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Abstract

Coronary artery disease (CAD) is the leading cause of death globally. There are a variety of risk
factors for the development of CAD including diabetes mellitus (DM), hypertension, hyperlipidemia,
smoking, sedentary lifestyle, genetic factors, and others. Together, they exert a significant role in the
development of CAD, especially when these risk factors are combined. The burden of cardiovascular
diseases (CVDs), secondary to chronic conditions like DM, obesity, hypertension and associated renal
disease, is rapidly increasing worldwide, not only in developed countries, but also in low-and

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 decision-making by the Clinicians to
treat patients with CAD. CA has the inherent limitation of being a two-dimensional X-Ray lumeno-
gram of a complex three-dimensional vascular structure. Visual assessment of angiogram can lead
to both inter- and intra-observer variability in the assessment of the severity and extent of the

disease which can lead to differences in management strategies.

Catheterization cardiology has been revolutionized recently and today; modern catheterization
laboratories globally are fully equipped with adjunctive technologies. These include Quantitative
Coronary Angiography (QCA), Fractional Flow Reserve (FFR), Intra-Vascular Ultra-Sonography
(IVUS) and Optical Coherence Tomography (OCT) to help the Clinicians to make a well-informed
decision based on detailed anatomical and physiological assessments of a coronary artery rather
than judgment based solely on visual assessment.

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 been understood 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 used well-matured pressure wires which
were not readily available. Nevertheless, coronary physiology and intravascular imaging have

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



This doctoral thesis, via several previous high impact journal publications, emphasized and
supported the role of intracoronary imaging and physiology, mineralocorticoids antagonism and
infarct size reduction in various clinical settings. The thesis has highlighted that decision-making
with the help of intracoronary imaging and physiology is safe, effective and the clinicians can
safely defer the decisions of coronary interventions based on negative value or non-ischemic
values (Fractional Flow Reserve, FFR>0.80) based on the physiology. It has also been established
that these techniques are cost-effective as well. The presented thesis also highlights the utility and
evidence behind these adjunctive techniques, supported by clinical cases and highlights the

importance of these techniques to make a well-informed treatment decision.

The thesis for PhD by Publication has clearly demonstrated, and more so, emphasized the clinical
utility of intra-coronary imaging and physiology in complex disease processes like diabetes
mellitus and chronic kidney disease (CKD).
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CHAPTER 1

GENERAL INTRODUCTION



1.1 Cardiovascular Diseases (CVDs)
(A). A historical perspective

Cardiovascular diseases (CADs) are the most common causes of morbidity and mortality in
developed countries and it is now getting more prevalent in middle and low income countries
globally [1a]. Death from cardiovascular and circulatory diseases (CCDs) have risen by one third
between 1990 and 2010. In 2015 one in three deaths worldwide was due to CVDs.: Numerous
epidemiological studies have helped to elucidate the factors that predispose to CVDs highlighting
opportunities for cost-effective prevention. In 2013, the Framingham Heart Study celebrated 65
years since the examination of its first participant in 1948, contributing to understanding of CVDs
and their risk factors including stress, diets with high levels of low-density lipoprotein, smoking,

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

Data from the 1940s revealed that CVDs had become the number one killer from sudden cardiac
death (SCD) and heart failure among American Citizens. This in turn accounted in 1 in 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 was the President of the United States of
America (USA), Franklin Delano Roosevelt who 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 a well-established fact that globally, CVDs are the leading causes of morbidity and
mortality and major burden on health economics. CAD is a major clinical condition where the
major vessels that supply the heart (coronary arteries) are not able to transport enough blood,
oxygen, and nutrients to the heart muscle due to the deposition of fats leading to blockage or a

process called atherosclerosis [1a, b].


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 together, they play a significant role in the development of atherosclerosis
and subsequently CAD [1a,b]. During the disease process, cholesterol deposits (plaques) 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 discomfort (angina
pectoris) and other associated symptoms like weakness, light-headedness, nausea (feeling sick to
his or her stomach), or a cold sweat. Pain or discomfort can be present in either the arms or shoulder
[2-4]. Figure 1.1 shows a time course of events leading to the development of CAD and sudden
cardiac death (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 cardiac death.
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Figure 1.1: Flow diagram showing the development of CAD, angina and subsequently, sudden
cardiac death over time (CAD= coronary artery diseases; ROS=reactive oxygen species; RCS

reactive carbonyl species. (Diagram drawn by hand).



1.2 Coronary angiography (CA)

Coronary angiography(CA) is considered the gold standard test for the diagnosis of CAD [2].
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 an
important diagnostic clinical tool in 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 decision-making by the
clinicians to treat patients with CAD [3]. Coronary angiography has the inherent limitation of
being a two-dimensional X-Ray lumeno-gram of a complex three-dimensional 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
Figure 1.2 with inset (B).

(A) (B)

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

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



Visual assessment of angiogram can lead to both inter- and intra-observer variability in the
assessment of the severity and extent of the cardiac disease leading to differences in management
strategies [4, 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 catheterization laboratory. Today, a modern catheterization
laboratory is equipped with adjunctive technologies, such as Quantitative Coronary Angiography
(QCA), Fractional Flow Reserve (FFR), Intra-Vascular Ultra-Sonography (IVUS), and Optical
Coherence Tomography (OCT) to help clinicians to make a well-informed decision based on
detailed anatomical and physiological assessment of a coronary artery rather than judgment based

solely on visual assessment [3, 6].

