CAROTID ARTERY DISEASE IN PATIENTS
WITH PERIPHERAL ARTERIAL DISEASE

Thesis
Submitted for partial fulfillment of
M.D. degree in General Surgery

Submitted By
Mohamed Abd EI-Monem Abd El-Salam Rizk
M.B., B. CH., M.&, General Surgery

Under the Supewision of
Prof. Dr. M. Maged Khalil El-Deeb

Professor of General & Vascular Surgery
Faculty of Medicine - Ain Shams University

Prof. Dr. Wagih Fawzy Abd El-Malek

Assistant Professor of General & Vascular Surgery
Faculty of Medicine - Ain Shams University

Prof. Dr. Sherif Essam El-Din Tawfiq

Assistant Professor of General & Vascular Surgery
Faculty of Medicine - Ain Shams University

Faculty of Medicine

Ain Shams University
Yoy






Acknowledgement

First of all, all gratitude is due fto ALLAH
almighty for blessing this work, until it has
reached its end, as part of His generous help
throughout my life.

| can hardly find the words o express
my gratitude to Professor Dr. M. Maged Khalil El-
Deeb, Professor of General and \Vascular
Surgery, Faculty of Medicine, President of Ain
Shams University, for his close supervision,
inspite  of being busy, because of his
continuous help and encouragement this work
would not be finished.

I’m also deeply indebted to Prof. Dr. Wagih
Fawzy Abd El-Malek, Assistant Professor of
General and Vascular Surgery, Faculty of
Medicine, Ain Shams University, for his kind
help,  guidance, useful  advices, valuable
suggestions, and close supervision.

N [ am also gratens o Prof. Dr. Sherif Essan

/

D —TaWNd” —A3STsIm —PToTeSsor — Of — General

and Vascular Surgery, Facully of Medicine, Ain
Shams University, for his continuous



LIST OF CONTENTS

Title Page No.
INtrOAUCTION. .....oeiieiiiiieciie ettt e eane v e e \
AIM Of the STUAY ..eveeiiieiieie e ¢

Review of Literature
®  ANATOMY cneviiiiiie ettt ettt ettt et e st e st e e s bee e sabee e abeeens °
©  ATNEIOSCLETOSIS woeeeeeeeeeeeee e e e e e e aeeeeens A

e Diagnosis Of Carotid Stenosis, Presentation And

INVESTIZALIONS ......eivieiiieeiiciecie ettt e a1

e Management Of Carotid Artery Stenosis .......c.ccceceevvervenuenne. VY
Patients And Methods.........ccoviriririiieieieeeeeeeee e AR
RESUILS. ..ot VEY
DISCUSSION. ...ttt ettt ettt ettt st sbe et et et etesbenae e VIA
Summary And ConcluSiON...........cccueevvieriieriieeieeieeie e YVY
RELETENCES. ..ottt Yva

ATADIC SUMMATY ..iieiiiieiiieciieeceeee e e e e e e



LIST OF TABLES

Tab. No. Title Page No.
Table (V): Quantitative changes of serum

lipoproteinsin  patients with diabetes

MEIIITUS ... e A
Table (Y): Major cardiovascular risk factors..........c.ccoeeveeieeniiennnnnne. \&:
Table (¥): Signs and Symptoms of ICA-Related

Ischemic EVeNts .......cccooevivirininieieieeeeeeeeee VoY
Table (%): Criteria for Duplex Diagnosis of ICA

STENOSIS -ttt ARR
Table (°): Criteria for Diagnosis of ICA Stenosis

with Contralateral Severe Stenosis or

OCCIUSION ..ttt AR
Table (7): Accuracy of Modified Duplex Diagnostic

Criteria  with  Contralateral ~ Severe

Stenosis or OcCluSION. ......coveveeriiriinieneeieeeeeeee Ve
Table (V): Comparison between both studied groups

as regard general data............cccoeeverviecienienieeieeeee e AR
Table (M): Comparison between both studied groups

as regard past medical history.........ccccceevieriiiinieniennne. Véo
Table (%): Comparison between both studied groups

as regard echo cardiogram findings. ..........cccceveevuennnnne. Ve
Table (Y +):  Comparison between both studied groups

asregard ABL. ......ccoovoiiiiiice e VEA
Table (VY): ABI frequency in both groups with a

highly significant P value using chi square

L] TP SRSRPSRSTSRRN Vou
Table (VY): Comparison between both studied groups

as regard vascular 1eSion. ........c.cceeeveerieeiiienieeiiecieeeee Yol
Table (V¥):  Comparison between both studied groups

as regard carotid lesion. ..........cccceeevveviieeiiennnnne Yot



LIST OF TABLES (cont...)

