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Abstract

Coronary artery disease (CAD) is the leading cause of dgaltlally. There are a variety of risk
factors for the development of CABcludingdiabetes mellitus (DM), hypertension, hyperlipidemia,
smoking, sedentary lifestyle, genetic factors, and others. Togetheexires significant role in the
development of CADespecially when these risk factors are combifiéé burden of cardiovascular
diseases (CVDs), secondary to chronic conditions like @idsity hypertension and associated renal
disease, is rapidly increasing worldwide, not only in developed countries, but also-andow

medium income developing countries.

Coronary angiography (CA) is considered the gold standard test for the diagnosis of CAD. An
accurate interpretation of CA is of paramount importance in deemsakingby the Cliniciango

treat patients with CAD. CA has the inherent limitation of being adineensional XRay lumeio-

gram of a complex thregimensional vascular structure. Visual assessment of angiogram can lead
to both inter and intraobserver variability in the assessment of the severity and extent of the

disease which can lead to diffaces in management strategies.

Catheterization cardiology has been revolutionized recently and;touadern catheterization
laboratories globally are fully equipped with adjunctive technolodibese includ®uantitative
Coronary Angiography (QCA), Fractional Flow Reserve (FFR), iMtaacular UltraSonography
(IVUS) and Optical Coherence Tomography (OCT) to tiedpQdinicians to make a weihformed
decision based on detailed anatomical and physiological asses&ardoronary artery rather
than judgment based solely on visualksssnent.

Despite the introduction of coronary physiology and intravascular imaging in very early cases of
coronary intervention, practical use of these techniques in the catheterization laboratory did not
begin until the late 1990s. A variety of reasons have bedaratood as hurdles during the initial
adoption of these clinical tools in cardiac catheter laboratories. The technological and theoretical
aspects were not well understood initially, and currently usedmagilired pressure wir@ghich

were not readily \ailable. Neverthelessgcoronary physiology and intravascular imagingyéa

established a vital role in decision making process during cardiac catheterization laboratory.



This doctoral thesis, vigeveralprevioushigh impact journalpublications, emphasized and
supported the role of intracoronary imaging and physiglogyperalocorticoids antagonism and
infarct size reductiom various clinical settings. The thesis has highlighted that deeansaiing
with the help ofintracoronary imaging and physiology is sadffective andthe clinicians can
safely defer the decisianof coronary interventiondased on negative value or Aechemic
values(Fractional Flow Reserve, FBR.80)based on thphysiology. It hasisobeen established
that these techniques are ceffective as well.The presented thesis also highligthis utility and
evidence behind these adjunctive techniguegpported by clinical caseand highlightsthe

importance of these techniques to make a-imédirmed treatment decision.

The thesis foPhD byPublication has clearly demonstrated, and more so, emphasized the clinical
utility of intra-coronaryimaging and physiology in complex disease processes like diabetes
mellitusand chronic kidney disease (CKD).
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CHAPTER 1

GENERAL INTRODUCTION



1.1Cardiovascular DiseasegCVDSs)
(A). A historical perspective

Cardiovascular diseas¢CADs) are the most common causef morbidity andmortality in
developed countrieand it is now getting more prevalent in middle and low income countries
globally [1a]. Death from cardiovascular and circulatory dised€¥3Ds)have risen by one third
between 1990 and 2010 2015 one in three deaths worldwidas due toCVDs: Numerous
epidemiologi@l studies havéelped tceelucidat the factors that predispose@y¥Ds highlighting
opportunities forcosteffective prevention.In 2013 the Framingham Heart Study celebda®®
years since the examination of its first participant in 1@d8tribuing tounderstanding o€VDs

and theimrisk factorsincluding stress, diets with high levels of lal@nsity lipoprotein, smoking,

sedentary lifestyles, obesity, diabetes, and many others.[1a/b]

Data from the 1940s revealed that C\isl become the number okiBer from sudden cardiac
death(SCD)and heart failuremong AmericarCitizens. This in turn accounted Inin 2 deaths

In those days, it was difficult to understand the real causes, prevention, and treatment interventions
since these were compounded with the current second world war. As such, the medical profession
thought that death from CVDs was unavoidable. It wasPtesident of the United States of
America (USA),Franklin Delano Rooseveltho experienced a heart attack due to coronary heart
disease (CAD) in the 1940s and decided that Physicians should try to understand the underlying
causes, prevention, and treatment interventions. As a result, the Framingham Study was initiated
in the USA[1b].

It is now awell-established fact that globally, CV2se the leading causes of morbidity and
mortality and major burden on health economics. CAD msagor clinicalcondition where the

major vessels that supply the heart (coronary arteries) are not apédgportenough blood,
oxygen, and nutrients to the heart muscle due to the deposition of fats leading to blockage or a

process called atherosclerosig,[H.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4159698/?utm_source=ncbi_insights&utm_medium=referral&utm_campaign=what_is_dbgap-20221026#R3

(B) Risk Factors for CAD

There are a variety of risk factors for the development of CAD. They include diabetes mellitus
(DM), obesity, hypertension, hyperlipidemia, smoking, sedentary lifestyle, genetic factors, and
others. Either alone or togetheahey play a significant role in the development of atherosclerosis
and subsequently CA[la,b] During the disease process, cholesterol deposits (plagues) in the
heart arteries leading to oxidative stress, inflammation and subsequently, to the development of
atherosclerotic plaque. As a result, the patient is presented with chest pain or dis@orgina
pectorig and other associated symptoms like weakness;tigdtledness, nausea (feeling sick to

his or hesstomach), or a cold sweat. Pain or discomfort can be presatiténthe arms or shoulder

[2-4]. Figurel.1shows a time coursaf everns leading to the development of CAD and sudden
cardiac deatl{SCD) starting from the risk factors, development of diabetes and hyperglycemia,
generation of free radicals, inflammation, deposition of fats in the coronary arteries, plaque

formations and subsequently CAD, followed by angina and possible sudden dewatiac
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Figure 1.1: Flow diagram showing the development of CAD, angina and subsequently, sudden
cardiac deatlover time(CAD= coronary artery diseases; ROS=reactive oxygen species; RCS

reactive carbonyl specigiagram drawn by hand



1.2 Coronary angiography (CA)

Coronary angiography(CA) is considered the gold standard test for the diagnosis d2]ICAD
Angiography can be one of the tests to be considered when a patient experiences the symptoms of
CAD, including left arm and severe chest pain (or angina pectoris). Coronary angiography is
important diagnostic clinical tooh a variety of conditions like angina, assessment of valvular
heart diseases (VHD) and for conditions of congenital heart disease (CHD). Therefore, an accurate
interpretation of coronary angiography is of paramount importance in deasikimg by the
clinicians to treat patientsvith CAD [3]. Coronary angiography has the inherent limitation of
being a twedimensional XRay lumenegram of a complex thregimensional vascular structure

[2]. Original angiography gives good information about the epicardial arteries and possible
blockade but on its own, angiography gives limited information about microvascular function [see
Figurel.2 with inset (B).

(A) (B)

The coronary angiogram detects
only 5% of the total coronary tree

Figure 1.2. (A) Epicardial coronary arteries ar(8) microvascular circulation (Taken from
reference [8].



Visual assessment of angiogram can lead to both-iatest intraobserver variability in the
assessment of the severity and extent of the cardiac disease leading to differences in management
strategieq4, 5]. This issue becomes even more relevant when assessing left main stem (LMS),
bifurcations, diffuse coronary artery disease or situations involving complex coronary morphology
[5]. Interventional cardiology has been revolutionized by recent advances in techniques, and
innovative technologies in the cathetation laboratory. Today, a modern cathetsion
laboratory is equipped with adjunctive technologies, such as Quantitative Coronary Angiography
(QCA), Fractional Flow Reserve (FFR), Inascular UltraSonography (IVUS), and Optical
Coherence Tomography (OCT) to help clinicians to make ainfelimed detsion based on

detailed anatomical and physiological assessment abbaaxy artery rather than judgment based

solely on visual assessmefi8, 6].

This doctoral thesis emphasized the role of intracoronary imaging and physiology in various
clinical settings including MR antagonism and infarct size reductitinhas highlighted that
decision making based on intracoronary imaging and physiology is safe and effebthgebeen
established that it is coesffective as well. It is also possible to highlight the utility and evidence
behind these adjunctive techniques in Gathlike intracoronary imaging techniques such as OCT

and IVUS or physiology thniques like FFR and instantaneous whee ratio (iFR). The study

also provided examples of clinical cases highlighted in FFR and the importance of these techniques

to make a welinformed treatment decision.
1.3Physiologybased assessment of CAD.

Fractional flow reserve (FFR) is the ratio between the maximum achievable blood flow in a
diseased coronary artery and the theoretical maximum flow in a normal coronary artery. An FFR
of 1.0 is widely accepted as normal. An FFR lower than-0.88 is genglly considered to be

associated with myocardial ischemia. This technique requires the induction of hyperemia. A

variety of agents have been used for induction of hypergthia

Intra-coronary imaging modalities like IVUS and OCT provide a detailed anatomical assessment

of coronary lesions, but they give limited information about the functional severity of these lesions



[8]. FFR measurement goes one step further in determining the lesion severity as it calculates the
ratio between the maximum achievable blood flow in the stenosed segment of the artery and the

theoretical maximum flow in a normal segment of the same g8gry

FFR can be measured by using either a coronary guidewire or a microcatheter (MC) equipped with

a pressure sensor that first measures the pressure distal to the stenotic segment of the artery and
then measures the aortic pressure under conditions of maxmyawardial hyperemifl0]. In

general, if this FFR ratio is lower than 0.80, and then it is generally considered to be associated
with myocardial ischemia. The concept of measuring the blood flow across a stenotic lesion is as
old as coronary angioplasty itself. FFR technique foeber been validated and evaluated to

reduce mortality and morbidity associated with the treatment of intermediate coronary[@sions

The FAME and FAME Il studies have examined the role of FFR in the assessment-oessai
CAD. Moreover, there is strong evidence now that a revascularization strategy using FFR vyields
much better clinical outcomes in patients with stable angina attd-vegsel CAD compared to

optimal medical treatment alofiel].

FFR is a diagnostic toakhich isused to assess the severity of narrowing or blockages in the
coronary arteries that supply blood to the heart muscle. The Fractional Flow Reserve versus
Angiography for Multivessel Evaluation (FAME) study and its foHopy FAME 11, have shown

that using-FR-guided revascularization in patients with stable angina and-wadsel CAD can

lead to better clinical outcomes compared to optimal medical treatmen{:s&jne

In the FAME study, patients with muliessel CAD were randomly assigned to either undergo
revascularization guided by FFR or angiograglmded revascularization. The study found that
patients who underwent FFgided revascularization had a lower rate noéjor adverse
cardiovascular events (MACE), including death, myocardial infarction (heart attack), and repeat
revascularization, compared to those who underwent angiograptgd revascularizatiofi 3,

14].



In the FAME Il study, patients with multiessel CAD who had ischemia (reduced blood flow to
the heart muscle) on nanvasive testing were randomly assigned to either undergegaited
revascularization plus optimal medical therapy or optimal medicapglhelone. The study found
that patients who underwent FrfRided revascularization plus optimal medical therapy had a
significantly lower rate of MACE compared to those who received only optimal medical therapy
[14-17].

Overall, the evidence from these studies suggests thagEielRed revascularization may provide

better outcomes for patients with stable angina and-vegsel CAD than optimal medical therapy
alone. However, it is important to note that individual patfantors, such as age, comorbidities

and the extent of CAD should be taken into account when making treatment de§idhriche

current guidelines from the American Heart Association (AHA) and European Society of
Cardiology (ESC) recommend the use of FFR to assess angiographic intermediate coronary lesions
(50%70% diameter stenosis) and to guide revascularization decisiopatients with stable
ischemic heart disea§¥9, 20]

The 2018American Heart Associatioand the American College of Cardiologg&HA/ACC)
guidelines for the management of stable ischemic heart disease state that FFR should be considered
to guide revascularization decisions in patients with intermediate coronary lesions, defined as
lesions with a diameter stenosis of 4@ by visual estinteon on angiography. The guidelines

also state that FFBuided revascularization may be reasonable in patients with multivessel CAD.
Likewise, the 201%European Society o€ardiology (ESQ guidelines for the diagnosis and
management of chronic coronary syndromes recommend that FFR should be considered for the
functional assessment of intermediate coronary lesions, and thagjlk@€ revascularization

may be beneficial in patients with mukssel disease and stable angina. The aim of developing
new techniques to measure pressure across a coronary artery lesion is to make it simpler, quicker,
more costeffective, and with fewer side effects compared to the traditional mefhoéasuring
fractional flow reserve (FFR) using hyperemia. One approach is to udeyperemic pressure

ratios, which are based on the ratio of the distal coronary pressure to the aortic pressure during



rest. These techniques do not require inducing hyperemia and are therefore simpler, quicker, and

potentially safef21].

Non-hyperemic pressure ratios can be further categorized into-ppas#ic and wholeycle

indices based on the phase of the cardiac cycle during when the pressure measurements are taken
[22]. Phasespecific indices are based on pressure measurements during a specific phase of the
cardiac cycle, such as diastole (resting phase) or systole (contracting [28&sExamples of
phasespecific indices include diastolic pressure ratio (dPR) and systolic pressure ratio (SPR).
Moreover, wholecycle indices, on the other hand, use pressure measurements taken over the entire
cardiac cycle. Examples of whedgcle indicesinclude the instantaneous wafree ratio (iFR)

and the resting fultycle ratio (RFR). Overall, the development of #yperemic pressure ratios

may offer a simpler, quicker, and potentially safer alternative to FFR for assessing the
hemodynamic signifiagce of coronary artery lesions. However, further studies are needed to

confirm the accuracy and clinical utility of these new technid4k
1.4 Definition of important physiological terms

Instantaneous wavefree ratio (iFR) is measured as the ratio between the coronary pressure distal
to the stenosis (mean distal coronary presq4@gd) and the aortic pressure (mean aortic pressure
[26], and this is assessed in the wdnee period and identified at wave intensity anal{24.

The diastolic pressure ratio (dPR)s defined as the diastolic Pd/Pa ratio under resting conditions.

The diastolic period for calculation of dPR is defined based on dP/dt curve of the aortic pressure.

The diastolic hyperemiafree ratio (DFR) is calculated as the Pd/Pa ratio in the diastolic period

of the cardiac cycle.

Baseline Pd/Pa, fractional flow reserve (FFRand resting fulicycle ratio (RFR) are calculated

over the entire cardiac cycle.



1.5PhaseSpecific Indices

The instantaneous wavdree ratio (iIFR) is a wirebased NHPR evaluating Pd/Pa during a

specific phase of diastole, and this is referred to as the-in@@@eriod.
1.6 Comparison of FFR and other pressure indices.

The iFR index is the only nemyperemic pressure ratio that has been tested in randomized
controlled trials as an alternative to FFR. The DEFRNERIR study and the IFFSWEDEHEART
trial both showed that iFiguided management was not inferior to Fiitdedmanagement in

patients with stable angina or roulprit arteries in acute coronary syndrorfs$ 27, 28]

However, about 20% of lesions may present discordant values between iFR and FFR and it is
unclearas towhat the clinical outcomes are when different treatment decisions are made based on
one or the other metric. There is ongoing debate regarding how to manage lesions for which
treatment strategies differ between iFR and FE®. American guidelines currently emphasize

the larger available evidence behind FFR, while European guidelines suggest that iFR and FFR

have an equivalent valyi28, 30]

1.7 Pros and Cons.

The advantage of iFR ists elimination of hyperemic medications, with the potential for reduction

in time, side effects, and cost.

The drawbacks to iFR include smaller gradientgshan FFR, thereby making it more sensitive to
noise, hydrostatic effects, and wire drift during pullback. Finally, iFR could be more sensitive to
variation of hemodynamic conditions (systemic blood pressure and heart rate) that affect baseline

coronary fow.

Diastolic Pressure Ratio: The diastolic pressure ratio (dPR) equals thesting ratio of mean

diastolic pressure distal to the stenosis to the mean diastolic aortic pressure. Several algorithms

10



exist for calculating dPR with no significant advantage to any technique. When using iFR as the

reference standard, dPR has been shown to have numerical equivalence.
1.8Pros and Cons of dPR sharing the same tradeffs provided by iFR

Diastolic HyperemigFree RatieDiastolic hyperemidree ratio (DFR) is a new resting physiology
index (Boston Scientific, Marlborough, MA). DFR provides a resting index derived from the
averageaortic and distal coronary pressuRd(Pa during the period that occurs when the Pa is

less than the mean Pa, and there is a eslging Pa.

Resting Pd/Pa Ratio: The resting Pd/Pa ratio isalculated over the entire cardiac cycle and
equals the ratio of the mean (Rimstantaneous) Pd and Pa over the entire cardiac cycle. Several
studies have shown equivalent diagnostic performance for Pd/Pa versus iFR when using various
standards. A cutoff of 0.92 for resting Pd/Pa has most often been identified in clinical studies. |
addition, Pros and Co#f3d/Pa offers all the same trad#s as other NHPRs. Compared with other
pressure wirdbased indicest has a wider applicability since it can be measured with any pressure

wire monitoring system.

Contrast FFR: Contrast FFR (cFFR) is the lowest mean (neinstantaneous) Pd/Pa value
obtained after intracoronary injection of a standard dose of radiographic contrast niRajpidh.
Injection of Contrast Medium vs Nitroprusside or Adenosine in Intermediate Coronary Stenoses
(RINASCI), The MultiCenter Evaluation of the Accuracy of the Contrast Medium Induced Pd/Pa
Ratio in Predicting FFR (MEMENT®FR) and Can Contrast Injecti@etter Approximate FFR
Compared to Pure Resting Physiology (CONTRAST) studeslgl reported the ability of cFFR

in predicting FFR values in intermediate coronary stenosis.

Pros and Cons of cFFR: cFFR offers the benefdf wide application irrespective of the pressure
wire monitoring system and pegtocessing analysis software. It is thus universally available and
virtually free of any side effects, except for those related to the use of contrast media. However,
since he hyperemia induced by contrast dye is relatively shetihg and not steady, cFFR is not

suitable for pullback analysis.

11



The RFR index was derived and validated for the first time in the retrospective VALHRKFRE
study20 with an optimal RFR cutoff of 0.89 to predict a positive FFR. RFR was highly correlated
to iIFR (R2=0.99, P<0.001), with a diagnostic accuracy of 97.4%itsety of 98.2%, specificity

of 96.9%, positive predictive value of 94.5%, negative predictive value of 99.0%. Notably, the
RFR was detected outside the diastole in 12.2% of all cardiac cycles and in 32.4% of cardiac cycles
in the right coronary arter2p]. In terms of advantages and disadvantages, RFR offers the same
tradeoffs as all other NHPRs.

1.9 Angiography-Based

Angiographybased simulations have resurfaced to avoid the need to instrument the coronary
artery, as required by NHPR, cFFR, and F[R]. Quantitative flow ratio (QFR) is an
angiographybased index that has a substantial amount of evidence supporting [29]utake

FFR, QFR uses the same thresholds for diagnosis. The index is obtained using software packages
such as Angio XA 3D or Angi®lus and involves applying flow equations to 3D reconstructions

of the coronary tree, derived from combining at least two angiographic projections at least 25
degrees apart. QFR indirectly derives coronary flow by measuring the thrombolysis in myocardial
infarction frame count, although in a revised version, this is no longer required. QFR can be

performed either offline or omle.

After 3D reconstruction, an estimated contrast flow velocity is derived by identifying the time at
which the contrast enters and leaves the vessel under invest{@&iionhis flow velocity can be
measured either at rest or under hyperemia induced by adenosine infusion. Recent evidence
suggests that using resting estimated contrast flow velocity or hyperemic estimated contrast flow

velocity produces similar results in greting FFR[29, 33]

Several studies, including the FAVOR Pilot Study, FAVOR Il Eurdagpan, and FAVOR 1l

China, have shown that QFR is superior to 3D quantitative coronary angiography in predicting
FFR valued33]. One advantage of QFR is that it can be performed online by trained operators
much faster than FFR measurement, with a median time of 5.0 minutes compared to 7.0 minutes

for FFR (p<0.001). Recent mesmalysis has confirmed the potential clinical impacQé&R,

12



reporting a promising diagnostic performance with 84% sensitivity, 88% specificity, 80% positive

predictive value, and 95% negative predictive v§B2e34].

QFR has some advantages over FFR, such as avoiding the cost, time and risk associated with
inserting a pressure wire into a coronary ar{8b}. However, QFR has lower accuracy compared

to invasive FFR. To use QFR, the operator must have knowledge of selecting the best angiographic
views (in case of offline analysis) and correctly identifying the vessel lumen profile. It is important

to note thaQFR has limitations, and it may not be measurable in cases of-@stiit lesions,

severe tortuosity, or overlapping vessels on angiogram. Additionally, QFR has not been validated
for assessing bifurcations where there is stenosis in both the sidé larahthe proximal main

vessel32].

Vessel FFR: Vessel FFR (FFR) uses3D quantitative coronary angiography for functional
assessment of coronary stenosig=RR is calculated by software CAAS (Pie Medical Imaging,
Maastricht, the Netherlands) using 2 angiographic views with at least 30° difference in

rotation/angulation to generate the 3D reconstruction of the coronary artery.

The CAAS software calculates the pressure drop across a stenosis by considering physical laws,
such as viscous resistance and separation loss effects that occur in coronary flow. To perform this
calculation, the actual aortic pressure must be measuredeandded during the coronary
angiography procedure. Additionally, maximum hyperemic blood flow is determined by assuming

that the proximal coronary velocity is preserved along the vessel of interest. The accuracy of v

FFR has been validated in the FASTdstuwhich demonstrated a strong linear correlation with
pressure wirdbased FFR (0.89; P<0.001) and high diagnostic accuracy (area under the curve, 0.93
[95% CI, 0.880 . 97] ) in det ect i ng-FFR EXRibted I@vinterobservet h e r m
variability [37].

Pros and Cons of wFR: v-FFR potentially shares thesame benefits and disadvantages with
coronary angiograpliypased methods. However, compared with QFR, the amount of supporting

evidence is still limited and based on observational, sicgieer experience.

13



FFR-Angiois a resting, adenosifieee angiographypased index that has been developed by-Cath
Works, Ltd (K-far-Saba, Israel). The technique involves creating a functional angiogram from a
3D reconstruction of the coronary tree obtained from at least two angiographic projections. The
3D model is then subjected to a hemodynamic evaluation, resulting in aAmf®R map by
applying a proprietary computational fluttynamic model to derive resistan@8]. FFR-Angio

shares the same advantages and disadvantegether angiograptbased methods. However,
unlike other indices that assess a specific coronary segmentARfR allows for the

simultaneous evaluation of the entire coronary tree, making it an attractive option.
1.10. Intravascular-Imaging Based Methods vs Intravascular UltrasoundDerived FFR

IVUS-derived FFR is an invasive method that combines grayscale IVUS images and angiography
to derive functional assessment of the target vessel. Three out of four proposed methods rely on
computer fluid dynamics, which require intense computer time faraicelations of FFR, thereby
limiting their potential application for online use. As a result, most reports only include a small
sample size. However, IVU&erived FFR offers the advantage of not requiring a pressure wire,

making it a less invasive altetive[39].
1.11Advantages ad disadvantages of IVUSderived FFR

The advantages of IVUSderived FFR are several uses in this method, since there is no need for
maximal hyperemia, anatomic and functional assessments without wire exchange, whole vessel
wall assessment, no alumgraphy and grayscale IVUS qualitative and quantitative variables in
addition to flow[36] . Moreover,this technique is not affected by vessel tortuosity, and it can be
assessed in ostial lesions. Currently, IVBIER is a research tool, but clinical prime time could be

a realistic option when more clinical data becereilable[37].
1.120ptical Coherence Tomography Derived FFR (OCT-FFR)

The OCTFbased FFR (OCGFFR) can be calculated using various methods that apply
computational fluid dynamics. One such method is the Optical Flow Ratio (OFR) which has been

validated against pressure wire FFR. OFR automatically delineates the lumen contour from the
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OCT image pullback and as a result, performs a 3D reconstruction of the coronary lumen,
estimating the volumetric flow rate using the reference lumen size and a virtual hyperemic flow
velocity of 0.35 m/$38].

It has been demonstrated tiAET-derived FFR method has good agreement with pressure wire
based FFR (bias=0.01+0.06) and a high correlation with FFR (r=0.89), with a computational time
of 10 minutes per pullbadi89].

1.13Advantages and disadvantages of the process

The invasive nature and cost associated with the method are limiting factors for broader adoption.
There are potential pitfalls for segmenting the side branches through single main vessel pullback.
Side branch ostium disease and side branch angulatiompact on quantification of the side

branch size and, consequently, on the vesgsringmodel [38].
1.14NON-INVASIVE INDICES
(A) Computed Tomographyi Derived FFR (FFRCT)

Computed tomography derived FFR (FFRCT) is aimvasive technique that uses computational

flow dynamics to analyze 3D coronary geometries extracted from coronary computed tomography
angiography imag€g0]. FFRCT calculates the mean coronary pressure distal to a lesion divided
by the mean blood pressure in the aorta under simulated maximal hyperemia conditions, making
it a potentially usefuphysiologicaltool for detecting ischemia in patients with coronary artery
disease (CADM1]. FFRCTbased clinical decisiamaking has the potential for cost savings and

it also avoids the need for unnecessary invasive coronary angiographies. Previous studies have
shown that deferring revascularization based on an FFRCT >0.80 can result in igtardhm
prognosis in terms of major adverse cardiovascular event rate. FFRCT also provides a rapid and
simultaneous threeessel functional evaluation, which can facilitate management and decision
making in patientsvith multivessel diseasét is worth noing that the SYNTAX IIl Revolution

trial demonstrated that coronary computed tomography angiography with FFRCT can aid in

selecting the best revascularization modality (cardiac surgery vs PCI), with treatment
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recommendations being changed in 7% of cases and the revascularization plan being modified in

12% of patients.
1.15The advantages and disadvantages of FFRCT

It is noteworthy that FFRCT avoids invasive angiography and vessel instrumehtatopletely,

albeit at the cost of reduced diagnostic performance. In this case, many of the same caveats apply
as detailed above for QFR: inability to obtain a diagnostic study (present iinl508wf cases)

and discordance with invasive FFR. Perhaps, upstream ability to plan revascularization
procedures will offset these drawbacks. A novel FFR@3ed tool, Heart Flow Planner (Redwood

City, California), uses interactideminal remodeling of the area to be stented and recalculates

FFR after the virtual removal of coronary stenosis, mimicking invasigestenting FFH42].

Physiological asssments have introduced the paradigm shift in the way the treatment decisions
are made for CAD. The best modalityolvesa test that can avoid hyperemia, wire, and invasive
catheterization but at the same time, the modality should be so sensitive to make an accurate
diagnosis. In the short and midterm, FFR remains the gold standard for detection of myocardial

ischemia in giding revascularization in patients with CAD.

A lot of other techniques like nemyperemic pressuratios (NHPR) and all the current NHPRs
have less validation than FFR. Moreover, they all been tested imfasiority studies enrolling
relatively lowrisk cohorts of patients. More importantly, at the present, NHPRs are not supported

by the same robust lortgrm data as fdFFR[42] .

The growing amount of current evidence may bring a future in which the first line of functional
assessment will be entirely namvasive, with invasive confirmation using pressure wire free
indices (QFR, WFR, FFRANgio) as firstline approach. This is mainly done because of their
quicker and cheaper nature, with pressure-wvaged indices to be adopted for borderline scenarios
(bifurcations, left main stem). In this context, it is possible also to speculate aboutle of

intravasculaimaging derived FFR that would find application in those cases where the use of

16



either IVUS or OCT is already anticipated as an integral procedural step for PCI planning

(selection of techniques for lesion preparation and selection of stent size and length).

There is ample evidence in the literature and noted from daily practicehtéata particular lesion

is viewed by different clinical operators, they can assign various degrees of the stenosis to that
specific lesion if based solely on visual estimaf@JnOn occasion, it inecessaryo either reduce

or eliminate this intepbserver variability in assessing the degree of stenosis. During the last few
decades, Cardiac Cliniciahave noted a variety of nemuatting-edgetechniques and tenblogies

to help in rescuing this inter and intra observer variability in repof48Q

Several adjunctive techniques have emerged over the years to improve the diagnostic accuracy and
help in guiding the decisiemaking process by the Cigiars in the cardiac catheterization
laboratory. Currently, in the era of modern interventional cardiology, interventional cardiologists
are performing increasingly complex and challenging cases. A modern catisteraboratory

is now equipped with adjunctive modalities including quantitative coronary angiography (QCA),
fractional flow reserve (FFR), ravascular ultrasound (IVUS), and optical coherence tomography
(OCT). Theuse of these adjunctive technologies is of great help and importance when assessing
borderline lesions (i.e., diameter stenosis af/486) during the cases of complex left main stem

and bifurcation diseagd4-46].

The published work in thighesis hasprovided evidence regarding various modalities and
adjunctive technologies that can guide and help to improve the decrs@king process.
Generally,Cardiologistshave demonstrated how the decismaking process has evolved from
simpl-eabegwggbd of coronary an gdorongryimagindgtechnmueg t h a't
and coronary physiology assessment. These modalities, which were predominantly research tool

in the past, are now used daily to help in making decisions in critical clinical sxenari
1.16 Visual assessment based on Coronary Angiography (CA)

X-Ray angiography is widely available and can be learnt with training and supervision in a short

period of time. It provides good spatial and temporal resolution and is considered the standard
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method for diagnosing CAD. However, the severity of CAD is traditionally assessed through
visual estimates based on multiple views of a coronary artery obtained during an angiogram.
Numerous studies have shown that there can be significant differenbeseénvisual estimates
when reported by different physicians or at different time intervals, which could have harmful

implications[19].

Despite these potential drawbacks, visual estimation remains the most used method for evaluating
lesions and it is still widely practiced bgrdiologists. While it can provide diagnostic information

in most cases, it is not very effective at assessing the physiological significance of intermediate
lesions. Additionally, XRay angiography only provides limited information about microvascular
staus. There are several factors that can contribute to decreased blood flow across a stenosis area,
such as diastm pressure time, microvascular resistance, and effective luminal area. Visual
assessment of the coronary artery does not provide this critical information, which is necessary for
making decisions about patient c§4&]. The interventional clinical cardiac community is aware

of these limitations and has developed many adjunctive modalities to overcome these

shortcomings of angiography.

Another limitation of angiography is its inability to accurately assess vascular remodeling. This
can lead to errors in determining the true size of vessels and their reference diameters. Due to its
focus on the lumen, segments that are considered nonthaisgd as reference vessels can have

some degree of flowmiting disease. This can result in incorrect reference measurements that,
when used as a standard, can negatively impact the sizing of devices, leading to the common
problem of an undersized st¢A8]. Moreover, compensatory remodeling is one good example of

how a cardiac disease can increase and change vessel size, while the lumen size remains the same.
This phenomenon is visible on a slide and highlights the limitations of angiography in accurately

deermining vessel size and disease sev§4idy.
1.17Quantitative Coronary Angiography (QCA)

The clinical significance of CAD depends on various factors such as the aégraeowing

shape, length, eccentricity, number of side branches involved, and the presence of subsequent
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stenosis in each artery [1, 46]. Simple visual estimation of coronary luminal effective area can be
prone to errors, and attempts have been made to improve this assessment [3,4]. Quantitative
coronary angiography (QCA) is one of the earliest techniqueslaj®d angiographically to
guantify the degree of steno§t§. Brown and his colleagues [3hanually traced the arterial tree

and used computer programming to construct a 3D representation of the arterial segment to
calculate not only the degree of stenosis but also obtain physiological data. QCA measurements
have demonstrated a good correlatioth visual estimates from cinefilm and with hemodynamic
significance as depicted by various tests for assessing ischemia [6,7].

Although QCA is a wellalidated clinical physiological tool for accurately and reproducibly
defining coronary lesion severity, it also has limitations. It requires additional time and effort, and

it may not accurately report the variable and diffuse eatdrthe atherosclerotic lesion due to
indirect definition of the anatomy of the vascular wall through inference about the lumen [8]. QCA
also has methodological limitations in assessing bifurcation lesions [9]. Several studies have
shown that endovascultgchniques such as intravascular ultrasound (IVUS), optical coherence
tomography (OCT) and angioscopy are better at delineating vascular features that accompany
unstable ischemic syndromes alongside plague morphologyZlLMespite its limitations, QCA
remains a simple and lewost tool with easy learning and should be used routinely, especially in
healthcare settings where other imaging and physidbaggd assessments are difficult to access

and implement [13].

1.18 Intra-Vascular Ultrasound (IVUS)

Intravascular ultrasound (IVUS) was first introduced in the 1960s by a Japanese group to study
intracardiac structures. IVUS is an intravascular imaging modality that provides detailed
information about the coronary anatomy from the inside of a corontagy atue to its high
penetration powef50]. IVUS yields reaitime 360° images that provide unique pedftview
pictures that are superior to simple angiography or QCA. IVUS is beneficial in complex coronary

interventions and its utility is more evident in interventions performed on the lefsteain(LMS)
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[51]. Moreover, IVUScan provide detailed assessment of lumen, vessel size, dimensions, and
plaque morphologyLikewise, spectral analysis of ultrasound has enabled the development of

virtual histology IVUS (VHIVUS) that provides further tissue characterization of plaques.

Furthermore)VUS is particularly useful in the assessment of intermediate lesions, guiding stent
implantation, and understanding the mechanisms of stent ffRirdt has also been useful in the
assessment of cardiac transplant patients, and some institutions have used it to develop a "Zero
contrast PCI program" to treat patients at high risk of developing cemdasted nephropathy.

IVUS can be useful in the djaosis of spontaneous or iatrogenic dissections and in the setting of
acute emergencies to diagnose acute aortic and coronary dissections. IVUS is an excellent
modality to optimize the results of various stbased techniques and has been shown to improve

outcomes compared with angiograghgsed treatmeii53].

It has been observed that maximum stent area achieved after the procedure dictatestémmlong
outcomeg54]. In addition, IVUS is one of the modalities tlzainhelpto achieve the maximum

post implantationn minimum stent area{SA). The usefulness and efficacy of IVW@ve been
validated in several studi§46,55] The potential utility of IVUS has been recognized by various
Cardiac Professional 8cieties, and it is recommended in the decisi@king process in the
cardiac catheterization laboratory. The cost concerns related to this modality has been addressed,
and it has been demonstrated that although it is associated with higher initiaVt&gudided

procedures are more ceasffective compared to angiograpbgsediecisiong46, 55]
1.19 Optical Coherence Tomography (OCT)

Optical coherence tomography (OCT) is a higholution intravascular imaging technique that

has become increasingly popular in the field of cardiol@®}. OCT was first developed in the

1990s by Tanno and Fujimoto [1,30] and uses light to produce images with a resolutietbof 10

€ m, which is much higherthanthe 22000 e m resol uti on of iintrava
OCT can identify and differentiate the three layers of the arterial wall, providing detailed
information about tissue characteristics and plague morphol66 Moreover, OCT is

particularly useful for pogprocedural assessment of stent implantgdih. The highresolution
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images allow for accurate measurement of stent apposition, detection of intraluminal thrombi (red
and white), identification of dissection, and tissue prolapse. OCT can also identify vulnerable

plaques, potentially allowing for early treatment before anewccurs [1, 2].