This doctoral thesis emphasized the role of intracoronary imaging and physiology in various
clinical settings, including MR antagonism and infarct size reduction. It has highlighted that
decision making based on intracoronary imaging and physiology is safe and effective. It has been
established that it is cost-effective as well. It is also possible to highlight the utility and evidence
behind these adjunctive techniques in Cath-lab like intracoronary imaging techniques such as OCT
and 1VUS or physiology techniques like FFR and instantaneous wave-free ratio (iFR). The study
also provided examples of clinical cases highlighted in FFR and the importance of these techniques

to make a well-informed treatment decision.
1.3 Physiology-based 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 0.75-0.80 is generally considered to be
associated with myocardial ischemia. This technique requires the induction of hyperemia. A

variety of agents have been used for induction of hyperemia [7].

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 artery [9].

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 maximum myocardial hyperemia [10]. 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 has further been validated and evaluated to

reduce mortality and morbidity associated with the treatment of intermediate coronary lesions [9].

The FAME and FAME 11 studies have examined the role of FFR in the assessment of multi-vessel
CAD. Moreover, there is strong evidence now that a revascularization strategy using FFR yields
much better clinical outcomes in patients with stable angina and multi-vessel CAD compared to

optimal medical treatment alone [11].

FFR is a diagnostic tool which is used 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 follow-up, FAME II, have shown
that using FFR-guided revascularization in patients with stable angina and multi-vessel CAD can

lead to better clinical outcomes compared to optimal medical treatment alone [12].

In the FAME study, patients with multi-vessel CAD were randomly assigned to either undergo
revascularization guided by FFR or angiography-guided revascularization. The study found that
patients who underwent FFR-guided revascularization had a lower rate of major adverse
cardiovascular events (MACE), including death, myocardial infarction (heart attack), and repeat
revascularization, compared to those who underwent angiography-guided revascularization [13,
14].



In the FAME 11 study, patients with multi-vessel CAD who had ischemia (reduced blood flow to
the heart muscle) on non-invasive testing were randomly assigned to either undergo FFR-guided
revascularization plus optimal medical therapy or optimal medical therapy alone. The study found
that patients who underwent FFR-guided 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 that FFR-guided revascularization may provide
better outcomes for patients with stable angina and multi-vessel CAD than optimal medical therapy
alone. However, it is important to note that individual patient factors, such as age, comorbidities
and the extent of CAD should be taken into account when making treatment decisions [18]. The
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 decisions in patients with stable

ischemic heart disease [19, 20].

The 2018 American Heart Association (and the American College of Cardiology (AHA/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 40%-70% by visual estimation on angiography. The guidelines
also state that FFR-guided revascularization may be reasonable in patients with multivessel CAD.
Likewise, the 2019 European Society of Cardiology (ESC) 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 that FFR-guided revascularization
may be beneficial in patients with multivessel 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 cost-effective, and with fewer side effects compared to the traditional method of measuring
fractional flow reserve (FFR) using hyperemia. One approach is to use non-hyperemic 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 safer [21].

Non-hyperemic pressure ratios can be further categorized into phase-specific and whole-cycle
indices based on the phase of the cardiac cycle during when the pressure measurements are taken
[22]. Phase-specific indices are based on pressure measurements during a specific phase of the
cardiac cycle, such as diastole (resting phase) or systole (contracting phase) [23]. Examples of
phase-specific indices include diastolic pressure ratio (dPR) and systolic pressure ratio (sPR).
Moreover, whole-cycle indices, on the other hand, use pressure measurements taken over the entire
cardiac cycle. Examples of whole-cycle indices include the instantaneous wave-free ratio (iFR)
and the resting full-cycle ratio (RFR). Overall, the development of non-hyperemic pressure ratios
may offer a simpler, quicker, and potentially safer alternative to FFR for assessing the
hemodynamic significance of coronary artery lesions. However, further studies are needed to

confirm the accuracy and clinical utility of these new techniques [24].
1.4 Definition of important physiological terms

Instantaneous wave-free ratio (iFR) is measured as the ratio between the coronary pressure distal
to the stenosis (mean distal coronary pressure) [25], and the aortic pressure (mean aortic pressure

[26], and this is assessed in the wave-free period and identified at wave intensity analysis [24].

The diastolic pressure ratio (dPR) is 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 hyperemia-free ratio (DFR) is calculated as the Pd/Pa ratio in the diastolic period

of the cardiac cycle.

Baseline Pd/Pa, fractional flow reserve (FFR) and resting full-cycle ratio (RFR) are calculated

over the entire cardiac cycle.



1.5 Phase-Specific Indices

The instantaneous wave-free ratio (iFR) is a wire-based NHPR evaluating Pd/Pa during a

specific phase of diastole, and this is referred to as the wave-free period.
1.6 Comparison of FFR and other pressure indices.

The iFR index is the only non-hyperemic pressure ratio that has been tested in randomized
controlled trials as an alternative to FFR. The DEFINE-FLAIR study and the iFR-SWEDEHEART
trial both showed that iFR-guided management was not inferior to FFR-guided management in
patients with stable angina or non-culprit arteries in acute coronary syndromes [24, 27, 28].