Tab. No.

Title

Page No.

Table () ¢):

Table () °):

Table (1 V):

Table (VV):

Table (Y M):

Table (Y 9):

Table (Y+):

The frequency of normal and different
carotid atherosclerotic lesions in patients
of both groups. (A) and (B) with a highly

significant P value using chi square test

Comparison between both studied groups
as regard carotid [eS10N. .........ccoeceevriecierienieeiecieie e VoA

Comparison between carotid lesion and

peripheral vascular 1€Sion ...........cccecveevieriiienieniieieenen.

The relation between the
significant carotid stenosis

presence of
and ABI in

Yo

AR

GIOUP (At ‘Y

The relation between the
significant carotid stenosis

presence of
and ABI in

IOUP (B) oo ‘Y

The relation between the
significant carotid stenosis

groups (A) and (B) ....ccocvvveiiieeiieeeeeece e

presence of
and ABI in

Comparison between carotid lesion and
other variables among all )+ + patients in

OUT SEUAY ..ottt

V\lo

Yy



LIST OF FIGURES

Fig. No. Title Page No
Figure (1): Dissection of the right side of the neck .............cccoeeunenee. 1
Figure (¥):  Dissection of the lower part of the front of the

neck and the superior mediastinum ...........c.ccceeevveenenennnne. 4
Figure (¥): The structures crossing the internal jugular

vein and carotid arteries and those intervening

between the external and internal carotid

) (1<) 8 (<1 PO PSSR AR
Figure (¢£): The abdominal aorta, inferior vena cava and

their branches in the male.............coceeiiniiiiiniinne. ‘4
Figure (°):  The branches of the abdominal aorta..............cccceeuenneen. Y.
Figure (1):  The left femoral vessels.......c.cccceeeiieiieeciiecieeieceee, Yo
Figure (V):  Structures passing beneath the left inguinal

JIGAMENE ...ttt AR
Figure (A):  The popliteal artery..........cecveeeeveevieeienieeeieseee e v
Figure (%): Dorsalis pedis artery and dorsal arteries of the

FOOL e vy
Figure () +): Transverse section through the left leg, c.7 cm

proximal to the tip of the medial malleolus.................... Yo
Figure (1 Y): Superficial dissection of the planter arteries of

1€t £OOt...eveeieeieeeeee e vv
Figure (1 Y): Frozen section of tibial artery from Egyptian

100101010101} UPRRI &
Figure (¥): (A) Cross-section of an arterial wall. (B)

Normal muscular artery. (C) Normal elastic

ATTETY c.vveeevieeeeeeteeeteeeteeseeeeteesteeesseeseeesseeseessseeseessseenseens 1
Figure () £): Representative LDH isoenzyme blot staining

for: (A) media and (B) plaque .......cccceevvevieeiienieeiiens £y
Figure (1 ®): Schematic of a hypothetical sequence in

which  lipoprotein ~ oxidation  causes

AtheroSCleroSIS. .. covieuieiiieiieeicece e o



LIST OF FIGURES (cont..)