In addition. OCT can precisely measure vessel diameter and lesion length during percutaneous
coronary intervention (PCI), providing useful information for optimizing the size of balloons and
stents. OCT can also identify the angle and location of disgdtdios, tissue prolapse, stent edge
dissection, and stent mapposition with greater accuracy than IVUS8]. Likewise, for post
procedural assessment, OCT can be useful clinical for understanding the potential mechanisms of
stent failure [3]. However, the routine clinical use of OCT still requires further clinical trials to
validate the technology, establishrstlard protocols, and test its safety and efficacy in improving
clinical outcomes. Cost also remains an important factor in the worldwide uptake of this
technology[59]. Current treatment decisions can be guided by the visualization of plague
morphology and Figuré.3 shows typical examples of various plaque morphologies as observed

by OCT, including fibrosis, fibrosis fatty calcified and lipertissues.

(a) Fibrous (b) Fibrous fatty
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(c) Calcific (d) Lipemic

Figure 1.3: Typical examples various plague morphologies as observed by O@Jfibrosis,

(b) fibrosis fatty, (c) calcified and(d) lipemic tissue$Taken from clinical practide

In conclusion, OCT is an extremely usedlihical tool in cases where the mechanism of acute
coronary syndrome presentation is unclear. Moreover, it can hglpatdify plague morphology
and tissue characterization. It is also useful in cases of stent failure, allowing for a better

understanding of the mechanism of restenosis and stent thrombosis [2, 3].
1.20Treatment of plaques

Once the clinician has diagnosed and examined the type(s) and composition of plaque(s), then it
is possible to decide on how to best treat these lesions. Angiography has limitations to define the
details and hencéhe risk of inadequate treatment. However, with angiograghis delineation

is not always clear. A soft fibrous or fibfatty plaque responds nicely to balloon angioplasty and
stenting and may not require vigorous-gration (see figurd..3a and b). A calcified plaque may
caution the clinian regarding stent apposition especially of concentric nature of the plaque and
as such, the clinician may consider rot ablation or-pigissure prelilation (see figurd..3c). On

the contrary, the clinician may want to avoid such things when dealing with a necrotic core to

prevent risk of embolization (see figutedd).
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Mal -Apposition (Top image)

Tissue Protrusio(Bottom image)

Figure 1.4: IVUS images showing Mal appositigiiop image)and tissue protrusio(Bottom

image)(Taken fromclinical practicg.

Figurel.4 shows IVUS images tiksue protrusiofbottom imageand Mal appositioftop image)
involving various post procedural complications which can be seeassadsed by IVUS. It is
possible to comprehend that from imaging, not every dissection needs treatment and only flow
limiting dissections and with extension to media should be treated-ddjabsitionsin an acute
setting may have no clinical consequences and only if there is atéwngsituation then they can

have some impact on stent failures like stent thrombosis. Moreover, Both IVUS and OCT are
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currently used in clinical cardiac practice globally. It is important to wmet the basic

differences between the modalities as highlighted in Thile

Table 1.1: Parameter data measurstowing the comparison of IVUS and OCT
applications in the diagnosis of CABdapted from references [1,2]).

Parameters IVUS OCT
measured

Axial Resolution 1007 200pm 157 20 um
Beam Width 2007 300 mm 207 40 mm
Frame Rate 30 frames/s 100 frames/s
Pullback Speed 0.5-1 mm/s 20 mm/s
Max. Scan Dia. 15 mm 10 mm
TissuePenetration 10 mm 1.0-2.0 mm
Lines perFrame 256 500

Lateral Sampling (3 | 225 um 19 pm

mm Artery)

Blood Clearing Not Required Required

It is particularly noteworthy, that both IVUS and OCT have advantages and clinical utilities in
different clinical scenarios and settings and as a clinical operator it is important to have familiarity
with both modalities to obtain the best outcomes foinaividual patient. Tablel.2 shows a
comparison of the advantages and disadgastaf IVUS and OCT modality applications.
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Table 1.2:Advantages and disadvantages of IVUS and OCT modality applications (Adapted from

reference [58]).

< 3 second pullback
Non-occlusive

Follow-up for apposition,
dissection

High Sens/spec for lesion
identification (lipid,
calcium, fiber, thrombus)
Low crossing profile

Bioabsorbable stents

Modalities Advantages Disadvantages
IVUS High tissue penetration Cost
Good imaging of fiber, Slow
calcium
Inferior resolution
Plaque burden
Difficult to resolve lipid
LMCA thrombus, stents,
dissections.
No flush required.
Apposition
Large installed base
Dissection
Outcomes data
Calcium shadowing
Operator Experience
Virtual histology reliability
OCT High resolution Cost

Lack of outcome data
Poor tissue penetration

Unfamiliar, new
technology

Adds contrast load.
Very tight lesions
Very largevessels

LMCA
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Coronary angiography is a commonberformed test for the assessment of CAD, but it has
limitations in providing accurate diagnostic information due to itiinZensional nature. This
approach relies on operator estimation, which can lead to differences in interpretation of stenosis
severity compared to other imaging methods. Additionally, angiography cannot provide
anatomical intravascular data or insights into the physiologic correlation of the disease process.
To address these limitations, intravascular imaging (IVI) has emerged as hlevadpinct to
angiography in clinical practice. IVI can provide detailed information about vessel anatomy, extent
and severity of the disease process, plaque morphology, and precise vessel sizing for stent
selection. This information can help to guide idem making and more sdacilitates
revascularization with percutaneous coronary interventions (PCIl). Modern advances in VI
technology have made it usielendly and available for routine use in the cardiac catheterization
laboratory{46, 48, 55]

Despite the welkstablished role of IVI and innovations in technology, its everyday use remains
low worldwide. However, VI is of particular importance in treating complex higher risk among
indicated patients, including for treatment decisions involvrggléft main stem and bifurcation
disease. Moreover, this process can helpnderstand the mechanisms underlying dtghires

[60, 61]

Cardiologists often need more information aboytaaticular disease process, such as vessel
anatomy and plaque characteristics to plan the interventional strategy in a particular case. Visual
estimation of stenosis severity can also vary between operators, highlighting the need to reduce
inter-observer wariability. Therefore, adjunctive techniques like IVl have revolutionized the field

of invasive cardiology by improving diagnostic accuracy and guiding the deais&img process

to improve clinical outcomes.
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1.21Role of intracoronary imaging and physiology in chronic complex disease process like
diabetes mellitus (DM) and chronic kidney failure (CKD)

Cardiovascular diseases (CVDs) due to DM and CKD are becoming more prevalent worldwide,
leading to increased morbidity and mortal®2]. Currently, over 535 million people have DM,

250 million are undiagnosed and another 2.5 billion people have prediabetes globally. The
prevalence of this metabolic disorder varies from one country to another ramgirig40% with

an aveageof 1-14% worldwide. The disorder is more prevalent in the Middle East, China, India
and in South Americand & DM rises globallyit posesa significant challenge to healthcare
systems in terms of treatment cost, primarily due to its link to CVDs and related complications
[63]. The morbidity and mortality associated with the diabetic heart and kidney disease is very
high as reflected in UK cohoj25].

Diabetic patients are two to four times more likely to develop macrovascular complications such
as CAD, hypertensionheart failure or diabetimduced cardiomyopathy, peripheral vascular
disease, and strokes than rdiabetic individuals[64]. CVDs and renal failure are the major
causegalmost 90%)of morbidity and mortality in diabetic patients, with compromised heart
functionfrequently observefb5-67].

Diabetic nephropathy (DN) is more common in patients with type 2 diabetes than type 1 diabetes
and it is associated with an increased risk of cardiovascular morbidity and mi@&glityhile
hypertensive drugs like angiotensianverting enzyme inhibitors and angiotensin Il receptor
blockers can delay DN progression, they cannot prevent damage. Therefore, a thorough

understanding of the mechanisms underlying hyperglycerdizced renainjury is crucial[69].
1.22Chronic- kidney disease (CKD)

Chronic Kidney disease (CKD) is a welstablished major public health problem glob§i§].
CKD has been associated with increased morbidity, mortality and rate of hospita[@alic@@KD
is associated with increased risk of CVDs and associated moffdljtyPatients with CKD have

multiple comorbidities and they have weBtablished risks that increase the risk of CY113.
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1.23DM and CKD

There is a welkstablished strong association between DM and CKID One major longerm
disease, due to DM, is kidney failure or nephropathy. This results from elevated blood glucose or
hyperglycemia due to DM or insulin deficiency or insensitivity exerting excess workload on the
kidneys to regulate blood glucose lej@D-73]. There is also a wedistablished strong
relationship between DM and the occurrence of CypertensionfTN) and heart failure (HF)

due to the development of cardiomyopathy and-waelten literature evidenas available in this
regards[64, 69,72]Moreover, here is a higher incidence of HF among patients with [B#).

Indeed, cardiovascular complications are the most common causes of morbidity and mortality in
both TIDM and T2DM patients and more than 80 % of diabetic patients will eventually die from
heart diseases and 10% from kidney fai[6&]. Patients with DM should be monitored and treated
with a close observation by cardiologif8]. Electrocardiographysian inportanidiagnosic tool

of ventricular hypertrophy in patients with chronic renal diseaskmtients who die from kidney
failure usually have left ventricular hypertrophy (LVH) (80§838]. The incidence can even be

higher in patients with hemodialygig2].
1.24Management of patients

There is a significant advancement in the various treatment strategies for chronic health conditions
like DM and CKD. It is well observed in clinical practice now theith the advent of new drugs,

diet modifications, and regular physical activities, diabetic patients seem to enjoy an era 15
years of a béerquality of life compared to 25 years ago. Unfortunately, still many diabetic patients

do not adhere or comply with thiecommendations given by physicians and hence, as a result,
they develop diabetaaduced longterm complications including, diabetic cardiomyopathy
(DCM), and kidney failure (KF)r, (nephropathy) alongside other systemic complications as well
as blindnessr retinopathy and nerve damage or neuropghly Comparing these different long

term complications, most diabetic patients (80%) usually die @vids, followed by renal failure

(10%)[25]. There is evidence that diabetic patients are at increasedf @srhythmias and even
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SCD and t has been estimated that about 20% of asymptomatic diabetic patients have an abnormal

cardiovascular autonomic functigpnd].
1.25Steps to Accurate FFR Measurements

Thetechnicalproceduren physiologcal assesmentagparamountimportarcefor accutate data
collection and interpretaioffhe team working in the laboratory needs to be adequatley familiar
with the concept of physiological measurements and adequte teaching and training should be given
to cathetrisation laboratory staff in performance ofdlical tess and accurate interpretation.

All the equipmenimustbe prepared with wires adequatley flushed and kept sterile on the table.
All the manifolds need to be normlaand equalised. The wire and aaortic pressure need to be
detetcted on the visual monitor.It is of paramount importemtesert wire into guide and equalize

the wire/guide pressures in aorta at tip of the guide. Figures -pt¢al.8 demonstrate the
measurement of Fractional Flow Reserve (FFR) in the right coronary artery. The wire should be
handeled very carefullgnd after crossing the lesion ensure that tip of wire is atle2anistal

with pressure transducer. The guide cathter shoulflusked with saline to confirm adequate

aortic wave form. Ideally the operator should take atleast 3 measurements and take an avaerage.
When an FFR is done, it is important to infuse the hyperemic agents such as ad@idsine
eg/ kg/ mi n) or tonensure tha thal patient(isagivem gdequate explanation of the
procedure, especially as to what is expected during the hyperemia as in release of a blockade or
heat stress, exercise and others. It is equally important to asses carefully thelsas#ion

during the hyperemia and also to measure the readings. Moreover, after the completion of clinical
test, it is of paramount importane to investigate for the absence of drift using pressure pull back
[74].
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Figure 1.5. Measurement of Fractional Flow Reserve (FFR). (1) Pa is measured just
beyond the ostium of the left or right coronary artery and (2) Pd is measunediately
distal to the lesionTaken from referenc&’].
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Equalization between Ao and sensor pressures

d0E-11-17 3352

(A) (B)

Figure 1.6: (A) The sensor at the tip of the guiding catheter andhi{8)tessure in the
Ao-state. It isparticularly noteworthy that one of the important steps is to equalize the

pressure between aorta and sensor presstaksr{ from clinical practice).
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Figure 1.7: Image showing the pressure sensor is just outside the guiding cathfeessure is
equalised. Pressure transducer sei correctly and zeroed at proper height. Guided catheter
pressure should represent AO pressure. Wire introducer removed ffoomnector(taken from

clinical practice).

Figure 1.8: Diagram showing equal pressures in Ao and Pressure Wateen from clinical

practice)
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1.26 Some major points from thentroduction

This introduction emphazes the importance of Corona®ngiography (CA) as a gold standard

test for the diagnosis of CAD. An accurate interpretation of CA is of paramount importance in
decisionmaking to treat patients with CAD. CA has the inherent limitation of being a two
dimensional XRay lumem-gram of a complex thredimensional vascular structure. Visual
assessment of angiogram can lead to both-iatet intraobserver variability in the assessment of

the severity and extent of the disease which can lead to differences in managementsstrategie
Interventonal cardiology has been revolutionized and modern catheterization laboratories globally
are fully equipped with adjunctive technologies, such as Quantitative Coronary Angiography
(QCA), Fractional Flow Reserve (FFR), Invascular UltraSonography (IVU¥$ and Optical
Coherence Tomography (OCT) to hegrdiacclinicians to make a welhformed decision based

on detailed anatomical and physiological assessment of a coronary artery rather than judgment
based solely on visual assessment. Figudshows aliow diagram of the nemvasivemethods

in screening for CAD prior to surgical intervention by thiricians.
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CT'srolein the Patient pathway for chest

pain caused by suspected CAD \
/ Intermittent, stable

Irregular plasma-troponin or chest pain with no

ECG ECG or troponin
irregulaties
Suspected ACS
Purpose of non-

invasive imaging is
to diagnose angina

not screen for CAD
CT may be used to
‘rule out’ other
alternative causes R
e.g. aortic aneurysm functional imaging - o
(if thisis a plausible NT——— Non-invasive
diagnosis given myocardial anatomic imaging to
@ detailed clinical ischaemia by determine luminal
assessment) perfusion stenosis

Figure 1.9: Flow diagram showing theariousmethods irdiagnosigor CAD (Taken from

Google image).

1.27 Conclusion from the literature review relating to agreement, controversy, growing

points and developing new research.

Intracoronary imaging and physiologyided interventions are important diagnogtols for
guiding decision making in the cardiac catheterization laboratory. The literature review will now

support this statement.
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Areas of agreement Coronary angiography has been considered the gold standard test to
appropriately diagnose and manage patients with coronary artery disease (CAD), but it has the
inherent limitation of being a-8imensional xay lumem-gram of a complex -8imensional

vascular structure.

Areas of controversy There is well established inteand intraobserver variability in reporting
coronary angiograms leading to potential variability in various management strategies.
Intracoronary imaging improves the diagnostic accuracy while optimizing the results of an
intervention. Utilization of intracoronary imaging modalities in routine practice however remains
low worldwide. Increased costs, resources, time, and expertise have been cited as explanations for

low incorporation of these techniques.

Growingpoints:l nt racoronary i maging suppl empmakihgs and
ability based on detailed and objective lesion assessment rather than a subjective visual estimation.
The benefits of intravascular imaging guided by physiological intervenéimnbdecoming more

profound as the complexity of cases suitable for revascularization increases.

Areas timely for developing research:While the clinical benefits of intravascular ultrasound
have been well validated, optical coherence tomography in comparison is a newer technology,

with robust clinical trials assessing its clinical benefit are underway.
1.28 Howthe doctoral standard will be met?

The applicant is well establishegdonsultantCardiologist with good experience in research
resulting in 35 research publications. He also holdsMBe by researchMRes degree from

UCLAN. He also has a very good background in research applications, governance and training
which are relevant for a PhD award. Moreover, the candidate possesses knowledge and experience
about the research processes including asking research statement strmhsjuleypotheses,
objectives, literature reviews, experimentaliges, data collection and statistical analysis using
appropriate statistical prograethics, health and safety, writing research grants and manuscripts

including reviews , presentations to national meetings, power point presentation, member of
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professional societies, annual progression and thesis writing. He also has experience in oral
examination technique via his MRes award. He is familiar with and has hands on experience with
the research processes which are the e basis for doctoral reffmasaeeting theequirements

of doctoral standards. In addition, the candidate has a strong inclination towards research, and he
strongly believes that it keeps him up to date in his field of expertise and learning the latest cutting
-edge developmentnd techniques. Additionally, workirig academic cardiovascular units has

given me the opportunity to understand the basics of research methodology.

In supporting of his PhD by publication, the candidate is a Bfitrsined Consultant Cardiologist.

He also holds postgraduate training qualifications to beco@erdiologist and the MSc by Res

from UCLAN. He has been a clinician for over 18 years, and he would like to continue to enhance
his ambitions and dreams in pursuing an academic career and as such, the PhD will help him in
this respect. Secondly, the doctoral standsad nowbeen met viathe currentPhD thesisby

publication, likeotherssubmittel to UCLAN for the same award.

The candidate is receiving substantial guidance from Professor Jaipaul Singh.AN Wx0d
Professor Ernest Adeghate in Dubai regarding the preparation of the thesis. Both have supervised
many PhD students including PhD by publication. Moreover, both the Professors have the DSc

degree which is equivalent to PhD by publication but with mesearch papers.
1.29 Scope of Study

Chapter 1 of this thesis illustrates artugh review of the literature in the subject area supported
by several figures and tablégShapter2 contains a comprehensive éapation and discussion as
to how each reseeh papein each of the three arelaascontributed anénhanced knowledge and
understanding in the subject area of CAIhapter3 outlines the percentage participationthe
candidate to each publication. Chaptés a general, criticaBnd comprehensive discussion of the
majorfindings in each paper to support the PhD thesis bjigation. This chapter is followed by

a conclusion, limitationgndrecommendationandscope for futuretudies. Apendk 1 contains

the full CV of the candidate and Appendix 2 contairesscanne®DFcopies of théull 16 original
researclpublicationswhich have beemised to support the thesis by publication.
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1.30Working hypothesis:

Intracoronary imaging and physiologpided interventions are crucial in decision making in
cardiac catheterisation laboratory in treating complex coronary artery disease (CAD) in patients
with chronic kidney disease (CKD) and diabetes mellitus (DM).

1.31Main aim:

This is a PhD by publication study which is designed to incorporate several relevant publications
to support the working hypothesis on the utility of intracoronary imaging and physiglodgd
interventions in patients with diabetes mellitus (DM) and cler&idney disease (CKD) to help in
improving the clinical outcomes of the patientie utility of these techniques is very low in
routine daily practice, and it is relevant to encourage the clinicians and general population to

understand the importancétbese modalities to give the best clinical care to the patients.
1.32Specific Aims or Objectives:

1. To undertake a thorough literature search around the subject area relating to the coronary artery
disease (CAD) and role of intracoronary imaging and physiology in cardiac catheterisation

laboratory (Chapter 1).

2. To explainthe major findings in each publication in termsoointributing andenhancing
knowledge and understanding in the subject area of early diagnosis and sudden cardiac death
(Chapter 2).

3. To provide evidence of contribution and support by the candidate (expressed as percentage) for
each research publication presented in the PhD thesis by publication (Gapter

4. Todiscusgritically and comparéne results of each paper presented in the thesis by publication
with those in the current literature and supported by relevant references and how it is possible to
improve early diagnosis and treatment of CAD to prevent sudden cardiac death of the patient
(Chapter).
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5. To provide the CV and sixteen original publications for inspection by the examiners

(Appendices 1 and 2)

6. To defend the competence of the candidate and the PhD by publication atexaoraation
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CHAPTER 2

ORIGINAL CONTRIBUTION TO THE ADVANCEMENT OF

SCIENTIFIC KNOWLEDGE AND UNDERSTANDING BASED

ON RESEARCH PUBLICATIONS
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2.1 Introduction:

Globally, heart and circulatory diseases, including coronary artery disease (KM an
estimated 9.8 million men and 9.2 million women in their working years in 2019, representing
over 1 in 4 (27 per cent) of alobal death$la/b,75]. The global number of deaths from heart
and circulatory diseases is projected to rise further, not only irildgime countries but also in
low- and middle income countries. A common cause of CAD is atherosclerosis \alpague
develops, due to the accumulation of fats, especially cholestetbé medium and large arteries

of the heart. If left untreated, it hardens ararows(clogged upkhe arteries over a period of
years, thus reducing the flow of oxygaah blood to organs and other parts of body, and leading

to serious problems, such as myocardial/cerebral infarction, or even death of thq P&tient

The initial choice of medical technologies fo
and history. In general, invasive coronary angiography (ICA) is prescribed to specify the nature
and extent of the coronary lesi¢r8]. However, it is an invasive procedure thus posing certain
risks to the patient and moreover, in the case of multiple mesawerity stenoses, the decision

on which of the lesions is the main cause of ischemia cannot be deciphered from the angiography
dataalone[78]. Coronary CT angiography (CCTA) is a noninvasive alternative to theal@A

better than stress tgg9]. This provides a 3D representation of the heart and coronary arteries.
One of the main advantages of CCTA is thatit identify the characteristics and global extent of
CAD together with providing data for the reconstruction of the entire arterial tree lumen. Since
CCTA produces 3D datasets, techniques such as curved multiplanar reformdi@R)and 3D
volumeas well agion-invasive computed fractional flow reserve from computed tomography (CT)
can now be used foiagnosing coronary artery dise§8@]. However, clinical diagnosis by means

of coronary CT imaging is a tirm@nsuming task, due to the large amount of data produced in the
scanning process (on average, 300 slices/patient). Interpretation of a CTA study igradaisore

and subjective taskCT angiography, can be used in the diagnosing and managi@htbaic
Coronary Syndrome&CS)[81].
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The currenthesisfor PhD by publication is basemh sixteen publications and they are related
mainly to diagnosis and treatment of CAD to savelithess of patients and provide them with an

element of longevity and improving their quality of lif@he sixteen papers are categorized into
three main areas of research including haimeonary imaging and physiology (10 papers),
mineralocorticoid receptor antagonists (MRA) (3 papers) and infaratesimetionand endothelial

dysfunction (3 papers).

The aim of this chapter is &ghow how each selected publication in each category of research has
contributed tathe advancement of knowledge and understandirgga@hsubject are@ombined
with key factors such as impact factor and citation as to how the work in the selected publications

has impacted on advancement of science into clinical work by Cardiologists

2.2 (A) Intra-coronary Imaging and Physiology

1. Parviz, Y., Fall, K., Stone, G., Maehara, A., B&ehuda, O., Mintz, G., and Ali, Z. (2017).
Imaging and Physiology to Guide Venous Graft Interventions Without Contrast Administration in
Advanced Renal Failure. The Journal of Invasive Cardiology, 29:-E163, (Impact Factor

1.07 and 6 citations).

2. Parviz, Y. (2017).Intra coronary imaging to detect mal apposition: Are We Seeing Too Much.
Heart. (A BMJ Journal), 103 (9): Article 2017 igeartjnt2015307888v1) [mpact Factor 5.42
and no citation).

3. Parviz, Y.,Evan, S., Khady N.F., Maayan K., Akiko, M., Allen, J., Richard, A.S., Gary, S.M.,
and Ziad A.A. (2017). Utility of intracoronary imaging in the cardiac catheterization laboratory:
comprehensive evaluation with intravascular ultrasound and optical coberemography.
British Medical Bulletin, 125(1):790. (doi: 10.1093/bmb/ldx049(Impact Factor: 3.045 and

18 citations).
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4. Parviz, Y., P.Khady N.F., and Ziad A.A (2016). Using sound ad@idetravascular ultrasound
as a diagnostic tool. Journal of Thoracic Diseases. 8(10): EAB397. (doi:
10.21037/jtd.2016.10.64. 10.21037/jtd.2016.10(BApact Factor: 2.365 and 3 citations).

5.Chin, C., Matsumura, M., Maehara, A., Zhang, W., Lee, C., Yamamoto, M., SomRariiz,

Y., Jhalani, N., Mohan, S., Ratner, L., Cohen, D., Behuda, O., Stone, G., Shlofmitz, R.,
Kakuta, T., Mintz, G., and Ali, Z. (2017). Coronary Plaque Characteristicsagmbidialysis
Dependent Patients as Assessed by Optical Coherence Tomography. The American Journal of
Cardiology,119(9): 131:3319. (doi 10.1016/j.amjcard.2017.01.022. Epub 2017 Felifapact

factor: 2.26 and no citation)

6. Parviz, Y., Awan, K., Vijayan, S., Sultan, A., and Igbal, J. (2017). Role Of Intra Coronary
Imaging and Physiology In Diagnosis And Management Of Coronary Artery Disease. Journal of
Ayub Medical College, Abbottabad: JAMC. 29: 53B2. (Impact Factor 0.481 and 515
citations).

7. Mamamoto, M.H., Maehara, A., Karimi, G.K, Mintz, G.Barviz. Y., Kim, S.S., Koyama, K.,
Amemiya, K., Kim, S.Y., Ishida, M., Losquadro, M., Kirtane, A.J., Haag. E., Sosa, F.A., Stone,
G.W., Moses, J.W., Ochiai, M., Shlofmitz, R.A., and Ali Z.A. (2017). Mechanisms of Orbital
Versus Rotational Atherectomy Plaque Mochtion in Severely Calcified Lesions Assessed by
Optical Coherence Tomography. JACC Cardiovascular Intervention, 10(24):28884 (doi:
10.1016/}.jcin.2017.09.031. PMID: 29268891jmpact Factor: 11.2 and no citation).

8.Ali, Z., Parviz, Y., Brinkman, M., Matsumura, M., Redfqi8., Brogno, D., Corral, M., Fall, K.,
Mintz, G., Stone, G., Maehara, A., Jeremias, A., and Kirtane, A. (2018). Pressure Wire Compared
to Microcatheter Sensing for Coronary Fractional Flow Reserve: The PERFORM Study. Euro
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Intervention: Journal of EuroPCR in Collaboration with the Working Group on Interventional
Cardiology of the European Society of Cardiology. 14(4): e286. doi: 10.4244/EID-18
00064. (Impact Factor 6.534 and 5 citations).

9.Shlofmitz, E., Jeremias, ARarviz, Y., Karimi, G.K., Redfors, B., Petrossian, G., Edens, M.,
Matsumura, M., Maehara, A., Mintz, G., Stone, G., Shlofmitz, R., and Ali, Z. (2020). External
elastic lamina vs. luminal diameter measurement for determining stent diameter by optical
coherence tomogpay: an ILUMIEN Il substudy. European Heart Journal of Cardiovascular
Imaging 22(7):753759. doi: 10.1093/ehjci/jeaa2{Bnpact Factor: 6.875 and no citation).

10.lsraeli, Z., BagurR., Murariu, D., Wall, S., Alemayehu, MParviz, Y., Diamantouros, P., and
Lavi, Shahar. (2017). NitrglycerineDerived Pd/Pa for the Assessment of Intermediate Coronary
Lesions. The Journal of Invasive Cardiology. 29(12): EETI83. Impact Factor:1.07 and 1
citation).

2.3 Advancementand understanding of the science to enhance knowledge on intcaronary

imaging and physiologyin each of the 1Qublications.

Manuscript 1. Parviz, Y., Fall, K., Stone, G., Maehara, A., Béehuda, O., Mintz, G., and Ali,
Z. (2017). Imaging and Physiology to Guide Venous Graft Interventions Without Contrast
Administration in Advanced Renal Failure. The Journal of Invasive Cardiology, 29: G

(Impact Factor 1.07and citation of 6).

In this exciting paperthe candidate was theading author and demonstrated the utility of
intracoronary imaging and physiology in managing complex disease process of graft interventions
with no contrast use. Patients with previous coronary artery bypass grafting and advanced chronic
kidney diseas€CKD) are considered at a high risk for revascularizatiocomparison to native
coronary artery angiography, additional contrast is required to visualize the bypass conduits,
increasing the risk of contrastduced nephropathy (CIN) and need for renal replacement therapy.
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As a result, despite the need for revascularization, these patients were frequentlyeaeler
There is evidence in the literature that intravascular ultrasound (PgUiSgd interventions can

reduce the amount of contrast and its associated riskNof Cl

In addition, his paper describealnovelstepby-s t e p -cfoznedrraast 0 saphenous Vv
(SVG) intervention using a modified technique. This Wesbrainchildof the candidate and he
worked with his supervisor at Columbia University New York and wrote the manuscript for

publication.

The paper concluded that tmeveltechnique could hel guide theClinicians in treating these
complex set of coronary bypaspatients and improve the clinical outcomes by minimizing the

contrast useSimilar work is now ongoing widely to treat cardiac patients

Manuscript 2.Parviz, Y. (2017. Intra coronary imaging to detect mal apposition: Are we seeing
too muchintracoronary imaging Heart: A BMJ Journal) 103 (9): Article 2017 (@artjnt2015
307888v1) [mpact Factor 5.42 and no citation).

This was an important editorial letter written by the candidate alone to the Editor of the journal
entitledHeart as an expert to comment on intracoronary imaging. He made 100% contribution for
this clinical informative paper. This was his idea, and he did all the searches and tabulated the
results for analysis. In this letter, the candidate outlined a detailedsiaes#sof intracoronary
imaging of coronary vessels including diagnosis and treatment. The rationale for this invited
editorial article was tordighten Cardiologists, especially those in training, more on the subject
area in terms of making and executing a clinical decision or intracoronary imaging. The candidate
highlighted and discussed the various4a@positions and longerm consequences dirgnosis

and treatment.

The novelty and importance of this invited editorial article was to reassure the cardiac clinicians
that not all the mahppositionwas of clinical significance. As such, they should try to have stent
optimally expanded as much as possible. Acuteappbsitioncan sometime be an issue during

the acute procedure as it can lead from time to time a wire behind the stent struts and hence, leading
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to potentially avoidable complications during the procedure. Lateapgaisitioncan sometimes
be associated with delayed stent thrombosis. The paper is widely cited in related publications, and

it has educated the cardiac community abotgicoronary imaging to detect mal apposition.

Manuscript 3. Parviz, Y., Evan, S., Khady N.F., Maayan K., Akiko, M., Allen, J., Richard, A.S.,
Gary, S.M., and Ziad A.A. (2017). Utility of intracoronary imaging in the cardiac catheterization
laboratory: comprehensive evaluation with intravascular ultrasound and optical ceherenc
tomography. British Medical Bulletin, 125(1)=-P®. (doi: 10.1093/bmb/Idx049Impact Factor:

3.045 and 18 citations).

This was ahighly landmark paper in whicthe candidatevas the main authoHe wrote a
comprehensive reviebased on the available literatwrethe utility of intracoronary imaging and
physiology in cardiac catheteation laboratoryThe papehighlightedthevarious techniques that
could be used in the cardiac catheterization laboratde/was also the main contributor and
personally involved in undertaking a comprehensive literature search in the subject area.
Moreover, he compilednd analysis of datand subsequently wrote the revieis such, hea
major contribution and was the first author in this statéhe art paperAs an expert like his co

authors inintracoronary imaging and physioladyis contributon wasmore than 70%

The novelty and clinical importance of thigeresting review, which was lacking at the time,
helped the Cardiac Cliniciarie appreciatéhe utility and evidence behind adjunctive techniques

of intracoronary imagingpptical coherence tomography (OCT) and intravascular ultrasound
(IVUS) or physiology techniques likeactional flow reservéFFR) andinstantaneous wavieee

ratio (iIFR). Moreover, the articlprovideda fewexamples of clinical cases to highlight theirsise

in aidingthe Fhysicians to make a welformed treatment decisioft.is paticularly noteworthy

that upto- date knowledge and understanding ofracoronary imaging and physiology
supplementsan enhance alinical operatorin decisionmaking ability based on detailed and
objective lesion assessment rather than a subjective visual estimation. The benefits of intravascular
imaging and physiology are becoming more profowegpeciallyas the complexity of casés

suitable for revascularization increases.
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From the results, the study concluded that moderayXangiography is a valuable clinical tool in

the cardiac catheterization laboratory to obtain images of coronary arteries. There are inherent
limitations of this 2dimensional technique and adjunctiveravascular techniques (IVUS and
OCT) provide precise and detailed data of th@irBensional coronary artery tree. Hurdles of
procedurerelated cost and time are overcome by the benefits gained with intravascular imaging
(IV1). Several randomized trialseve in progress to evaluate the impact of intracoronary imaging

on longterm clinical outcomes. The take home message from the study is that a combination of
an algorithmic approach to IVI with sound clinical judgment can improve the decsa&img

proces of the Clinician in helping to improve the clinical outcomes of the patients.

Manuscript 4. Parviz, Y., P., Khady N.F., and Ziad A.A (2016). Using sound ad@ice
intravascular ultrasound as a diagnostic tool. Journal of Thoracic Diseases. 8(10}EE3995
(doi: 10.21037/jtd.2016.10.64. 10.21037/jtd.2016.10(@dpact Factor: 2.365 and 3 citations).

This was a very interesting commentary paper on the utility of intracoronary imaging during
complex clinical scenarios. The Candidate was the first author and lead in the study, first author
and he demonstrated the utility of intravascular ultrasound ()\WJ@&rious clinical settingg.he

role novelty of the article is that it explained and highlighted the diagnostic ug&&fih various
emergency clinical settings and how IVUS can guide the treatment dedigitims Cliniciansn

various scenarios @itheraortic or coronary artery dissectiodMoreover,|VUS can be a modality

to differentiate between a true and false lumen. The utility of intracoronary imaging has helped
Cardiac Cliniciansn terms of knowledge andetailed understanding of various dissections and
strategies for the best management of these conditions. IVUS has a very high penetration power
and can be used for the differentiation of various dissections. One of the advantages of using IVUS
is thatthe Clinicianscan avoid using the otrast material which may be helpful in preventing the

propagation and extension of dissection.

This interesting paper also highlighted and more so, emphasised on the fagettwatiek higher

penetration power of IVUS, the extent of the dissection process may be studied better. However,
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due to the low resolution of IVUS systems, IVUS can help to differeraradedistinguistoetween

the false and true lumeand therebyhelping to localize the intimal tear. In clinical settings
whenever there is suspicion of dissection on angiography, IVUS can be used to locate the false
lumen and it can help facilitate directing the wire into the true lumen. IVUS is superior in many
cases of dissection including left main stem (LMS) dissectiorthese cases, IVUS does not
require the use of contrast ahdvoids the hydraulic extension of dissection to other arterial trees.

In the cases involving the LMS dissection, IVUS can help to locate the external elastic lamina
(EEL) due to high penetration in comparison to other imaging modalities including TO(@&T.

study has provided new knowledge and enhanced understanding of the clinical use of IVUS in

diagnosis and subsequent treatment of the patients with CAD or related diseases.

This study concluded that IVUS is highly recommended in cases of left main coronary dissection
to determine both the etiology and the extent of dissection and treatment plan. The routine use of
IVUS is encouraged in clinical medicine to provide intervanti©ardiologists with more

confidence using this modality, including the emergency setting.

Manuscript 5. Chin, C., Matsumura, M., Maehara, A., Zhang, W., Lee, C., Yamamoto, M., Song,
L., Parviz, Y., Jhalani, N., Mohan, S., Ratner, L., Cohen, D., Behuda, O., Stone, G.,
Shlofmitz, R., Kakuta, T., Mintz, G., and Ali, Z. (2017). Coronary Plaque Characteristics in
HaemodialysiDependent Patients as Assessed by Optical Coherence Tomography. The
American Journal of Cardiolog¥19(9): 13131319. (doi: 10.1016/j.amjcard.2017.01.022. Epub
2017 Feb 9.(Impact factor: 2.26 and no citation)

This was a novebriginaland collaborative study involving eighteen authors. This study was done
when theCandidate was working as a Researeldwship at Columbia University New Yorke

had a keen interest in the management of patients with chronic kidney diSK&xyeand in this
study, the authors investigated thvarious plaque morphologies @KD patientsusing optical
coherencaomography(OCT). The Candidatactively contributed to ik paper and this research
was based orhis original idea. He was involved inthe experimental design, collection,

compilation, and analysis of datde was also involvedn writing the manuscript.This was a
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landmark paper on the complex disease procesCKID and coronary disease plaque

characterization as definegdingOCT.