However, about 20% of lesions may present discordant values between iFR and FFR and it is
unclear as to what 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 FFR [29]. American guidelines currently emphasize
the larger available evidence behind FFR, while European guidelines suggest that iFR and FFR

have an equivalent value [28, 30].

1.7 Pros and Cons.

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

in time, side effects, and cost.

The drawbacks to iFR include smaller gradients than 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 flow.

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

diastolic pressure distal to the stenosis to the mean diastolic aortic pressure. Several algorithms
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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.
1.8 Pros and Cons of dPR sharing the same trade-offs provided by iFR

Diastolic Hyperemia-Free Ratio-Diastolic hyperemia-free ratio (DFR) is a new resting physiology
index (Boston Scientific, Marlborough, MA). DFR provides a resting index derived from the
average aortic and distal coronary pressure (Pd/Pa) during the period that occurs when the Pa is

less than the mean Pa, and there is a down-sloping Pa.

Resting Pd/Pa Ratio: The resting Pd/Pa ratio is calculated over the entire cardiac cycle and
equals the ratio of the mean (non-instantaneous) 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. In
addition, Pros and Cons-Pd/Pa offers all the same trade-offs as other NHPRs. Compared with other
pressure wire-based indices, it has a wider applicability since it can be measured with any pressure

wire monitoring system.

Contrast FFR: Contrast FFR (cFFR) is the lowest mean (non-instantaneous) Pd/Pa value
obtained after intracoronary injection of a standard dose of radiographic contrast medium. Rapid
Injection of Contrast Medium vs Nitroprusside or Adenosine in Intermediate Coronary Stenoses
(RINASCI), The Multi-Center Evaluation of the Accuracy of the Contrast Medium Induced Pd/Pa
Ratio in Predicting FFR (MEMENTO-FFR) and Can Contrast Injection Better Approximate FFR
Compared to Pure Resting Physiology (CONTRAST) studies clearly reported the ability of cFFR

in predicting FFR values in intermediate coronary stenosis.

Pros and Cons of cFFR: cFFR offers the benefit of wide application irrespective of the pressure
wire monitoring system and post-processing 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 the hyperemia induced by contrast dye is relatively short-acting and not steady, cFFR is not

suitable for pullback analysis.
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The RFR index was derived and validated for the first time in the retrospective VALIDATE-RFR
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%, sensitivity 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 artery [20]. In terms of advantages and disadvantages, RFR offers the same
trade-offs as all other NHPRs.

1.9 Angiography-Based

Angiography-based simulations have resurfaced to avoid the need to instrument the coronary
artery, as required by NHPR, cFFR, and FFR [31]. Quantitative flow ratio (QFR) is an
angiography-based index that has a substantial amount of evidence supporting its use [29]. Like
FFR, QFR uses the same thresholds for diagnosis. The index is obtained using software packages
such as Angio XA 3D or Angio-Plus 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 online.

After 3D reconstruction, an estimated contrast flow velocity is derived by identifying the time at
which the contrast enters and leaves the vessel under investigation [32]. This 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 predicting FFR [29, 33].

Several studies, including the FAVOR Pilot Study, FAVOR Il Europe-Japan, and FAVOR I
China, have shown that QFR is superior to 3D quantitative coronary angiography in predicting
FFR values [33]. 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 meta-analysis has confirmed the potential clinical impact of QFR,
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reporting a promising diagnostic performance with 84% sensitivity, 88% specificity, 80% positive

predictive value, and 95% negative predictive value [32-34].

QFR has some advantages over FFR, such as avoiding the cost, time and risk associated with
inserting a pressure wire into a coronary artery [35]. 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 that QFR has limitations, and it may not be measurable in cases of aortic-ostial lesions,
severe tortuosity, or overlapping vessels on angiogram. Additionally, QFR has not been validated
for assessing bifurcations where there is stenosis in both the side branch and the proximal main
vessel [32].

Vessel FFR: Vessel FFR (v-FFR) uses 3D quantitative coronary angiography for functional
assessment of coronary stenosis. V-FFR 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 measured and recorded 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 FAST study, which demonstrated a strong linear correlation with
pressure wire-based FFR (0.89; P<0.001) and high diagnostic accuracy (area under the curve, 0.93
[95% CI, 0.88-0.97]) in detecting FFR<0.80. Furthermore, v-FFR exhibited low interobserver
variability [37].

Pros and Cons of v-FFR: v-FFR potentially shares the same benefits and disadvantages with
coronary angiography—based methods. However, compared with QFR, the amount of supporting

evidence is still limited and based on observational, single-center experience.

13



FFR-AnNgio is a resting, adenosine-free angiography-based 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 an FFR-Angio map by
applying a proprietary computational fluid-dynamic model to derive resistance [38]. FFR-Angio
shares the same advantages and disadvantages as other angiography-based methods. However,
unlike other indices that assess a specific coronary segment, FFR-Angio allows for the

simultaneous evaluation of the entire coronary tree, making it an attractive option.
1.10. Intravascular-lmaging Based Methods vs Intravascular Ultrasound-Derived 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 for the calculations of FFR, thereby
limiting their potential application for online use. As a result, most reports only include a small
sample size. However, IVUS-derived FFR offers the advantage of not requiring a pressure wire,

making it a less invasive alternative [39].
1.11 Advantages and disadvantages of 1VUS-derived FFR

The advantages of IVUS-derived 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 aluminography 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, IVUS-FFR is a research tool, but clinical prime time could be

a realistic option when more clinical data becomes available [37].
1.12 Optical Coherence Tomography-Derived FFR (OCT-FFR)

The OCT-based FFR (OCT-FFR) 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/s [38].

