindle-cell neoplasm (Positive control) x 400

Results

On post-mortem, coronary angiogram, all 3 specimens
showed evidence of triple vessel disease. On
histomorphological classification as per the Amanic
Heart Association typing, the plagues ranged from
AHA types Il to V. Among these, 50 plaques of AHA
Type IV and V (advanced lesions) were chosen and
were stained with CD34, the immunohistochemical
stain for endothelial cells to study the angiogenes
within the plague. CD34 staining for neovasculditza
identified plaque angiogenesis in 47 out of 50 p&x
(Fig. 3 & 4). Quantification of neovascularizatidny
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measuring percentage area of CD34 staining by significant difference between AHA Type IV and AHA
histomorphometry did not have any statistically Type V lesions (Table 1).
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Fig 3: Low power view of CD34 immunostain in Fig. 4: High power view of CD 34 stain in the plaque shayvin
the plague showing neovascularization x 100 cytoplasmic positivity in thadothelial cells x 400

Plaques with a large lipid pool (>40%), [6] togetlvdth a thin fibrous cap and some other predigmpdactors like
neovascularization and inflammation were separftad all three specimens as they form potentiahgetdble plaques.
It was observed that 7 out of 50 plaques had l&ipjg pools of which 4 were AHA type V and were AHApe IV
plaques. Similarly, the thickness of fibrous capswaeasured using histomorphometry and the avenmagienaimum
thickness was noted for all plaques. Plaques withirafibrous cap (<6/) [7] were separated out from both AHA type
IV and type V lesions. It was noted that the défere in average thickness and minimum thicknessigmiAdlA type IV
and type V lesions was not statistically significGhable 1). It was observed that 6 out of 50 pésjbad a thin fibrous
cap of which 4 were Type IV and 2 were type V AHSibns.

Table 1: The results of all comparative statisticatests using Epinfo6.04d for Dos (Tests done formia 0.5, power-
80%, 2-sided test)

Comparisons ‘" statistic value p-value
AHA Type Vs CD34 % Area 1.23 0.22
AHA Type Vs Lipid Pool % Area 1.74 0.08
AHA Type Vs Fibrous Cap Thickness (Average) 0.38 7 0.
AHA Type Vs Fibrous Cap Thickness (Minimum) 1 0.3

Plaques with a combination of both large lipid pewoid a thin fibrous cap were then separated ouheys might
constitute a vulnerable plaque together with offagtors like inflammation, lumen stenosis etc. r study it was
observed that there were 4 out of 50 plaques théitshcombination of large lipid pool and thin fibsocap of which 2
were of AHA type IV and 2 were of AHA type V. Theglaques were considered as probable vulnerabipipta

Discussion to be considered. Increased oxidative stress in the
Ectopic neovascularizationin the intima and media i arterial  wall may stimulate vasa vasorum
hallmark of advanced atherosclerotic lesions [8}e6 neovascularization [9]. Inflammation may be another
the early onset of vasa vasorum neovascularization important factor, and there may even be a mutual
atherogenesis, factors other than hypoxia, clagica interaction between vascular inflammation and
thought to be the main stimulus for angiogenesisgh neovascularization. As the atherosclerotic lesion

increases in volume, hypoxia may become a more

International Journal of Medical Research and Review Available online at: www.ijmrr.in 166 | P a g e



February, 2016/ Vol 4/Issue 2

ISSN- 2321-127X

prominent stimulus for neovessel formation. At that
point, further growth of the atherosclerotic plasjueay
actually depend on angiogenesis, reminiscent of a
cancerous lesion.  Moreover, vasa vasorum
neovascularization evolves mainly in the area tifnal
thickening, indicating cross-talk between the irtiand
the adventitia. Indeed, this neovascularizationcess
creates a potential entry port for inflammatory and
proliferative factors, red blood cells (RBCs), and
inflammatory cells from the circulation to the
adventitia.

In this process, the media and subintimal spacerbec
sandwiched between two highly vascular layers and
directly exposed to an extensive endothelial serfac
area on either side. As the atherosclerotic plaque
develops, neovessels sprout from the adventitishva
vasorum through the media into the intima lesionlyO

a small fraction of the intima vessels can be tiduack

to the main lumen. The plaque areas that are
particularly rich in neovessels include the shoulde
region and the base.

The majority of microvessels arise from the adveiti
vasa vasorum and rarely from the luminal surfacthef
parent artery [10]. Moreno PR et al demonstrated th
microvessel density is greatest in lesions with kedr
macrophage infiltration of the fibrous cap. They
correlated presence of angiogenesis at the baseeof
plague independently with plaque rupture undersgori
the potential for a direct contributory role of
neovascularization in this process [6]These
pathological microvessels are prone to rupture and
intraplaque hemorrhage has shown to accelerataiglaq
formation [11]. As an additional factor, releasefiafe
hemoglobin can stimulate oxidative stress and
inflammation in the

atherosclerotic plaque. The newly formed vesselg ma
contribute to these unfavorable plaque dynamiahéur

by serving as conduits for inflammatory cells and
soluble factors [12]. Moreover, proteolytic enzyme
activity during the neovascularization process may
weaken plaque structures, contributing to plaque
vulnerability, especially in the shoulder regioisws,

the microvasculature of the plaque may contribate t
the progression and complication of atherosclerotic
disease and may therefore be of therapeutic irteres

A vulnerable plaque is one which is susceptible to
producing complications in a vulnerable patient][¥8
vulnerable plaque is defined based on some criteria
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such as active inflammation with macrophages or T
cells, thin fibrous cap (<gf with a large lipid core
(>40% of the plaque volume), stenosis > 90% etcA6]
thin cap fibroatheroma is more prone to rupture as
against a stable fibroatheroma as confirmed byiestud
by RenuVirmani et al. [7]JPlaque rupture is the most
common type of plague complication accounting for
about 70% of fatal acute myocardial infarctions/and
sudden coronary deaths.

In our study, it was observed that 94% of the adedn
atherosclerotic plagues showed intimal
neovascularization, though of varying degrees. &her
was no statistically significant difference betwetbe
amount of neovascularization in plaques belongmg t
AHA Types IV and V. Lipid pool content and fibrous
cap thickness (average and minimum) compared
between AHA type IV and Type V lesions did not show
a statistically significant difference. We also ntléed

4 probable vulnerable plaques among the 50 advanced
lesions examined as they had both large lipid jpoea
and a thin fibrous cap in addition to neovascuédrim.

Conclusion

Thus, intimal neovascularization was observed irstmo
of the advanced lesions of atherosclerosis. Thaene
difference in the amount of neovascularization leetv
AHA type IV and type V. This study has its limitaris
because of the small sample size and methods such a
morphometry for measuring percentage area as jt onl
measures a portion of the plaque and not the entire
plague. However, it provides some useful dataén th

form of inter-plaque comparison and inter-AHA type
comparison of features such as neovascularizdimd,

pool area and fibrous cap thickness which are itapor
factors that influence the vulnerability of a plaqto
rupture. The understanding of neovascularizatiod an
its role in plaque hemorrhage and rupture hasdeddl

of antiangiogenic therapy [10] to prevent plaque
progression.
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