In this study, 19 paired distal vessel lesions were employed in the study. Lesion length, minimum
lumen area, and area stenosis were measured to ascertain any similarity between groups. The HD
dependent group had greater mean calcium arcs in culpBt\{5426.4 p< 0.004) and noiculprit
lesions (34.3 vs 24 < 0.02) and greater maximum calcium arc in distal vessel segments (101.6
vs O p<0.03). There were no differences in lipid arcs between groups. There was a higher
prevalence of thin intimal calom, defined as an arc of calcium >30 within intima <0.5 mm thick,
in patients in the HRlependent group (41.9% vs 4.88%<0.001). There was a higher prevalence
of calcified nodules in the Hdependent group (24.2% vs 9.7p&0.049) but no differences in

medial calcification or thirtap fibroatheroma.

The incidence of CKD is rising due to an increase in hypertension, diabetes mellitus (DM) and
with increasing age of the population. Currently, patients with CKD are living longer, but it is still
possible to see loagrm complications like cardicenal poblems more often in a clinical setting.

The rising trend in CKD is alarming aftiysicians must be aware of the epidemic of disease, and

it is of paramount importance that new advances in the field are well understood. The information
regarding plaque orphology in these CKD patients is of paramount importance as it catohelp
guide the decisiormaking processf the Clinicians If the patientdhave significant calcification

in their coronary arteriethen the Cliniciangeed to decide upfront about the plague modification
techniques andry to avoid unnecessary balloon dilatations prevent or reduce such
complicationsascoronary perforations stent under expansions associated with higher morbidity
and mortality. Knowing plague morphology beforehaad be very costffective as itcanavoid

the use of unnecessary equipment arateover,minimize contrast use and hence prevent the

long-term complications associated with dialysis.

This study concluded that usiQCT in HD-dependent patients, compared withtched patients
without CKD, had more extensively distributed coronary calcium andjuely, a higher

prevalence of no@atherosclerotic thin intimal calcium. This thin intin@lcium may cause an
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overestimation of calcium burden by intravascular ultrasoundradcontribute to the lack of
correlation between increased coronary artery calcificaamres with longerm outcomes in
patients with CKD.

Manuscript 6. Parviz, Y., Awan, K., Vijayan, S., Sultan, A., and Igbal, J. (2017). Role Of Intra
Coronary Imaging and Physiology in Diagnoaml Management Of Coronary Artery Disease.
Journal of Ayub Medical College, Abbottabad: JAMC. 29: 52@. (Impact Factor 0.481 and
515 citations).

This was a novel paper on the utility of intracoronary imaging and physiology in the coronary
artery diseas€CAD). The candidatevas the first author anone of the main contributossho

was solelyinvolved inthecollection, compilation, and analysis of daté also wrote most of the
paper supporting his first authorshithis paper was based bis personaldea andas such, he

designed all the proforma, manuscript and wrote up the work for publication.

The interesting papérighlightsas towhy angiography is nadequatéo makeprecisedecisions
regardng clinical careof cardiac patients with CADAs such, his information forCardiologiss,

as well aghepublic, is of great significancsince oronary angiography has the inherent limitation

of being a twedimensional XRay lumem-gram of a complex thredimensional vascular
structure. Visual assessment of angiogram can lead to bothantemtraobserver variability in

the assessment of the setyeldnd extent of the disease leggito differences in management
strategies. This issue becomes even more relevant in complex clinical settings, when assessing left
main stem (LMS), bifurcations, diffuse coronary artery disease or situations involving complex
coronary morphology.The novelty of this paper is to promote the precise roles of inarth
coronaryimagingand physiologyin the dagnosisand managementf patients with CAD and as

such, the Cardiac Physicians must not relaogiographyalone.
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Manuscript 7. Mamamoto, M.H., Maehara, A., Karimi, G.K, Mintz, G.Barviz. Y., Kim, S.S.,
Koyama, K., Amemiya, K., Kim, S.Y., Ishida, M., Losquadro, M., Kirtane, A.J., Haag. E., Sosa,
F.A., Stone, G.W., Moses, J.W., Ochiai, M., Shlofmitz, R.A., and Ali Z.A. (2017). Mechanisms
of Orbital Versus Rotational Atherectomy Plaque Magifion in Severely Calcified Lesions
Assessed by Optical Coherence Tomography. JACC Cardiovascular Intervention, 10(24): 2584
2586. (doi: 10.1016/}.jcin.2017.09.031. PMID: 29268891mp@act Factor: 11.2 and no

citation).

This novel studyinvolved eighteen clinical collaborators itovestigate the comparison of two
different techniques for modifying the calcified plaqadesing the development of CAODThese
techniques have different mechan{shof actions to ablate the calcified plagues. In large sized
vessels, there is differential more plague modificationOA is doing more modification of
calcified and norfcalcified plague modification. In small vesselse ablative impact is similar of
the devices. This wasantermational collaborative research study thavolved variousclinical
institutions in USA, UK, and Japan. This was a retrospective stucympare 30 OA cases with
30 RA in severely calcified lesion§he publication received a high impact factor, probably due

to its unigueness and novelty. Unfortunately, there was not citation for this paper.

These procedures were OGjuided and imaging was performed-precedually, when possible

and posiatherectomy and post stenting. These patients were not randomized. Calcium at the site
of lesion was studied before and after #tkerectomy.To identify calcium with eitherround,
smoothor concave surfagecalcium fracture was defined as discontinuity in luminal surface in
calcified plaque. Postdevice usagénvolved stent expansiomand asymmetry and eccentricity

weresimilar in both groups.

Thiswasa unique trial comparing the 2 modalities ofeatittomy for plaque modification. This
information is useful to help decidingwhich modalitywas besto use in which setting with
calcification. It is important foClinicians to make informed decisions in thegiard as appropriate
device selection can avoid potential complicationsrante sccan give the best possible outcome
for patients. With advances in interventional cardiojaggre elderly, diabetic, and renal failure
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patients are being treated and hence more calcification is seen in clinical practice. Familiarity with
these device usages is of paramount importance and this can guide in making the best possible

decisions for patients and avoiding the complicationsesdltomplex scenarios.

Manuscript 8. Ali, Z., Parviz, Y., Brinkman, M., Matsumura, M., Redford, B., Brogno, D.,
Corral, M., Fall, K., Mintz, G., Stone, G., Maehara, A., Jeremias, A., and Kirtane, A. (2018).
Pressure Wire Compared to Microcatheter Sensing for Coronary Fractional Flow Reserve: The
PERFORM Study. &ro-Intervention: Journal of EuroPCR in Collaboration with the Working
Group on Interventional Cardiology of the European Society of Cardiology. 14(4)}ed859doi:
10.4244/E1dD-18-00064. (Impact Factor 6.534 and 5 citations).

This study was an interestirlgrge scale headto- head comparison of pressure wire vs micro
catheter for coronarfyactional flow reserverhis European collaborative study involved thirteen
Clinical Cardiologists and the candidate was one of tfidns.high impact factor publicatioand
with 5 citationsdemonstrated thahe introduction of micrecathetercould reduce the device
success and hyperemic and resting Pd/pa and could reclassifgdtienal flow reservéFFR)
into ischemic zone in 1/5 casesThis work was done at Columbia University New York in

collaboration with world leaders in the field of intracoronary physiology.

This PERFORM collaborative study was singlecenter prospectivénvestigationdesigned
specificallyto determine the precision and accuracy of gbhecutaneous coronary intervention

(PCI) compared with the pressure wire (PW) for measurement of FFR. Eligible patients had native
coronary artery target lesions with visually estimated diameter stenosis-89%40 The
independently adjudicated primary endpoint was the difference in hyperemidge®\whined
minimal FFR with and without the PC distal to the st&noSeventyfour patients (95 lesions)

were prospectively analyzed between December 2015 and December 2016. Median hyperemic
FFR was 0.84 [IQR 0.78, 0.89] with the PW and 0.79 [IQR 0.73, 0.85] with the PC distal to the
stenosis (p<0.001). Such differended to clinical discordance, whereby the PC decreased the
hyperemicPW et er mi ned FFR from >0.80 to OO0.80 in
resting Pd/Pa was lower following introduction of the PC compared with the PW alone (0.93 [IQR
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0.90, 0.97] versus 0.90 [IQR 0.86, 0.95], p<0.001). Median pressure drift was not different
between the PW and the PC (0.01 [IQRO1, 0.05] versus 0.01 [IQR 0.00, 0.02], p=0.38).

The novel and collaborative piece of study concluded thaiwledge awarenessand
understandingabout the micro cathetebased physiology is of greassistanceo Cardiac

Clinicians especially when they ameasuing the physiology at the end ttie procedure. This

technique can be an added advantage during the cases where repeated assessment of intracoronary

physiology is required.

Manuscript 9. Shlofmitz, E., Jeremias, ARarviz, Y., Karimi, G.K., Redford, B., Petrossian, G.,
Edens, M., Matsumura, M., Maehara, A., Mintz, G., Stone, G., Shlofmitz, R., and Ali, Z. (2020).
External elastic lamina vs. luminal diameter measurement for determining stent diameter by
optical coherence tomogray: an ILUMIEN Il substudy. European Heart Journal of
Cardiovascular Imaging. 22(7):755%9. doi: 10.1093/ehjci/jeaa2{Bnpact Factor: 6.875 and

no citation).

This wasa novel,landmark interestingand collaborativenvestigationwhich had a high impact
factor but unfortunately with no citationThe study involvedhirteen Cardiac Investigators,
including the Candidate, and they investigateslvarious measurement techniques for sizing the
stent for coronary intervention. Optical coherence tomography (@Qi@led external elastic
lamina (EEL}based stent sizing is safe and as effective as intravascular ultrasound in achieving
post proceduralumen dimensions. However, when compared with automated lumen diameter

(LD) measurements, this approach was tsoasuming.

In this study,the Investigators, including the Candidatiemonstrated that EEhased stent
downsizing led to selection of larger stent diameters vs. LD upsizing. While applying a correction
factor to automated LD measurements resulted in similar mean diameters tba&dfl
measurements. This research was datr@olumbia University New York in collaboration with
world leaders in the field of intracoronary imaginthe candidatevas involved in the data

collection and wrote part of the manuscrige contibuted 30 % in the paper. The other authors
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assisted in data collection and analys@yectingthe manuscript anthey also didsome of the
literaturesearch for the manuscrif@uring this studythe authorsetrospectively compared EEL
based measurements vs. automated LD in reference segments in 154 OCT acquisitions and derived
a correction factor for stent sizing using the ratio of EEL to LD measurenigmy.then
prospectively applied the correction factor in 119 OCT acquisitions. EEL could be adequately
identified in 100 acquisitions (84%) thte distal reference to allow vessel diameter measurement.
Vessel diameters were larger with EBased vs. LD measurements at both proximal (4.12 + 0.74
vs. 3.14 £ 0.67 mip< 0.0001) and distal reference segments (3.34 £ 0.75 vs. 2.64 £ 0;6xmm
0.0001). EEEbased downsizing led to selection of larger stents vs. abdded upsizing approach
(3.33 £ 0.47 vs. 2.70 = 0.44< 0.0001). Application of correction factors to LD [proximal 1.32
(IQR 1.231.37) and distal 1.25 (IQR 1.4936)] resulted in disedance in stent sizing by >0.25

mm in 63% and potentially hazardous stent oversizing in 41% of cases.

The paper concluded th&EL-basedstentingis appropriate an€ardiac dinicians should be
aware of this andhore sohelpin guiding the optimal stenting for these patientish CAD. The

new and novel results obtained from this collaborative study are now guiditggalimjCardiac

Cliniciansto design further largescale trials of OCTguided stentingo treat CAD

Manuscript 10. Israeli, Z., Bagur R., Murariu, D., Wall, S., Alemayehu, MRarviz, Y.,
Diamantouros, P., and Lavi, Shahar. (2017). Natisacerine Derived Pd/Pa for the Assessment of
Intermediate Coronary Lesions. The Journal of Invasive Cardiology. 29(12):EEBB/Impact
Factor:1.07and 1 citation).

The candidateontributed actively as the first operator in performance of the procedure of coronary
physiology. As a lead team of cardiology interventional felloti®®y worked together for
performance of procedure, collection, compilation, and analysis of data. This was a landmark paper
on intracoronary physiology. This study compared the utility of Nitycerin-Derived Pd/Pa for

the Assessment of Intermediate Coronary Lesions. The rationale was to assess the predictive value

of Pd/Pa after nitroglyceriadministration (Pd/Pa[N]) as compared with standard fractional flow

53



reserve (FFR). The Candidat@s involved in this exciting study duritngs clinical fellowship
at Western University Canadde was involved irthedesign,compilation, ollection, tabulation,

and analysis of the data as graphical representations.

In this original study134 patients (27% females; mean age, 65 years) keeraited for the
intervention The diagnostic performance of Pd/Pa(N) aleatification of cutoff value for Pd/Pa
(N) compared with FFR threshold of Qu&ing receivepperating characteristic (ROC) area under

the curve analysjsvas between 0.98 (95% confidence interval, A.9®; p<.05) for 48 pg and

0.86 (95% confidence interval, 0-0994;p<.05) for 240 pg adenosine. Pd/Pa(pP0 . 8 had 100

positive predictive value. Pd/ Paij 00 . 94 provi ded 100% negati ve

P

sensitivity p>92%). Optimal diagnostic accuracy of Pd/Pa(N) was achieved forv@ldes 8 4. Th e

Pearsondés correlation between Pd/ Pa(N) and
0.77 for 240 pg§<.01).

This study was unique in comparing nglgcerin and adenosine for measuring coronary
physiology. Theravere many patientsthen and even today, who did not normadiierate the
adenosinaue tosome sidesffects Moreover,this study demonstrated that even intracoronary
glyceryl trinitrate GTN) can help in guiding the decisiormaking process in cardiac
catheterization laboratory. This is very ceffective and easy to administer time laboratory,
without any specific preparations. This technique camsed more frequently and henicean

helpthe cardiac clinicians fanore frequent use of coronary physiology.

In summary, the results from this study hdeenonstrated that Pd/Pa(N) correlates well with FFR
results. When Pd/Pa(N) is O0.8, there is no
there is a high probability of an FRiegative lesionPd/Pa(N)based strategy may be integrated
into the hemodynamic assasnt of borderline lesionAlthough the paper had a satisfactory
impact factor, the intervention process is used widely by clinical cardiologists for the treatment

of patients with CAD or related diseases.
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2.4 (B)._MR Antagonism and cardiovascular diseases

11. Igbal, J., Parviz, Y., Pitt B, NeweRrice, J., AAIMohammad, A., and Zannad, 2014).
Selection of a mineralocorticoid receptor antagonist for patientdwygertension or heart failure.
European Journal of Heart Failurg6(2):143150. (doi: 10.1111/ejhf.31. PMID: 24464876),
(Impact Factor of 15.534 and 52 citations).

12. Igbal, J., Fay, R., Adlam, D., Squire, Rarviz, Y., Gunn, J., Pitt, B., and Zannad, F.
(2014). Effect of eplerenone in percutaneous coronary intervetnéated posmyocardial
infarction patients with left ventricular systolic dysfunction: A-sutalysis of the EPHESUS trial.
European Journal of Heartikae, 16: 685691, (16.10.1002/ejhf.88Impact Factor 15.534 and

24 citations).

13. Parviz, Y., Igbal, J., Pitt, B., Adlam, D., AMohammad, A.,and Zannad, F.. (2015).
Emerging cardiovascular indications of mineralocorticoid receptor antagofistads in
Endocrinology and Metabolism, April 2015, Vol. 26 (4):2011 (26.10.1016/j.tem.2015.01.007),
(Impact Factor: 12.015 and 31 citations).

2.5 Advancement and understanding to science in enhancing knowledge in each of these

three areas of mineralocorticoids antagonism and cardiovascular diseases.

Manuscript 11. Igbal, J., Parviz, Y., Pitt B, Newetrice, J., AIMohammad, A., and Zannad, F.
(2014).Selection of a mineralocorticoid receptor antagonist for patients with hypertension or heart
failure. European Journal of Heart Failuré6(2):143150. (doi: 10.1111/ejhf.31. PMID:
24464876)(Impact Factor of 15.534 and 52 citations).

This high impact scientific publication with 52 citations has highlighted the role of
mineralocorticoid receptor (MR) antagonists (MRAs)he treatment of hypertension and heart

failure. This was an original paper on a particular MR antagonism. The study highlighted the
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established treatment modality for patients with hypertension, heart failure, and left ventricular
systolic dysfunction (LVSD) during poestyocardialinfarction (Ml). The study highlighted
emerging datavith reference to thpotential benefits of MR antagonists in other cardiovascular
conditions.Several previous stlies have shown an association between MR activation and the
development of myocardial fibrosis, coronary artery disé@#eD), metabolic syndrome, and
cerebrovascular diseases. This reviewr@rad the preclinical and clinical data of MR antagonists
for novel indications including heart failure with preserved ejection fraction (HFPEF), pulmonary
arterial hypertension (PAH), arrhythmia, sudden cardiac dégx@D), valvular heart disease
(VHD), metabolic syndrome, renal disease, and stroke. MR antagonists are not itéeastdin

the United Kingdonfor these conditions yebutemerging data suggest thie clinical needfor

MR antagonists are likely to broadand as sucfurther studies & warranted.

When this study was undertaken, there was little or no afaaay direct comparative data for
beneficial clinical use afpironolactoner eplerenone. It may not be appropriate to compare trials
usingseither pironolactone or eplerenone in heart failure directly due todifistences in patient
population and trial desigithe doice of aspecific agent could be based on clinical indications
(such as thenature of heart failure), individual patient factors (such as gendenorbidities,
occurrence ofide effects), geographical licensirestriction, and communitievel cost benefit
analysis. Based othe data availablethe studysuggested a simple approaith selectinga

particular MRA for various cardiovascular indications.

It is concluded thatie information obtained in this paper and literature review canrngljpding
the patients in choosing the appropriate therapy for these tilermg complex disease processes.
The data hee compared spironolactoner eplerenoneand the resultshave supported
recommendations about best choice of medication to be consideredffeostvely for the

patients Furthercomparative studies and cosénefit analyses asdsowarranted.

Manuscript 12. Igbal, J., Fay, R., Adlam, D., Squire,Rarviz, Y., Gunn, J., Pitt, B., and Zannad,
F. (2014). Effect of eplerenone in percutaneous coronary intervangiated posmyocardial

infarction patients with left ventricular systolic dysfunction: A-suralysis of the EPHESUS trial.
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European Journal of Heart Failure, 16: 68%1, (16.10.1002/ejhf.88Impact Factor 15.534and
24 citations).

This was a collaborativelinical research studynvolving eight world leaders in the field of
mineralocorticoid receptor antagosi§tiRA), including the Candidat&his paper carried a very
high impact factor of 15.534 and 24 citatioBRHESUS was a multentr, doubleblind clinical

trial in which 6,632 patients with acute myocardial infarction (AMI) complicatedldfty
ventricularsystolic dysfunction (LVSD) were randomized to receive eplerenone (n = 3,319) or
placebo (n = 3,313). This EPHESUS wsibdy examined the effects of eplerenone upon
cardiovascular outcomes ipercutaneous coronary interventigRCI)-treated patients. The
beneficial effects of eplerenone in the EPHESUS trial exist for both &l norPCl-treated

AMI patients with LVSD.The resultsisow that @lerenone has minimal effect upon reducing-PCl
related adverse events in the R@lated cohort. This work is a joint idea betwéss Candidate

andhis international collaboratars

Eplerenongas an MRAmedicationcan be used for patients with myocardial infarction aodrit
alsohelpin reduang the infarct size reductiorhich is an added benefit to the heart of the patient
The information regardinthe use okplerenone in pogtMI patients is very informative and it
helpsto guide theCardiologists to make better decisions tioe benefitand outcome fopatients.
Moreover, the dru¢pasbeenshown to see lives in large scale trials. Eplerenpmecomparison

to other MR antagasts, is expensive but the benefits of the medication are exclusive and long

termand as a resulits clinical use isvery cos- effectivein the long run.

From the results, this important international cardiac study concluded thertbgcial effects of
eplerenone on heart failure events d@rejuenthospitalization seen in the EPHESUS trial are
similar for bothPCltreated and neRCltreated AMI patients with LVSDIhe data also revealed
that tereis no evidence thatIRA, eplerenone reduces the risk of recurnsehemiarelated
events including recurrence of angina or the need for repeat revasculari2atiench, the

recommendation is thaplerenonés extremely usefuh AMI patients with LVSD Nevertheless,
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the study also had sonfienitations. It is a poshoc analysis withnherent shortcomings of any
suchstudy. Patients in the EPHESUSPCI cohort did not have routine angiographic-tgdldov
documentey effect of eplerenone on angiographic restendtisvever, the assessmentclinical
eventsn this study wagperhaps more relevant thangiographic outcomes.

Manuscript 13. Parviz, Y., Igbal, J., Pitt, B., Adlam, D., AMohammad, A, and Zannad, F..
(2015). Emerging cardiovascular indications of and mineralocorticoid receptor antagonists. Trends
in Endocrinology and Metabolism, (4):2@11 (26.10.1016/j.tem.2015.01.00{@mpact Factor:

12.015 and 31 citations).

This was both a novel and landmark paper omthreeralocorticoid receptor (MR) antagonism.

The papereceived a very high impact factor 12.015 anighlighted the established treatment
modality for patients with hypertension, heart failure, and left ventricular systolic dysfunction
(LVSD) with postmyocardial infarction (MI). It also emphasiz¢he emerging data which
revealed potential benefits of MR antagonists in other cardiovascular conditions. Studies have
shown an association between MR activaticand the development of myocardial fibrosis,
coronary artery diseag€AD), metabolic syndrome, and cerebrovascular diseases. This review
examined the preclinical and clinical data of MR antagonists for novel indications including heart
failure with preserved ejection fraction (HFPEF), pulmonary arterial hypertension (PAH),
arrhythmia, sudden cardiac death, valvular heart disease, metabolic syndrome, renal disease, and
stroke. MR antagonists are not licensed for these conditions yet; however, emergsugdati

that indication for MR antagonists are likely to broaden; further studies are warrAhttdte

authorsn this article are well established leaders in the subject of MR antagonism.

It is particularly noteworthy thathe beneficial effects of MR antagonism have been robustly
demonstrategreviouslyfor patients with hypertension and heart failure due to LM@@reover,
newer MR antagonist was shown to reduce the hospitalization rate in patients WwiBEHFF
However, the emerging datathe literaturesuggestdthat MR antagonists ight also have a role

in the treatment of other cardiac and vascular conditions including atrial fibrillation, pulmonary

hypertension, renal failure, andadte. The beneficial effects of MR antagonists in these conditions
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have been shown in prtinical or smalscale clinical studies; adequately powered randomized
trials are warranted to confirm these findingbis paper has given insight into the utility of these

agents in rare conditions that can be treated by these agents.

2.6 (C). Infarct Size and endothelial function

14 Parviz, Y., Vijayan, S., and Lavi, S. (2017). A Review of Strategies for infarct size reduction
during acute myocardial infarction. Cardiovascular Revascularization Medicine, vol and
Cardiovascular Revascularization Medicine, 18(5)-383. (doi: 10.1016/j.carrev.2@.02.004.

(18. 10.1016/j.carrev.2017.02.004mpact Factor: 1.168 and 15 citations).

15Parviz, Y., Waleed, M., Vijayan, S., Adlam, D., Lavi, S., Nooryani, A., Igbal, J., and Stone,
Gregg. (2018). Cellular and Molecular Approaches to Enhance Myocardial Recovery After
Myocardial Infarction. Cardiovascular Revascularization Medicine, 20: Cardiovascular
Revascularization Medicine. 20(4):3%b4. (doi: 10.1016/j.carrev.2018.05.021. Epump@ct
Factor: 1.168 and 32 citation).

16Parviz, Y., Hsia, C., Alemayehu, M., Wall, S., Bagur, R., ABomesh, N., ChiYee, I., and

Lavi, S. (2016). The effect of fresh versus standard blood transfusion on microvascular
endothelial function. American Healburna,181:15461. (10.1016/j.ahj.2016.05.01mpact

Factor 4.749 and 1,315 citations).

2.7 Advancementand understanding of the science to enhance knowledge each of these

three areas ofinfarct size reduction and endothelia function

Manuscript 14. Parviz, Y., Vijayan, S., and Lavi, S. (2017). A Review of Strategies for infarct
size reduction during acute myocardial infarction. Cardiovascular Revascularization Medicine, vol
and Cardiovascular Revascularization Medicine, 18(5): -3\ (doi:
10.1016/j.carrev.207.02.004. (18. 10.1016/j.carrev.2017.02.004)péct Factor: 1.168 and

15 citations).

59



This reviewed article with an impact factor of 1.168 and citation of 15 was the brainchild of the
Candidate based ooriginal ide®, including ischemic cascade, microvascular obstruction,
assessing infarct size and therapies for infarct size reduntibe field of infarct size reduction

in the treatment of CADIt wast h e  C a ncdncepteomwkidh ©iethought aboytemploying
variousstrategiess tohow it was possible toeduce the damage of heart muscle after an anginal
heart attack. This work was done in Western University Canada in collaboration with world leaders
in the field of infarct size reduction.

Postinfarct complications such as heart failure continue to be a major contributor to cardiovascular
morbidity and mortality. Inadequate micro vascular reperfusion leads to worse clinical outcomes
and potential strategies to reduce infarct size duringgenf ischemiareperfusion can improve
outcomes.The advice from the paper is th@linicians need to be aware of these findings and

carefully follow and observe thearious strategies asutlined in the article. In summary,
numerous cardio-protective strategies have been tried to help in reducing the infarct size during
CAD. Although various agents have shown benefit in small proof of concept studies, identifying a
single therapy specifically designed for infarct size reduction in large clinical studies has been
unsuccessful so far. Keeping in view the available evidence in this field, Cardiac Clinicians can
now use their clinical acumen with evidence and can potentially employ a combination of various

therapies tailored to the individual patient.

Manuscript 15. Parviz, Y., Waleed, M., Vijayan, S., Adlam, D., Lavi, S., Nooryani, A., Igbal, J.,
and Stone, Gregg. (2018). Cellular and Molecular Approaches to Enhance Myocardial Recovery
After Myocardial Infarction. Cardiovasculd&evascularization Medicine. 20(4):3864. (doi:
10.1016/j.carrev.2018.05.021. Epulmpact Factor: 1.168 and 31 citation).

This manuscript walased on theriginal and novel ideby the Candidaten the field ofcardiac
infarct size reduction. This was the second article published in th¢desdVS 2 for comparison)
in collaboration withrsevenworld leadersvho also work orninfarct size reductionThe study was

basedon the idea andonception thoughtut by the candidatabout various strategies and future
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researctknowledge, understanding and scope for the best way forward in redueidgmage of
heart muscle aftermaanginalheart attack. This work was doaeColumbia University in New
York and was ceuthored with PrafssorGregg Stonewho is an authority in the field of
cardiovascular medicine. This arti¢tlas an impact factor of 1.168and with 31 citationg the

field of infarct size reduction.

This studywas designed texamine the preclinical and clinical evidence floe redudion of
infarct size withsuch clinicabktrategiegnd interventions amntrinflammatory agents, intracellular
ion channel modulators, agents affecting the reperfusion itgwalvage kinase (RISK) and nitric
oxide signaling pathways, modulators of mitochondrial function;apuptotic agents and stem
cell and gene therapy repair the infarct are@he study reviewed the potential reasons of failures
to date and the potential for new strategie further promote myocardial recovery and improve

prognosis.

Based on this studpumerous agents have bemonstratetb reduce infarct size in preclinical

models Howeverthere is limited clinical evidence of benefit to dade. such, emerging strategies

affecting valid molecular and cellular targets require further steslyecially irhumans. Rather

than a fione size fits all o approach, i ndi vi du
with either selecked clinical, myocardial, or genetic/cellular characteristidgvertheless,hese

findings havepotential andyreat significance as they can help in making decisioenchoosng
varioustreatmentagents aftea myocardial infarctiorto reduce the damage to myocardium and

improve the clinical outcomes in the patieritsis also worth noting that amy of the agents

outlinedin the study are very cosffective andeadily availablen clinical practice.

Manuscript 16. Parviz, Y., Hsia, C., Alemayehu, M., Wall, S., Bagur, R., ABRomeh, N., Chin

Yee, I, and Lavi, S. (2016). The effect of fresh versus standard blood transfusion on
microvascular endothelial function. American Heart Joi84:156161.
(10.1016/j.ah}.2016.05.02@lmpact Factor 4.749 and 1,315 citations).

61



This was an original research paper tred an impact factor of 4.749 but with a very large citation

of 1,315in the field of blood transfusion and endothelial dysfunctibime high citation is a
testimony of its importance in the field of reseaithis research work was conducted at Western
University, London, Ontario. The Candidate designed the study, carried out the experiments and
he also collected, compiled, and analyzed data. This was a major work in the field of blood
transfusion, with signifiantclinical impact. The duration of red blood cell (RBC) storage may
have a negative impact on endothelial nitric oxide bioavailability. The research tested the
hypothesis that transfused fresh blood would have a more favorable effect orvasicutar
endotlelial function as compared to older standard issue blood. The results demonstrated that
transfusions of standard issue blood are associated with less favorable effect evastatar
endothelial function as compared to fresh blood. The Candidate wasitheontributor and first
author of the study. He reviewed the literature and wrote the manuscript. His contribution was 75
% to this paper. The other authors also participated in the review of the literature and in writing

some parts of the manuscriphi3 article is widely and well cited in the field of blood transfusion.

The duration of red blood corpuscle (RBC) storage may have a negative impact on endothelial
nitric oxide bioavailability. As such, it was relevant to test the hypothesis that transfused fresh
blood would have a more favorable effect on micagcular enddielial function as compared to

older standard issue blood.

Twenty-one patients (71 + 16 years, 52% females) were enrolled. The mean age of fresh blood
was 5.5 days (£1.0), and that of standard blood was 24.5 days (7.9 days). The pretransfusion
hemoglobin was 83.1 + 2.5 g/L; and post transfusion, 98.9 + 2.6 g/Avérage of 2 U of packed

RBCs were transfused. Microvascular endothelial function decreased more frequently after
transfusion of standard blood compared to fresh blood. Standard issue blood transfusion was
associated with decrease in reactive hyperemiap pher al arterial tonomet
compared to fresh blood (+0.03 + 0.49); P = .026. This is a novel study in the field of blood
transfusion and it is now helping clinicians in making strong and more confident decisions about

the type of bod to transfuse in different clinical settings. Availability of fresh blood is always not

possible, and hence, awareness about the implications of stored RBCs transfusions is of significant
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clinical importance. The Government, via the Ministry of Health, should make public awareness
about the blood donation campaigns and have as much fresh blood available as possible for

transfusion and treatment of the patients.

The study had some limitations including a small number of participants and therefore, the results
might be impacted by interariability and intravariability of the EndePAT test. Nevertheless, it

was of paramount importance to investigate the berafiiiesh blood infusion to patients with

fatal hematology and cardiovascular disorders. The-teng impact of repeat blood transfusions

was not yet undertaken when this study was done. However, the measurements obtained by the
EndoPAT reflect the micraicculation, and therefore, the results of this study did not reflect the
effect of blood transfusion on conduit vessel endothelial function. The study concluded that
transfusion of standard issue blood product had a negative acute impact on microvascular
endothelial function.

2.8 Discussion andConclusion

Coronary heart diseag€AD) is a type of heart disease where toeonaryarteries of the heart

cannot deliver enough oxygeith blood to themyocardium due to the deposit of fatty materials
leading to blockage. This process is referred tdley@sclerosis, wheagplaque becomes clogged

up in the medium and large arteries of the heatrt. If left untreated, it hardens and narrows the arteries
over a period of years, thus reducing the flow of oxydeim blood to organs and other parts of

body, and leadingo serious problems, such as myocardial/cerebral infarction, orsex&en
cardiacdeatls globally in both developed and developing countries The initial choice of

medi cal technol ogies for the diagnosis of CA|
general, invasive coronary angiography (ICA) is prescribed to specify the nature and extent of the
coronary lesionsThis study, which comprised of sixteen research papers, is related to CAD in
terms of intracoronary imaging and physiology or blflod/, mineralocorticoids antagonism in
treating cardiovascular diseases and infarct sezieictionand endothelial function. The data
presented in the sixteen research papers have played major ral@sent understanding of

clinical medicine for the diagnosis and treatment of CAD and tmp&acted tremendously on the
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advancement of science and in understanding the problem incurred with the diagnosis of CAD and

its treatment to obtain a good clinical outcome.

In conclusion, the sixteenesearclpapes presented in this study for a PhD by Publicatiere
published in high impact journals with 4 papers had impact factor betweksn 4papers between

4-6 and 8 papers between B4Except for 3 papers, the rest had good citations with one of them
obtaining 1,315 citations. The eight papers which wazehigh scores were original studies with

an international flavor. In general, international studies usually score high in terms of impact factor
and they sometingereceive high citations as well. The other eight papers were both original and
reviews and they were published in journals with moderate impact factor. Nevertheless, they were
well cited for their originality and comprehensive nature in the field. Theeixublished papers
focused mainly on diagnosis and novel surgical, fresh blood and drug treatments of coronary artery
diseases (CAD). Some of the studies also employed new and novel surgical treatments for
diagnosis includingntravascular ultrasoundntracoronary imagingvenousgraft interventions

intra coronary imagingnd physiologyoptical coherencéomography pressurevire compared to
microcathetersensing external elastic lamina vs. luminal diameter measurertesiinique and

others. In summary, the sixteen published papers have enhanced knowledge and understanding
about plaque formation in coronary arteries, the diagnosis and how the disease can be treated safely
with drugs, and various revascularisation techegjto give the patients a longer and better quality

of life.
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CHAPTER 3

PERSONAL CONTRIBUTION TO EACH PUBLICATION
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3.1Introduction

The Candidatbad the privilege and honor to work with world leaders in the fiel@Add focusing
specifically onintracoronary imaging and physiologyineralocorticoids antagonism in treating
cardiovascular diseases and infarct size and endothelial funidiateveloped an early interest

in the field duringhis careemprogressionOver the years, he hagen actively involved iglinical
research in this exciting field of intracoronary imaging and physicéoglyother areas relating to
diagnosis and tréiment of CAD tohelp in improving the successfubutcomes in patientaho
developed atherosclerosiost of his research experience and outputs in clinical research was
done atSheffield University Hospital UK, Western University Canada and Columbia University

New York, USAwhere hegainedhis exertise in the fielabf cardiology

Moreover, he hadeen the leader, driving force and brainchild of a significant number of
publications employed in the thesisdsubmitted tdJCLAN for PhD by Publicationin addition,

he hadeen collaborating with colleagues in the United Kingdom, United States, Canada, and other
parts of world in publishing several joint papems intracoronary imaging and physiology

presented in this thesis.