It has been demonstrated that OCT-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 pullback [39].

1.13 Advantages 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 angulation can impact on quantification of the side

branch size and, consequently, on the vessel-tapering model [38].
1.14 NON-INVASIVE INDICES
(A) Computed Tomography—Derived FFR ((FFRCT)

Computed tomography derived FFR (FFRCT) is a hon-invasive technique that uses computational
flow dynamics to analyze 3D coronary geometries extracted from coronary computed tomography
angiography images [40]. 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 useful physiological tool for detecting ischemia in patients with coronary artery
disease (CAD) [41]. FFRCT-based clinical decision-making 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 good midterm
prognosis in terms of major adverse cardiovascular event rate. FFRCT also provides a rapid and
simultaneous three-vessel functional evaluation, which can facilitate management and decision-
making in patients with multivessel disease. It is worth noting that the SYNTAX 1ll 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.

1.15 The advantages and disadvantages of FFRCT

It is noteworthy that FFRCT avoids invasive angiography and vessel instrumentations completely,
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 in 10%-15% of cases)
and discordance with invasive FFR. Perhaps, the upstream ability to plan revascularization
procedures will offset these drawbacks. A novel FFRCT-based tool, Heart Flow Planner (Redwood
City, California), uses interactive luminal remodeling of the area to be stented and recalculates

FFR after the virtual removal of coronary stenosis, mimicking invasive post-stenting FFR [42].

Physiological assessments have introduced the paradigm shift in the way the treatment decisions
are made for CAD. The best modality involves a 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 guiding revascularization in patients with CAD.

A lot of other techniques like non-hyperemic pressure-ratios (NHPR) and all the current NHPRs
have less validation than FFR. Moreover, they all been tested in non-inferiority studies enrolling
relatively low-risk cohorts of patients. More importantly, at the present, NHPRs are not supported

by the same robust long-term data as for FFR [42] .

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

intravascular-imaging—derived FFR that would find application in those cases where the use of
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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 practice that when a 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 estimation [3]. On occasion, it is necessary to either reduce
or eliminate this inter-observer variability in assessing the degree of stenosis. During the last few
decades, Cardiac Clinicians have noted a variety of new cutting-edge techniques and technologies
to help in rescuing this inter and intra observer variability in reporting [43].

Several adjunctive techniques have emerged over the years to improve the diagnostic accuracy and
help in guiding the decision-making process by the Clinicians in the cardiac catheterization
laboratory. Currently, in the era of modern interventional cardiology, interventional cardiologists
are performing increasingly complex and challenging cases. A modern catheterization laboratory
is now equipped with adjunctive modalities including quantitative coronary angiography (QCA),
fractional flow reserve (FFR), intravascular ultrasound (IVUS), and optical coherence tomography
(OCT). The use of these adjunctive technologies is of great help and importance when assessing
borderline lesions (i.e., diameter stenosis of 40-70%) during the cases of complex left main stem
and bifurcation disease [44-46].

The published work in this thesis has provided evidence regarding various modalities and
adjunctive technologies that can guide and help to improve the decision- making process.
Generally, Cardiologists have demonstrated how the decision-making process has evolved from
simple ‘eye-baling’ of coronary angiogram to one that employs intra-coronary imaging techniques
and coronary physiology assessment. These modalities, which were predominantly research tools

in the past, are now used daily to help in making decisions in critical clinical scenarios.
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 differences in these visual 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 by cardiologists. While it can provide diagnostic information
in most cases, it is not very effective at assessing the physiological significance of intermediate
lesions. Additionally, X-Ray angiography only provides limited information about microvascular
status. There are several factors that can contribute to decreased blood flow across a stenosis area,
such as diastolic 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 care [47]. 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 normal and used as reference vessels can have
some degree of flow-limiting 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 stent [48]. 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

determining vessel size and disease severity [49].
1.17 Quantitative Coronary Angiography (QCA)

The clinical significance of CAD depends on various factors such as the degree of narrowing,

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 techniques developed angiographically to
quantify the degree of stenosis [5]. Brown and his colleagues [5], manually 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 correlation with visual estimates from cinefilm and with hemodynamic

significance as depicted by various tests for assessing ischemia [6,7].

Although QCA is a well-validated 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 nature of the 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 endovascular techniques such as intravascular ultrasound (IVUS), optical coherence
tomography (OCT) and angioscopy are better at delineating vascular features that accompany
unstable ischemic syndromes alongside plaque morphology [10-12]. Despite its limitations, QCA
remains a simple and low-cost tool with easy learning and should be used routinely, especially in
healthcare settings where other imaging and physiology-based 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 coronary artery due to its high
penetration power [50]. 1IVUS vyields real-time 360° images that provide unique point-of-view
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 left main stem (LMS)
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[51]. Moreover, IVUS can provide detailed assessment of lumen, vessel size, dimensions, and
plague morphology. Likewise, spectral analysis of ultrasound has enabled the development of

virtual histology 1IVUS (VH-IVUS) that provides further tissue characterization of plaques.

