Clinical and Angiographic Correlates in Troponin-
Negative Versus Troponin-Positive Patients with Acie

Coronary Syndromes Without ST-Segment Elevation

Thesis Submitted for partial fulfilment of Mastegree in Cardiology

Presented by

Mohamed Ahmed BassiounyM.B.B.Ch

Under the Supervision of

Sherif EI-Tobgi, MD

Professor of Cardiology

Cairo University

Mohamed Abd El Ghany, MD

Professor of Cardiology

Cairo University

Sameh Bakhoum, MD

Assistant Professor of Cardiology

Cairo University

Faculty of Medicine
Cairo University

2009
j



Abstract

Our study aims to test the hypothesis that troppoisitive patients
have more severe coronary artery disease (CAR)sdtaims to determine
the correlation between troponin elevation and raydial tissue perfusion
and assess the incidence of adverse cardiac ev@antsdata shows that
troponin elevation was linked to morphological cdexity of the target
lesion and to visibility of thrombus formation. FEugrmore, troponin
elevation was associated with impaired tissue I@egfusion, which in
turn was translated into a higher risk of morbidityd mortality on 1 year

follow-up.
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Introduction

Non-ST-elevation (NSTE) acute coronary syndrome $SAG a clinical
syndrome that encompasses unstable angina (UA) @owkST-elevation
myocardial infarction (NSTEMI). These life threaiteg disorders are a major
cause of emergency medical care and hospitalizahooughout the world. In
1996 alone, the National Center for Health Statstreported 1,433,000
hospitalizations for UA or NSTEMI in the United 8ia’

NSTE-ACS is characterized by imbalance between emxygupply and
demand. The most common cause of UA/NSTEMI is reduenyocardial
perfusion that results from coronary artery narrmyvcaused by a non-occlusive

thrombus, which developed on a disrupted atherastateplaque.

UA and NSTEMI are considered to be closely relatedditions whose
pathogenesis and clinical presentations are simuaof differing severity; that is,
they differ primarily in whether the ischemia isveee enough to cause sufficient
myocardial damage to release detectable quantfies marker of myocardial
injury, most commonly troponin | (Tnl), troponin(TnT), or creatine kinase, MB
fraction (CK-MB).

The most recently described and preferred biomarker myocardial
damage are cardiac troponins. They have nearlyl@bksonyocardial tissue
specificity, as well as high sensitivity, therelsflecting even microscopic zones
of myocardial necrosis®>**>®They also add significant incremental prognostic
value to routine clinical and electrocardiograpbeciables for identifying patients

at risk of cardiac events, including death anchfasction”®%'%

The percentage of ACS patients presenting withopotnin positive test
ranges from 20% in large randomized stufi&s™to up to 60%%" This wide

range of variation reflects improvement of the genty and precision of second



generation troponin assays, in addition to diffeemnin selection of cut-off values

above which the case is considered to be tropausitipe.

The pathophysiological mechanisms underlying trapatevation and its
ability to identify patients with a worse outcomecluding worse angiographic
results after primary percutaneous coronary intgrga (PCl) is still
unsettled-16171819.2021.22Thay may include higher incidence of multivessel
disease, complex lesions, and intra-coronary thr@mnlmore extensive tissue
damage due to longer periods of myocardial ischemistal embolization of
platelet aggregatés and microvascular dysfunction and the no-reflow

phenomenoR?#?°



Aim of the Work

Objectives of the study are:

1. Test the hypothesis that Tnl positive patients hanoge severe coronary
artery disease (CAD), including a higher numbeaféécted vessels, more
severe luminal narrowing, and more frequent compdgsion morphology

and intraluminal thrombus, and a higher risk score.

2. Determine the correlation between Tnl elevation amgbcardial tissue
perfusion, as assessed by Thrombolysis In Myocatdfarction (TIMI)
flow grade (TFG), corrected TIMI frame count (CTEQ)MI myocardial
perfusion grade (TMPG), and myocardial blush gr&dBG).

3. Assess the differences in incidence of adverseia@mrelvents, including:
post-procedural myocardial injury as measured byME& elevation, and 1

year clinical outcome, in Tnl positive versus Tegative patients.