His main collaborators were Cardiovascular Research Found@taunmbia University of New

York, and Western University Canada. Professor Jaipaul Singh encouraged me to submit this
work for PhD by publicationand that he would be happy to act as my Director of Study. He also
supervisednefor theMSc by research at UCLAN

Overall, contributions of the chigfivestigatoor the candidat® the publications include original
formulation of the research ideas and topics, literature review, study slesymethodologs,
laboratory work, data collection and analysis, preparation, and wasingell as reviewingll the

manuscripts.

Professor Jaipaul Singh, who supervis@drésearch students including PhD by publication at
UCLAN is part of the supervisory team. He also holds the prestigious degree of DSc via his

numerous publications as your mentor and part of the supervisory team. The local supervisor in
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Dubai is Professor Ernest Adeghate who is medically qualified and holds both the PhD and DSc

and works in the areas of diabetes and cardiovascular biology.

The main objective of this chapter is to summarize the personal percentage input and contribution
made by the candidate to each selected for PhD by publications compared tautisors.

3.2 (A). Intra -coronary Imaging and Physiology

Manuscript 1. Parviz, Y., Fall, K., Stone, G., Maehara, A., Béehuda, O., Mintz, G., and Ali,
Z. (2017). Imaging and Physiology to Guide Venous Graft Interventions Without Contrast
Administration in Advanced Renal Failure. The Journal of Invasive Cardiology, 29:EN6GS

(Impact Factor 1.07 and 6 citations).

This was a important ommentary papebasedon the utility of intracoronary imaging during
complex clinical scenariod’he Candidatelemonstrated the utility of Intravascular ultrasound
(IVUS) in various clinical settingsThis washis original ideaand he wrote the manuscrigor
publication.He alsocontributed more than 80% in the article. This article hagations The

other authors helped with the reviewing process of the manuscript.

Manuscript 2. Parviz, Y. (2017).Intra coronary imaging to detect mal apposition: Are We Seeing
Too Much. Heart. (A BMJ Journal), 103 (9): Article 2017h6artjnt2015307888v1) [mpact

Factor 5.42 and no citation).

This was a invited editorialetter writtenpersonallyby the Candidatéo theEditor of BMJ as an
expert commentary about intracoronary imaging. This lagriginalidea, andhe did all the
literature search and tabulated the results for analysis. In this,|lbgatiscussed the detailed
assessment of intracoronary imaging of coronary vessels and at time€hvigans wereseeing
too much detailed informatioas tohow to actin making a clinical decisionThe Candidate
discussed the various mal appositiond bbngterm consequencelde made a 100% contribution

for this paperAlthough the abstract article had a high impact factor, it received no citation.
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Manuscript 3. Parviz, Y., Evan, S., Khady N.F., Maayan K., Akiko, M., Allen, J., Richard, A.S.,
Gary, S.M., and Ziad A.A. (2017). Utility of intracoronary imaging in the cardiac catheterization
laboratory: comprehensive evaluation with intravascular ultrasound and optical ceherenc
tomography. British Medical Bulletin, 125(1):-P®. (doi: 10.1093/bmb/Idx049Impact Factor:

3.045 and 18 citations).

This was a landmark paper in which the Candidate was the main autivarotd a comprehensive
review of the utility of intracoronary imaging and physiology in coronary disease. This article was
standard review article in the field of intracoronary imaging and physiology and the authors
demonstrated various techniques thatildobe used in the cardiac catheterization laboratory.
Moreover, the candidate was also the main contributor, and involved in collection, compilation,
and analysis of data. He made a major contribution and was the first author in thisf sketert

paper. His contribution to the publication of this novel paper was more than 70% on the subject.
His co-authors in this of paper were all experts in the field of intracoronary imaging and physiology
and together, they contributed 30¥he paper had 18 citations.

Manuscript 4. Parviz, Y., P., Khady N.F., and Ziad A.A (2016). Using sound ad@ice
intravascular ultrasound as a diagnostic tool. Journal of Thoracic Diseases. 8(10}EE3995
(doi: 10.21037/jtd.2016.10.64. 10.21037/jtd.2016.10(@dpact Factor: 2.365 and 3 citations).

In this exciting paperthe Candidatevas the leading author and demonstrated the utility of
intracoronary imaging and physiology in managing complex disease processes of Graft
interventions with no contrast us&€he papewasthe brairchild of the Candidate and weorked

with his supervisor at Columbia University New York and wrote the manudonigdublication

His contribution wasnore than 80% on the subject. This article lbeen cited in thregeference

in the field of imaging and physiologyThe two other authors made 20% contributions to the
paper.
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Manuscript 5. Chin, C., Matsumura, M., Maehara,, Xhang, W., Lee, C., Yamamoto, M., Song,
L., Parviz, Y., Jhalani, N., Mohan, S., Ratner, L., Cohen, D., Behuda, O., Stone, G.,
Shlofmitz, R., Kakuta, T., Mintz, G., and Ali, Z. (2017). Corong@igique characteristics in
haemodialysisdependenpatients agssessed bgptical coherenceéomographyAmerican Journal

of Cardiology,119(9): 13%13319. (doi: 10.1016/j.amjcard.2017.01.022. Epub 2017 Feb 9.

(Impact factor: 2.26 and no citation).

This was a landmark papby the Candidatduring his fellowship at Columbia University New
York. He had a keen interest in the management of patients with chronic kidney diS&&ye
and in this papdhe authors investigated tharious plague morphologies @KD patientsusing
optical coherencdomography(OCT). The Candidatectively contributed to this paper and this
research was based s idea. He was involved in experimental desigdata collection,
compilation, and analysis of datéewas alsanvolved in writing the manuscripHis contribution
was about 45%. The other authors contributed 55#%e®uccessful outcome of the manuscript.

Unfortunately, the paper had no citation.

Manuscript 6. Parviz, Y., Awan, K., Vijayan, S., Sultan, A., and Igbal, J. (2017). Role Of Intra
Coronary Imaging and Physiology in Diagnosis and Management of Coronary Artery Disease.
Journal of Ayub Medical College, Abbottabad: JAMC. 29: 52@. (Impact Factor 0.481 and

no citation).

This was aimportantpaper on the utility of intracoronary imaging and physiology in the coronary
artery diseaseThe Candidatavas one of the main contributors ahd was alsanvolved in
collection, compilation, and analysis of datoreover, thegpaper was based dnis originalidea

and understanding of the subject atdéadesigned all the proforma and manuscaiptwrote up

the work for publicationHe made a major contribution in the paper in excess 701 other
authors assisted in the literature review and revieth@imanuscripand their contribution was

30% The paper had a low impact factor and no citation.
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Manuscript 7. Mamamoto, M.H., Maehara, A., Karimi, G.K, Mintz, G.Barviz. Y., Kim, S.S.,
Koyama, K., Amemiya, K., Kim, S.Y., Ishida, M., Losquadro, M., Kirtane, A.J., Haag. E., Sosa,
F.A., Stone, G.W., Moses, J.W., Ochiai, M., Shlofmitz, R.A., and Ali Z.A. (2017). Mechanisms
of Orbital Versus Rotational Atherectomy Plaque Magifion in Severely Calcified Lesions
Assessed by Optical Coherence Tomography. JACC Cardiovascular Intervention, 10(24): 2584
2586. (doi: 10.1016/}.jcin.2017.09.031. PMID: 2926889Mp@ct Factor: 11.2 and no citation
found).

During this investigation the authorsstudied the comparison of two different techniques for
modifying the calcified plagues the coronary arteries in the heafihese techniques have
different mechanissof actions to ablate the calcified plaques. This was a collaborasearch
work thatwasdone by the authors fromarious institutions in USA, UK, and Japdie Candidate
was involved in the formulation, conception, design, and analysis of Hateontributed 30%0

the work. The other authors assistedhia literature reviewthe data collectioandreviewing of

the manuscripprior to publication. Together, they made?@@o the successful outcome of the
paper. No citation was found for this paper although it obtained a high impact factor.

Manuscript 8. Ali, Z., Parviz, Y., Brinkman, M., Matsumura, M., RedfqiB., Brogno, D., Corral,

M., Fall, K., Mintz, G., Stone, G., Maehara, A., Jeremias, A., and Kirtane, A. (2018). Pressure
Wire Compared to Microcatheter Sensing for Coronary Fractional Flow Reserve: The PERFORM
Study. Eurelntervention: Journal of EuroPCR Collaboration with the Working Group on
Interventional Cardiology of the European Society of Cardiology. 14(4): -e466. doi:
10.4244/E1dD-18-00064. (Impact Factor 6.534 and 5 citations).

This was a largescale head- head comparison of pressure wire vs micro catheter for coronary
fractional flow reserveThe authorglemonstrated that introduction of micro cathetarldreduce

the device success and hyperemic and resting Pd/pa and can reclassify the FFR into ischemic zone
in 1/5 casesThis work was done at Columbia University New York in collaboration with world

leaders in the field of intracoronary physiologijhe candidatevas the mairauthor who was
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involved in designing the study, collection of data, and writing up the manustgiptntributed

60 % to this paper. The other authors assisted in the data collection and analysis, review of the
manuscript and some of the literature reviélineir contribution was 30%. The paper had a high
impact factor but with only 5 citations.

Manuscript 9. Shlofmitz, E., Jeremias, ARarviz, Y., Karimi, G.K., Redfors, B., Petrossian, G.,
Edens, M., Matsumura, M., Maehara, A., Mintz, G., Stone, G., Shlofmitz, R., and Ali, Z. (2020).
External elastic lamina vs. luminal diameter measurement for determining stent diameter by
optical coherence tomogday: an ILUMIEN Il substudy. European Heart Journal of
Cardiovascular Imaging. 22(7):75%9. doi: 10.1093/ehjci/jeaa2{Bnpact Factor: 6.875 and

no citation).

This was a landmark study whettee authorsstudied the various measurement techniques for
sizing the stent for coronary intervention. In this sttidyauthorglemonstrated that EEhased

stent downsizing led to selection of larger stent diameters vs. LD upsizing. This research was done
at Columbia University in New York in collaboration with world leaders in the field of
intracoronary imagingThe Candidatevas involved in the data collection, ane alsowrote part

of the manuscriptis contribution30 % to the paper. The other authors assisted in data collection
and analysis, review of the manuscript and some of the literature reVimyether, their
contribution was 30%. r contribution was 30%. The paper had a high impact factor but with no 5

citations.

Manuscript 10. Israeli, Z., Bagur R., Murariu, D., Wall, S., Alemayehu, MRarviz, Y.,
Diamantouros, P., and Lavi, Shahar. (2017). Natisacerine Derived Pd/Pa for the Assessment of
Intermediate Coronary Lesions. The Journal of Invasive Cardiology. 29(12):EBB/Impact
Factor:1.07and 1 citation).
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The Candidate @as involved in this exciting study durirgs clinical fellowship at Western
University CanadaHe was involved inthe design, collection, compilation, and analysis of data.
Moreover, he wasontributing actively as the first operator in performance of the procedure of
coronary physiology. As a team@érdiologylnterventionaFellows,the authorsvorked together

for performance of procedure, collection, compilation, and analysis of data. This was a landmark
paper on intracoronary physiologihe contribution of the candidate was 40%. The contribution

by the other authors was 60%. This paper had both low impact factoitainah.

3.3 (B).MR Antagonism and cardiovascular diseases

Manuscript 11. Igbal, J., Parviz, Y., Pitt B, Neweltrice, J., AIMohammad, A., and Zannad, F.
(2014).Selection of a mineralocorticoid receptor antagonispédients with hypertension or heart
failure. European Journal of Heart Failuré6(2):143150. (doi: 10.1111/ejhf.31. PMID:
24464876)(Impact Factor of 15.534 and 52 citations).

This was a landmarknd high impacpaperwith 52 citationson themineralocorticoid receptor
(MR) antagonism. This review examathe preclinical and clinical data of MR antagonists for
novel indications including heart failuréHF) with preserved ejection fraction (HFPEF),
pulmonary arterial hypertension (PAH), arrhythmia, sudden cardiac (&@i), valvular heart
disease*VHD), metabolic syndrome, renal disease, and strdke. candidateeviewed the
methodology and wrote the manuscrhpis contribution to this paper was 45¥%he other auths
assisted in the data collection, review of the manuscript and literature réagether, they made

55% contribution to the successful outcome of the manuscript.

Manuscript 12. Igbal, J., Fay, R., Adlam, D., Squire,Rarviz, Y., Gunn, J., Pitt, B., and Zannad,
F. (2014). Effect of eplerenone in percutaneous coronary intervangiated posmyocardial
infarction patients with left ventricular systolic dysfunction: A-guialysis of the EPHESUS trial.
European Journal of Heartikae, 16: 685691, (16.10.1002/ejhf.88Impact Factor 15.534 and

24 citations).
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This was a collaborativeesearch studinvolving world leaders in the field of MR antagonists.
This work is a joint idea betwedine Candidatandhis colleaguesHereviewed the methodology
including the questionnaire, analyzed the data and wrote part of the manuslerigintributed
about40% to thishigh impactpaper. The other authors assisted in the data collection, review of
the manuscript and literature reviewogether, they made 60% contribution to the paper. This

article had a very high faateccompanied by 24 citations.

Manuscript 13. Parviz, Y., Igbal, J., Pitt, B., Adlam, D., AMohammad, A.,and Zannad, F..
(2015). Emerging cardiovascular indications of mineralocorticoid receptor antagonists. Trends in
Endocrinology and Metabolism, April 2015, Vol. 26 (4):2911 (26.10.1016/j.tem.2015.01.007),
(Impact Factor: 12.015and 31 citations.

This was a landmarkigh impactpaperof 12.015 with 31 citation®n the Mineralocorticoid
receptor (MR) antagonisand somewhat related to manuscript 11 abbike manuscript 11, the
authorshighlighted the established treatment modality for patients with hypertension, heart failure
and left ventricular systolic dysfunction (LVSRnd postmyocardial infarction (MI). The
Candidate did a thorough review of the subject area regardirgrtheging datand thepotential
benefits of MR antagonists in other cardiovascular conditibims. workwas theoriginal ideaof

the Candidate, and Hermulated the questionnaire, analyzed the data, and wrote the manuscript.
He contributed 65 % to this paper. The other authors assisted in the data collection, review of the
manuscript and literature reviewhey contributed 35% to the paper. It is particularly noteworthy

that theCo- authors in this article are well established leaders in the subject of MR antagonism.

3.4 (C). Infarct Size and endothelial function

Manuscript 14. Parviz, Y., Vijayan, S., and Lavi, S. (2017). A Review of Strategies for infarct
size reduction during acute myocardial infarction. Cardiovascular Revascularization Medicine, vol

and Cardiovascular Revascularization Medicine, 18(5): -3B3! (doi:
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10.1016/j.carrev.2017.02.004. (18. 10.1016/j.carrev.2017.02.06vpact Factor: 1.168 and

15 citations).

This manuscriptvasthe idea andbrainchildof the Candidaten the field of infarct size reduction.

It was his conception, anthe thought about various strategieshelpng toreduce the damage of
heart muscle after a heart attatle was the main contributor of the paper, dedeviewed the
literature and wrote the manuscript. This work was dah&/estern University Canada in
collaboration with world leaders in the field of infasze reductionThe Candidatevas mainly
involved in designing studyvith datacollection and writing up the manuscrigtie contributed

60 % to the paper. The other authors assisted ilitdnature reviewdata collection and analysis
and inreviewing of the manuscriptTogether they contributed 40% to the successful outcome of
the manuscript. The paper, although with a reasonable impact fact, had a citation of 15.

Manuscript 15. Parviz, Y., Waleed, M., Vijayan, S., Adlam, D., Lavi, S., Nooryani, A., Igbal, J.,
and Stone, Gregg. (2018). Cellular and Molecular Approaches to Enhance Myocardial Recovery
After Myocardial Infarction. Cardiovascular Revascularization Medicine. 20(43881 (doi:
10.1016/j.carrev.2018.05.021. Epubbmact Factor: 1.168 and 32 citation).

10.1016/j.carrev.2018.05.021. Epulmpact Factor: 1.168).

This manuscript ithe original idea of the Candidatethe field of infarct size reduction. This was
the second article published in the field in collaboration with world leadessalso worked on
infarct size reduction.The idea in designing, undertaking a thorough literature review and the
studywasthe originalconceptiorof the Candidate. Hénought about various strategissppe for
future research ideasmdhow to helpin redudng the damage of heart muscle after a heart attack.
This work was donat Columbia University New York, and was-eoithor@ with ProessoiGregg
Stone, an authority in the field of cardiovascular medicirtee Candidatgas a main contributor,

and he wasnvolved in designing thetudy, collecting thedata, formulating, and writing the
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manuscriptHe contributed 60 % to the paper. The other authors assisted in the data collection and
analysis, and review of the manuscripbgether, they made 40% contribution to the successful
outcome of the papethearticle is well cited in the field of infarct size reductidine paper had

a good impact factor but with a good citation of 32.

Manuscript 16. Parviz, Y., Hsia, C., Alemayehu, M., Wall, S., Bagur, R., ARomesh, N., Chin

Yee, I, and Lavi, S. (2016). The effect of fresh versus standard blood transfusion on
microvascular endothelial function. American Heart Joii84:156161.
(10.1016/j.ahj.2016.05.02impact Factor 4.749 and 1,315 citations).

This was an original research papéth a high impact factor which was accompanied with a very
high citation of 1,31%n the field of blood transfusion and endothelial dysfunction. This work was
conducted at Western University, London, OntaFtee Candidatéesigned the proforma and was
involved in collection, compilation, and analysis of data. This wasj@r work in the field of

blood transfusion, with significant clinical impadthe duration of red blood cell (RBC) storage

may have a negative impact on endothelial nitric oxide bioavailabilitye authordested the
hypothesis that transfused fresh blooduWl have a more favorabléeneficial effect on
microvascular endothelial function as compared to older standard issue Diansfusions of
standard issue blood are associated with less favorable effect on microvascular endothelial

function as compad to fresh blood.

The Candidatevas the main contributor and first author of the stutiyreviewed the literature
and wrote the manuscrigtle contributed 75 % to this paper. The other authors also participated
in the review of the literature and the writing of the manusciipgether they made 25 %

contribution to the manuscripkhis landmarkarticle is well cited in the field of blood transfusion.
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3.5Conclusion

The sixteen research papgpgsesented in chapte of thisthesisfor PhD byPublication have
clearly demonstrated the important roles played by the candidate in collaboration with his co
authors in the conception of the study, undertaking thorough literature in the different subject area,
undertaking the experiments and clinical studies, collecting, ralgzng the data, writing up the
papers for publications, submitting the papers and revising and correcting the galley proof before
publication. In most of the publications he played a leading role, more than 50%, to achieve a
suwccessful outcome for each pap€hese academic tasks are an integral part of the training for
each PhD student. In addition, he has demonstrated that he possesses ercaffentication

skills, curiosity as a scientist and clinician, love for learning, conscientious in his work, attention
to scientific and clinical details, good project organization and-tiraeagement skills, ability to

work alone and willingness to collatade with others and being persistence and resilience at time.
Moreover, he posssss vasexperience in literature searabxperimental desigrand clinical
experimentations, as well agriting manuscripts successfully for publication in high impact
scientific or medical journals. These undertakings strongly support his candidacy for the PhD by
Publication. Most of the papers presented in this study on CAD have high impact factor and
citations and they helped to explain the problems facing the clinicians when they are treating a

patient with atherosclerotic plaque, especialith diffi culty involving diagnosis and treatment.
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CHAPTER 4

GENERAL DISCUSSION
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4.1. Introduction

Cardiovascular diseases (CVDs) are a leading causeuddidity andmortality globally. When

CVDs are combined witkitherischemic or coronary heart disease and all forms of stroke, they
become the attributed causes of deaths for an estimated 13 million people worldwide in 2010, 17
million in 2013 and 19.9 million in 201@presenting 32% of all global deaths. Of these deaths,
85% were due to heart attaznd stroke [1a/b 2]. Heart disease is tHeading causef deathfor

men, women, and people of most racial and ethnic groups in the Western World indlueling,
United States of America (USA), United KingdditdK), the European Unio(EU) and other
developed countries globallgbout 697,000 people dfeom heart diseasen the USA every year
representing 1 in every 5 deaths. Coronary heart disease (CHD) is the most common type of heart
disease, killing approximately 382,820 people annually in the USA in PI02D Every year

about 805,000 Americans have a heart atéackdout20.1million adultsaged 20/earsand older

have CAD (about 7.2%)rhese figures represeatbout 2 in 10 deaths from CA&@mongadults

less than 65 years o[da/b9]. Moreover, leart diseasecost the I BA Governmentabout$229

billion each year from 2017 to 201Bnis includes the cosof health care servic€diagnosis and
treatment including medicines) hospital and home caimdproductivitjossdue tothe iliness
anddeathof the patient§la/b2]. What is worrying now is that people from loand middle

income countries (LMIC) die from CVD®presenting more than 80% of these cases. Although
the risk factors for the development of CVDs are similar throughout the world, the evolvirggcha

in lifestyle and health behaviors in LMICs including tobacco egegss alcohol intake, stress,
decreased physical activitynhealthy diets,obesity genetic predisposition, and othemse

contributing to the escalating presence of G\@nd mortality la/b.

Since CAD is a major cause of sudden cardiac deaths globally over the years in high,andlidle
low- income countries and with high economic cost, it was pertinent to address early diagnosis
and treatment by thainicians. The sixteen papers presented in this study cover three major areas
of diagnosis and treatment of CAD includingracoronary imaging and physiologwyfarct size
reduction and hormones and heaftse discussion will now focus in these areas of CAD, but first,

it is of paramount importance to appreciate and understand a historic perspective of coronary
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physiology and second to discuss critically the findings and clinical benefits of the results outlined

in the sixteen research papers for PhD by Publication.

This discussion will now focus on the results obtained in the sixteen publications presented in the
thesis for the award of the PhD by publications focusing on the three themes namely, intracoronary
imaging and physiology (10 publications), antagonism and cardiovascular diseases (3

publications) and infarct sizeductionand endothelial function (3 publications).
4.2. Intracoronary imaging and physiology

Firstly, it is relevant to understand what intracoronary imaging is and how it is related to the

physiology of the lesions and plaque.

4.2 (A) A historical perspective of coronary physiology

Physiological assessment of lesions is of paramount importance to avoid unnecessary stenting.
Likewise, angiographyerived physiological assessmemist be involved to enable tisethe
operating physician to reconstruct the 3D coronary anatomy from two angiographic projections
03 0 A . A phgsicsbased, mathematical solution is then applied to calculate the translational
pressure drop and the 'virtual' FFR (vFFRhe concept of coronary physiology was first
introduced in the first percutaneous coronary intervention (PCI) performed by Andreas Grintzig
on September 16, 1977. He used a flilldd guiding catheter to measure the tratsnotic
pressure before and aft PCl. Hence, the concept of measuring the pressure gradient post
procedure is crucial as wel82]. Despite this early introduction of coronary physiology in
interventional cardiology, practical use in the catheterization laboratory did not begin until the late
1990s. Several challenges, including technological and theoretical aspects, as well as the

unavailability of mature pressure wires, hindered the adoption of coronary phyqd@o@r]
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4.2 (B).Intracoronary imaging

Intracoronary imagingrovides a more precise assessnoéiidésions and moreover, it is a critical

step when deciding whether the lesion needs to be prepared with atherectomy. tieadudy

calcified coronary artery lesions hinder the delivery of devices and limit stent expaksgeh,

this resultsin low procedural success and poor clinical outcomes driven by an increase in restenosis
and stent thrombosis. Intracoronary imaging provides a more precise assessment of lesions and is
a critical step wheneciding whether the lesion needs to be prepared with atherectomy devices.
Physiological assessment of lesion significance is an important consideration to avoid unnecessary

stenting.

The modern concept of intracoronary physiology was presented by Dr. Nico Pijls and Bernard De
Bruyne through the introduction of fractional flow reserve (FFR). The relationship between
coronary pressure and coronary flow was actively investigated after the notion of hyperemia was
introduced. The popularity of FFR graifter advances in technology and theory facilitated its use.
Currently, coronary physiology plays a vital role in the decisi@king process during cardiac
catheterization, with largscale randomized data from multicenter international studies showing

that FFRguided decisiormaking is safe, effective, and ratiofia0].

Intracoronary imaging withntravascular ultrasound (IVUS) was invented by Dr. Paul Yock.
Initial IVUS was grayscale, but rapid advances in intracoronary imaging technologies led to the
introduction of new versions of imaging catheters. Currently, advanced HD imaging catheters,
IVUS radiofrequency tissue characterization, virtual histology (WA)S, integrated backscatter

IVUS, and {Map are available. Optical coherence tomography (O@fith wasinvented by
Tunino, ouldbe consideredsthe light analoge of IVUS with the advantage of higher resolution.

This clinical tool can be useful in assessing and treating complex disease processes, and its utility
in decisioamaking during and after procedures has been assessed irsdatgetrials[83].
Intracoronary imaging and physiologlnical tools were initially useth research and their utility

was not adequately understood in routine daily practice. However, with advarticepnactice

of cardiology and moderalinical cariologytechniques, it has become more evident that these
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medicaltools have paramount clinical significance and can be routinely used for deukimg

in the cardiac catheter laboratg8g].

During cardiacclinical practicethe cliniciansroutinely encounter scenarios that demtremto
makerational and quicklecisions about the significance of a disease in a coronary artery. While
coronary angiography is the gold standard in interprefiAD, there is a wide range of inter and
intra-observer variability in reporting stenosis. Laggmle randomized trials, such as DEFER,
FAME-I, and FAMEII, have established FFR as the gold standard for assessing the significance
of a nonleft main coronanartery (LMCA) lesion. The DEFER trial demonstrated that it was safe
to defer percutaneous coronary intervention of lesions with an FFR >0.75. The-RAREound

that treating lesions with an FFR >0.80 using mostly-fiesieration drugluting stent§DES)

was harmful, whereas not treating such lesions wassewstg. The FAMHI trial found that
treating lesions with an FFR less than 0.75 with medical therapy was h{8jful

Coronary flow reserve (CHRmeasures the relative increase in coronary flow velocity during
maximal hyperemia, reflecting both epicardial stenoses and the microcircuMtogover,it is
influenced by manyliseasedactors affecting the microcirculation, such as diabetes, ventricular

hypertrophy, and prior myocardial infarction.

On the other hand, FFR can meagheeactual volume of blood flow through a stenotic coronary
artery as a percentage of normal hyperemic flow, because at maximum hyperemia, flow into a
myocardial territory is proportional to pressure since the resistance is minimal and constant. FFR
is independent of pressure, heart rate, contractility and status of the microcirculation and considers
both antegrade and retrograde collateral blood flow, as well as the amount of viable myocardium.
There has been a recentewal of interest in resting indices, such 4R (instantaneous wave

free ratio) or a hybrid approach combinirgR and FFR. IFR has been validated in
4.3.Clinical Trials

There are several largeale trials comparing invasive imaging criteria that are equivalent to FFR

or non invasive testing. It is noteworthy that the IVUS minimum lumen area (MLA) ir non
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LMCA lesions is the parameter that best correlates with physiology since the reported IVUS MLA
cutoff thresholds range from 2.1 to 4"@%. These measurements have variations based on basal
metabolic index (BMI) of patients and hence, are smaller in Asian patients than in studies of
Western populations where the #inff%Mosttvd$nmon o
studies show aelatively high negative predictive value but a low positive predictive value,
indicating that using IVUS to justify the need for percutarsemtervention is wrong

approximately ondnalf of the time86, 87]

A study by dela Torre Hernandez et 4R6], suggests that clinical outcomes are similar whether
eitherIVUS or FFR is used to decide which lesions to stent or which to leave alone. There is
observation that greater number of lesions and possibly patients are stented with IVUS compared
with FFR (72% vs. 51.2%; p < 0.0001). There is no strong evidence tonde@ate the role of

OCT detection of severity of stenosis. O@drived MLA cutoffs are smaller than with IVUS.
Some studies h av el sitg but none has thaored o rsubtendesd viable

myocardium.

In PROSPECT (Providing Regional Observations to Study Predictors of Events in the Coronary
Tree) Study, nonfibroatheromas were associated with very few events at 3 years of-igilow

This suggestthat tissue characterization and plague composition may be an alternate method to
predict lesion stability and defer intervention. The most crucial part of coronary arteryttree is

left main coronaryartery (LMCA) and the decision making this region of artery needs to be
meticulous to avoid any misintegiations and hencmistakes in treatment of individual patients.
Therearecontrovergesin reporting the left main stem lesions and it has been demonstrated that
angiographic studies (2 historic [31,32] and 2 contempx§83,34]) indicated that agreement
among experts regarding the significance of an LMCA lesion is widely different and can be as low
as 30%(seefigure 4.1A).

There have been 2 equivalent FFR and IVUS registry studies in patients with intermediate LMCA
lesions in which an FFR >0.80 or an IVUS MLA >80 was used to defer revascularization,

with similar longterm results compared with patients with an FFR with an FFR with an FFR <0.80
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or an MLA <6.0™?treated with revascularizati¢gB83,35. A study by Jasti et I36] in Western
patients indicated that an IVUS MLA €8"2in the LMCA is best correlated with an FFR <0.80
Likewise,a study in Korean patients suggested that"#8vas the preferred IVUS MLA cutoff

[37], which is again consistent with the smaller MLA cutoffs found in Asian patients compared
with Western patients. Both IVUS and FFR have limitations in assessing LMCA disease. Ideally,
as demonstrated in figure 4.3 when clinically indicated, IVUS should be performed from both

the left anterior descending and left circumflex coronary arteries to define the MLA within the
LMCA and to accurately assess disease at the left anterior descending and left circumflex ostia
[38,39. Patients with LMCA disease have not typically been included in the many FFR validation

studies, and FFR may have limitations in the setting of a significant concomitant LAD stenosis.

(A)
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(B)
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(D)

Left Main Stem Stenoses are Rarely
Isolated

The influence of a distal stenosis
on the FFR of the LM depends
on the extent to which

hyperemic flow across the LM
stenosis will be decreased by this
distal lesion

= Severity
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Courtesy Bernard De Bruyne, MD, PhD w

(E)

| Effect of Epicardial Lesions on FFR
Assessment of Intermediate LM Disease
Animal Model

Yong. et al. Circ Cardiovasc Interv 2013:6:161-5.
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Figure 4.1: Diagrams showing (A) Variability of IVUS cut off values,-@ Left main stem
stenosis distally in different locations in the main coronary artery of the K@ateft main stem
stenoses rarely isolatehd (E)the effect of epicardial lesions on FFR using an animal model
(Taken from references [37]).

4.4. Where are the culprit lesions?

A heart attack is severeconditionoccurringwhen patierg are presentesith new onset of cardiac
sounding chest pain. The medical terminolofycutecoronarysyndrome (ACS) is used for the
presentation o heart attackThis can be life thresting situationandit should be evaluated and

treated promptly to s@ the life oftheindividual patient.

The literature evidence has demonstratedithACS, the plaque rupture occurs in 60% to 65% of
cases, plaque erosion in 30% to 35%, and a calcified nodule iAlb#esechanges can lead to
the formation of thrombusr severe blood clotOne of the crucial steps in treatment decisions of
acute heart attacl@HA) is the identification of the type of the culprit lesion and this should be
done as soon as possible. The VANQWISH (Veterans AffairsQidave Infarction Strategies
in-Hospital) trial demonsttad that nearly 50% of these patients either have no identifiable culprit
lesion or have multiple potential culpr[&8, 89}

There can be positive remodeling as well as negative remodeling of lesion during presentations
with chest pain. Positive remodeling is more common in culprit lesions of patients presenting with
ACS andthis is seen in association with plaque rupture, yellow plague color, and thrombus
formation. Conversely, negative remodeling is more common in target lesions of patients
presenting with stable symptomi¥US detects plaque ruptures in approximately one half ef ST
segment elevation Ml culprit lesions. Howewhe superior resolution and the obligatory flushing

with OCT sharply outline the plaque rupture cavity and residual fibrous cap fragment to optimize
ruptured plaque identificatiorLikewise, dher unusual culprit lesion morphologies that can be
detected by using both IVUS and OCT include calcific nodules and spontaneous coronary artery
dissection$90].
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4.5.Role of imaging to assss the vulnerability of plaque.

The predictions of which typef plaque are going to rupture and cause a la¢iatk is important

in the decision makindpy the Clinician in treating th@atients[91]. Intracoronary imaging
techniquesincluding IVUS/OCT can investigate the composition of plaque and can ihelp
decidingthe vulnerability to rupture. The precursor of the ruptured, thrombotic plaque is the thin

cap fibroatheroma (TCFA), the most common type of vulnerable p[@Gu83]

The Gray scale IVUS study suggested that a large eccentric plaque containing a shallow echo
lucent zone is at increased risk for instabilifp date only VH-IVUS has been shown to predict
future nonculprit events. In the PROSPECT study, predictors ofadprit events at 3 years were
associated with theresence of thin cap fibratheromayH-TCFA and IVUS MLA(almost70%).

These findings, especially the importance of a large plague burden, were supported by the VIVA
(VH-IVUS in Vulnerable Atherosclerasg and ATHEROREMG@VUS (European Collaborative
Project on Inflammation and Vascular Wall Remoddlisigidies OCT has a imaging technique

with superior resolution anahore so thability to identify TCFA, including fibrous cap thickness

of 0.4 mm within 7 monthsPlagues usuallpave an increased frequency of intimal laceraition
micro-vesses, and these can be a source of blood extravasation and intraplague hemeitthage
lipid pools,thin cap fibroatheromalCFAS), macrophages and intraluminal thrombie IVUS
substudies of the PROSPEQivestigatiorhave highlighted the paradox between plaque ruptures
and calcified nodules that caugeCS events versus the benign nature of secondarycotpnit

plague ruptures or calcified nodules that are detected incidep@&l]y Although positive
remodeling was not an independent predictor of eventstierthe PROSPECT, VIVA, or
ATHEREMO-IVUS studies, a subtudy from the PROSPECT study found that it is not just
positive remodeling, but also the extremes of positive and negative remodeling that predicted
events[66]. Theappropriateness of using routine invasive imaging to screen for vulnerable plaques
as part ofeither primary or secondary prevention is the subject of dedteeover, this also
depends on the prevalence of vulnerable plaques, as well as how often and how rapidly they

develop spontaneousty eitherremain unstable @gubsequentlgtabilized with time
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The best outcome in diagnosis and treatment is fordbiermis andhe clinicians to achieve the

best possible result after a coronary intervention. The failure of ageatresult of eithestent
thrombosis or irstent restenosis (ISRjs mainly due to undeexpanded stenft2, 94] and
inflow/outflow track diseasef¢r example duringlissections, significant plaque burdenedge
stenosig95-97]. It has been noted that acute rapbosition is not a cause usud®3]. To get the

best possible outcomes for patients, the stent needs to be adequately expanded to avoid stent failure
due to stent thrombosis oestenosis (blockade or severe narrowing of the vessel of
paramountmportarceto understand that undexpansion refers to the size of the stent, whereas

mal appositiorrefers to the contact of the stent with the vessel wall. The 2 terms and concepts are
not i nterchangeabdepl aymde nthe it rimeqhigueediEBre and
E).

Currently, there is goodvalence fromfour metaanalyses of the randomized IVUS versus
angiographieguided barametal stent implantation trials shing that IVUS guidance reduced
restenosis, repeat revascularization and major adverse cardiac [@@ntSimilarly, the new
generationof Drug Eluting Stent trials have demonstrated the benefit of imaging. Four meta
analyses of IVUS versus angiograpgisded DES studies, including the 3 randomized trials and
14 observational studies with 26,503 patigfaisnd that IVUS guidance reduced stent thrombosis
[100]. It is also noteworthy that myocardial infarctioml( canrepeat revascularization and
mortality in patientsand as suchliVUS guidance was associated with a larger jpostedure

angiographic minimum lumen diameter with no evidence of increased periprocedural MI.