Furthermore, IVUS is particularly useful in the assessment of intermediate lesions, guiding stent
implantation, and understanding the mechanisms of stent failure [52]. It 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 contrast-induced nephropathy.
IVUS can be useful in the diagnosis 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 stent-based techniques and has been shown to improve

outcomes compared with angiography-based treatment [53].

It has been observed that maximum stent area achieved after the procedure dictates the long- term
outcomes [54]. In addition, IVUS is one of the modalities that can help to achieve the maximum
post implantation in minimum stent area (MSA). The usefulness and efficacy of IVUS have been
validated in several studies [46,55]. The potential utility of IVUS has been recognized by various
Cardiac Professional Societies, and it is recommended in the decision-making 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 initial cost, IVUS-guided

procedures are more cost-effective compared to angiography-based decisions [46, 55].
1.19 Optical Coherence Tomography (OCT)

Optical coherence tomography (OCT) is a high-resolution intravascular imaging technique that
has become increasingly popular in the field of cardiology [26]. OCT was first developed in the
1990s by Tanno and Fujimoto [1,30] and uses light to produce images with a resolution of 10-15
w m, which is much higher than the 150-200 um resolution of intravascular ultrasound (IVUS).
OCT can identify and differentiate the three layers of the arterial wall, providing detailed
information about tissue characteristics and plaque morphology [56]. Moreover, OCT is

particularly useful for post-procedural assessment of stent implantation [57]. The high-resolution
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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 an event occurs [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 dissection flaps, tissue prolapse, stent edge
dissection, and stent mal apposition, with greater accuracy than IVUS [58]. 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, establish standard 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 plaque
morphology and Figure 1.3 shows typical examples of various plaque morphologies as observed

by OCT, including fibrosis, fibrosis fatty calcified and lipemic tissues.

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

Figure 1.3: Typical examples various plaque morphologies as observed by OCT in (a) fibrosis,

(b) fibrosis fatty, (c) calcified and (d) lipemic tissues [Taken from clinical practice].

In conclusion, OCT is an extremely useful clinical tool in cases where the mechanism of acute
coronary syndrome presentation is unclear. Moreover, it can help to quantify 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].
1.20 Treatment 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 hence, the risk of inadequate treatment. However, with angiography — this delineation
is not always clear. A soft fibrous or fibro-fatty plaque responds nicely to balloon angioplasty and
stenting and may not require vigorous pre-dilation (see figure 1.3a and b). A calcified plague may
caution the clinician regarding stent apposition especially of concentric nature of the plaque and
as such, the clinician may consider rot ablation or high-pressure pre-dilation (see figure 1.3c). On
the contrary, the clinician may want to avoid such things when dealing with a necrotic core to

prevent risk of embolization (see figure 1.3d).

22



Mal -Apposition (Top image)

Tissue Protrusion (Bottom image)

Figure 1.4: 1VUS images showing Mal apposition (Top image) and tissue protrusion (Bottom

image) (Taken from clinical practice).

Figure 1.4 shows IVUS images of tissue protrusion (bottom image) and Mal apposition (top image)
involving various post procedural complications which can be seen and assessed 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. Mal-appositions, in an acute
setting, may have no clinical consequences and only if there is a long-term situation then they can

have some impact on stent failures like stent thrombosis. Moreover, Both 1IVUS and OCT are
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currently used in clinical cardiac practice globally. It is important to understand the basic

differences between the modalities as highlighted in Table 1.1.

Table 1.1: Parameter data measured showing the comparison of IVUS and OCT
applications in the diagnosis of CAD (Adapted from references [1,2]).

Parameters IVUS OCT
measured

Axial Resolution 100 — 200 pm 15-20 pm
Beam Width 200 — 300 mm 20 — 40 mm
Frame Rate 30 frames/s 100 frames/s
Pullback Speed 0.5-1mm/s 20 mm/s
Max. Scan Dia. 15 mm 10 mm
Tissue Penetration 10 mm 1.0-2.0mm
Lines per Frame 256 500

Lateral Sampling (3 225 um 19 um

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 for an individual patient. Table 1.2 shows a
comparison of the advantages and disadvantages of 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 large vessels

LMCA
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Coronary angiography is a commonly performed test for the assessment of CAD, but it has
limitations in providing accurate diagnostic information due to its 2-dimensional 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 (IVI1) has emerged as a valuable adjunct to
angiography in clinical practice. IVI can provide detailed information about vessel anatomy, extent
and severity of the disease process, plague morphology, and precise vessel sizing for stent
selection. This information can help to guide decision making and more so, facilitates
revascularization with percutaneous coronary interventions (PCI). Modern advances in VI
technology have made it user-friendly and available for routine use in the cardiac catheterization
laboratory [46, 48, 55].

Despite the well-established role of IVI and innovations in technology, its everyday use remains
low worldwide. However, IV1 is of particular importance in treating complex higher risk among
indicated patients, including for treatment decisions involving the left main stem and bifurcation
disease. Moreover, this process can help to understand the mechanisms underlying stent failures
[60, 61].