Review of literature

Pathogenesis of Acute Coronary Syndrome

“Acute coronary syndrome” is a term that encompassgy constellation of
clinical symptoms that is compatible with acute wamlial ischemia. It includes
myocardial infarction (ST-segment elevation andrdsgion, Q wave and non-Q
wave) and UA. These conditions are characterizedabyimbalance between

myocardial oxygen supply and demand.

The most common cause of UA/NSTEMI is reduced msaiahperfusion
that results from coronary artery narrowing caulsgd thrombus that developed
on a disrupted atherosclerotic plague and is uguation-occlusive.
Microembolization of platelet aggregates and conapds of the disrupted plaque
are believed to be responsible for the release yafcardial markers in many of

these patients.

After the onset of myocardial ischaemia, cell deiatmot immediate but
takes a finite period to develop (as little as 28 or less in some animal models).
It takes several hours before myocardial necraamshbe identified by macroscopic
or microscopic post-mortem examination. Completeross of all myocardial
cells at risk requires at least 2-4 h or longeredelng on the presence of
collateral circulation to the ischaemic zone, psesit or intermittent coronary
arterial occlusion, the sensitivity of the myocytesischaemia, pre-conditioning,

and/or, finally, individual demand for myocardiadygen and nutrients.

Over the last two decades, converging observations the close
interactions between platelets and the coagulatysem, and on the biology of
the vessel wall, atherosclerosis, and inflammatitave established the role of
intravascular thrombus formation as the immediaitggér for acute coronary
syndromes. Two processes cause thrombosis on glatju¢he first (superficial

injury) there is endothelial denudation over thagole. Subendothelial collagen is
4



exposed and a platelet-rich thrombus forms ovesting&ace. Approximately one in

four of larger thrombi that occlude coronary vessale due to severe superficial
injury of this kind. In the second (deep intimajuiry) the plaque splits or tears
through the cap. Blood enters the lipid core to traeéhrombogenic mixture of

tissue factor, collagen and lipid. A platelet-rititombus forms within the plaque
which may then extend into the lumen. Plaque fisgucovers a wide spectrum of
severity; at one extreme there are microfissuresmooe than a few hundred
microns across; at the other, the whole cap matpitreover a centimetre of the
artery. When blood enters the core, thrombosisesitable but does not always

lead to luminal obstruction.

Figure 1. Plague Fissuring and formation of plateléthrombus

Mechanisms of Plaque fissuring

The mechanisms of plagque destabilization (fissuand rupture, followed
by thrombus formation) are not fully understoodheTmost common underlying
molecular and cellular pathophysiology of disruptaitherosclerotic plaque is
arterial inflammation, caused by noninfectious (eogidized lipids) and, possibly,
infectious stimuli, which can lead to plaque expamsnd destabilization, rupture

or erosion, and thrombogenesis. Activated macrophagnd T lymphocytes

5



located at the shoulder of a plaque increase tipeesgion of enzymes such as
metalloproteinases that cause thinning and disnmf the plaque, which in turn
can lead to UA/NSTEMI.

Study of plagues in the coronary arteries that haneergone fissuring
indicate that the majority are composed of eccealtyi situated lipids (i.e., located
in an area where the vessel bifurcates) that dohawe an internal lattice of
collagen supporting the cap of the plaque, whictihler supports the role of
metalloproteinasem plaque destabilization. The vulnerability of sucktaucture
to fissuring also appears to be related to circuemiigal stress on the plaque cap in

systole.

Potential Outcomes of Plaque Fissuring
Most advanced plaques appear to progress from dnky &esion very
rapidly by means of Type Il injury with resultinggrombus formation and its

incorporation into the pIaqué.

Thrombosis and incorporation of the surroundin@rthivus into the plaque
have been demonstrated in various stages of ateess. In autopsy study of
coronary arteries in patients with atherosclersyindromes, for example, nearly
17% of patients had fissures in atheroscleroticyed and some cases overlying

thrombi?2®

Moreover, studies have suggested that thrombusatttwriorganization and
acute or subacute progression of atheroscleroiqua is probably part of the
same phenomenc?ﬁAcute episodes of transient ischemia and ischeitnike (as
well as myocardial infarction, unstable angina, sglden death) may be

precipitated by thrombosis on atherosclerotic péasqu



Figure 2: Plague formation and outcome of fissuring

Thrombus Formation

Rupture of the atherosclerotic plague exposesubersiothelial collagen to
the bloodstreari? On contact with collagen, platelets become aativatwith
platelet adhesion, secretion of platelet conteantd, platelet aggregation at the site
of injury (figure 3). The activated platelet sunais an essential catalytic surface
for several coagulation reactions that generatentbin, a key factor in the

coagulation sequend.