The ADAPT-DES (Assessment of Dual Antiplatelet Therapjth Drug Eluting Stents) study
suggested that IVUS guidance has a significant impact in improving the outcomes in Ml patients.
A largescale datacompilation from Spanish registries showed that IVUS guidance reduced
cardiac death, MI, and repeat revascularization in patients undergoing DES implantation for
unprotected LMCA diseasdloreover, thdHORIZONSI Ml trial had an IVUS suistudy that has
helpedthe Cliniciandn understanding the mechanig)of stent thrombosigL01].

88



It is particularly noteworthy thadCT has better resolution gomparson to IVUs andt can help

in detecing a lot of procedural complicainsin patientsandmoreover, ittan be used to improve

the procedural outcomes. A study comparing OCT versus angiogiguyatied DES implantation,

with relative benefitsfound similarresultsto those obtained ithe IVUS metaanalyses. The
findings suggest that it might not be the individual imaging techrpgusethat is beneficialbut

the increased informatigorovided byeitherVUS or OCT in comparison to angiography. OCT

has advantages of having superior resolution, enhanced imaging during flushing, ease of image
interpretation andhe detection of dissections, tissue protrusion, andapgabsitionnot seen on

IVUS [83, 90, 102]

4.6.Role of intracoronary imaging in stent failures

It is well known that mtracoronary imaging plays a crucial role in detecting the causes of stent
failures, like stentthrombosis and restenosj$03]. OCT can be considered as imaging
technology of choice icasesf stent failure OCT studies have shown that ratbierosclerosis
occurs earlier afterdrugeluting stents QES) than baremetal stents In addition, nec
atherosclerosiglso occurs with greater frequency with many types of DES versusnbeta
stents preseimg as eitherthe gradual ra@narrowing of the stented coronary artery lesion due to
arterial damage with subsequent neointimal tissue proliferation-steim restenosid§R). In

some casegjecatherosclerosisan occur in gry late stent thrombosj81,82].

The role of physiology in determirg the outcome of stent procedure is not well validated. The
clinical outcomes in various large scale trials have been related to severity of disease and
vulnerability of plaque$§l104]. The intracoronary imaging is a modality to optimize the outcomes

of stent procedure. One of the best udifiof physiology is to asse the flow in the side branch

of the arteryafter abifurcation techniqueThis procedure helps oheterminng whether a jailed

side branch is compromised or otherwise, after a bifurcation stenting. Angiography has limitations
in detecting the severity of side branch compromise after the stenting, and FFR is >0.80 because
thelumencan becompromisd due to carina shift that is eccenriocal, and not due to plaque

shift.
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4.7. Role of intracoronary imaging and physiology in complex diseasssch asDM, and CKD

Diabetes mellitu¢DM) and chronic kidney diseag€KD) are complex conditions that have a
high risk of associated cardiovascular complications, leading to significant impdhes qumality

of life of the patientsand enormous healthcare costs for individuals ldedlth Careproviders
worldwide [105, 106] Patients with CKD anéndstage renal disease$RD) are at high risk of

early death due to the cardiovascular disease prpo@gsdinfortunately, many of these patients

are denied treatment due to the complexity of the disease p{a6&3sWhen they are given
treatments, the procedural outcomes are less favdidl8¢ However, there is growing evidence

that intracoronary imaging and physiology techniques can guide and optimize treatment,

improving outcomes for these patief&6,87]

Patients with CKD/ESRD have a higher morbidity and mortality rate compared t€Kidn
patients due to the complexitf the diseasesystemic involvement, and mutirgan failures.
Diagnosing these patients promptly and accurately is challengingsaswthtreatment decisions

are equally difficulf109]. There is ample evidende the literatureghat cardiovascular morbidity

and mortalityare very high in patients with CKD, and the disease process differs in ESRD
compared to nciESRD patients. CAD progresses rapidly in ESRD patients due to various
inflammatory processes and associated endothelial dysfunction, making them more susceptible to
heart aacks. Managing these complex arterial disedsepatientsis very complex and
challengingor the Cliniciansas these plaques are more calcified and procenplicationg109].
Moreover,Physicians treating these compfeatients must be aware of these plaque morphologies
and have the necessary skills to manage {i&0]. WhenevePhysicians treat these patients, they
should plan the procedure carefully, pay meticulous attention to the clinical ctaespatients

and conduct a detailed angiographic assessment to improve success rates and reduce morbidity
and mortality{111, 112]

Advances in medical technologies hawew allowed Physicians to treat these complex patients
better. The success rate of procedures is increasing, and morbidity and mortality rates associated

with these conditions are decreasing. Physicians in dedicated centedlaborationwith
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expertise in managing patients with CKD/ESREnN use intracoronary imaging and physiology

to improve outcomes. Intracoronary imaging and physiology techniques guide treatment decisions,
and physicians can determine the significance of the disease process and whether a lesion needs
treatmentMoreover,IVUS and OCT imaging techniques allow physicians to assess the plaque
pre-intervention and determine the appropriate treatment modiali8). If the plaque is fibrous,

a clinical operator can use balloon angioplasty leading to stenting. If the lesions are calcified,
various plaque modification techniques can ensure the best possible outcotinepdbents. By

utilizing these technique®hysicians can treat complex cases effectively and improve outcomes

for patients with CKD/ESR[110].

4.8.Role ofimaging andphysiology incomplex calcified lesions in IM and CKD

CKD is associated with complex atherosclerotic disease processes with heavily calcified coronary
artery plagues. The detailed morphological assessment of plaques is foruttial treatment of
disease process effectiveRurthermore,ntracoronary imaging with IVUS is an excellefihical

tool inthedetection of calcified lesions. This imaging technique is based on ultrasound waves (i.e.,
acoustic waves) produced by the oscillatory movement of a transducalcified plague appears

as a hyperdense @myperechoic and it can be easily detected due to the density. The calcified
plaque looks brighter than the reference adventitia and this can be easily differdntiaied
clinician. Calcified lesions have another feated as such, they cayenerate reverberatigns
particularly in cases where plaque modification techniques have been used. This is caused by
multiple reflections from the oscillation of ultrasound between the transducer and calcium to create
concentric arcs at duplicated distances. Dditgous tissue is also eckiense and sometimes

even creates shadowing, but it does not create reverberations. IVUS is one of the most reliable
diagnosticclinical- tool to detect calcium, but the leading edge of the abluminal calcium is often
hidden by the calcium shadow which means that calcium thickness cannot be 4§88¢83kd

Optical coherence tomography (OCT) imaging is a-&sared lightbased imaging technique.
The OCT appearance of calcium is a sigmadr region with a very sharply delineated edge and

low attenuatiorjl110]. The calcified lesion can be differentiated by clear demarcationssasuth,
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the cliniciancan even draw a line@und the calcium. OG@letected calcium is often confused

with lipid, although the signgdoor regions of lipid rich tissue or a necrotic core show diffuse
borders and there is substantial attenuation of the [yh®]. Sometims, it is difficult to
differentiate between calcium and thin cap fibroatheroma (TCFA) or macraphligeoften
happens due to light attenuation behind TCFA or macrophage when calcified plague is located at

the lumen surface. Unlike IVUS, OCT can measure calcium thickness, area, and [@8ume

It is well established that angiograploy its own is not sufficient to detect the calcified lesions.
Mintz et al,[56] reportedthat in a study involving 1,155 lesions, angiography detected calcium in
38% of stable lesions (n=440), while IVUS detected 73% (n=84&JL)The sensitivity and
specificity of IVUS for the detection of calcium, excluding microcalcifications, compared with
histology (which is the gold standard for the validation) as a referbasebeen reported asi89
90% and 9¥100%, respectely. CKD is associated with significantly increased calcification in
comparison to the ne@KD population. The procedural outcomes are dictated by the adequate
expansion of stent in these patiefif88]. Hence it is crucial thatPhysician treating these lesions

should not implant the stent until and unless the lesion is adequately prigdaiied

Intracoronary imaging is vital in the€e&KD patients with complex calcified lesions than other
plaque types, as poor lesion preparation in these cases will lead to ster¢xpadeion with
significant worse late clinical outcomé$15]. Prestenting intracoronary imaging delineates
plaque constituents and provides accurate measurements of the minimal lumen area, lesion length
and reference vessel diameters, as well as calcium arc, length, and thickness, which can be used to

plan proceduwss including adequate lesion preparation and stent §#ahg

Plaque modification with various adjunctive devices is crucial in téde patients.Although
there is naspecific guideline for plague modification with athereatdation, there is upcoming
evidence that provides practical guidance in the management of these platipmbset al[93],
reported an OCTFbased scoring system for patients with calcified lesion treated without
atherectomy device or scoring device to predict stent uaq@nsion. In thir study it was

observed that a calcium angle >180fhaximum calcium thickness >0.5 mm, and a calcium length
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>5 mm were independent predictors for stent wedk@ansion. In the validation cohort patients
undergoing OCTguided PCI, lesions with a calcium score of 4 (lesions with calcium deposit with
maximum angle >180°, maximum thickness >0.5 mm and length >5 mm) emerged as a relevant

predictor for stent undexxpansiorf93].

Intracoronary imaging caalso help in detecing the calcium fracture that can be used as a
surrogate marker for better stent expansion. An Ogilided imaging study demonstrated that
patients with a heavily calcified lesion, that have calcium fractures caused by balloon djlatation
were associated with smaller residual percentage diameter stenosis (19 + 27% versus 38 + 38%,
p=0.030) and subsequent lower risk of ischedrigen target lesion reascularzation (7% versus

28%, p=0.046). The information obtained from these studies have demonstratedTae€d

calcium parameters can guide optimal strategies for the preparation of thg1é8iohl17].

Intracoronary imaging can hetpe Cardiac Physician guide the decisicnmaking process in
treating the eccentric or concentric complex calcified lesions. In general, eccentric calcified
plaques (<180°) can be expanded only by means of stretching tttaledied part of the plaques

and/or creating dissection at the edge ddiftad plaque, while modifications on calcified plague

may not be observed. Consequently, eccentric calcium allows for adequate stent area, although
asymmetric expansion may bepexted. This information obtained from intracoronary imaging

should be considered to avoid the over stretching of vessel wall and hence perforations.

It is particularly noteworthy thatniconcentric calcified lesions, higitessure ballooning with
nonrcompliant or scoring balloons can achieve lumen gain by creating fracture at the thinnest part
of the calcium or creating dissections at the edges or in gaps in the calcium. In the p&sence
thick calcium deposits (>500 um) or if no adequate balloon expansion is achieved, an atherectomy
device should be considered to ablate the calcium and make it thinner, allowing the fracture of
calcified plague and fther lumen gairfsee Figure 4.2 for thetility of intracoronary imaging in
guiding the treatment of calcified lesiojid.6-118]).
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Checking the outcome with OC
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Figure 4.2 A flow diagram(drawn by handghowing the utility of intracoronary imaging in
guiding the treatment of calcified lesion$vUS=Intravascular Ultrasound; OCT=Optical

Coherence Tomography).

Furthermore, lie intracoronary imaging has shown that risks of stent weension such as
calcium arc (>180°), thickness (>500 pum) and length (>5 mm) are increaséldeaRtlysicians

need to modify th plague adecaately by various techniquesuch ashonrcompliant balloon, high
pressure balloons like OPN balloon, and scoring devi@ase the lesion has been treated with
eitherballoon or atherectomy devices, imaging should be performed to look for the presence of
fracture and dissection and assess sizrtand the success of lesion prepardtids]. It is also
important to note that intracoronary imaging is an invasive procedure that carries some risks, such

as bleeding, infection, and damage to the artery. However, the benefits of using intracoronary

94



imaging to guide PCI in patients with calcified lesions generally outweigh the risks, particularly
in highrisk patients who are more likely to experience complications without this guidance.
addition, the use of intracoronary imaging during PCI is not always necessary or appropriate for
every patient. The decision to use intracoronary imaging should be based on individual patient
factors, including the extent and severity of the calcifesibin, the patient's overall health status,
and the experiencend expertise of the interventional cardiologist performing the procedure.
Ultimately, the goal of using intracoronary imaging during PCl is to improve patient outcomes and
reduce the risk of complications by providing more accurate and precise information to guide

treatment decisiond.15].

It is true that the impact of coronary calcification on the physiological significancizantidonal

flow reserve (FFR) is not well understood, and further research is needed to clarify the relationship
between calcification and blood flow in the coronary arteries. As mentieaddr, some
observational studies have suggested that there may be a correlation between the degree of
calcification and a decreased correlation between angiographic severity and FFR value in patients
with intermediate coronary lesions. This may be related toedsed elasticity of the coronary
artery with increasing alcification, which could impact blood flof113]. Moreover,it is
important to note that observational studies cannot establish causality and further research is
needed to understand the underlying mechanisms and potential clinical implications. Larger, well
designed studies that consider various factors sucheagi@gder, comorbidities, and medication

use are needed to better understand the relationship between calcification and physiological
significance in coronary artery disease. Additionally, ottegrinvasive tests such as intravascular
ultrasound (IVUS) and optical coherence tomography (OCT) may also provide additional insights

into the impact of calcification on coronary artery disease

4.9: A critical discussion of the major findings in the sixteen papers to enhance knowledge

and understanding in the area

The sixteen research publications presented in this thesis are related mainly to several areas of

CAD. They focusedmainly on diagnosis using intracoronary imaging and physiology, novel
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surgical intervention to detect various plague morphologies, calcium deposition and various
strategies to treat these disease processes. Some of the studies also employed new and novel
treatments for diagnosis includimgravascular ultrasounid treat complex diseases likenous
graftinterventionsvithout using contrast. The pioneering studies comparing the pressure wire and
microcatheter to measure the pressure gradient is presented in the thesis. The novel ideas for
coronary artery stenting using theternal elastic lamina vs. luminal diameter measurerasnt

well as other techniques to help improve the outcomes of patients are presented in the thesis.

The sixteen research publications presented in this thesis are related mamietreas of
assessment management of patients @AD. The focuds mainly on intracoronary imaging and
physiology, mineralocorticoid receptor antagon@stdvarious strategies in infarct size reduction

and endothelial functiormhe discussion now focusses on the three areas.

4.10 (A) Advancement and understanding of the science to enhance knowledge on intra

coronary imaging and physiology in each of the 10 publications.

The initial ten research publications presented in this thesis by publidatimonstrated the utility

of intracoronary imaging and physiology in managing complex disease processes of venous graft
interventions with no contrast use. Patients with previous coronary artery bypass grafting and
advanced chronic kidney disease (CKD) eoasidered at a high risk for revascularization. In
comparison to native coronary artery angiography, additional contrast is required to visualize the
bypass conduits, increasitige risk of contrasinduced nephropathy (CIN) and need for renal
replacement therapy. As a result, despite the need for revascularization, these patients were
frequently undetreated. The current studyhelped inthe advancemenin knowledge and
understanding in the field that intravascular ultrasound (IVgl#jed interventions can reduce

the amount of contrast and its associated risk of ClINe studydescribed astepy-st ep - izer o
contrasto saphenous vein bypaedtechnqweft (SVG) i

As an expert in the field of intracoronary imaging and physiqltigy candidatéas highlighted
and addressed the variousisconceptions about various regpositions and longterm

consequences on diagnosis and treatment of these conditions after stent implantations. The novelty
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and importance dhis work highlightedthatCardiac Clinicians must consider thmait all the mal
appositionsare of clinical significanceluring treatmentAs such, they should try to have stent

optimally expanded as much as possible and not to be concerned in evapposation

Theexpertiseof the candidaten the field has allowetim to write originalreview articleon the

utility of intracoronary imaging and physiology in cardiac catheterization laboratcugsing on
various techniques that could be used in the cardiac catheterization laboratory. The novelty and
clinical importance of these revieavticles. which werelacking at the time, helped the Cardiac
Clinicians to appreciate the utility and evidence behind adjunctive techniques of intracoronary
imaging, optical colence tomography (OCT) and intravascular ultrasound (IVE&J
physiological techniques lik&actional flow reservdFFR) andinstantaneous wavieee ratio

(IFR). The present study haemonstratethe reason as to whgngiography is not adequate to
make precise decisions regarding clinical care of cardiac patients with CAD. As such, this
information for Cardiologists, as well as the public, is of great significance since coronary
angiography has the inherent limitatioh being a twedimensional XRay lunenogram of a
complex threadimensional vascular structure. Visual assessment of angiogram can lead to both
inter- and intraobserver variability in the assessment of the severity and extent of the disease

leading to differences in management strategies.

The papers presented in this stutgve helped in understanding the utility of intracoronary
imaging in the difficult clinical scenario3hey have demonstrateand highlightedthe role of

IVUS in various emergency clinical settings and how IVUS can guide the treatment decisions by
the Clinicians in various scenarios of either aortic or coronary artery dissections. Moreover, IVUS
can be a modality to differentiate between a true and false lumehnical settings, whenever

there is suspicion of disseati@n angiography, IVUS can be used to locate the false lumen and it
can helpto facilitate directing the wire into the true lumen. IVUS is superior in many cases of
dissection including left main stem (LMS) dissection. In these cases, IVUS does not require the

use of contrast and it avoids the hydraulic extension of dissection tcaotieal trees.
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The candidate has been collaborating with other Clinical Cardiologists internatifmmadveral
yearson the novdl andoriginality in assessing the various plaque morphologies in CKD patients
using optical coherence tomograpli@CT). The information regarding plague morphology in
these CKD patients is of paramount importance as it can help to guide the dec#diong process

of the Clinicians. If the patients have significant calcification in their coronary arteries, then the
Clinicians need to deatdupfront about the plaque modification techniques and try to avoid
unnecessary balloon dilatations éither prevent or reduce such complications as coronary
perforations stent under expansiocen beassociated with higher morbidity and mortality.
Knowing plaque morphology beforehand can be very-efisttive as it can avoid the use of
unnecessary equipment and moreover, minimize contrast use anganenert longtermsurgery

and associated complications.

In papers presented in this study, the candidemonstrated two different techniques for
modifying calcified plaques during the development of CAD. These techniques have different
mechanism(s) of actions to ablate the calcified plaques. In large sized vessels, there is
differentially more plague moddation by Orbital atherectomy. In small vessels, the ablative
impact is like devices. With advances in interventional cardiology, more elderly, diabetic, and
renal failure patients are being treated andchemore calcification is seen in clinical practice.
Familiarity with these device usages is of paramount importance and this can guide in making the

best possible decisions for patients and avoiding the complications in these complex scenarios.

In addition, this studyndertookhenovel the heado- head comparison of pressure wire vs micro
catheter for coronary fractional flow reser¥ée clinicalwork of PERFORM study was a single

center prospective investigation designed specifically to determine the precision and accuracy of
the percutaneous coronary intervention (PCIl) compared with the pressure wire (PW) for
measurement of FFR. The knowledgeaeeness and understanding about micro catheised
physiology is of great assistance to Cardiac Clinicians especially when theyeasering the
physiology at the end of the procedure. This technique can be an added advantage during the cases

where repeated assessment of intracoronary physiology is required.
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This study has alsavestigatedvia the various publicationthe various measurement techniques

for sizing the stent for coronary intervention and demonstrated that Optical coherence tomography
(OCT)guided external elastic lamina (EEhased stent sizing is safe and as effective as
intravascular ultrasound in ackiieg post procedural lumen dimensioRsrthermoreEEL-based
stenting is appropriate and Cardiac Clinicians should be aware of this and more so, help in guiding
the optimal stenting for these patients with CAD. The newrawvel results obtained from this
collaborative study are now guiding and leading Cardiac Clinicians to design furtherslzatge

trials of OCF guided stenting to treat CAD.

In one published paper (MS 10), the candidaimpared the utility of NitralycerinDerived

Pd/Pa for the Assessment of Intermediate Coronary Lesions. The rationale was to assess the
predictive value of Pd/Pa after nitroglycerin administration (Pd/Pa[N]) as compared with standard
fractional flow reseve (FFR) comparing nitroglycerin and adenosingwo vasodilatorsfor
measuring coronanylood flow physiology. There were many patients, then and even today, who
did not normally tolerate the adenosine dusdme side effect#As such, the results from this
interesting papedemonstrated that even intracoronary glyceryl trinitrate (GTN) can help in
guiding the decisionmaking process in cardiac catheterization laboratory. This is very cost
effective and easy to administer in the laboratory, without any specific preparatiaigchnique

can be used more frequently and hence, it can help cardiac clinicians for more frequent use

coronaryblood flow physiology.

4.11 (B)Advancement and understanding to science in enhancing knowledge in the field of

mineralocorticoids (MR) antagonism and cardiovascular diseases.

The three research papers presented in this stuthe ifield of mineralocorticoid receptorsve
highlighted the role omineralocorticoid receptor (MR) antagonists (MRAsthe treatment of
patients withhypertension and heart failur€he resultshighlighted and established treatment
modalities for patients with hypertension, heart failure, and left ventricular systolic dysfunction

(LVSD) during postmyocardial infarction (MI). The study highlighted emerging data with
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reference to the potential benefits of MR antagonists in other cardiovascular condhiestudy

also reviewed and examined the preclinical and clinical data of MR antagonists for novel
indications including heart failure with preserved ejection fraction (HFPEF), pulmonary arterial
hypertension (PAH), arrhythmia, sudden cardiac death (SCD), valvular disaaise (VHD),
metabolic syndrome, renal disease, and stroke. MR antagonists are not licensed at least in the
United Kingdom for these conditions ybyt emerging data suggest that the clinical needs for MR

antagonists are likely to broaden and as such further studies are warranted.

The evidence presented in the three publicatlmshelped the Cardiac Clinician tguide the
patients in choosing the appropriate therapy for thesetkmng complex disease processes. The
data have compared spironolactomdth eplerenone, and the results have supported
recommendations about best choice of medication to be consideredffeosvely for the

patients.

Moreover, the present study haviewed the beneficial effects of eplerenone in the EPHESUS
trial which exist for both PC} and nonPClHreated AMI patients with LVSD. The results show
that eplerenone has minimal effantreducing PGlrelated adverse events in the Rf@ated
cohort. Furthermore, gtients in the EPHESUSPCI cohort did not have routine angiographic
follow-up to documentary effect of eplerenone on angiographic restenosis. However, the

assessment of clinical events in this study was perhaps relevant than angiographic outcomes.

4.12 (C)Advancement and understanding to science in enhancing knowledgetive field of

infarct size reduction and endothelial function.

The three papers on infarct simductionand endothelial function are relatedttee various
mechanisms leading to damage to myocardium like ischemic cascade, microvascular obstruction
andno reflow. Posinfarct complicationsincludingheart failure ischemia, and otherntinue

to be a major contributor to cardiovascular morbidity and mortatpatients Inadequate micro

-vascular reperfusion leads to worse clinical outcomes and potential strategies to reduce infarct
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size during periods of ischenii@perfusion can improve outcomes this study, the Candidate
advised physicians that they need to be aware of these findings and carefully follow and observe
the various strategies to help in reducing the infarct size in patients. He also highlighted various
strategies and stressed tingportance of future research in the field to enhance knowledge,
understanding and scope for the best way forward in reducing the damage of heart muscle after an
heart attack. Based on the@nt work in this thesis, numerous agents have been demonstrated to
reduce infarct size in preclinical as wel | a
approach, individualized tailored therapies may be required for patients with eithaedselec
clinical, myocardial, or genetic/cellular characteristics. Nevertheless, these findings have potential
and great significance as they can help in making decision when choosing various treatment agents
after a myocardial infarction to reduce the damegenyocardium and improving the clinical
outcomes in the patients.

It is particularly noteworthy that the candidate did novel research studies in the field of blood
transfusion. The results show that the duration of red blood corpuscle (RBC) storage may have a
negative impact on endothelial nitric oxide bioavailability the coronary arteries of the
myocardium. The research further tested the hypothesis that transfused fresh blood would have a
more favorable effect and outcome on mieescular endothelial function as compared to older
standard issue blood. The paper (M5 had a high impact factor and has received 1,315 citations

to date.

4.13 Conclusion

This study for PhD by Publication is related to sixteesearch papers about coronary artery

diseaseSome are writtemeview papers based on the findings in the literature while others are
based ororiginal studiesdone in the hospital following the treatment of CAD patients using

several clinical cuttingedgetechniques. The papers fall undecharea asintracoronary imaging

and physiology, hormongdresh blood transfusions and various strategies fofaict size

reduction. Figure4.3is a summary flow diagram explaining the etiology of coronary artery
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diseases (CAD) starting from the risk factors, plaque formation, signs and symptoms of CAD,

diagnosis, and treatments.

Risk Factors
(unhealthy diet, obesity, diabetes,
stress, inactivity, hypertension, aging

genetics, and others)
Surgery
(coronary artery bypass,
coronary angioplasty, and Formation of soft and hard
heart transplant) / plaques over time
I Coronary
Treatments ——— Artery

l Disease TS~ Signsandsymptoms

(chest pain/angina, shortness
of breath, fainting, nausea)

Drugs (Beta blockers, calcium
antagonists, vasodilators) I

Lifestyle changes to correct or

: Diagnosis
reduce risk factors . 8 .
(ECG, calcium scan, intracoronary
Hormone treatment imaging and physiology, intravascular

ultrasound, optical coherence
tomography, virtual histology, coronary
flow reserve)

Figure 4.3 Flow diagram summarizinthe etiology of coronary heart disease including the risk
factors, formation of plaques, signs and symptoms, diagnosis, and surgical, drug and non
pharmacological treatments (Drawn by hand).
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4 .14 Limitations

Theresearclarticles presented in the thesis e originalwork and researcteviews undertaken
by the Candidate during hisademic placements WesternUniversity in Canada and Columbia

University New York He fully understands the limitations of the presented work:

The thesis has made a major contribution to the advancement of spread of knowledge about
intracoronary imaging and physiology in the literature. The Candidate is aware that it is
challenging to demonstrate originality in terms of ideas, methodologiesamegwovel findings.

An area oflimitation in this study is that angiography is still unable to accurately assess cardiac
vascular remodelling leading to errors in determining the true size of coronary arteries and their

reference diameters.

The publishedpapers presenteth the thesisare his own work and have demonstratédbs
contribution to various articles but still there are limitations regarding copyright or intellectual

property of various studies presentedhis thesis

The candidate and his €@muthorshad limited access to primary data tha¢émepresented during

various studies, and this is a limitation to the depth and breattb pfesented researgapers

The replication otthis thesis will be challenging, as it involves factors like access to specific

datasets, specialized equipment, or proprietary software.

The Candidate is full-time clinician and doing academic work due his enthusiasm and
commitment to the field of intracoronary imaging and physiolddg.want to continue a
academic pathway ards research desire g desigmew clinicalexperiments, @lect data, and
critically analysehefindings to continuously build on tais research skills and gaining a deeper
understanding of the subjeantea of CAD

Another limitation in this study is that angiography is still unable to accurately assess cardiac
vascular remodelling leading to errors in determining the true size of coronary arteries and their

reference diameters.
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4.15 Recommendations and Scope for Future Studies

1. It is true that the impact of coronary calcification on the physiological significance and
fractional flow reserve (FFR) is not well understood, and further research studies are required
to clarify the relationship between calcification and blood flow in the coronary arteries.

2. Further research studies are needed to understand the underlying mechanisms and potential
clinical implications relating to a decrease in elasticity of the coronary artery with increasing

calcification, which could impact blood flow.

3. In addition, larger, weltlesigned studies that consider various factors such as age, gender,
comorbidities, and medication use are needed to better understand the relationship between
calcification and physiological significance in coronary artery diséedditionally, other non
invasive tests such as intravascular ultrasound (IVUS) and optical coherence tomography
(OCT) may also provide additional insights into the impact of calcification on coronary artery

disease. More studies are needed in thesermmasa

4. Itis important to undertake a population genetics study on those ethnic groups who are more

susceptible to developing CAD.

5. Prevention is better than cure and this is an important area for Governments, globally to tackle
the problem of CAD and other diseases associated with the cardiovascular systems in

conjunction with the Physicians.

6. Moreover, it is important to note that observational studies cannot establish causality and
further research is needed to understandutigerlying mechanisms and potential clinical
implications. Larger, weltlesigned studies that consider various factors such as age, gender,
comorbidities, and medication use are needed to better understand the relationship between
calcification and physiolgical significance in coronary artery disease. Additionally, other non
invasive tests such as intravascular ultrasound (IVUS) and optical coherence tomography
(OCT) may also provide additional insights into the impact of calcification on coronary artery

disease and as such more research needs to be done in this area.
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7. Further studies are required in understanding the molecular, cellular, and subcellular

mechanisms underlying the hyperglycenmduced renal disease/failure.
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Curriculum Vitae: Dr YASIR PARVIZ (July 2023)

Qualifications: MBBS, MRCP (UK), MRCP (Lon), CCT (medicine), CCT (cardiology),
FACC, FRCP, MSc

Mobile and Email address +971509698579
drlyasir@hotmail.conyasir.parviz@gmail.com

Personal Data
Name:Yasir Parviz
D.0.B:04.05.1979
AddressHome(Permanent),137 Bockinglane, She
Nationality: British

Certifications

Certificate of Completion of Cardiology 31/07/2015
Training (CCT)

Certificate of Completion of Internal 31/07/2015

Training (CCT) Medicine

Fellowships

08/2016 - Interventional Columbia University Medical Centre.

09/2017 Research New York. Presbyterian HospitdllSA
Fellow

01/2015 Interventional The University of Western Ontario.

12/ 2015 Fellow London Health Sciences Centre. Canada

08/2011 The Sheffield Hallam University.

01/2015 Interventional Sheffield Teaching Hospital. South
Fellow Yorkshire.U. K
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Scholarships and
Awards

Gulf PCRGIM 2017 Best Clinical Case Award

Best Performing Clinician

Academic Awards Year 1992002 Scholarships awarded by the
University of Peshawar, for
standing in AFirs
the Professional examinations.

Certificate of Merit Year 2002 Awarded for the  best
performance in internal

medicine during the year 2002.

Academic Excellence Award The 2nd Best graduate of the
year 2002, by AyubMedical
College.

Career Plan

My career aim is to work in a cardiology centre, where | can continue to build on my
experience and skills in the field of interventional cardiology. My goal is to excel in the
challenging field of cardiology that would enable me to continue to improveinigal

skills, build up my research strengths, teach residents and medical students.

Professional Reqistration

The Society for Cardiac Angiography and Interventions
Royal College of Physicians, London UK

General Medical Council, UK
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European Society of Percutaneous Intervention (EAPCI)

British Society of Cardiology, UK

The College of Physicians and Surgeons of Ontario (CPSO)

The Canadian Medical Protective Association

Medical Defence Unit

Professional Experience

Nov 2022 Present

June 2024Nov 2022

Dec 2017 June 2021

October 2017 - December2017

Clemenceau Medical Centre Hospital
Consultant Interventional Cardiologist

Kings College HospitaDubarLondon
Consultant Interventional Cardiologist
Dubai

Director cardiac catheter labs
Consultant Interventional Cardiologist
Canadian Specialist Hospital

Dubai

UAE

Sherwood Hospitals NHs

Consultant Interventional Cardiologist

Trust
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August 2016 Sep2017

January 201-6July 2016

January 20156January 2016

August 2013December 2014

August 2011 August 2013

August 2010 August 2011

January200August 2010

Imaging and Physiology Fellow
New York Presbyterian Hospital & Columbia
University Medical Centre. USA

Consultant Interventional Cardiologist.
Northern Lincolnshire and Goole NHS

FoundationTrust.UK

Advanced Interventional Fellow

London Health Sciences Centre. Canada

Advanced interventional Fellow
UK (Health Education Yorkshire and the
Humber). Sheffield teaching Hospitals NHS
Trust

Specialist registrar Cardiology (Health
Education Yorkshire and the Humber).
Sheffield teaching Hospitals NHS Trust

Specialist registrar Cardiology

(Health Education Yorkshire and the

Humber).Chesterfield Royal Hospital NHS

Trust

Specialist registrar Cardiology (LAT) (Health

Education Yorkshire and the Humber). Leeds

General Infirmary
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March 2008 i December 2008

August 2007 March 2008

August 2006August 2007

August 2005August 2006

November 2004 i August 2005

February 200471 November 2004

January 2008January 2004

Registrar in Cardiologyniversity Hospitals of

Morecambe Bay

Clinical Registrar in Cardiology
Heart of England NHS Trust

Registrar in Cardiology (Rotation) University

Hospitals of Leicester NHS Trust

Senior House Officer, Critical Care.
Good Hope Hospital. NHS Trust

Senior House Officer, Medicine Birmingham

Heartlands Hospital

Clinical attachment Medicine Birmingham

Heartlands Hospital

House Officer, Medicine Reading Hospital,

Peshawar Pakistan
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Cath Lab Skills:
| have working experience as consultant interventional cardiologist as well as an

interventional fellow in leading health care systems of UK, Canada, and the USA.

1 lam fully trained in coronary angioplasty and have now been the first operator in over
5000PCls.

1 Radiatbased approach (same day discharge) for Cardiac Cath procedures

T Emergency interventions for heart attack

T Multi-vessel disease management in patients where Bypass is turned down or
declined.

Interventions of vein graft cases and failures of CABG

Intravascular lithotripsy or Shockwave therapy.

Orbital atherectomy for severe calcification in coronary artery

Rotational Atherectomy for complex disease

Treatments for stent failures.

Chronic total occlusions

Right Heart catheterization.

=A = =4 =4 =4 -4 A -4

Pulmonary hypertension, evaluation, and assessment.

Expertise in the field of intracoronary imaging and physiology:

| have received dedicated training in coronary imaging and physiology from Columbia Medical
Center and Cardiovascular Research Foundation (CRF).

| have developed the skills in the cuttiadge technology that in turn facilitates a better
understanding of the mechanisms of coronary artery disease, coronary imaging, and physiology. |
have gained competence in technical aspects of various imagingoamkary physiology
techniques. These skills have consolidated my training, education and techniques in the field of
coronary intervention and helping in future innovation and my research aspirations.

| am a teacher and trainer in the field and invited all over the world for talks and training

in the field of imaging and physiology.
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Expertise in interventions of patients with Diabetes and chronic kidney disease:

| have a particular interest in cardiovascular assessment of patients with chronic kidney disease. |
have established the clinic database for cardiovascular assessment of patients undergoing renal,
liver and pancreas transplant at Presbyterian Hospitalntea University Medical Centre, New

York. This has helped us understand the cardiovascular outcomes in these complex bakiert.
pioneered the use dfero contrast and ultralow contrast PCI (ULPCI) in high complex
intervention using the IVUS eregstration/triregistration technology (Philips) for patients with
advanced kidney disease and low eGFR. | have helped in establishing the ULPCI program in the
region.

| have Masters in the field of chronic kidney disease and cardiovascular implications from
university of central Lancashire. UK.

Microvascular assessmentl have wide experience in performing and interpretation of coronary

microvascular dysfunction (CFR / IMR) using the Coro ventis system (Abbott).

Complex coronary intervention: Extensive experience in performing advanced complex PCI

including high risk and surgical turndown patients using rotational atherectomy, orbital
atherectomy, shockwave lithotripsy, rdtgpsy technique, intracoronary imaging (IVUS/OCT),
intraccoronary fysiology and mechanical hemodynamic support.

Expertise in Renal Interventions:

| have dedicated training in the field of renal interventions and have particular interest in the renal
denervationds therapy for treatment of hypert

Certification in Cardiac CT:

| have particular interest in cardiac CT and have attended dedicated training to gain expertise in
the field.