Cardiologists often need more information about a particular 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 variability. Therefore, adjunctive techniques like 1\VVI have revolutionized the field
of invasive cardiology by improving diagnostic accuracy and guiding the decision-making process

to improve clinical outcomes.
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1.21 Role 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 mortality [62]. 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 ranging from 5-40% with
an average of 1-14% worldwide. The disorder is more prevalent in the Middle East, China, India
and in South America and as DM rises globally, it poses a 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 cohort [25].

Diabetic patients are two to four times more likely to develop macrovascular complications such
as CAD, hypertension, heart failure or diabetic-induced cardiomyopathy, peripheral vascular
disease, and strokes than non-diabetic individuals. [64]. CVDs and renal failure are the major
causes (almost 90%) of morbidity and mortality in diabetic patients, with compromised heart
function frequently observed [65-67].

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 mortality[68]. While
hypertensive drugs like angiotensin-converting enzyme inhibitors and angiotensin 1l receptor
blockers can delay DN progression, they cannot prevent damage. Therefore, a thorough

understanding of the mechanisms underlying hyperglycemia-induced renal injury is crucial [69].
1.22 Chronic- kidney disease (CKD)

Chronic Kidney disease (CKD) is a well-established major public health problem globally [66].
CKD has been associated with increased morbidity, mortality and rate of hospitalization [65]. CKD
is associated with increased risk of CVDs and associated mortality [70]. Patients with CKD have

multiple comorbidities and they have well-established risks that increase the risk of CVDs [71].
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1.23 DM and CKD

There is a well-established strong association between DM and CKD [72]. One major long-term
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 level [70-73]. There is also a well-established strong
relationship between DM and the occurrence of CAD, hypertension (HTN) and heart failure (HF)
due to the development of cardiomyopathy and well-written literature evidence is available in this
regards [64, 69,72] Moreover, there is a higher incidence of HF among patients with DM [64].
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 failure [68]. Patients with DM should be monitored and treated
with a close observation by cardiologists [69]. Electrocardiography is an inportant diagnostic tool
of ventricular hypertrophy in patients with chronic renal disease and patients who die from kidney
failure usually have left ventricular hypertrophy (LVH) (80%) [73]. The incidence can even be
higher in patients with hemodialysis [72].

1.24 Management 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 that with the advent of new drugs,
diet modifications, and regular physical activities, diabetic patients seem to enjoy an extra 15-20
years of a better quality of life compared to 25 years ago. Unfortunately, still many diabetic patients
do not adhere or comply with the recommendations given by physicians and hence, as a result,
they develop diabetes-induced long-term complications including, diabetic cardiomyopathy
(DCM), and kidney failure (KF)r, (nephropathy) alongside other systemic complications as well
as blindness or retinopathy and nerve damage or neuropathy [25]. Comparing these different long-
term complications, most diabetic patients (80%) usually die from CVDs, followed by renal failure

(10%) [25]. There is evidence that diabetic patients are at increased risk of arrhythmias and even
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SCD and it has been estimated that about 20% of asymptomatic diabetic patients have an abnormal

cardiovascular autonomic function [71].
1.25 Steps to Accurate FFR Measurements

The technical procedure in physiologcal assesment is of paramount importance for accutate data
collection and interpretaion. The 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 of the clinical tests and accurate interpretation.
All the equipment must be prepared with wires adequatley flushed and kept sterile on the table.
All the manifolds need to be normlaised and equalised. The wire and aaortic pressure need to be
detetcted on the visual monitor.It is of paramount importance to insert wire into guide and equalize
the wire/guide pressures in aorta at tip of the guide. Figures 1.5 (a-d) to 1.8 demonstrate the
measurement of Fractional Flow Reserve (FFR) in the right coronary artery. The wire should be
handeled very carefully and after crossing the lesion ensure that tip of wire is atleast 2-3cm distal
with pressure transducer. The guide cathter should be flushed 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 adenosine (150
ug/kg/min) or nicorandil (2 mg) to ensure that the patient is given adequate 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 the ventricularisation
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 measured immediately
distal to the lesion (Taken from reference [75 ].
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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 and (B) the pressure in the
Ao-state. It is particularly noteworthy that one of the important steps is to equalize the

pressure between aorta and sensor pressures (Taken from clinical practice).
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Figure 1.7: Image showing the pressure sensor is just outside the guiding cathter and pressure is
equalised. Pressure transducer set-up correctly and zeroed at proper height. Guided catheter
pressure should represent AO pressure. Wire introducer removed from Y-Connector (taken from

clinical practice).

Figure 1.8: Diagram showing equal pressures in Ao and Pressure Wire (Taken from clinical

practice).
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1.26 Some major points from the introduction

This introduction emphasizes the importance of Coronary Angiography (CA) as a gold standard
test for the diagnosis of CAD. An accurate interpretation of CA is of paramount importance in
decision-making to treat patients with CAD. CA has the inherent limitation of being a two-
dimensional X-Ray lumeno-gram of a complex three-dimensional vascular structure. Visual
assessment of angiogram can lead to both inter- and intra-observer variability in the assessment of
the severity and extent of the disease which can lead to differences in management strategies.
Interventional 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), Intra-Vascular Ultra-Sonography (IVUS) and Optical
Coherence Tomography (OCT) to help cardiac clinicians to make a well-informed decision based
on detailed anatomical and physiological assessment of a coronary artery rather than judgment
based solely on visual assessment. Figure 1.9 shows a flow diagram of the non-invasive methods

in screening for CAD prior to surgical intervention by the clinicians.
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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 the various methods in diagnosis for 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 physiology-guided interventions are important diagnostic tools 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 2-dimensional x-ray lumeno-gram 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 assessment rather than a subjective visual estimation.
The benefits of intravascular imaging guided by physiological interventions are becoming 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 How the doctoral standard will be met?