Fig. No. Title Page No
Figure (11): Endothelial dysfunction in response to injury ................ oY
Figure (VV): Reaction to injury hypothesis. .........ccccovvvevireierienieennenne. oy
Figure (\A): Cross-section of a human artery with an

advanced atherosclerotic plaque. ........c.cccceevevverienieennnn. o1
Figure (14): Cross-section of a human left main coronary

artery demonstrating atherosclerotic arterial

ENlArEeMENTt.......cviiviiiiciiciieie e 1Y
Figure (Y+): Possible  sequence of changes in

atherosclerotic  arteries in response to

enlarging atherosclerotic plaques. ........c.cccoceevierienennnene. 1y
Figure (Y'): Major causes of hospitalization in patients

with diabetes mellitus .........ccccevveriineiiinieniicee v
Figure (YY): Role of nicotine in atherosclerosis.........c.ccoeeveveeriereeenenn \A
Figure (Y¥): Classification of atherosclerotic plaques ...................... vo
Figure (Y¢): Axial velocity profiles measured with laser

Doppler anemometry in a glass model of

carotid bifurcation under conditions of steady

FLOW e YA
Figure (Y¢): Left, Diagrammatic representation of flow

features at the carotid bifurcation. Right, Graphs

show changes in wall shear stress in course of

cardiac cycle for flow-divider region..............ccceevvenennene. As
Figure (Y1): Hydrogen bubble flow visualization in a glass

model of carotid bifurcation.. .........ccccecevverierenenenennne. AY
Figure (YV): Schematic diagram of the human aorta with

imaging planes at the supraceliac and

infrarenal levels and flow data...........ccccoeveverenininnnnne. A4
Figure (YA): Degree of carotid artery stenosis as measured

in the North American Symptomatic Carotid
Endarerectomy Trial (NASCET) and the

European Carotid Surgery Trial (ECST). ............

........ e



LIST OF FIGURES (cont..)

Fig. No. Title Page No
Figure (Y4): Past medical history in groups (A), (B)..cccccceeeuvrennenee. Véo
Figure (¥+): Comparing echo cardiogram findings in both
StUAICd GrOUPS. ..ecvvieeieeeiieiieeie ettt VeV
Figure (¥): Right side ABI results of groups (A), (B).....c.cccvenene.. V4
Figure (¥Y): Left side ABI results of Group (A), (B) .ccccoveeuveennnee. Vo
Figure (¥¥): Site of the lesion in groups (A), (B) on the
LIt SIA ..o YoY
Figure (Y£): Carotid lesions on screened right side. ........................ Yoo
Figure (¥°): Carotid lesions on screened left side. ...........ccuveeneeee. Yoo
Figure (¥1): Percentages of normal and different carotid
atherosclerotic lesions in group (A).....cccceeeveercrveennnenn. Yov
Figure (YV): Percentages of normal and different carotid
atherosclerotic lesions in group (B)........cccoeevveevieennnnns VoA
Figure (YA): Comparison between both studied groups as
regard significant stenosis of the carotid
versus non significant finding (normal,
atherosclerotic, non significant stenosis)..................... Yed
Figure (¥4): Patients with significant carotid artery stenosis
in relation to patients with non significant
finding in the carotid artery (normal,
atherosclerotic, non significant stenosis)..................... Yl
Figure (£ +): Comparison between carotid lesion and
peripheral vascular lesion. ...........ccccceveeeienieecieecneenen. VY
Figure (£Y): Significant carotid artery stenosis is shown
versus the site of the lesion..........ccoceveeiiienieenee VY
Figure (£Y): The relation between significant carotid artery
stenosis and ABIL in group (A).....cccceeveeecveenveeveeneene. A%
Figure (£¥): The relation between significant carotid artery
Yo

stenosis and ABI in group (B) .....ccccveevivvennnnnne.



LIST OF FIGURES (cont..)

Fig. No. Title Page No.

Figure (£ £): Comparing groups (A) and (B) as regard
significant carotid StenosiS..........ccccveevveervrerieerveeneenne. Vi
Figure (£°): 7+% of patients with significant carotid stenosis

had an ABI ranging from +-+.¥ while the other
£ +% had an ABI ranging from +.¥Y-+ 8« ... Vit

Figure (¢1): Overlap between PAD, CAD, and CVD in
V,AAT patients aged > 1Y years......oceeeeieieeieeieienen. YV



LIST OF ABBREVIATIONS

Abbrev. Meaning
ABI : Ankle/brachial pressure index
ACA : Anterior cerebral artery