Clinical Skills
Working as a consultant interventional cardiologist, | have full understanding of running a private

clinic-based practise.
| have been actively practising cardiology in private setting for more than 5 years and have daily
clinic appointments of patients requiring expertise in the field of cardiovascular medicine.

| have regular referrals from various other health care providers requiring expert cardiac care.
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| have been actively involved ward-basedcare and doing my own daily ward rounds and

supervise the registrar and junior doctorsiiganisingthe ward rounds.

On call Commitments

| have experience of being -@all for regional cardiology centre as well as for district general

hospital for Primary Percutaneous PCI (PPCI). My clinical outcomes are excellent as reflected by

patient satisfaction.

Practical Skills

Invasive cardioloqy

Procedure
Number, N= Competence,
Level
3=independent
PCI 5000 Level 3
Coronary >3800 Level 3
Angiogram
Intravascular imaging 400 Level 3
(IVUS, OCT)
Intracoronary 500 Level 3
physiology
(FFR/IFR)
Level 3
Rotational 30 Level 3
atherectomy
Right Heart >200 Level 3
catheterization
Temporary Pacing >100 Level 3
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Permanent >100 Level 3

Pacemaker

Reveal Devices >30 Level 3

Peri cardiocentesis >20 Level 3

Course Training Duration Date
Provider Completed

Canadian CCC Toronto 2days 22/10/2015

Cardiovascular

Society Fellows

Course (CCCQC)

Cardiovascular CRF USA 3days 22/05/2015

Research

Foundation

(CRF) Course

Trans Pennine Queens 2 days

PCI 2012. Hotel, Leeds 06/07/2012

East Midlands Derby Royal 1 day 13

ACS Day Hospital /06/2012

Cath lab Derby Royal 1 day

complications Hospital 04/07/2012

course

Bristol PCI Bristol Royal 2 days

course Infirmary 04/09/2011

Radial master University 1 day

class Hospital  of 16/10/2012

Staffordshire
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Interventional

traineeséo

British
cardiovascular
Interventional
society meeting
Coronary
angiogram and
PCI

BCS training
Days

BCS training
Days

ESC Congress

BCS Annual
Scientific
Conference
IMPACT
Course

Clinical
Radiology
Course

ALS Course

Leeds

Manchester

Manchester
Royal
Infirmary

London

Manchester

Munich,
Germany
Manchester,
UK

Hull Royal

Infirmary

Good Hope

Hospital.

Leeds
General

infirmary

3 days

1 day

2 days

lday

1 day

5days

2 days

2days

1 day

2days

29/10/10

07/05/2010

26/07/2009

06/12/2010

06/06/2010

03/09/2008

04/06/208

27/09/
2005

14/08/2005

22/04/2014
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Non i clinical courses:

Agent for change, Kings Fund 1 day 10/11/2010
Collaborating  for London

quality

Research skills Yorkshire 4 10/12/2009
&evidencebased Deanery days

medicine

Evidence -based Yorkshire 1 day 08/12/2009
medicine Deanery

Teaching and Yorkshire 3days 14/11/2009
Presentation  Skills Deanery

Course

Academic Experience:

Presentations:

A case of chest pain. Role of
intracoronary imaging and

physiology to diagnose anomalous
coronary artery

Role of intracoronary imaging and

physiology in cardiac catheter lab

Feasibility, Safety, and Outcomes

of Chronic Total Occlusion

Gulf PCRi GIM 2017

Dr Panjwani Centre for Molecular
Medicine and Drug Research,
Karachi,

(Invited Lecture)

TCT 2017, Denver
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Revascularization in EnrS8tage
Renal Disease

External Elastic Lamina vs Luminal
Diameter for Determination of
Stent Diameter by  Optical
Coherence Tomography
Revascularisation with
Percutaneous  coronary artery
intervention

does not affect androgen status in
males with chronic stable.

angina pectoris

Transfusion of stored RBCS have
adverse impact on endothelial
function

The effect of fresh versus old blood
transfusion

on endothelial function

Myocardial protection: new
strategies

Clinical Presentation: Dyspnoea &
Oedema
Non-Invasive Investigation of
Coronary Disease

Blood Pressure control &Stroke

prevention

Herpes zoster Presentation for
BHIVA

TCT 2017, Denver

CCC Oct 2015, Toronto Canada

CCC Oct 2015, Toronto Canada

ESC 2015, London UK

The University of Western Ontario.

Yorkshire deanery regional
teaching
Yorkshire deanery regional
teaching

National GP Forum

14th annual conference Belfast
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Infective Endocarditis Diagnosis Leicester General Hospital
& Management
Stroke in  young patientsi BirminghamHeartlands Hospital

Diagnosis and management

PhaeochromocytoniaDiagnosis & Chesterfield Royal Hospital
Management
Hyperthyroidism and Chesterfield Royal Hospital

Cardiovascular diseases

Invited speaker Faculty:

| am invited regularly on various conferences arektings all over world.
Transcatheter Cardiovascular Therapeutics (TCT)

EuroPCR

Gulf PCR

Dr Panjwani Centre for Molecular Medicine and Drug Research, Karachi
Pakistan Cardiac Society

Pakistan interventional society

Pakistan Cardiac Society (Gulf Chapter).

Scientific Training Session, Abuja. Nigeria

Research Experience:

U | have astronginclination towards research, as | believe it keeps oneskalp in one's field

and helps in learning the latest developments. Working on academic cardiovascular units has given
me the opportunity to understand the basics of research methodology.

U | have experience of a dedicated research fellowship in the field of coronary physiology and
coronary imaging at Columbia Medical Centre and Cardiovascular Research Foundation (CRF),

one of leadingrganisatiorin the field of cardiovascular research.
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U | was an investigator and collaborator of various studigSoftmbia University Medical

Centre.

i ORACLE (Comparison of Orbital versus Rotational Atherectomy Effects on Coronary
Microcirculation in Percutaneous Coronary Intervention) (ProtaodlAAQ9267).

U OCT-IVUS-Dual-Imaging study (Protocot noAAAQ8295).

U SIEMENS-FFR study (ProtocotnoAAAQ6857).

U PERFORM (Pressure Wire compared to microcath¢tased sensing technology for the
evaluation of Coronary fractional flow reserve MeasureméRtgtocol noAAAQL712).

U ACIST FFR (ProtocotnoAAAQ2057).

U Patients with Chronic kidney disease and CTOfeasibility, safety, and outcome study.

U During my fellowship atondon Health Sciences Centrel build on to my research strengths

and workedoi The effect of fresh versus old blood t
U | have been involved in collaborative work with academic centres Timin and Edinburg

on the project of Frailty Assessment as a prognostic Tool in Elderly Acute Coronary Syndrome
patients to Identify those approaching @idife: FATE-ACS study. This is a multicentre study,

and | was lead frorBheffield Teaching Hospitaland involved in the collection, compilation, and
analysis of datal'his experience was extremely useful in developing an understanding for the need

of collaboration across the world to produce internationally competitive research

U Worked in collaboration with world leading expeBertram Pitt and Faiez Zannad about
Mineralocorticoid Antagonism (MRA).

0 Worked inLIGHT institute in Leeds on the project of "First reported adherence vs-non
adherence investigation (RANI 1)".

U Working at academiSheffield Teaching Hospitalinvolved in the recruitment of Project

"Impact of Percutaneous Coronary Intervention on Testosterone Levels in Men with Chronic
Stable Angina. o6 STH Project Reference Number:
projects leading tpeerreviewedpublications.

0O To further enhance my skills, Ibalavde matdti €nm c
course with Yorkshire deanery. Research skills Course, Code RE8%2009. Evidencebased
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medicine 8§ December 2009. Research in Cardiology: Why, When Where and HBWp#¥
2012.0rganisedy BCIS Research & Development Committee.

Publications:

U Cellular and Molecular Approaches to Enhance Myocardial Recovery After Myocardial
Infarction. Yasir Parviz, Mohammad Waleed, Sethumadhavan Vijayan, David Adlam, Shahar
Lavi, Dr Arif Al Nooryani, Javaid IgbalGregg W. Stoné/s. Cardiovasc Revas Med. 2018 Jun
2. pii: S15538389(18)302431. doi: 10.1016/j.carrev.2018.05.021.

U Pressure Wire Compared to Microcatheter SensinGdoonary Fractional Flow Reserve: The
PERFORM StudAli ZA, Parviz Y, Brinkman M, Matsumura M, Redfors B, Brogno DA, Corral
MD, Fall KN, Mintz GS, Stone GW, Maehara A, Jeremias A, Kirtane AJ.

EurolIntervention. 2018 May 15. pii: EID-18-00064. doi: 10.4244/E4D-18-00064.

U Imaging and Physiology to Guide Venous Graft Interventions Without Contrast
Administration in Advanced Renal Failur¥asir Parviz, MBBS, MRCP, Khady Fall, MD,
Gregg W. Stone, MD2; Akiko Maehara, MD, Ori B¥ehuda, MD, Gary S. Mintz, MD, Ziad A.

Ali, MD, DPhil. J INVASIVE CARDIOL 2017;29(11): E16E165.

U Utility of Intra Coronary Imaging in the Cardiac Catheterization laboratory: Comprehensive
Evaluation with Intravascular Ultrasound and Optical Coherence Tomography

Yasir Parviz, Evan Shlofmitz MD, Khady N Fall MD, Maayan Konigstein MD, Akiko Maehara
MD, Allen Jeremias MD, Richard A Shlofmitz MD, Gary S Mintz MD, Ziad A Ali MD DPBit.

Med Bull. 2018 Mar1;125(1):7990. doi: 10.1093/bmb/Idx049.

U0 A Review of Strategies for infarct size reduction during acute myocardial infaRaionz Y,
Sethumadhavan Vijayan, Lavi S. Cardiovascular Revascularization Medicine doi:
10.1016/j.carrev.2017.02.004.

U Using sound advicée intravascular ultrasound as a diagnostic tBalviz Y, Fall KN, Ali ZA

J Thorac Dis 2016. doi: 10.21037/jtd.2016.10.64
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https://www.ncbi.nlm.nih.gov/pubmed/29769168
https://www.ncbi.nlm.nih.gov/pubmed/29769168

U The effect of fresh versus standard blood transfusion on microvascular endothelial function.
Yasir Parviz, Cyrus Hsia MD Mistre Alemayehu MSc, Sabrina Wall BSc, Rodrigo Bagur MD,
PhD, Nour AbuRomeh BSc, lan Chiivee, Shahar Lavi MD. Am Heart J. 2016 Aug: doi:
10.1016/j.ahj.2016.05.021

U NitroglycerinDerived Pd/Pa for the Assessment of Intermediate Coronary Lesions. Zeev
Israeli, MD; Rodrigo Bagur ; Bogdanorian Murariu, Sabrina Wall, Mistre Alemayehtiasir

Parviz, , Pantelis Diamantouros, Shahar Lavi, J INVASIVE CARDIOL 2017 August 15

U Comparison of P2Y12 inhibitors for mortality and stent thrombosis in patients with acute
coronary syndromes: singkentrest udy of 10, 79®o0orclochG epati gpt D r
Gosling, Momina Yazdani, Yasir Parviz, lan R Hall, Ever D Grech, Julian P Gunn, Robert F
Storey, Javaid Igbal. CPL-20160433.R1Jan2017 Platelets.

i Coronary Plaque Characteristics in Haemodialid@pendent Patients as Assessed by Optical
Coherence Tomography American Journal of Cardiol@inee Yang Chin; Mitsuaki Matsumura;
Akiko Maehara, M.D.; Wenbin Zhang; Cheolmin T Lee; Myong Hwa Yamamoto; Lei Yasiy;

Parviz; Nishan Jhalani; Sumit Mohan; Lloyd E Ratner; David J Cohen; OriBdmda; Gregg

W Stone; Richard A Shlofmitz; Tsunekazu Kakuta; Gary S MintBOI:
ttp://dx.doi.org/10.1016/j.amjcard.2017.01.022

U Emergency intervention in a case of an anomalous origin of the right coronary artery from the
left anterior descending arteriyarviz Y, Rowe R,RinzeR. Am J Emerg Med. 2017 Jan 1i:
S07356757(17)300177. doi: 10.1016/j.ajem.2017.01.017.

U Revascularization with percutaneous coronary intervention does not affect androgen status in
males with chronic stable angina pectoG&sai JN, Charalampidis P, NikolaidouHarviz Y,

Morris PD, Channer KS, Jones TH, Grech ED. Andrology. 2016 Mar 29. doi: 10.1111/andr.12189.
U Percutaneous brachial artery access for coronary artery procedures: Feasible and safe in the
current era Yasir Parviz, Rebecca Rowe, Sethumadhavan Vijayan, Javaid Igbal, Allison C.
Morton, EverD. Grech, lan Hall, Julian Gunn.Doi: http://dx.doi.org/10.1016/j.carrev.2015.08.004
U Randomized Trial of Compression Duration Post T#Readial Cardiac Catheterization and
Intervention. SHAHAR LAVI, ASIM N. CHEEMA, Andrew Yadegari, Zeev Israeli, Yaniv Levi,
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Sabrina Wall,Mistre Alemayehu,Yasir Parviz, BogdanDorian Murariu, Terry McPherson,
Jaffer SyedRODRIGOH. BAGUR DOI:10.1161/JAHA.116.005029

U Radiotherapynduced Cardiac Implantable Electronic Device Dysfunction in Patients with
Cancer.Rodrigo Bagur, MD, PhD. Mathilde Chamula, MD, Emilie Brouillard, MD, Caroline
Lavoie, MD, Luis Nombeldranco, MD, PhD, Ann&ophie Julien, MSc, Louis Archambgul
PhD, Nicolas Varfalvy, PhD, Valérie Gaudreault, MD, PhD, Sébastien X. Joncas, MD, Zeev
Israeli, MD, Yasir Parviz, MBBS, Mamas A. Mamas, DPhil, Shahar Lavi, MD DOI:
http://dx.doi.org/10.1016/j.amjcard.2016.09.036

U Emerging Cardiovascular Indications of Mineralocorticoid Receptors Antagoiviatst
Parviz, Javaid Igbal, Bertram Pitt, Sonal Mehra, David Adlam, AbdallaiMidhammad, Faiez
ZannadDOl: http://dx.doi.org/10.1016/j.tem.2015.01.007

U Selection of a mineral corticoid receptor antagonist for patients with hypertension or heart
failure. Igbal J, Parviz Y, Pitt B, Newd#rice J, AIMohammad A, Zannad F. EuHkartFail.

2014 Feb; 16(2):1480. Doi: 10.1111/ejhf.31. Epub 2013 Dec 14

U Effect of eplerenone in PCtreated postnyocardial infarction patients with left ventricular
systolic dysfunction: a suénalysis of the EPHESUS tridavaid Igbal, Renaud Fay, David Adlam,

lain Squire,Yasir Parviz, Julian Gunn, Bertram Pitt, Faiez Zanriagr J HeartFail. 2014 Jun;
16(6):68591. Doi: 10.1002/ejhf.88. Epub 2014 Apr 4

U Calculating the overall risk of withistent restenosis afterultilesionpercutaneous coronary
intervention.Yasir Parviz, Hannah Gul, Simon Smith, Ever D. GrePlosteKardiol Inter 2013;

9, 2 (32): 170171. (Advances in Interventional Cardiology)

U Repeat coronary angiography with previously normal arteries: a futile exercise? Rebecca
Rowe, Yasir Parviz, Javaid Igbal, James Heppenstall, Dawn Teare Julian GDatheter
Cardiovasc Interv. 2014 Jun 27. Doi: 10.1002/ccd.25589

U Giant saphenous vein graft aneurysm presenting as stridsir. Parviz; William Parker;

Peter Brown; John N. West European Heart Journ@lardiovascular Imaging 2013; doi:
10.1093/ehijci/jet253
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British Journal of CardiologyBr J Cardiol2014.

U Impactof frailty on outcomes after percutaneous coronary intervention: a prospective cohort
studyRachel MurahKrishnan Javaid IgbalRebecca RoweEmer HatemYasir Parviz, James
Richardson Ayyaz Sultanand Julian GunnOpen Heart20152: doi:10.1136/openh2015
000294

U0 "A 16-yearold boy with chest painWalker AM, Parviz Y, Heppenstall J, Best J, Grech
ED.BMJ. 2014 Oct 15; 349: g6172. doi: 10.1136/bmj. g6172

U Prospective assessment of a palliative care tool to predigtearemortality in patients with
acutecoronary syndrome. Moretti C, Igbal J, Murray S, Bertain&&tyiz Y, FenningS, Quadri
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Heart J Acute Cardiovasc Care. 2016 Felpi5048872616633841
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U Incidence and predictors of stent thrombosis: a single Centre study of 5,833 consecutive
patients undergoing coronary artery stenting. Euro interventgial J Sumaya WTatman

V, Parviz Y, Morton A, Grech E Campbell SR, GunnEuro Intervention. 2013 May 20;9(1)62

9. doi: 10.4244/EI1JV9I1A10

U Acute coronary syndrome amshaesthesiaAAGBI core topics inanaesthesjabook chapter.

ISBN. 9781118777442 Parviz, R Orme, T Chico.

U Left ventricular free waltupture complicating acute STEMient Grech E Parviz Y, Briffa

N. Acute Card Care2016 Mar 16:1
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% Mechanisms of Orbital Versus Rotational Atherectomy Plaque Modification in Severely
Calcified Lesions Assessed by Optical Coherence Tomography. Myong Hwa Yamamoto, MD
Akiko Maehara, MD, Keyvan Karimi Galougahi, MD, Gary S. Mintz, MD, Yasir Parviz, MD,
SungSik Kim, MD, Kohei Koyama, MD, PhD, Kisaki Amemiya, MD, SeigKim, MD, Masaru
Ishida, MD, Monica Losquadro, MS, Ajay J. Kirtane, MD, SM, Elizabeth Haag, RN, Fernando A.
Sosa, MS, Gregg W. Stone, MD, Jeffery W. Moses, MD, Masahiko Ochiai MD, PhD, Rikchard
Shlofmitz, MD, Ziad A. Ali, MD, DPhil. JACC Cardiovasc Interv. 2017, (in press).

U Pressure Wire Compared to MicrocathéBased Sensing Technology for the Evaluation of
Coronary Fractional Flow Reserve Measuremetited A. Ali, MD, DPhil, Yasir Parviz, MBBS,
Matthew Brinkman, MS, Mitsuaki Mitsumura, BS, Bjorn Redfors, MD, Keyvan Karimi
Galougahi, MD, PhD, = Tamim M. Nazif, MD, Jeffrey Wloses, MD, David Brogno, MD,
Manish A. Parikh, MD, Philip Green, MD, Dimitri Karmpaliotis, MD, PhD, Maria Corral, MD,
Khady N. Fall MD, MPH, Gary S. Mintz, MD, Ori BeYiehuda, MD, Gregg W. Stone, MD,
Martin B. Leon, MD, Akiko Maehara, MD, Allen Jeremi&dD, MSc, Ajay J. Kirtane, MD, SM.
JACC Cardiovasc Interv. 2017, (in press).

U Cephalic Vein AccessA Feasible, Safe and Effective Method for Device Implantation.

Khan HR, Shah N, Parviz Y.J Ayub Med Coll Abbottabad. 201-5a&p;29(3):514615.

U Role Of Intra Coronary Imaging and Physiology In Diagnosis And Management of Coronary
Artery DiseaseYasir Parviz, Kokab Awan, Sethumadhavan Vijayan, Ayyaz Sultan, Javaid Igbal.
April 2017 J Ayub Med Coll Abbottabad 2017;29(3):

Abstracts:

U Feasibility, safety, and outcomes of chronic total occlusion revascularizationstegyedrenal
diseaseYasir Parviz MBBS, Matthew Finn MD Nisha B Jhalani MD, Bharath G. Rathakrishnan
MD, Keyvan Karimi Galougahi MD, Raja Hatem MD, Gary S. Mintz MD, Akiko Maehara MD,
Ajay J. Kirtane MD SM, Ori BefYehuda MD, Gregg W. Stone MD, Martin B. Leon MD, Mark
A Hardy MD, Sumit Mdvan MD, Jai Radhikrishnan MD, David J Cohen MD, Lloyd E Ratner

136



MD MPH, Emmanouil S Brilakis MD, Jeffrey W. Moses MD Dimitri Karmpaliotis MD PhD, Ziad

A. Ali MD DPhil

U External elastic lamina vs luminal diameter for determination of stent diameter by optical
coherence tomography.asir Parviz*, Evan Shlofmitz*, Bjorn Redfors, Mitsuaki Matsumura,
Khady N Fall, Akiko Maehara, Gary S Mintz, Allen Jeremias, Fernando Sosa, Elizabeth Haag,
Keyvan Karimi Galougahi, Dimitri Karmpaliotis, Ajay Kirtane, Jeffrey Moses, Charles Simonton,
Ori BenYehuda, Gegg W Stone, Richard A Shlofmitz, Ziad A Ali

U Derivation and Validation of a Luminal Diameter Correction Factor for Determination of Stent
Sizing by Optical Coherence Tomography: An ILUMIEN Il sstndy. Evan Shlofmitz MD,
Yasir Parviz MD, Richard A. Shlofmitz MD, Akiko Maehara MD, Franco Fabbiocchi MD,
Tamim M. Nazif MD, Giulio Guagliumi MD, Perwaiz M. Meraj MD, Fernando Alfonso MD,
Habib Samady MD, Takashi Akasaka MD, Eric B. Carlson MD, Massoud A. Leesar MD, Mitsuaki
Matsumura BS, Mek Ozgu Ozan MS, Gary S. Mintz MD, Ori Batehuda MD, Charles
Simonton MD, Gregg W. Stone MD, Ziad A. Ali MD for the ILUMIEN IIl: OPTIMIZE PCI
Investigators

0 U ltra-Low Contrast Coronary Angiography in Patients with Advanced Chronic Kidney
Disease Feasibility and Outcomes Compared to Standard Angiography Navdeep K Bhatti MD,
Nisha B Jhalani MD, Keyvan Karimi Galougahi MD¥asir Parviz MBBS, Bharath G.
Rathakrishnan MD, Tamim M. Nazif MD, Jeffrey W. Moses MD, Susheel Kodali MD, Dimitri
Karmpaliotis MD PhD, Gary S. Mintz MD, Akiko Maehara MD, Ajay J. Kirtane MD SM, Ori
BenYehuda MD, Gregg W. Stone MD, Matrtin B. Leon MD, Russell J. Qvily Geoffery Dube

MD, Mark A Hardy MD, Sumit Mohan MD, Jai Radhikrishnan MD, David J Cohen MD, Lloyd
E Ratner MD MPH, Ziad A. Ali MD DPhil

U Incidence and predictors of stent thrombosis: a single Centre study of 5,833 consecutive
patients undergoing coronary artery stenting. AbsEaEROPCR2013 Javaid Igbal, Wael
Sumaya, Victoria Tatmawasir Parviz, Allison C Morton, Stephen Campbell, Robert F Storey,

Julian Gunn

137



U Frailty assessment as a prognostic tool in elderly acute coronary syndrome patients to identify
those approaching eriaf T life: results from prospective multicentre FATBCS study. Eur

Heart J(2013)34 (supplel): doi:10.1093/eurheartj/eht309.P3083

C.Moretti, SFenningY. Parviz, J. Gunn, F. D Ascenzo, F. GiustoGRital J Igbal,

U Lower mortality and stent thrombosis rates associated witbduction of potent P2Y>
inhibitors in patients with acute coronary syndromes. Javaid Igbal*, Rebecca Rowe3uryao
Zhang,Yasir Parviz, Ever D Grech, Julian Gunn, Robert F Storey. Abstract AHA 2014

O Al nitial HI'V diagnosis and management, does
Presented at the annual scientlBAASH meetingi May 2006.Published in Journal of STD
&AIDS Yasir Parviz

U Radiotherapyinduced Cardiac Implantable Electronic Device Disorders In Cancer Patients.
Abstracts 14945 AHA 20M8. ChamulaC.Lavoie:E.Brouillard:S.Lavi. L. NombelaFranco

- AJdulien:L. ArchambaultN. arfalvy. F. TurcotteGosselin: F. eaupré: S.X. Joncas:V.
GaudreaultY. Parviz: P.J. TeefyR. Bagur

Ut The effect of fresh versus old blood transfu
ESC 2015. Y. Parviz , Doi. http://dx.doi.org/10.1016/j.cjca.2015.07.491

U Revascularisationvith Percutaneous coronary artery intervention doeseffett androgen

status in males with chronic stable angina pectoris, abstract CCC Oct2015 Toronto Canada
Gosaj Parviz, Y. P., Chlarampidis, T. Nikolaidou, P. Morris, E .Grech,
http://dx.doi.org/10.1016/j.cjca.2015.07.019

U Impactof Frailty on Length of Hospital Stay after Percutaneous Coronary Interveittioali-
Krishnan RlIgbal J Rowe R Parviz Y, Sultan A Gunn JHeart.2014 Jun; 100(Supple 3):A45.

Doi: 10.1136/heartjrR014306118.77.

U Non sustainedise of serum testosterone with PCI. Abstract for ACC 2013

U0 Norrinvasive estimation of left ventricular filling pressure with MRI: preliminary experience
Swift AJ, Parviz Y, Rothman A, Capener D and-Mohammad A. Abstract. Euro CMR 2016

U A prospective, randomized trial of short vs long radial arterial clamp duration following

cardiac catheterization.Postcath Radial Arterial Clamp Time In theCAth Lab

138


javascript:void(0);
http://dx.doi.org/10.1016/j.cjca.2015.07.491
javascript:void(0);
javascript:void(0);
http://www.ncbi.nlm.nih.gov/pubmed?term=Murali-Krishnan%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24922868
http://www.ncbi.nlm.nih.gov/pubmed?term=Murali-Krishnan%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24922868
http://www.ncbi.nlm.nih.gov/pubmed?term=Iqbal%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24922868
http://www.ncbi.nlm.nih.gov/pubmed?term=Rowe%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24922868
http://www.ncbi.nlm.nih.gov/pubmed?term=Parviz%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24922868
http://www.ncbi.nlm.nih.gov/pubmed?term=Sultan%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24922868
http://www.ncbi.nlm.nih.gov/pubmed?term=Gunn%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24922868
http://www.ncbi.nlm.nih.gov/pubmed/24922868

(PRACTICAL)Shahar Lavi, Andrew Yadegari, Asim Cheema, Rodrigo Bagur, Nour Aburomeh,
Yaniv Levi, Yasir Parviz, Zeev Israeli, Kokab AwanMistre Alemayehu, Dorian Murariu,
Sabrina Wall, Terry McPherson, Jaffer Syed. Circulation. 2016;134: A14370

Audits:

U Audit of Diagnostic Cardiac Catheterization in a District General Hosphitgdtications for
Training and Patient Safety.

An audit of clopidogrel prescribing according to guidelines.

An audit of morbidity and mortality in tertiary cardiology centre.

Repatriation of patients from tertiary cardiology centre.

c: c: c: c:

Incidence and predictors of stent thrombosis: a single centre study of 5,833
consecutive patients undergoing coronary artery stenting.

- Director of the cardiac Audit, interventional cardiology research and

Quality Improvement Projects:

I have been director ¢QIP) at various teaching hosgi where | have practiced.
| have special interest and wide experience in QIP, research, academia,
developing/ improving policies, protocols and new services that help to deliver a

high-quality service.

Management Experience

U0 MSc (Advancing health care practice, in progress), Open University of UK.

U Postgraduate Certificate of Attainment at Improvement Practitioner level from NHS
Institute for Innovation and Improvement."2Blarch 2013. London UK.

U0 Represented Chesterfield Royal Hospital at Agent for change, Collaborating for the
guality conference at Kings Fund London 2010.

U 3-day Management cours@rganised by Health Education Yorkshire (H.E.Y) and
Humber 29' to 31st October 2014.

U Chief Fellow at London Health Sciences Center for the year-2016

139



SpR representative at Sheffield teaching hospital NHS Trust DMT.

Organiseffor induction and placement of medical students from Sheffield University
to the hospital.

Reviewed the local clinical practice, and designed and implemented the new
guidelines for the management of ACS at Airedale Hospital NHS trust.
OrganisedPACES examinations at Leicester Royal infirmary and Leeds general

Infirmary. Medical rota manager at Heart of England NHS trust.

Teaching Experience

| have been actively involved in the teaching of Master Programme (MED6052:
Vascular Disease & Clinical Practice) at Sheffield Hallam university.

Lectures to undergraduate medical students at the University of Sheffield on general
cardiology.

Formal teaching to foundation year doctors 8riD'son the management of a variety

of cardiology conditions on regular basis.

Formal teaching to SHO for PACES examination and actively involved in regional
teaching for CMT trainees.

Examiner for medical student OSCE at the University of Sheffield.

Coordinator for phas2 cardiovascular clinical skills teaching.

Attended Teaching and Presentation Skills Course. Oct/Nov 20f§énisedby
Yorkshire deanery

Currently undertaking a pegraduation certificate in teaching and learning for the
health care professional (TLHP) at University of Sheffield.

Additional Skills:

Proficient in:

Microsoft Word, Microsoft Excels and PowerPoint.

Conducting literature review & Database.

140



U Passed European Computer Driving License Exam.

Personal interests

U Enjoy cycling, running, and playing Hockey. | am passionate about cricket, and

keenly follow the experiences of the Pakistani and English cricket teams.

References:
Will be provided as required.

141



APPENDIX 2

(All 16 Full Publications)

142



LIST OF SIXTEEN FULL PAPERS TO FORM PhD BY PUBLICATION AND
CLASSIFIED INTO THREE CATAGORIES

A. Intracoronary imaging and physiology (10 papers)

1.Parviz, Y., Fall, K., Stone, G., Maehara, A., B&ehuda, O., Mintz, G., and Ali, Z. (2017).
Imaging and Physiology to Guide Venous Graft Interventions Without Contrast Administration in
Advanced Renal Failure. The Journal of Invasive Cardiology, 29:-E163, (Impact Factor
1.07and 6 citationy.

2. Parviz, Y. (2017).Intra coronary imaging to detect mal apposition: Are We Seeing Too Much.
Heart. (A BMJ Journal), 103 (9): Article 2017 igeartjnt2015307888v1) [mpact Factor 5.42
and no citation).

3. Parviz, Y., Evan, S., Khady N.F., Maayan K., Akiko, M., Allen, J., Richard, A.S., Gary, S.M.,
and Ziad A.A. (2017). Utility of intracoronary imaging in the cardiac catheterization laboratory:
comprehensive evaluation with intravascular ultrasound and optical cobetremography.
British Medical Bulletin, 125(1):790. (doi: 10.1093/bmb/ldx049(Impact Factor: 3.045 and

18 citations).

4.Parviz, Y., P.,Khady N.F., and Ziad A.A (2016). Using sound ad#igetravascular ultrasound
as a diagnostic tool. Journal of Thoracic Diseases. 8(10): EHAB387. (doi:
10.21037/jtd.2016.10.64. 10.21037/jtd.2016.10(BApact Factor: 2.365 and 3 citations).

5. Chin, C., Matsumura, M., Maehara, A., Zhang, W., Lee, C., Yamamoto, M., SoR@ariiz,

Y., Jhalani, N., Mohan, S., Ratner, L., Cohen, D., Behuda, O., Stone, G., Shlofmitz, R.,
Kakuta, T., Mintz, G., and Ali, Z. (2017). Coronary Plague Characteristics in Haemodialysis
Dependent Patients as Assessed by Optical Coherence Tomography. TheaArdeuihal of

143



Cardiology. American Journal of Cardiology,119(9): 1313309. (doi:
10.1016/j.amjcard.2017.01.022. Epub 2017 Fefi@pact factor: 2.26 and no citation)

6. Parviz, Y., Awan, K., Vijayan, S., Sultan, A., and Igbal, J. (2017). Role Of Intra Coronary
Imaging and Physiologyn Diagnosis And Management Of Coronary Artery Disease. Journal of
Ayub Medical College, Abbottabad: JAMC. 29: 5882. (Impact Factor 0.481 and 515

citations).

7.Yamamoto, M.H., Maehara, A., Karimi, G.K, Mintz, G.Barviz. Y., Kim, S.S., Koyama, K.,
Amemiya, K., Kim, S.Y., Ishida, M., Losquadro, M., Kirtane, A.J., Haag. E., Sosa, F.A., Stone,
G.W., Moses, J.W., Ochiai, M., Shlofmitz, R.A., and Ali Z.A. (2017). Mechanisms of Orbital
Versus Rotational Atherectomy Plaque Machfion in Severely Calcified Lesions Assessed by
Optical Coherence Tomography. JACC Cardiovascular Intervention, 10(24):28884 (doi:
10.1016/j.jcin.2017.09.031. PMID: 29268891jnpact Factor: 11.2 and no citation).

8. Ali, Z., Parviz, Y., Brinkman, M., Matsumura, M., Redfors, B., Brogno, D., Corral, M., Fall,
K., Mintz, G., Stone, G., Maehara, A., Jeremias, A., and Kirtane, A. (2018). Pressure Wire
Compared to Microcatheter Sensing for Coronary Fractional Flow Reserve: The PERFORM
Study. HEiro-Intervention: Journal of EufBCR in Collaboration with the Working Group on
Interventional Cardiology of the European Society of Cardiology. 14(4): -e466. doi:
10.4244/E1JD-18-00064. (Impact Factor 6.534 and 5 citations).

9. Shlofmitz, E., Jeremias, ARarviz, Y., Karimi, G.K., Redfors, B., Petrossian, G., Edens, M.,
Matsumura, M., Maehara, A., Mintz, G., Stone, G., Shlofmitz, R., and Ali, Z. (2020). External
elastic lamina vs. luminal diameter measurement for determining stent diameter by optical
coherence tomogpay: an ILUMIEN Ill substudy. European Heart Journal of Cardiovascular
Imaging. 22(7):75%59. doi: 10.1093/ehjci/jeaa2Bnpact Factor: 6.875 and no citation).

144



10. Israeli, Z., Bagur, R., Murariu, D., Wall, S., Alemayehu, Marviz, Y., Diamantouros, P.,
and Lavi, Shahar. (2017). NitglycerineDerived Pd/Pa for the Assessment of Intermediate
Coronary Lesions. The Journal of Invasive Cardiology. 29(12): H1IBB.Impact Factor:1.07

and 1 citation).

B. MR antagonism and cardiovascular diseases (3 Papers)

11.Igbal, J., Parviz, Y., Pitt B, NewiRgice, J., AMlohammad, A., and Zannad,(E014).Selection

of a mineralocorticoid receptor antagonist for patients with hypertension or heart failure.
European Journal of Heart Failurg§(2):143150. (doi: 10.1111/ejhf.31. PMID: 24464876),
(Impact Factor of 15.534and 52 citations).

12.Igbal, J., Fay, R., Adlam, D., Squire,Parviz, Y., Gunn, J., Pitt, B., and Zannad, F. (2014).
Effect of eplerenone in percutaneous coronary intervemteated posmyocardial infarction
patients with left ventricular systolic dysfunction: A saalysis of the EPHESUS trial. European
Journal of Heart Rare, 16: 685691, (16.10.1002/ejhf.88Impact Factor 15.534 and 24

citations).

13.Parviz, Y., Igbal, J., Pitt, B., Adlam, D., AMohammad, A.and Zannad, F. (2015). Emerging
cardiovascular indications of mineralocorticoid receptor antagonists. Trends in Endocrinology and
Metabolism, April 2015, Vol. 26 (4):20211 (26.10.1016/j.tem.2015.01.00@mpact Factor:

12.015 and 31 citations).