The applicant is well established Consultant Cardiologist with good experience in research
resulting in 35 research publications. He also holds the MSc by research (MRes) 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 and questions, hypotheses,
objectives, literature reviews, experimental designs, data collection and statistical analysis using
appropriate statistical programs, ethics, 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 research, thus meeting the requirements
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 developments and techniques. Additionally, working in 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 British-Trained Consultant Cardiologist.
He also holds postgraduate training qualifications to become a Cardiologist 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 standard has now been met via the current PhD thesis by

publication, like others submitted to UCLAN for the same award.

The candidate is receiving substantial guidance from Professor Jaipaul Singh at UCLAN and
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 more research papers.
1.29 Scope of Study

Chapter 1 of this thesis illustrates a thorough review of the literature in the subject area supported
by several figures and tables. Chapter 2 contains a comprehensive explanation and discussion as
to how each research paper in each of the three areas has contributed and enhanced knowledge and
understanding in the subject area of CAD. Chapter 3 outlines the percentage participation by the
candidate to each publication. Chapter 4 is a general, critical, and comprehensive discussion of the
major findings in each paper to support the PhD thesis by publication. This chapter is followed by
a conclusion, limitations, and recommendations and scope for future studies. Appendix 1 contains
the full CV of the candidate and Appendix 2 contains the scanned/PDF copies of the full 16 original

research publications which have been used to support the thesis by publication.
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1.30 Working hypothesis:

Intracoronary imaging and physiology-guided 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).

1.31 Main 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 physiology-guided
interventions in patients with diabetes mellitus (DM) and chronic kidney disease (CKD) to help in
improving the clinical outcomes of the patients. The 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 importance of these modalities to give the best clinical care to the patients.
1.32 Specific 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 explain the major findings in each publication in terms of contributing and enhancing
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 (Chapter 3).

4. Todiscuss critically and compare the 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 patients
(Chapter 4).
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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 at an oral examination
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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 (CAD), killed 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 all global deaths [1a/b, 75]. The global number of deaths from heart
and circulatory diseases is projected to rise further, not only in high-income countries but also in
low- and middle- income countries. A common cause of CAD is atherosclerosis where a plaque
develops, due to the accumulation of fats, especially cholesterol, in the medium and large arteries
of the heart. If left untreated, it hardens and narrows (clogged up) the arteries over a period of
years, thus reducing the flow of oxygen-rich blood to organs and other parts of body, and leading

to serious problems, such as myocardial/cerebral infarction, or even death of the patient.[76, 77].

The initial choice of medical technologies for the diagnosis of CAD depends on the patient’s state
and history. In general, invasive coronary angiography (ICA) is prescribed to specify the nature
and extent of the coronary lesions[78]. However, it is an invasive procedure thus posing certain
risks to the patient and moreover, in the case of multiple medium-severity stenoses, the decision
on which of the lesions is the main cause of ischemia cannot be deciphered from the angiography
data alone [78]. Coronary CT angiography (CCTA) is a noninvasive alternative to the ICA and
better than stress test[79]. This provides a 3D representation of the heart and coronary arteries.
One of the main advantages of CCTA is that it can 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 reformation (c-MPR) and 3D
volume as well as non-invasive computed fractional flow reserve from computed tomography (CT)
can now be used for diagnosing coronary artery disease [80]. However, clinical diagnosis by means
of coronary CT imaging is a time-consuming task, due to the large amount of data produced in the
scanning process (on average, 300 slices/patient). Interpretation of a CTA study is a labor-intensive
and subjective task. CT angiography, can be used in the diagnosing and managing the Chronic
Coronary Syndromes (CCS) [81].
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The current thesis for PhD by publication is based on sixteen publications and they are related
mainly to diagnosis and treatment of CAD to save the lives of patients and provide them with an
element of longevity and improving their quality of life. The sixteen papers are categorized into
three main areas of research including Intra-coronary imaging and physiology (10 papers),
mineralocorticoid receptor antagonists (MRA) (3 papers) and infarct size reduction and endothelial

dysfunction (3 papers).

The aim of this chapter is to show how each selected publication in each category of research has
contributed to the advancement of knowledge and understanding in each subject area combined
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., 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 Journal of Invasive Cardiology, 29: E163-E165, (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; 0- heartjnl-2015-307888v1) (Impact 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 coherence tomography.
British Medical Bulletin, 125(1):79-90. (doi: 10.1093/bmb/Idx049. (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 advice—intravascular ultrasound
as a diagnostic tool. Journal of Thoracic Diseases. 8(10): E1395-E1397. (doi:
10.21037/jtd.2016.10.64. 10.21037/jtd.2016.10.64, (Impact Factor: 2.365 and 3 citations).

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., Ben-Yehuda, O., Stone, G., Shlofmitz, R.,
Kakuta, T., Mintz, G., and Ali, Z. (2017). Coronary Plaque Characteristics in Haemodialysis-
Dependent Patients as Assessed by Optical Coherence Tomography. The American Journal of
Cardiology,119(9): 1313-1319. (doi: 10.1016/j.amjcard.2017.01.022. Epub 2017 Feb 9. (Impact
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: 516-522. (Impact Factor 0.481 and 515
citations).