ACAS : Asymptomatic carotid atherosclerotic study
AKA : Above knee amputation

BKA : Below knee amputation

CABG : Coronary artery bypass graft
CAD : Coronary artery disease

CAS : Carotid artery stenting

CCA : Common carotid artery

CCU : Coronary care unit

CEA : Carotid endarterectomy

CcT : Computed tomography

CVD : Cerebrovascular disease

ECST : European carotid surgery trial
EDV : End diastolic velocity

GSM : Grey scale median

HDL : High density lipoprotein

IC : Intermittent claudication

ICA : Internal carotid arterty

ICAS : Internal carotid artery stenosis
IDL : Intermediate density lipoprotein
LDL : Low density lipoprotein

MCA : Middle cerebral artery

MRI : Magnetic resonance imaging

NASCET : North American symptomatic carotid endarterectomy trial
NO : Nitric oxide

PAD : Peripheral arterial disease

PDGF : Platelet derived growth factor

PSV : Peak systolic velocity

PTCA : Percutaneous coronary angiography
SMC : Smooth muscle cell

SWMA : Segmental wall motion abnormality
TCD : Transcranial Doppler

TIA : Transient ischemic attack

VLDL : Very low density lipoprotein



encouragement, support, supervision and kind
care.



Introduction

INTRODUCTION

Q therosclerosis is a systemic and generalized disorder
of the arterial tree, which results in localized plaque

deposition at selected sites within the vascular bed (Libby,
Yoo Y).

Epidemiological studies have revealed a number of
risk factors that predispose to pathogenesis of
atherosclerosis, although the final expression of the disease
appears to be governed by the interaction of a number of
genetic and environmental factors which may exert a
different effect on the arterial tree in question. The
pathophysiological basis of atherosclerosis is now well
accepted to involve a close interplay between endothelial
dysfunction and inflammation, which in turn modify the
vascular response to oxidative stress, and platelet-
endothelial interaction. The evolution of atherosclerotic
plaques is associated with 1mportant anatomic and
hemodynamic adaptive responses, and it is when these
compensatory mechanisms fail that complications of
atherosclerosis such as stenosis, plaque ulceration,
embolization and thrombosis appear (Libby et al., Y+ Y).

Stroke 1s the third leading cause of death in the
United States each year. It 1s the second leading cause of
cardiovascular death and the most common cause of death
as a result of neurologic disorders. The incidence of new
stroke is approximately Y1+ per )++,+++ population per

\



Introduction

year. In addition to death, the disability following cerebral
infarction must be considered from the standpoint of the
crippling effect on the patient as well as the socioeconomic
burden on the patient, his or her family, and society.
Reviews of the financial impact of stroke for calendar year
Y444 were estimated to be $¢°.Y billion of direct and

indirect cost (Wesley, Y+ 9),

The carotid bifurcation plaque, responsible for
approximately Y+% of all ischemic strokes, is found in
various stages of evolution in both symptomatic and
asymptomatic patients. In its least complex form it is
composed almost entirely of fibromuscular intimal
thickening, grossly pearly white with a smooth lumenal
surface made up of flattened cells, probably transformed
smooth muscle cells, forming a nonthrombogenic surface.
Its characteristic location, best observed in early and
intermediate stages of development, is at the lateral surface
of the carotid bulb and origin of the internal carotid artery,
where 1t may produce degrees of stenosis varying from
barely perceptible to almost total occlusion. At this fibrous
stage of development, symptoms occur probably entirely as
the result of flow restriction, which, by causing marked
stasis of blood, may finally end in thrombosis of the vessel.
Referred to as "hard" plaque, it is sonaropaque and appears
to pose lesser risks for symptoms to occur than do "soft,"
sonar-lucent plaques, until occlusion occurs (Fisher and
Ojemann, Y4A%),
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The correlation between peripheral arterial disease
(PAD) and cerebrovascular disease (CVD) is not as strong,
as compared to coronary artery disease (CAD). Amongst
patients with intermittent claudication, Y1% have carotid
artery disease, by duplex Doppler. Aronow and Ahn found
that YY% of patients with CVD also had PAD (Aronow
and Ahn, Y44¢%),