C._Infarct Size and endothelial function (3 Papers)

14.Parviz, Y., Vijayan, S., and Lavi, S. (2017). A Review of Strategies for infarct size reduction
during acute myocardial infarction. Cardiovascular Revascularization Medicine, vol and
Cardiovascular Revascularization Medicine, 18(5):-383. (doi: 10.1016/j.carrev.2@.02.004.

(18. 10.1016/j.carrev.2017.02.004mpact Factor: 1.168 and 15 citations).

145



15. Parviz, Y., Waleed, M., Vijayan, S., Adlam, D., Lavi, S., Nooryani, A., Igbal, J., and Stone,
Gregg. (2018). Cellular and Molecular Approaches to Enhance Myocardial Recovery After
Myocardial Infarction. Cardiovascular Revascularization Medicine. 20(4)3881 (doi:
10.1016/j.carrev.2018.05.021. Epulmpact Factor: 1.168 and 32 citation).

16.Parviz, Y., Hsia, C., Alemayehu, M., Wall, S., Bagur, RQu-Romeh, N., Chir¥ee, I., and

Lavi, S. (2016). The effect of fresh versus standard blood transfusion on microvascular endothelial
function. American Heart Journa,181:1561. (10.1016/j.ahj.2016.05.03Impact Factor 4.749

and 1,315 citations).

146



(A). First ten publications on intracoronary imaging and physiology

A) Intracoronary Imaging and Physiology

Parviz, Y., Fall. K.. Stone. G.. Machara. A.. Ben-Yehuda. O.. Mintz. G.. and Ali, Z. (2017).
Imaging and Physiology to Guide Venous Graft Interventions Without Contrast
Administration in Advanced Renal Failure. The Joumal of Invasive Cardiology, 29 (11):
E163-E165. (Impact Factor 1.07 and 6 citations).

Parviz, Y. and Hanif, S. (2017). Intra coronary imaging to detect mal apposition: Are We
Seeing Too Much. Heart. (A BMJ Journal). 103 (9): Article 2017: (- heartjnl-2015-
307888v1) (Impact Factor 5.42 and no citation).

Parviz, Y., Shiofmitz. E.. Fall. KN.. Konigstein. M.. Machara, A., M., Jerimias, A.,
Shlofmitz, R.A.. AS., Mintz, G.S.. and Ali. Z.A.. (2018). Utility of intracoronary imaging
in the cardiac catheterization laboratory: comprehensive evaluation with intravascular
ultrasound and optical coherence tomography. British Medical Bulletin, 125(1):79-90. (doi:
10.1093/bmb/Idx049. (Impact Factor: 3.045 and 18 citations).

Parviz, Y., P, Fall. K.N., . and Ali, ZA. (2016). Using sound advice —intravascular
ultrasound as a diagnostic tool. Journal of Thoracic Disease. Journal of Thoracic Diseases.
8(10): E1395-E1397. (doi: 10.21037/1d.2016.10.64. 10.21037/jtd.2016.10.64. (Impact
Factor: 2.365 and 3 citations).

Chin, C.. Matsumura, M., Maehara, A.. Zhang. W.. Lee, C.. Yamamoto. M., Song. L..
Parviz, Y., Jhalani, N.. Mohan, S.. Ratner. L., Cohen, D.. Ben-Yehuda, O.. Stone, G..
Shlofmitz. R.. Kakuta. T., Mintz. G_. and Ali, Z.A. (2017). Coronary Plaque Characteristics
in Haemodialysis-Dependent Patients as Assessed by Optical Coherence Tomography. The
American Journal of Cardiology. American Journal of Cardiology.119(9): 1313-1319. (doi:
10.1016/j.amjeard.2017.01.022. Epub 2017 Feb 9. (Impact factor: 2.26 and no citation)

147



6. Parviz, Y., Awan, K., Vijayan, S., Sultan, A.. and Igbal, J. (2017). Role Of Intra Coronary
Imaging and Physiology in Diagnosis And Management Of Coronary Artery Disease.
Journal of Ayub Mecdical College. Abbottabad: JAMC. 29(3): 516-522. (Impact Factor
0.481 and 515 citations).

7. Yamamoto, M.H., Maehara, A.. Karimi. G.K, Mintz, G.S., Parviz. Y., Kim, S.S., Koyama,
K., Amemiya, K., Kim, S.Y_, Ishida, M.. Losquadro. M., Kirtane, A.J., Haag. E., Sosa,
F.A., Stone, G.W., Moses, 1.W., Ochiai, M., Shlofmitz, R.A.. and Ali ZA. (2017).
Mechanisms of Orbital Versus Rotational Atherectomy Plaque Modification in Severely
Calcified Lesions Assessed by Optical Coherence Tomography. JACC Cardiovascular
Intervention, 10(24): 2584-2586. (doi: 10.1016/j.jcin.2017.09.031. PMID: 29268891),

(Impact Factor: 11.2 and no citation).

8. Ali. Z.. Parviz, Y., Brinkman, M., Matsumura, M., Redfors, B., Brogno, D.. Corral. M.,
Fall. K., Mintz, G., Stone, G., Machara, A., Jeremias, A_, and Kirtane, A. (2018). Pressure
Wire Compared to Microcatheter Sensing for Coronary Fractional Flow Reserve: The
PERFORM Study. Euro-Intervention: Journal of EuroPCR in Collaboration with the
Working Group on Interventional Cardiology of the European Society of Cardiology.
14(4): e459-e466. doi: 10.4244/E1J-D-18-00064. (Impact Factor 6.534 and 5 citations).

9. Shlofmitz. E.. Jeremias. A.. Parviz, Y., Karimi. G.K., Redfors. B., Petrossian. G.. Edens.
M.. Matsumura. M.. Machara. A., Mintz, G.S, Stone. G. W., Shlofmitz. R. A.. and Ali. Z.
(2021). External clastic lamina vs. luminal diameter measurement for determining stent
diameter by optical coherence tomography: an ILUMIEN [II sub-study. European Hean
Journal - Cardiovascular Imaging. European Heart Journal of Cardiovascular Imaging.
22(7):753-759. doi: 10.1093/chjci/jeaa2 76 (Impact Factor: 6.875 and no citation).

10. Israeli. Z.. Bagur, R.. Murariu, B-D., Wall, S., Alemayehu, M.. Parviz, Y.. Diamantouros,
P.. and Lavi, S. (2017). Nitro-glycerine-Derived Pd/Pa for the Assessment of Intermediate
Coronary Lesions. The Journal of Invasive Cardiology. 29(12): E177-E183. Impact
Factor:1.07 and 1 citation).

148



CLINICAI

Manuscript 1

IMAGES

Imaging and Physiology to Guide Venous Graft
Interventions Without Contrast Administration in
Advanced Renal Failure

Yasir Parviz, MBBS, MRCP'; Khady Fall, MD': Gregg W Stone, MD'?; Akiko Maehara, MDY
Ori Ben-Yehuda, MD'?; Gary S. Mintz, MDY, Ziad A. AL, MD, DPhil'?

1 INVASIVE CARDIOL 2017;29[11):E163-E165,

KEY WORDS: PC|, chronic kidney disease, coronary artery bypass grafl, intravascular ultrasonography, corenary physiology

atients with previous coronary artery bypass grafiing
and advanced chronic kidney disease (CKD) are con-
sidered high risk for revascularization. In addition to
native coronary artery angiography, additional contrast is re-
quired to visualize the bypass conduits, increasing the risk of
contrast-induced nephropathy (CIN) and need for renal re-
placement therapy. As a result, despite the need for revascu-
larization, these patients are frequently under-treated.! There
is evidence m the literatuve that intravascular ultrasound
(IVUS)-guided interventions reduce the amount of contrast
and its associated risk of CINZ We recently described intra-
vascular imaging and physiology-guided percutaneous cor-
onary intervention (PCI) without contrast administration in
advanced CKIL' Here we describe step-by-step “zero-con-
trast” saphenous vein bypass grafc (SVG) intervention using

a modified techmque,

* Ultra-low contrast angiography, defined as contrast
volume/estimated glomerular filtration rate <1, is
performed.

The left ventricular end-diastolic pressure is used to

guide hydration.

Imaging- and physiology-guided PC1 s performed

1 week after angiography.

Guide-catheter engagement is confirmed by the en-

try of a workhorse guidewire into the SVG,

* A pressure wire capable of measuring pressure and
How 15 used to record the baseline fractional Aow
reserve (FFR) and coronary flow reserve (CFR).

* Near-infrared spectroscopy (NIRS)/IVUS (Infra-
redx) is used for assessment of reference vessel siz-
g, stent landing zones, and plaque composition
with stent length based on the distance between
the two reference areas, ensuring complete lesion
coverage.

Var. 29, No. 11, Novempsen 2017

The NIRS/IVUS catheter s re-advanced, manually
marking the landing zones by “dry" cine angiograms
for co-registration.

An embolic protection device 15 considered for high
lipid-core burden index (LCBI).** LCBI, __ is a quan-
titative summary metric of the total lipid-core plaques
detected over any 4 mm segment of vessel relative 1o
total length of the pullback.

Following stent deployment, NIRS/IVUS identifies
areas of under-expansion and postdiation 15 per-
formed to optimize PCI results.

Final FFR confirms sesolution of ischemia and CFIR
the absence of slow Aow with improved absolute fow.
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ballogn acchision and aspration system during percutaneous irter-
wnton of dissased saphenous vein aorto-coranary hypass grafs.
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FIGURE 1. [1] Ultra-low contrast angiography identified a lesion in the proximal saphenous vein graft [SVG) to first obtuse marginal
artery [fractional flow reserve 0.74; coronary flow reserve 1.8] in a patient with chronic kidney disease [CKD) stage V. Intravascular
ultrasound [IVUS) marked the [A) proximal reference, (B] minimal luminal area, and [C] distal refarence. |D] The block chemagram
identitied a large lipid core with max lipid core burden index (LCBI,__ 640), (2] based on which embolic protection device [EPD;
yellow arrow] was depioyed followed by stenting with a 3,50 x 20 mm drug-eluting stent [DES]. Postdilation was performed with
a nan-compliant 3.75 x 15 mm balloon at 20 atm to areas of underexpansion identified by IVUS. Following PCI optimization, the (E)
proximal reference area was found to be smaller than the [F) minimal stent area and [G] distal reference area confirming optimal
stent expansion. [H] The block chemogram showed & significant reduction in the lipid burden [max LCBI_ _120] and absence of
yellow at the site of previous max LCBI consistent with ligid embolization, captured in the EPD (B]. improved fractional flow reserve
[0.91]) and coronary flow reserve [3.] contirmed physiciogical improvement, [continued)
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FIGURE 1 [continued]. [3] Ultra-fow contrast anglography identified a lesion in the proximal SVG to posterior descending artery
[fractional flow reserve 0.70; coronary flow reserve 11] in a patient with CKD stage V. WUS marked the [i] proximal reference, (1)
minimal luminal area, and (K] distal reference. (L] The block chemogram identified a lipid core with max LCBI_ 250 correspond
ing with the minimal luminal area ()] and thus, no EPD was used. (4] Following stenting with a 3.5 x 15 mm DES, postdilation was
performed with a non-compliant 3.75 x 12 mm baflcon at 22 atm to areas of underexpansion identified by IVUS. Following PCI
optimization, the [M) proximal reference area was larger than the [N] minimal stent area (913 mm?), as was the (0] distal reference
area, confirming optimal stent expansion. [P] The block chemogram no lenger identifled significant lipid burden [max LCBI__ S0).
Improved fractional flow reserve [0,89) and coronary flow reserve (2.0) confirmed physiological improvement
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This letter is a response to: Alessandra Giavarini, Ismail Dogu Kilic, Alfredo Redondo
Diéguez, Giovanni Longo. Isabelle Vandormael, Nilesh Pareek, Ritesh Kanyal, Ranil De Silva.
Carlo Di Mario

Intracoronary Imaging Heart 2017; 0: heartjnl-2015-307888v1

Link to the original paper: http://hwmaint. heart.bmj.com/cgi/content/full/heartjnl-2015-
307888vI

Main Text:

We would like to congratulate Giavarini A ¢t al on this comprehensive, educational article on
intracoronary imaging.1 Various modalities can be used to understand the mechanism of stent
failure, and there is an ongoing debate on detection of stent mal-apposition, and whether this
has any clinical impact. Acute stent mal-apposition on its own is not associated with adverse
clinical events unless associated with under expansion or having inflow- outflow issues, Acute
mal-apposition and its associated clinical cvents are possibly reduced due to negative
remodelling.2 The clinically events are non-significant may be due to the fact that newer
generation of stents and stronger antiplatelets are performing very well. There is limited
literature evidence to support that acute mal-apposition is associated with stent thrombosis. 3
Late acquired mal-apposition in combination with other contributing factors can be associated
with stent failure. Most of the available literature looking into the mechanism of stent failure
is from IVUS studies and newer technology, OCT due to superior resolution has the ability to
detect a higher percentage of mal appositions. [Table 1] There is on-going research on to the
clinical significance of these findings. Table 1. Detection of mal-apposition by IVUS /OCT
and Clinical impact.(can provide in table form as well)

1) Im et al. Circ Cardiovasc Interv 2014;7: 88-96 356(n).62%(OCT), no impact.

2)Kubo et al. JACC Cardiovasc Imaging 2013;6:1095-104 100(n), 14%(IVUS), 39%(OCT).
no impact

3) Kawamori ct al. EHJ Cardiovase Imaging 2013; 14:865-75 40(n), 65%(OCT), no impct
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4) Bezerra ct al. JACC Cardiovasc Interv 2013:6: 228-36 26(n), 42% (IVUS), 96%(OCT), no
impact

5) Ali ZA et al Lancet. 2016 Nov 26:388(10060):2618-2628 304(n), 39% (IVUS), 41% OCT,
no impact

6) Prati et al JACC Cardiovascular Imaging November 2015 2015:8: 1297- 832(n), 50%(0CT),
no impact

7) Prati F et al Am Heart J. 2015 Feb:169(2):249-56,

63 (n), 52%(OCT), no impact

8) Hong et al, Circulation. 2006; 113:414-9 557(n), 12 %(IVUS), no impact

9) Steinberg et al J Am Coll Cardiol Intv 3:486-494 1,580 1580(n), 7-10%(IVUS), no impact
10) Soeda et al Circulation. 2015 Sep 15;132(11):1020-9 786(n), 39%(OCT), no impact

11) Kimura M Am J Cardiol. 2006:98: 436-442. 168(n) 77% (IVUS), no impact

12) Cook S Circulation. 2007;115: 2426-2434, 144(n),77%(IVUS) , had clinical impact.

13) Guo et al. Circulation 2010;122: 1077-84 241(n),35%(IVUS), no impact

14) Choi et al. Cire Cardiovasc Interv 2010; 122:1077-84 356(n),62% (IVUS), no impact
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Abstract

Background: Intracoronary imaging is an important tool for guiding deci-
sion making in the cardiac catheterization laboratory.

Sources of data: We have reviewed the latest available evidence in the field
to highlight the various potential benefits of intravascular imaging,

Areas of agreement: Coronary angiography has been considered the gold
standard test to appropriately diagnose and manage patients with coronary
artery disease, but it has the inherent limitation of being a 2-dimensional
x-ray lumenogram of a complex 3-dimensional vascular structure.

Areas of controversy: There is well-established inter- and intra-observer
variability in reporting coronary angiograms leading to potential variability
in various management strategies. Intracoronary imaging improves the
diagnostic accuracy while optimizing the results of an intervention.
Utilization of intracoronary imaging modalities in routine practice however
remains low worldwide. Increased costs, resources, time and expertise
have been cited as explanations for low incorporation of these techniques.

Growing points: Intracoronary imaging supplements and enhances an
operator's decision-making ability based on detailed and objective lesion
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assessment rather than a subjective visual estimation. The benefits of intra-
vascular imaging are becoming more profound as the complexity of cases

suitable far revascularzation increases.

Areas timely for developing research: Whila the clinical benefits of intravas-
cular ultrasound have been well validated, optical coherence tomography
in comparison is a newer technology, with robust clinical trials assessing

its clinical benefit are undenvay.

Key wonds: intravascular ulirasound, optical coherence tomography, percutaneous corenary intensention

Introduction

Coronary angiography i considered the gold stiandard
for the assessment of coronary anery discase.’ Car-
dicdogists perform millions of cotonary anglograms
annually worldwide” Angiography is a 2-dimensional
lumenogram of 2 complex 3-dimengional arterial
structure; therefore, it is limited in providing accurate
diagnnstic information. An angiogram using moliple
orthopenal views with visnal estination can provide
mformaton abowt & patient’s coronary artery anat-
aary; however, this approsch has several hmitatons
due to inherent operator variability, which can lead
1w wide differemces in interpretation of steposs
severity abtained from angiography in comparison
10 noa-inyasive Imaging., expert oore [ab asscssment,
compurer assisted measurements and awopsy com-
parisons, ** Though conventional coronary angiog-
raphy & universally available and has good spatial
and remporal resolurion, it is limited in irs abiliny o
provide anatomical intravaseular dara and offers no
insight into the physiologie correlation of the dissase
proceis. These shertcomings are most obvious m
challenging situations; for instance, coronary artery
calkification s wnderdmgmosed with anp;i-:rgrs.ph_-,- m
as many as half the cases compared o intravascular
ulerasound [TVUS]. .

Intracoremary imaging can help reduce the hagh
intra- el mter-observer variabiliy i the inberpret-
ation of stenosis severity and morphelogy of lessons
thar exists with angsgraphic assessment.” The technol-
opy provides precise and commuaterized mssunements
that help guide the decision-making procees and
reduces the variability in reporting.” Intravascular
imaging {IV1) can provide detailed informsanon about

vessel anatomy, extent and severity of the dissase
process, plaque morphology and preces: vessel sizng,
for stemt selection (Fig. 1). This information helps
muide decision making and faclitates revasculariza-
rion with percutanesus coronary mberventions [PCT).
Modern advances with 1V have made the technol-
T us:r—ﬁ'il:-]'ﬂh' and available for pourine use in the
cardiac catheterization laborarory.” Its use is of par-
ticular mnportance when treating complex higher
risk incicated paents including for treamment dec-
gions involving the kef mam stem and bifurcaton
disease, """ Adjunctive TVI can help us understand
the mechanismsa underlying stent failures. Despite the
wiell-established role of IV] and innovations in tech-
nology, the everyday wse of these modalities remains
herr worldwide, "

Wus

VLIS is a sound-based techmology that wses a specially
desipned catheter with an ultrasound probe to visual-
ize inrracoronary anatomy.' ' IWUS has been in use
for more than half a cenmury; it clinecal wility has
heen wvalidatedl o muliple randomized smals, and
there are ongoing studies demonsrating the role of
IVUS in improving chnical outeomes.' Real-time
360¢ cros-secrional images are obtxined with VLS,
providing additional mfermation and enhancing wha
is kmwrwn From the lJumen conmours obtained by angi-
ography. Detailed informarion in regard to the lumen,
vessel size and plague mesphology can be valuable in
the decision-makmg process. VU5 las the CApACity o
provide informaton om pestvascular structures. (peri-
vascular damage) due o higher penetration power,

il
o
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Lipemnic Plaque

5. 1 Varbus plagus morphologiss & seen by intravascular uitrasound [IVUS) {left) and optical coherence tomog-
raphy (OCT) (right}. (A and B) Normal charscteristics of the vassel wall. {C asxd D} Eccentric fibrotic plaque. |E and F)
Unid plague. The lipid component of the plague s echalucent {(IVUS) and also appears as a low signal {low hight
reflection, OCT). (G and H) Calcium creates a deep acoustic shadowing that hides the undarlying structures (aster
isk] and hampors the delineation of the external elastic membeane. The posterior boundary of the caldum deposit
(mstonisk) sppears sharg and wall visile wish OCT (M), (1 and J) Stented sogments
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Stent steed |

Fg. 1 Continued

IVUS can be used at any stage of the procedure. As
part of a diagnostic assessment, IVUS can belp 10
assess the plaque morphology, selecting the stent six
myge based on lumen dimensions and selecting the pre
cise length of a stent. During the procedure IVUS can
confirm stent expansion and maximal luminal gain.
Postprocedure imaging can help sdentify possible com-
phications  including  dissections, under-expansion,
malapposition, tissue protrusion and hematomas.
Large-scale data from randomized trials have
demonstrated that an IVUS-guided revascularization
strategy compared with angiography-guided PCI can
lead to mproved climcal outcomes.” ™ The Impact of

Intravascular Ultrasound Gundance on Qurcomes of

Xience Prime Stents mn Long Lesioas (IVUS-XPL) ran-
domized, multicenter tnal was conducted in 1400
patients with long coronary lesions (implanted stent
=28 mm in length) and demonsrared thar IVUS
guided everolmus-eluting stent implantation, com-
pared with angiography-guied stent implantatzon,
resulted in a significantly lower rate of the composite
endpoint of major adverse cardiac events at 1 year.
An m-depth review by Mintz. demonstrated the
mportance of imaging-gusded revascularization in
ts review of nine randomized trials and 30 registry
studies comparing IVUS-guided DES mmplantation
with conventional angographic gusdance.' Specifically

IVUS guidance was associated with a reduction in
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adverse events in all of the nine meta-analyses o
date on this topic and was a cost-cffective strategy,

The Assessment of Dual Antiplatelet Therapy with
Drop-Elutmg Stents (ADAFT-DES) stady was a large
smdy that included o pre-specified substudy  that
demongtrated the benefit of wtilzation of IVUS ther-
apy in the 3349 (39%) patients meated wish IVUS-
muided PCLT Uilteation of IVUS changed the PCI
strategy i 74% of cases. Noe enly did TVUS impact
decision making at the ime of PCL, but the changes
led to improved clinical outcomes compared with
angiographic guidance, At 1 year, there was a signifi-
cant reduction in definme/probable stem thrombiosis
(0.52% versus 1.04%, P =0.003) and MI {2.5% ver-
s 3.7%, P o= 0.004) s well as the composite of
major adverse cardiac events |3.1% versus 4.7%, P'=
(.00

The utility of TVUS has been rocognized by various
cardiae societics and recommended m the decision-
making process in the cardiac catheterization lahora-
tory. The use of IVUS has been encouraged in the
wssessnent of inmermediate lesions, for guiding stent
mgantation, and for determining the cuse of stent
thrombosis (Table 1).

Guideline updates now include a new chass la e
ommendation that supports using IVUS. for the
wsessment of angiographically  indeterminate lobt
mam corcmary artery dissase {Tahle 2). Table 2
Current gdeline recommiendations for use of mravas-
cular whrasound and optical coherence tomography.

Gerial surveillance wath IVLS o monitor intima-
media thickness post-heart tramplanaton has also
been mcluded in the recommensdations for 4-6 weeks
post-cardiae tramaplane and ar 1 year follow-up.'®
Anoaher beneft of VLS is with high-nsk groups
including patients with renal insufficiency undergning

percutancous  revascolarivation; in these  patiens,
VIS gudance can help reduce the volume of con-
trast adminstered " TVUS-guided PCT has been used
tov develop a ‘zere contrast’ PCI strategy fo treat
patients at high risk of developing contrast-induced
nephropathy.”™ TVUS cn alsoe be useful in cases of
apparently normal coronary arteries on angiography.
Patients presenting with chest pain and positive noa-
invasve testing with discordant findings on angiog-
raphy should undergo forther evaluation with IVLS
to exclude the presence of oooult disease or clinical
significance of an anomalous ongin of @ coranary
artery,”’ Lastly, in the ssming of acure emergenciss i
peatients presenting with acute chest pain, TVUS can
facilicare the diagnoss of acute aortic and coronary
dissections.™

Oiptical coherence tomography

Oiptical coherence tomography (OCT) is a newes
intracoromary imaging modality in compansan to
IWUS, Machire Tanns and James G, Fujimoin devel-
oped this technology during the 1%%0s with initial
ophthalmologic applications that led w the firse
OCT-hased imaging catheter used 0 a coronary
amery, with the firt in-man reporr published n
2001, This light-hased technology has differences in
comparison to sound-hased VLS OCT has higher
axial resolution of 10-15pm in contrast o the
150200 pm resolution achieved with conventional
IV catheters.” The high resolution helps delineate
thie thres layers of an anerial wall and can differenti-
ate berween different tasue characreristics, providing,
detailed assessment for disection, tssue prolapse,
thrombi and stent apposiion.™ While OCT has high-
et resolugion, the penetration i lower compared with

Table 1 Comparison of angiography and intravascular irmaging modalities

Angiagraphy Imrawascular ubrasoundioptical coherence remography
2-Dimensional AR View

Planar Tomographic and sagittal

Shadow of lunen Visualteation of shape and locasion

Wall sprucrure not maped

Vessel 5 seen for shoey rime period during the contrast injecmon

Cruarniranive coronary angsopraphy analyss with mistakes

Wasualizarion of inner wall structares and marphoiogy
Canfluent imaging; the whale vessel can be imayed
Spatial imapie precise assessment
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Tabla 2 Current guidaling racommendations for use of intravascular ultrasound and optical coherence

larmography

ACCHAHASCAL gusdelines for PCL recommendations
{zoa1ytee

FSC guidelines in myocardial revascularizarion (20047

Indravascular whrasoand

® [WUS is reasomalile fos the sssessment of angiographcally
inleserméinace Jeft main coromary arvery disesss {Class Oa,
Level af Evidencs: B)

o IVUS and coromary angiofraphy are reasoeable 4-6 weeks
and 1 vear after cardisc ransplantation o exdude donar
coremary artery disease, devect rapidly progressive cardinc
albograft vascalopathy, and provide prognostic information
(Class T, Level of Bvidence: B)

s IVUS is reasonahle 1o derermine the mechamism of ssenr
resteisnsis (Class [, Level of Evidence: O

» VLS may be reasonable for the sssesment of non-left main

coranary arberies with angiographically imtermedsite
comanary stenosis [S0-70% diamener senosis| (Class 1Th,
Level of Evidence: B)

w IVUS may be considered for the guidance of coromary scent
implansarion, particolasdy in cases of kft main coranacy
artery stenting |Class [, Level of Evidence: Bj

& WS may be reasonahle o dersrmine the mechamiss of
stent thramhosis (Class b, Level of Bvdence: )

& TWLIS fnr roaiine lesion assessment is pot recommenided
when revascularizaton with PCLHar CABG is not being:
conbernplated |Class [, Level of Evidence: L}

Ulpnical coberemcoe tomuography

» The appropriate rale for apical coherence comography in
rotimne clinkcal decision making has not been established

w WS po amees severity and optimize trestment of
unprotecoed lefi main lesions (Class Oa, Level of
evidence 1)

o VU5 im selecoed patients o optimee stent oprimization
[Chass [a, Level of cvidence B

» [VUS 1o assess mechanisms af stent failure (Class [a,
Liwel of evidence Cf

» (T should be conmidered i pasients to and wl the
meechanism of stenr failare {Class a, Level of evadence
L

e DT i selected patients to oprimize srent implantation
[{dass [b, Level of evidence C)

ACCF, Amnerican College of Cardiology Fuundasoa; AHA, American Heart Asascstion; 1VUS, serasolar ulemsound; OCT, epecal cober-
ner hmlllpu[ﬂ‘lr;H_HL Sockety for Cardisnasealie Aaggingraphy and hrervestions.

VLS. To obain images, OCT requines displacement
of hlond from the segment being evaluated during
imaging acquisttion. While mitially achieved by pros-
imal halloon eoclusion with tme-domain OCT, in
comtemporiry practice this s routinely achieved by
contrast injection using frequency domain-OCT.

The unigue features of OCT offer the ahiliy 1o
identify a very thin fibrous cap covering the lipid core
and can potentally be wsed o predict future coranary
cvents by identifying vulnerable plaques.”” Compared
with TVUS, which uses ulrasound echnology and
cannor penerare calcium, OCT can assess the depth

af calcum i a coronary Jesion,”* ™" Thig insight can
alber parient management, as the operator can appro-
priarcly derermime the need for lesion preparation and
the use of atherectomy if indicated. OCT can improve
PCI resalts with the precise and accurate information
it provides, identifying the ideal landing zones for a
gtent and aicling; the selection of appropriate stent -
ing. One of the particular advantapges of this technol-
oy i 10 provide detailed information during cases of
stent failure to help understand the mechanism of fail-
wre. =™ Small thrombi that may be migsed by angi-
ography or IWUS can be detected by OCT. The
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resolution of OCT can also peovide detailed lessom
assessment, ientifying the etiology of resienosis, by
helping 1o determine if restenosis is focal or diffus,
and detecting the presence of neo-intimal thickening,
microvessels, stent under-expangon and intraluminal
calcification. "~ Knowledge of the characterssics
and marphology of m-stent restenosis influences the
subsequent management, which cn vary widely o
include a change m antiplacelet therapy, laser atherect-
omy ar brachytherapy.

The CLIOPC] study demonstrated that an OCT-
pided strategy changed the deason-making process
in 35% of cmes, OCTguided stent implancarion
reduced mortality and MI ar 1 vear, The CLIEOPCE
smudy also demonstrated thar selecr patients with 5T-
elevation MI could be identified wha could be meated
with thrombus asparaton alone based on an OCT
findimg of plaque ernsion rather than fhrous cap
mp'l'l.ll":'. T

The clinical safesy of OCT was demonstrated i the
Does Ogptical Coherence Tomography Optimize Resuls
of Stenting (DOCTORS) snady, wherein 240 patients
presenting with non-ST-clevasion M1 were randomized
1o ither OCTopuided PCI or angiography-guided PCL
The DOCTORS srudy frumel that OCT did not increas:
periprocedural complications, type 4a M1 or acute kid-
mery inguery. OXCT-guided PCT was associaved with higher
postprocedure. FFR than PCT guided by angiography
alone, ™

In the EROSION study, a proof of conceps shsdy,
patients with residual stenoss <70% and plague ero
sion ihentified on OCT in the seming of ACS, were
mreated wath ant-thrombotic therapy withour stent-
ing. OCT imaging hedped o determine in which
paticnts stenting could sifely be avoided ™

T determine the ideal OCT-hased stent sieng
stratesy, the ILUMIEN 0l OPFTIMIZE PCI study
randomied 450 patenis to [VUS-guded, OCT-
guided or amgography-puided POLY The ILUMIER
T trial found that an external dastic laminn-hassd
stent optimization strategy was safe and resulted in
similar minimum stent area o thar of IVUS-guided
PCL There was a mend toward benefic of OCT over
amgography guidance.

A number of inherent limitatons of OCT rechnol-
oy exist, as it requires the displacement of blood fiour

pddequane visualization. There are some difficultes
obeaining the optimal mmage quality in cases of lamge
dismeter or aneurysmal vessels and in aorno-ostial
lesioms. As coatrast is radiionally used o displace
blood, OCT is often avoided in patiens with renal
failure as there are risgks of conrrass-induced kidney
injury. Alternative non-comtrast based flush agents
are being evaluated in clinical studies for this patient
population,

(T s safe and effective intracoronary modality
wsed in cardiac cotheterteation laboramry that has
heen studied in mulple large-scale smdies with a
favarahle safety profile.”™ There are cengoing clinical
triaks o demonstrate the impact of ths technology in
improving long-term clinical outcomes.™ As further
data is published, insighes mro the economic impact
of OCT can be ascertained,

W recommend an algorithmic approach with 1V
for compreéhensive evaluation of cosonary lesions
{Fg. 2, Use of V] both pre- and post-PCE can opi-
mize pesals, Pre-PCL esion assessment can determine
the plague morpholopy and provide puidance on
when Jeshon prepararion is needed. IVI provides mea-
surements of the ksion length and vessed dimensions
puiding stent selection. This can result m fewer stents
weed a5 well as an increased likelibood of appropriate
stent sizing, " Post-PC] imaging is critical to confirm
adecpuate stent expansion and exclude the presence of
gipnificant edge dissections or hematomas, When
cases of stent Eaflure are encountered, V1 & particu-
larly important to determine the mechanism of stent
fuilure, Determining the etiology of stent falhore will
impact how the patient & subsequently reated.

Areas of comtraversy

Low wilization of I¥T m routne practice is often
explamed by the following criticsms: (i) IV 5 too
comphicated 1o ohtain and interpret, (6) resuls ane
already good encugh with modern equapment and
technigues, (i) 1 is unlikely o significantly change
patient management, (iv) IV is too expensive, (v} TV
tukes oo much tme and (i) V] involves excessive
risk. Thesie issues can all be overcome by an umnder-
standing af the different technologies available and
imterpresation of the images (Talle 3.
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An algonthmic approach can allow an interven-
tional cardiologist to incorporate V1 into his or her
daily practice while individualizing therapy and tai-
Joring treatment to cach patient.

Growing points

As coses decline for IV tooks with improved remmbuarse-
ment, utilzation may improve. Additionally, further
availabilizy and integration into existing catheterization
laboratory systems can improve utilization. Software
including co-registration with angiography can
improve diagnostic accuracy and urlity of the data
obtamed with IVL

Areas timely for developing research

There is large-scale evidence for wtility of IVUS n
clinical practice with a karge number of trials cur-
rently ongoing. Clinical research inferest in OCT is
profound as well, with dinial studies underway o
assess how best to mcorporate OCT to mmprove the
clinical outcomes for patents. The benefical dinical

coronary intervention; POBA « plam old ballon angioplasty.

roke of OCT-guided therapy for assessment of plague
morphology and stent optimization is planned o be
evaluated in the [LUMIEN IV multicenter trial,
Studies currently in progress include OPTICO-
ACS (NCT03129503), which will assess the i vivo
characterization of the ACS-causing “culprit lesion’;
Optical Coherence Tomography Intravascular
Ultrasound Dual Imaging (NCT02984891), which
will compare IVUS and OCT; Optical Coherence
Tomography Findings and Coronary Bifurcation
Lesions {NCT03172845); 6-month Intracoronary
Optical Coberence Tomography Evaluation of Three
New Generation Drug Eluting Stear (CREBX-OCT)
(NCTU2850497); Oprical Coherence Tomography
to Improve Clinical Outcomes During Coronary
Angioplasty (NCT02065102); Optical Coherence
Tomography Assessment of Gender diVersity In
Primary Angioplasty (OCTAVIA) (NCT02577965);
Optical Coherence Tomography Morphologic and
Fractional Flow Reserve Assessment in Diabetes
Mellitus Patienrs (COMBINE) (NCT02989740),""
and Evaluation of Statin-induced Lipid-rich Plaque
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Table 3 Comparison of angiography, Intravascular ultrasound and optical coherence tomography for varlous

clinical scenarios

Chinical featare Angiograpby  IVUS OCT Evadence

Assessment of left main coronary artery stenasis t 1 1 IVUS™ ' v OCT*

Asscssient of non-left main coronary artery stenosis {1 tt 1  VUSHH ge OCTERIREE

Localize the culpeit leson t t H  VUSTM w O0CTH

Idenrify a valnerable phique 0 1IVHIVUS)  H IVUS*S1 g QTR

Determine the likelibood of distal embolizanan and 0 41 VHAIVUS) 11 VSS9 w OCT
peripeocedural MI

Size the vessed undergoing stent implantaton it tt Ht  vustHe e oo

Optimize stent results 1 1t Ht VU v OCTH

Evaluate stent thrombesis or restenosis 1 11 1"t IVUS ws OCT™

1, mo evidences = some svidence: 11 < mod
OCT, eptaal coherence wamography.