Platelets adhere to exposed subendothelium throognaction with a
variety of platelet surface receptors, the mostartgnt of which is GP-Ib-
IX.3? This glycoprotein is the main receptor for théendothelial protein ligand
von Willebrand factor (VWF).

Platelet aggregation requires the platelet membrayeoprotein integrin
receptor (GP llb-111a), which -- at least under |fiwid shear stress conditions -- is
involved in calcium-dependent interplatelet briagimy bound fibrinogen. Under
high fluid shear-stress conditions, there is ewdenhat platelet aggregation
depends on the binding of VWF to platelet GPIl/f It has also been shown that
blockade of VWF-GPIIb/lla interaction inhibits pé¢t aggregation and thrombus
formation without disturbing the initial platele(ﬂlaaesion3.4 Thus, VWF appears to

play a crucial role in both platelet adhesion atatgbet aggregation under high
7



shear-stress conditions, such as turbulent bloaalv flin atherosclerotic
vessels. The importance of VWF is further supgblig an association between

elevated VWF concentrations and arterial thrombosis

When platelets are activated, they acquire enhacegdcity to catalyze
interaction between activated coagulation factdrahese factors circulate in the
form of inactive precursors (zymogens). Rupturethed atherosclerotic plaque
leads to activation of the coagulation cascadehEgmogen in converted into an
activated coagulation factor, which in turn actestthe next zymogen in the
sequence. This process culminated in the generafithrombin, an enzyme that
converts the soluble protein fibrinogen to the labte one, fibrin, forming a blood

clot.
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Figure 3: Platelet activation
The clotting cascade consists of two separateainp@athways ("intrinsic”
and "extrinsic") that ultimately converge on therfanon" pathway” to activate
the precursor protein prothrombin to the active yemz thrombin (Figure
4).37 The extrinsic system, the principal initiatingtipivay of in vivo blood

coagulation, involves both blood and vascular el@meThe critical component is
8



tissue factor (TF, sometimes referred to as thrqiastin), a glycoprotein
embedded in association with phospholipid (PL) e tsurface membrane of
fibroblasts within and around blood vessels and virious other tissue
cells. Under physiologic conditions, tissue fagtonot exposed to blood, but with
vascular or endothelial cell injury, this substamas in concert with activated
Factor Vlla and phospholipid to convert Factor FFo(n intrinsic system) to IXa
and Factor X (from the extrinsic system) to Xa.eTdoagulant activity of Factor
VII, the major plasma component of the extrinsithpay, is increased by Factor
IXa of Factor Xlla of the intrinsic system. Thesgents take only about 15

secondsg?

The intrinsic pathway can be viewed as coagulatiaitiated by
components entirely contained within the vascutatilihis pathway results in the
activation of Factor IX by Factor Xla, providingpathway independent of Factor
VII for blood coagulation. A major difference bet@n the intrinsic and extrinsic
pathways is that whereas the activation of Fackoby Xla requires only the
presence of ionized calcium, the activation of atX by Vlla (in the extrinsic
system) requires both calcium and tissue factorpolrtantly, Factor IXa converts
Factor X (in the extrinsic system) to Factor Xadancert with the "tenase"
complex (PL/VIIIa).

Factor Xa, regardless of how it is formed, is thava catalytic component
of the “prothrombinase" complex, which converts tprombin to
thrombin. Thrombin cleaves fibrinopeptides (FPAPH} from fibrinogen,
allowing the resultant fibrin monomers to polymeriand converts Factor Xlll to
Xllla, which crosslinks (XL) the fibrin clot. Thrabin accelerates the process by

its potential to activate Factors V and VIII.

The fibrin molecules aggregate together, trappitadefets, erythrocytes,
and leukocytes to form the clot. The clot thentrasts, pulling together the edges