Progression by Optical Coberence Tomography Com-
bined With Intravascukar Ultrasound (NCTD1023607).

Conclusions

Modern x-ray angiography = a valuable tool in the
cardisc catheterization laboratocy to obtain images of
coronary arteries. There are inherent limitations of
this 2-dimensional rechnique and adjunctive intravas-
cular techniques {IVUS and OCT) provide precise
and derailed data of the 3~<limensional coronary
artery tree. Hurdles of procedure-related cost and
time are overcome by the benefits gained with IVL A
number of randomized trials are ongoing evaluatng
the impact of mtracoronary imaging on Jong-term clin-
sal ourcomes. Combining an algorithmic approach w
IVI with sound dlinical judgment can improve the
decison-making process and can help improve the
clinical outeomes.
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Intravascular ultrasound (IVUS) uses varving-frequency
catheter-based transducers for assessment of blood vessel
dimensions and morphology. Along with advances in the
ficld of interventonal cardiology, IVUS 1echnology has
progressed in the last two decades. Dedicated training
centers m combination with enthusiasm from a new
generation of cardiologists complemented by well-
established evidence for simplicity, safety and efficacy of
IVUS systems have led o increased routine use of this
imaging madality. Currently available catherers use sound
frequencies in the range of 20-70 MHz, moving from older
gravscale IVUS to radiofrequency IVUS (RF-TVUS) and
more recently high-defimtion IVUS (HD-IVUS) devices,
some with the ability ro differentate plaque compeosition.
IVUS has the ability to provide a 360" cross-sectional
view of the vasculature with real time images, Wich
excellent tssve penetration, IVUS can provide deailed
and valvable information on vessel himen dimensions
including large diameter arteries such as the left main
coronary artery (LMCA) as well as atherosclerotic plaque
morphology and burden. Compared to other intravascular
imaging madalities such as optical coherence tomography
(OCT), IVUS has the advantage of not requiring blood
clearance, overcoming some of the limitations of two-
dimensionsl lumenography by angiography (1,2). For
instance, clinieally significant high-grade stent edge
dissections that may be missed on angiography can be
identified on IVUS, with the atilicy of IVUS becoming
more evident in treatment of complex coronary lesions,
including interventions performed on the LMCA (3.4).
Large registry data have indicated 2 reduction in mortality
in IWUS-guided percutaneons coronary intervention {PCI)
of unprotected LMCA compared to angiography alone
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(6.0% 25, 13.6%) (5).

By extrapolation, IVUS may also have utsliey in the
emergency setting for pathologies involving the LMCA
such as spontaneous or iatrogenic dissection. The incidence
of spontaneous dissection i the LMCA has been reported
to be -1% of all epicardial coronary arteries (6,7). Similar
to aortic dissection, a spontaneous dissection of the
LMCA leads to generation of a false lumen and intramural
hematoma with or without intimal tear that may propagace
retrograde into the sorta. Additionally, a type A sortc
dissection may extend mto the LMCA antegrade. The
acure coronary syndrome (ACS) associated with acure
sortic dissection may be duc o compression of the LMCA
ostium by the false lumen, intimal flap causing ostial
LMCA obstrection or extension of the dissection plane
down the coronary tree and rarely due o avalsion of the
coronary arteries from the sinuses of valsalva. The clinical
presentation of dissection in the LMCA can be varied,
spanning from a catastrophic cardiac emergency 1o ACS
with varying degrees of underlying ischemia. Patients with
type A aortic dissection can present wich ACS, in which
case the presentation may mandate early revascularization
therapy, which may be done by PCI depending on the
context. Coronary artery occluston secondary to aortie
dissection is infrequent, but in the cases where $T-
segment elevation myocardial infarction is present, early
revascularization with PCI should be considered without
delaying for aortic imaging as supported by various
guidelines (8).

In a recent issue of FACC Cordievaienlar Interventions,
Takahashi ef al. (9) described a case of aortic dissection,
presenting as ACS, involving the LMCA. Emergency
angiography revealed left main stem closure and
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to in\'estigate the cause operators pctfurlllcd IVUS
demonstrating a dissecting hematoma extending from
aorta 10 left main, Based on IVUS it was concluded that
the cuology was a type A sortic dissection, generating
a hematoma that extended into the left main cavsing
obstruction and this was confirmed by post procedure
computed tomography {CT). The use of IVUS in this
emergency serting helped in reaching the correct diagnosis
and guided the appropriate strategy of stenting as a bridge
to definitive cardiac surgery.

In these emergency instances, the first diagnostic test
may be angiography and where there is a suspicion for
dissection, particolarly entry into the false lomen, IVUS
should be considered o confirm the diagnosis as well as
the luminal positon of the guidewire. Indeed, IVUS has
shown 1o be superior to other imaging madalities in cases of
LMCA dissection (10,11). For instance, compared 1o OCT,
IVUS daes not require flush clearance of the coronary
artery where, particularly in a large diamerer artery like
the LMCA, injection may fead to hydraulic excension of
the dissection. Additionally, with high tissue penetration,
IVUS can evaluate the external clastic lamina and entire
dissection plane in the LMCA even in the presence of large
intraluminal thrombi or intramural hematoma, Additionally,
it may be feasible to differentiate spontancous LMCA
dissection, often vismalized as hemorrhage in the outer third
of the media or between the outer media and carernal clastic
lamina that can lead o development of hematoma causing
compression of the true lumen. The direcson of spread of
spontancous dissection starts from within the arterial wall
extending towards the lumen. In the cases of iatrogenic
dissection as the result of wires or catheters, dissection
may be visualized on IVUS from the lumen towards the
media (12). Critically, differentiation of the troe and false
lumen on IVUS is feasible as the true lumen appears smaller
with branches and a three layered appearance comprising
the layers of the native vessel wall. The false lumen is
more often larger and contains evidence of thrombus (13).
Alongside this, IVUS can localize intimal tears and extent of
intramural hematoma, the site of primary fenestranion, wich
measurements of proximal normal aorta and even real time
measurement of fow in the troe and false lumens (14),

Various other non-invasive modalities like CT and
Magnetic resonance imaging (MRI) are pot able to provide
360-degree cross sectional views of vascolar Jumens at the
resolution provided by IVUS. In a comparative study of
IVUS with non-invasive imaging modalities, IVUS had
an advanmge at detecting visceral artery origin in cases of
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aortic dissection, The detection rate of viseeral arteries
by IVUS was 96.4%, higher than CT (70.2%) and digitl
subtraction angrography (DSA) (84.5%) (13). Lastly it 1s
important to note that despite the use of multiple non-
invasive imaging modalities as well as trans-esophageal
echocardiography, the possibility of not recognizing sortic
dissection is estimated at 5% (15). It is thus recommended
that in cases of high suspicion of sortic dissection other
imaging modalities like aortography and TVUS strongly
considered.

Conclusions

IVUS i highly recommended in cases of left mamn coronary

dissection, to not only determine the etiology but also the
extent of disection and treatment plan, The routine use
of IVUS is encouraged such that interventionalist’s are
confident using this modality including the emergency
seming,
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Hemodialysis-Dependent Patients as Assessed by
Optical Coherence Tomography
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Coronary arteries in patients with chronic kidney disease (CKD) have been shown to
exhibit more extensive atherosclerosis and calcium. We aimed to assess characteristics of
coronary plaque in hemodialysis (HD)-dependent patients using optical coherence tomog-
raphy (OCT). This was a multicenter, retrospective study of 124 paticnts with stable angina
who underwent OCT imaging. Sixty-two HD-dependent patients who underwent
pre-intervention OCT for coronary artery disease were compared 1:1 with a cobort of
patients without CKD, matched for age, diabetes mellitus, gender, and culprit vessel.
Bascline characteristics were comparable. Pre-intervention OCT imaging identified 62
paired culprit, 53 paired non<culprit, and 19 paired distal vessel lesions. Lesion length,
minimum fumen area, and area stenosis were similar between groups. The HD-dependent
group had greater mean calcium arcs in culprit (54.3° vs 26.4°, p = 0.004) and non-culprit
lesions (34.3° vs 24.5°, p = 0.02) and greater maximum calcium arc in distal vessel seg-
ments (101.6° vs 0%, p = 0.03). There were no differences in lipid arcs between groups.
There was a higher prevalence of thin intimal calcium, defined as an arc of calcium >30°
within intima <0.5 mm thick, in patients in the HD-dependent group (41.9% vs 4.8%,
p <0.001). There was a higher prevalence of calcified nodules in the HD-dependent group
(24.2% vs 9.7%, p = 0.049) but no differences in medial cakification or thin-cap fibroa-
theroma. In conclusion, in this OCT study, HD-dependent patients, compared with
matched patients without CKD, had more extensively distributed coronary calcium and
uniquely, a higher prevalence of non-atherosclerotic thin intimal calclum. This thin intimal
calcium may cause an overestimation of calcium burden by intravascular ultrasound and
may contribute to the lack of correlation between increased coronary artery calcification
scores with long-term outcomes in patients with CKD. © 2017 Elsevier Inc. All rights
reserved. (Am J Cardiol 2017;m:m—m)

Chronic kidney discase (CKD) is swongly associated
with accelersted coronary artery disease (CAD). Accord-
ingly, cardiovascular discase is the leading cause of
morbidity and mortality in patients with hemodialysis (HD)-
dependent end-stage renal disease (ESRD), with a mortality
nsk up to 20-fold greater than in an age- and gender-
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matched general popalation.' ' Autopsy and in vivo im-
aging stucdies by computed tomography and intravascular
ultrasound (IVUS) have demonstrated significant associa-
tions between CKD and CAD severity and cakification.” *
Optical coherence tomography (OCT) provides high-
resolution assessment of coronary plague with the addi-
tional benefit over IVUS of penetration through calcium;
however, its usc in patients with CKD is limited by the need
for additional contrast medium used for flush clearing the
artery during OCT image acquisition. Consequently,
understanding of coronary plaque characteristics by OCT in
patients with CKD is limited. The aim of the present study
wiss to use OCT to assess coronary plaque characteristics of
patients with HD-dependent ESRD.

Methods

Patients across 3 sites (Columbia University Medical
Center, New York. New York; St, Francis Hospital and Heart
Center, Roslyn, New York; Tsuchiurm Kyodo Hospital,

www ajcanline cog
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Figure 1

Qualstanive OCT amalyses. (A) Inamal calaific plagee, seen 25 bulky sagral-poor regions (*) with sharply delineated boeders. (8, Bl Medial

calcification, seen a5 a segment of well-defined media with boeders more sharply delineated (arrows) Ban adjscent noncalcific media. (C) Thin mtimal
calcificution, seen as a calciom arc >3 farrowheads) within sonlipidic intima <0.5 mm thick, separasted from @e medis, and locued oppasite clussic mtinal

calcifie plaque (). opposite a lipid poal (Cs, 1)

ppasite 2 ruptered plague (€4 1), or cocumberentially in & Sisial vessel segment (Cgl (1) Calcified nodsle

(%) seen s un accumulation of small nodulae cokifications (1Y, arrowheads) above a calkcium plate, with alicosation becsase of placlet-nch thrombus (0,

wrrow ) and fibnn

Tsuchiura, Japan) who underwent OCT to guide CAD man-
agement from November 2008 to January 2016 were identi-
fied. From this pooled cobort, all HD-dependent patients were
included in this study, These patients were compared 1:1 with
a propensity score—matched cobort of patients without CKD,
defined by an estimated glomerular filtration rate (¢GFR)
=60 mlfmin/1.73 m® calculated using the Modification of
Diect in Renal Disease study equation and without clinical,
imaging, tissue, or laboratory evidence of kidney damage
Matching criteia were (in order) age, diabetes mellitus,
gender, and culprit vessel, The study was approved by the
institutional review board at each center, and all patients
provided signed written, informed consent.

OCT was performed using a commercially available
frequency domain OCT system (ILUMIEN OPTIS or

C7-XR FD-OCT System; St. Jude Medical, St Paul, Min-
nesota; or Lunawave optical frequency domain imaging
system; Terumo Corporation, Tokyo, Japan) or time domain
OCT system (M2/M3 Cardiology Imaging System; Lightlab
Imaging, Westford, Massachuserts). After diagnostic angi-
ography, patients received 100 pg intracoronary nitroglyc-
erin. For frequency domain OCT imaging, a 2.7Fr
(Dragonfly Duo or Dragonfly OPTIS; St. Jude Medical) or
2.6Fr catherer (Fastview; Terumo Corporation) was
advanced distal to the target lesion. Automated pullback was
triggered using intracoronary contrast injection (3 to 4 ml/s,
12 to 14 ml total) with a motorized pullback speed of up to
25 mm's (Dragonfly) or 40 mm/s (Fastview), a frame rate of
100 per second (Dragonfly) or 160 per second (Fastview),
and a maximum scan length of 75 mm (Dragonfly) or
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150 mm (Fastview). For time domain OCT imaging, a low-
pressure occlusion balloon (Helios; Goodman, Nagoya,
Jupan) with distal flush ponts was inflated proximal to the
lesion, and the 1maging wire was automatically pulled back
at 1.0 to 3.0 mmv's during continuous saline infusion. All
OCT images were de-identified and digitally stored. Only
previously untreated segments were included. OCT images
were analyzed by 2 independent investigators (CYC and
MM) using St. Jude Medical Offline Review Workstation
software (version E.0.2), In case of a disagreement,
consensus was achieved with a third investigator (AM).

A culprit Jesion was defined as the segment that was
stented by comparing pre- and post-PCI OCT images. When
post-PCI OCT was not performed, the stented segment was
determined by co-registering the pre-PCI OCT pullback
with the final coronary angiogram. When PCI was not
performed, the culprit lesion was determined as the segment
most likely 1o be causing ischemia, most commonly the
segment containing the minimum lumen area (MLA).
Nonculprit lesions were defined as any >10-mm-long
segment adjacent to the culprit lesion.

Calibration was performed for each segment, and every
frame was evaluated. Structures were classified according o
established OCT reporting standards, and all arcs were
measured relative to the center of mass of the lumen.'” Area
stenosis was calculated using the formula (1 — [MLA/mean
reference lumen cross-sectional area)) and expressed as a
percentage. The maximum calcium and lipid arcs for cach
culprit and nonculprit lesion were measured. Where super-
ficial calcium was identified, this was classified as calcific
plaque regardless of whether lipid was present deep to the
calcium; as such, analyzed calcium and lipid arcs never
overlapped. In addition, calcium and lipid ares were
measured at 1-mm intervals over the entire length of cach
lesion and were summed and divided by the number of
I-mm-interval frames analyzed 1o obtain the mean calcium
and lipid arcs. Where the dnslal coronary artery segment, as
defined angiographically,' was imaged by OCT, the
maximum calcium arc was measured,

Calcific plaque had a low-backscatter signal with sharply
delineated borders (Figure 1). Calcium present in the medial
layer was classified as medial calcification (Figuse 1). Cal-
cium of arc >30° within a non-atherosclerotic intima <0.5
mm thick (Tumen to internal elastic Jamina) was classified as
thin intimal calcium (Figure 1). A cakeified nodule was an
accumulation of multiple small nodular calcifications with
superficial thrombus or fibrin above an underlying calcium
plate, with or without significant luminal protrusion
(Figure 1), Lipidic plague had a signal-poor region with
diffuse borders and high attenuation, consistently over at least
5 adjacent shices. OCT thin-cap fibroatheroma (OCT-TCFA)
was a lipidic plague with an overlying fibrous cap with a
minimum thickness <65 pm. Side branches were assessed for
the presence of ostial calcium. The intra- and interobserver K-
coeflicients for thin intimal calcium were both (.833 and for
medial caleification were 0.833 and 0.667, respectively.

Only propensity score—matched pairs were included for
statistical analysss, In patients with both a proximal and a
distal nonculprit lesion analyzable, only the proximal lesion
was used for quantitative analyses, whereas both proximal
and distal lesions were included in gualitative analyses.

Table |
Baseline charsctonistics
Varuble HD Group  Nea-CKD Geoup  P-value
Imei2) {n=62)
Age (years) 6331106 652115 o7
Female 20 (32%) 13 21%) 019
Diabetes mellinus 38 (61%) N (61%) 100
Hypertension 58 (94%) 50 (81%) Q0%
Hyperlipidemia 41 (66'%) 42 (68%) 100
Prior smoker 24 (39%) 37 (60w 003
Statin use on admassion 44 (71%) 9 (T9%) ER)
Toted chalesteral (mg/dL) 148.8+35.2 1566387 0.14
Low-dessity lipopratein B1.5£306 89.5+336 (1]
cholesserol (mg/dl)
HD duration (months) 18.7 (10.5-37.2) - =
¢GFR, mLimin/1. 730s" - 7851154 —
Left ventricular ejection 57.5 (48.1.60) 55 (53.62) 0.86
fraction (%)
OCT system used
Time domsin OCT 10 {I6%) 4% o1l
Froguency doesain OCT 47 (76%) 50 (81%) 0.51
Optical frequency domain 5(8%) 8 (13%) 0.58
imaging
Valoes are mean & dard deviathon, n (%), or median (interquartile
ramge).

eGFR = estimated glomesular fltration rare; HD = hemedialysis;
LDL-C < low density lipoprotein; OCT = apticul voderence tomogriphy.

Categorical vanables were compared by the McNemar test or
the exact McNemar test for <25 discordant pairs. Continuous
variables were compared by Student’s r test (if normally
distributed) or the Wilcoxon signed rank test (if not normally
distributed). p Value <0.05 was considered statistically sig-
nificant. Statistical analyses were performed using SPSS,
version 18.0 (SPSS Inc.; IBM, Armonk, New York),

Results

A total of 124 patients were included in the study; 62
HD-dependent patients with analyzable p'e-PCI OCT pull-
backs were mnlched with 62 patients with eGFR
=60 ml/min/1.73 m®. Baseline characteristics were compa-
rable between groups (Table 1), The median duration of HD
in the HD group was 18.7 months (mmqunnile range 10.5
to 37.2 months). The mean eGFR in the non-CKD group
was 78.5 + 15.4 mUmin/1.73 m’.

The culprit vessel location was similar between groups.
Thirty-seven patients (59.7%) in the HD group and 29
patients (46.8%) in the non-CKD group had an analyzable
distal vessel, of which 19 in each group were matched pairs
(Table 2). Culprit lesion length, MLA, and area stenosis
were similar between groups (124 matched culprits). Mean
calcium arc ($4.3° vs 26.4°, p = 0.004) and maximum
calcium are (1797 vs 122°, p = 0.02) were greater in the HD
group. There were no differences in mean and maximum
lipid arcs between groups.

Among 106 matched nonculprit lesions, lesion length,
MLA, and area stenosis were similar between groups. Mean
calkcium are (34.3° vs 24.5°, p = 0.02) and maximum cal-
cium arc (133° vs &0°, p = 0.02) were greater in the HD
group. There were no differences in mean and maximum
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Tuble 2 Table 3
Quastitative optical coby pruphy fnding: Qualitative optical cohevence mography findings
Viriable HD Geoup . Noa-CKD Groep P-value Vanable HD Growp  Non-CKD Geoup  P-vadoe
Culprit vessel Jocation Entire vessel
Left anterior descending 33 (53%) 41 (66%) Q13 Thin imimal celciication 26 (42%) 3w <0001
Let circumfiex 11 (18%) S (13%) Oss Meodkal calcification L (18%) 447%) 012
Right coronury 18 (29%) 13 21%) 038 Cakified nodule 1S (24%) 6 (10%) 0.049
Culprit lesion Thin-<ap Mecatheroma 3 (5%) 1 2%) 0.63
Matched lesions 62 62 — Sudebranch ostial calcium 11 (18%) S3%) 0.21
Length (mm) 21.3¢155-308) 198 (139-33%) M Culprit lesion
Minisum hamen L68 ¢(1.07-2.39) 1.66(1.16-236) (.46 Thin intimal calcfication 19 (31%) 23%) <0001
are (mm’) Medial calcification £ (13%) 23%) 0.1
Aversge reference lumen  5.6(4.67.7.54) 566 (4.63-7.07) 080 Calcified nodele 10 (165 3(5%) 0o
area (mm®) Non-culpeit lesson
Minimum mes 12740.97-1.44) 1.24 (1.02-149) 0.26 Thin intimal calcfication 131 (25%) 102%) <0001
diameter (mm) Medial caleification 5 (9%) 3(6%) 073
Area stenosis (%) T30 (9.0-80.5) 0.9 (60.3.794) 0.67 Calcified podde T(13%) 4 (8%) 051

543 1153-145.0) 264 (8.059.7)  0.004
122 (71.213) 0.02

Mean calciam arc (7)
Maximum calcium < (7)) 179 (104-334)

Mean liped arc (") 20.3 (6.1-43.5) 219 (9.8.524) 083
Maximum liped arc () 113 (71-196) 105 {67-169) 0.40
Nan-culpeit lesion

Matched lessons 53 3 —

Length (men) 178 1128-244) 184 (136268 019

Mimsmutn lumen 4.43 (331.533) 460 363-6.14) 04
arca (mm°)

Averuge reference lumen 684 (5.36-9.16) 69 (537.9.17) 014
aea (mm’)

Misimum lumen 20711 80-2.43) 278 (226-3.29) 048
diameser (mm)

196 (209-38.2) 303 (21.245.1) 072
M3 (103-1094) 245 (385320 oM
90 (33-142) 0.02

Area stenosis (%)
Mesn calcium asc (7)
Max(mem calcium arc () 133 (63-240)

Mesn bipid are () 101 10-39.1) S8 (0-31.0) 061
Maximvam bipid arc (%) 6 10-138) 77 (0-122) 027
Distal vessel segment
Analyzable by optical 37 (60%) 9 47%) —
caherence mogrphy
Maiched segmenss 19 19 —
Maximum cakium arc () 101 (76-313) 0 (0-73) 003

Values are n (%) ar moedun (imerquanile nmge ).
HD = hemodalyss,

lipid arcs between groups. The maximum calcium are was
greater in the distal segment of the coronary artery in the HD
group (101.6° vs 0°, p = 0.03),

There was a significantly higher prevalence of thin
intimal calcium in culprit vessels in the HD group (41.9% vs
4.8%, p <0.001) in both culprit (30.7% vs 3.2%, p <0.001)
and nonculprit lesions (24.5% vs 1.9%, p <0.001) (Table 3),
There was a higher prevalence of calcified nodules in the
HD group (24.2% vs 9.7%, p = 0.049). There was a trend
toward more medial calcification in culprit Jesions in the HD
group (p = 0.11), but no difference in TCFA or side branch
ostial calcium between groups.

The guantitative and qualitative findings among patients
in the HD group divided by tertiles of HD duration have
been summarized in Table 4. The median HD duration in the
first, second, and third tertiles were 5.3, 18,6, and
60.0 months, respectively. The mean calcium arc increased
with increasing HD duration in both culprit (23.67 vs 30.8"
vs 11527, p = 0.005) and non-culprit lesions (10.3" vs

Valoues ace n (%),
HD = hemodialysis.

24.5° ve 94.5°, p = 0.01). The prevalence of thin intimal
calcium was significantly higher in patients in the highest
HD duration tertile (35.0% vs 14.3% vs 76.2%, p <0.001).

Discussion

We report comprehensive atherosclerotic plague charac-
teristics in HD-dependent patients by OCT. (1) Compared
with patients without CKD, HD-dependent patients had CAD
that contained greater mean and maximum calcium arcs in
both culprit and nonculprit segments and greater distal vessel
calcium arcs, consistent with overall increased calcium burden
(Figure 2). (2) Among patients with ESRD, higher mean and
maximum calcium arcs were associated with increasing
duration on HD. (3) Compared with patients without CKD,
patients with HD-dependent ESRD had a higher prevalence of
calcium within non-atherosclerotic thin intima,

Pathology studics clearly illustrate a link between renal
dysfunction and accelerated coronary  atherosclerosis,
calcification, and medial thickness.” By computed to-
mography, coronary calcification was wdentified in as many
as 40% of asymptomatic patients with CKD, with a 2.year
doubh‘n'.g of the calcification score in young patients with
ESRD."*'* IVUS studics have further demonstrated corre-
lations between renal dysfunction and coronary calcification
across all ranges of CKD."* ™ '® As opposed to IVUS, OCT
uses light waves, which have superior calcium penetration.
In patients with a large calcium burden, this allows for better
assessment of caleified plaque thickness and structures deep
to calcium; however, the use of OCT in patients with CKD
is problematic for the risk of contrast-induced nephropathy.
Although non-—-contrast-based media (e.g.. dextran) arc
available, contrast remains the most widely available, used,
and only approved flushing medium for OCT. As such,
OCT studies of patients with CKD are rare. Kato et al”
examined characteristics of non-culprit plagues in 37 pa-
tients with mild-to-moderate CKD and found a higher
prevalence of calcium and a greater lipid burden compared
with those without CKD: however, calcium was recorded
only for its presence and was not quantified,
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Table 4

Hemodialysis subgroup analysis by bemodialysis duration

Varkable Hoamodialysis Duration Pvaloe

Termile 1 (n=20) Yentile 2 (n=21) Tertile 3 (n = 21)

Hemodialysis duration (months) $3(1.194) 186 116:23) 60.0 {37.6-75.9) —_

Culpeit
Arca stenosis (%) T4 163.0-82.2) T7.1 (61.1.819) 72.8 (589.74.T) 083
Mean calcusm arc (7) 23.6 (53-90.3) X (158-1376) 115.2 (56.1-1692) 0.005
Max calcium arv () 143 (87-220) 135 (91-315) 321 (198.360) 0.003
Mean lipld asc (°) 2201(107.374) 200 12044.5) 19,6 (9.0-36,4) 0.50
Maxx Hpid arc (%) 10d (70-178) 111 (46-200) 117 (93-196) 0.88
Thin intinsal calcification 4 (20%) 1(5%) 14 (67%) <0001
Medial calcification 2 (10%) 2(10%) 4(19%) .60
Calcified nodule 4 (20%) 2010%) 4 (19%) 0.57

Noar-Culprt
Analyzable lesons 17 20 i
Area stenosis (%) 34.0 (27.544.0) 257 (23.6375) 30.1 (15.7-37.0) 053
Mean calcram ars () 103 (0-56.4) 245 (3.0.75.8) 94.5 (30.2-133.6) 001
Max celcium arvc (7) 95 (0-188) 92 (45-213) 164 (115.242) 0l
Mean lipid arc (7) 106 (0-364) 282 (58.6) 3.7 (0.20.3) 06
Mux Npid arc () 70 (0.124) 123 (37-184) 74 (0-123) 021
Thin intimal calcification 4 (24%) 2010%) 8 (38%) 010
Medial calcification 1 (6%) 2(10%) 3 (14%) 0.69
Calcified modwic I (6%) 2(10%) 4(19%) 0.44

Entire vessel
Thin intimal calcificaison T (35%) J(1a%) 16 (76%) <0.00]
Maedial calcification 3(15%) 2 (10%:) 6 (296%) 0.26
Calcified module 5(25%) 3(14%) 7 (33%) 0.34
Thin-cap fibroathercesa 1 (5%) 2 (10%) 0 (0%) 024

Vadecs arc n (%), or median (interguartile range)

Our study compared HD-dcpendcm patients with ESRD
with a maiched group of patients with eGFR >60 mlimin/

1.73 m’. using matching criteria shown to be independent
predictors of coronary intimal and medial calcification, ™' '"
Although it would have been insightful to have a third group
of patients with moderate CKD, the number of these patients
in our cohort was too small to be able to perform effective
propensity score matching. primarily because of the risk of
contrast-induced nephropathy. We studied only stable
angina patients. First, most HD-dependent patients who
underwent OCT interrogation at our centers presented with
stable angina. This may be explained by the presence of
more extensive coronary calcium, which may confer plaque
stability. " Indeed. the incidence of TCFA in our cobort was
low despite a high prevalence of diabetes mellitus. Second,
plaque charactesistics in patients with stable symptoms are
more likely to reflect the nawral history of calcification.
Third, coronary arteries of stable patients were unlikely to
contain thrombus that may obscure vessel wall structures by
OCT.

The prevalence of CAD in patients with CKD is, in part,
explained by lhc clustering of atherosclerotic risk factors in
these patients.” Additionally. increased duration of HD,
oxidative stress, inflammation, and metabolic imbalances,
such as homocysteinemia, hyperphosphatemia, and hyper-
calcemia, are also ppuulazcd risk factoes for atherosclerosis
and calcification,' '

The mechanism of classic intimal calcification is imper-
fectly understood but is currently considered 1o be an active
process that may begin within lipid pools and involve

apopeosis of smooth muscle cells and macmphagcs and the
release of mmnx vesicles that calcify in the extracellular
environment.”* The presence of bone proteins and cartilage
in the vessel wall, and cells that display ostcoblastic dif-
ferentiation, supports the notion that vascular cakification
shares processes similar to bone formation.”” A uremic
environment stresses mhibitory mechanisms of calcification,
promoting further calcium deposition,'™ ™ Calcified arcas
are moslly locmed around and proximal, rather than distal to
a necrolic core.” As they progress, they enlarge to form
calcified plates that are the hallmark of stable and fibro-
calcific plaque. These plates may fracture and form nodular
calcification, observed as small, rounded calcified fragments
separated by fibrin that were also more common in the
present study, Calcified nodules can cause discontinuity of
overlying oollqgen and endothelium predisposing 1o acute
thrombosis™ ' and may be one reason for increased cardio-
vascular mortality in patients with ESRD.

Medial calcification occurs independently of intimal
calcification and is strongly linked with CKD, age, and
diabetes mellitus,' """ It is not associated with lipid
deposition or inflammation and starts wnlun elastic fibers
and smooth muscle cells of the media.” These smooth
muscle cells lose their contractile properties and gain
osteochondrogenic markers, forming bands of calcium-rich
deposits that extend deep into the mner layer of the malu
and may involve the circumference of the vessel.'
advanced stages, calcification progresses to form solid pl.nes.
or sheaths, increasingly distorting the medial architecture
and intruding on the mtima. Studies show increased medial
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proxamally and distully compared with the patient without CKD

calcification in patients with CKD, with evidence of func-
tional and prognostic relevance because of increased arterial
stiffness.”” The present study only showed a trend toward
more medial calcification in culprit lesions in HD-dependent
patients, likely owing 1o an overall underestimation of
medinl calcification because of the limited penetration of
OCT through large calcific and lipidic plagues that were
more common in the HD group

A unique finding of the present study, especially in pa-
tients with HD, was the observation of an arc of calcium
within thin intima. We postulate this pattern of thin intimal
calcification to be distinct from classic atherosclerotic
intimal calcification that commonly occurs as patchy clus
ters ncar lipid pools. The signiticantly higher prevalence in
paticats with HD suggests a mechanism linked either to
chronic renal impairment or to the hemodynamic effects of
HD. A potential clinical implication of thin mtimal calcium
is an overestimation of calcium burden when assessed by
IVUS. Thin intimal calcium may contribute to the lack of
correlation between increased coromary artery calcification
scores with obstructive CAD and long-term oulcomes in
patieats with CKD. Coronary artery calcilication scores, as
derived by computed tomography, has been shown 10 be an
unrcliable marker of the degree of coronary sienosis in

uremic patients, with a sensitivity and specificity signifi-
cantly lower than in the general population. ™’

Our study has a number of limitations. This study was
observational with discretionary use of OCT. In additon,
because of the avoidance of contrast media in patients with
non—HD-dependent CKD, we could not percform compari-
son with non-CKD or ESRD patients. Also, our use of lipid
arc may have underestimated the amount of lipidic plaque.
Importantly, OCT imaging did not include the entire coro-
nary artery length and included only a single vessel. Finally,
the study population comprised patients with stable angina
warranting invasive coronary angiography: therefore, these
data cannot be extrapolated to asymptomatic patients or
those presenting with acute coronary syndromes.
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Background: Coronary artery disease (CAD) is the leading cause of death in the Indo-Pakistan
subcontinent as well as globally, Coronary angiography is considered the gold standard test for the
diggnosis of CAL. Therefore, an accurate interpretation of coronary angingraphy is of paramouni
importance in decision-making to treat patients with CAI, Coronary angiography has the inherent
limitaticn of being o two-dimensional X-Ray Jumenogram of a complex threc-dimensional
vascular structure. Visual assessment of angiogram can Jead to both inter- and inira-ohserver
varighility in the assessment of the severity and extent of the disease which can lead to differences
in management strategies. This issue becomes even more relevant when assessing lefi main stem
(LMS), bifurcations, diffuse coronary artery disease or situstions involving complex coronary
morphology. Interventional cardiology has been revolutionised by recent advances in technigues,
and innovative technnlogies in the catheterisation loboratory. Today, a modern catheterisation
laboratory 15 equipped with adjunctive technologies, such as Quantitative Coronary Angiography
(QCA), Fractional Flow Reserve (FFR), Intra-Vascular Ultra-Sosography (IVUS), and Optical
Coherence Tomography (QOCT), to help clinicians make o well-informed decision based on
detailed anatomical and physiclogical assessment of a coronary artery rather than judgement hased
silely on visual assessment. In this article, we have briefly described the wiility and evidence
behind these adjunctive modalities and have provided examples of clinical cases to highlight their

use in aiding physicians 1o make a well-informed ireatment decision.
I Ayuly Med Coll Abbottahad 200 7:29(3):

INTRODUCTION

Irvasive coronary angiography is considered the gold
standard test for assessing the severity and extent of
coronary  artery  disease (CAD)Y' Coronary
angiography has bees in use for over 70 years. We
have seen significant developments and innovations
in the technology i recent years and currently it is
routinely wsed i clinical practice all over the world.?
Millions of coronary angiograms are  performed
annually worldwide to obtain eritical information
abawnt the coronary anatonty which along with clinical
presentation helps physicians to make treatment plans
for patients suffering with CAD. Despite the fact that
K-ray angiography is believed to be gold standard 1o
diagnose epicardial coronary disease, one necds 1o
bear in mind that it enly provides o two-dimensional
lumenogram of 2 complex three-dinsensional arterial
structure. Modern X-ray equipment in the cardize
catheterisation laboratory with flat panel detectors
and  advanced image enhancement  algorithms,
provide excellent angiographic images with good
spatial and  femporal  resolution.  Mevertheless,
decisions based zolely on X-ray angiography are
prone to error, both m deciding whether 2 particular
lesion is sigmificant or nod, and making o strategy for
the treatment of a particular lesion that is causing
ischernia. Carchologists. ofien need more information

ahout & particular disease process ke, vessel
anslomy. extent and severity of the lesion, plague
characteristics such as ealcification, fibrosis, plague
ruplure, amd precise vessel sizing to plan the
interventional strategy in a particular case.

There 15 ample evidence in the Hierature to
suggest that when a particular lesion is viewed by
different operators, they can assign various degrees
of the slenosis to that specific lesion if based solely
on visual estimation,' Therefore, from very early on,
it was felt that there is a need o reduce or climinaie
this inter-observer variability in nssessing the degree
of stenosis and in the last few decades emerpence of
newer technigues and technology wsed both inside
and outside the cothetenisation laborstory  have
revolwionized the field of invasive cordiology.
Several adjunctive technigues have emerped 1o
improve the diagnostic aceuracy and help puide the
decision-making process to improve the clinical
outeomes,® In the cra of modern imferventional
cardiclogy, cardiolegists are performing increasingly
comglex  and  challenging  cases® A modemn
catheterisation  laboratory s now equipped with
adjunctive modalities such as quantitative eoranary
angiography (QCA), fractional Mow ressrve (FFR),
intravascular  ulirasound  (IVUS),  and opdical
coherence  wmography  (OCT) Use of  these
adjunctive technologies is of great help when
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