7. Mamamoto, 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, J.W., Ochiai, M., Shlofmitz, R.A., and Ali Z.A. (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., 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): 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., 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 tomography: an ILUMIEN I11 sub-study. European Heart Journal of Cardiovascular
Imaging, 22(7):753-759. doi: 10.1093/ehjci/jeaa276 (Impact Factor: 6.875 and no citation).

10.Israeli, Z., Bagur, R., Murariu, D., Wall, S., Alemayehu, M., Parviz, Y., Diamantouros, P., and
Lavi, Shahar. (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).

2.3 Advancement and understanding of the science to enhance knowledge on intra-coronary

imaging and physiology in each of the 10 publications.

Manuscript 1. Parviz, Y., Fall, K., Stone, G., Maehara, 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 Journal of Invasive Cardiology, 29: E163-E165,
(Impact Factor 1.07 and citation of 6).

In this exciting paper, the candidate was the leading 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 disease (CKD) are considered at a high risk for revascularization. In comparison to native
coronary artery angiography, additional contrast is required to visualize the bypass conduits,
increasing the risk of contrast-induced nephropathy (CIN) and need for renal replacement therapy.

43



As a result, despite the need for revascularization, these patients were frequently under-treated.
There is evidence in the literature that intravascular ultrasound (IVUS)-guided interventions can

reduce the amount of contrast and its associated risk of CIN.

In addition, this paper described a novel step-by-step “zero-contrast” saphenous vein bypass graft
(SVG) intervention using a modified technique. This was the brainchild of the candidate and he
worked with his supervisor at Columbia University New York and wrote the manuscript for

publication.

The paper concluded that this novel technique could help to guide the Clinicians in treating these
complex sets of coronary bypass patients and improve the clinical outcomes by minimizing the

contrast use. Similar 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 much intracoronary imaging? Heart: A BMJ Journal) 103 (9): Article 2017 (0- heartjnl-2015-
307888v1) (Impact Factor 5.42 and no citation).

This was an important editorial letter written by the candidate alone to the Editor of the journal
entitled Heart 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 detailed assessment of intracoronary
imaging of coronary vessels including diagnosis and treatment. The rationale for this invited
editorial article was to enlighten 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 various mal-appositions and long -term consequences on diagnosis

and treatment.

The novelty and importance of this invited editorial article was to reassure the cardiac clinicians
that not all the mal apposition was of clinical significance. As such, they should try to have stent
optimally expanded as much as possible. Acute mal apposition can 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

44



to potentially avoidable complications during the procedure. Late mal apposition can sometimes
be associated with delayed stent thrombosis. The paper is widely cited in related publications, and

it has educated the cardiac community about intra-coronary 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 coherence
tomography. British Medical Bulletin, 125(1):79-90. (doi: 10.1093/bmb/Idx049. (Impact Factor:
3.045 and 18 citations).

This was a highly landmark paper in which the candidate was the main author. He wrote a
comprehensive review based on the available literature on the utility of intracoronary imaging and
physiology in cardiac catheterization laboratory. The paper highlighted the various techniques that
could be used in the cardiac catheterization laboratory. He was also the main contributor and
personally involved in undertaking a comprehensive literature search in the subject area.
Moreover, he compiled and analysis of data and subsequently wrote the review. As such, he a
major contribution and was the first author in this state -of the art paper. As an expert like his co-

authors in intracoronary imaging and physiology, his contribution was more than 70%.

The novelty and clinical importance of this interesting review, which was lacking at the time,
helped the Cardiac Clinicians to appreciate the utility and evidence behind adjunctive techniques
of intracoronary imaging, optical coherence tomography (OCT) and intravascular ultrasound
(IVUS) or physiology techniques like fractional flow reserve (FFR) and instantaneous wave-free
ratio (iFR). Moreover, the article provided a few examples of clinical cases to highlight their uses
in aiding the Physicians to make a well-informed treatment decision. It is particularly noteworthy
that up-to- date knowledge and understanding of intra-coronary imaging and physiology
supplements can enhance a clinical operator in decision-making ability based on detailed and
objective lesion assessment rather than a subjective visual estimation. The benefits of intravascular
imaging and physiology are becoming more profound. especially as the complexity of cases is

suitable for revascularization increases.
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From the results, the study concluded that modern X-ray angiography is a valuable clinical tool in
the cardiac catheterization laboratory to obtain images of coronary arteries. There are inherent
limitations of this 2-dimensional technique and adjunctive intravascular techniques (IVUS and
OCT) provide precise and detailed data of the 3-dimensional coronary artery tree. Hurdles of
procedure-related cost and time are overcome by the benefits gained with intravascular imaging
(V). Several randomized trials were in progress to evaluate the impact of intracoronary imaging
on long-term clinical outcomes. The take home message from the study is that a combination of
an algorithmic approach to 1Vl with sound clinical judgment can improve the decision-making

process 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 advice—
intravascular ultrasound as a diagnostic tool. Journal of Thoracic Diseases. 8(10): E1395-E1397.
(doi: 10.21037/jtd.2016.10.64. 10.21037/jtd.2016.10.64, (Impact 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 (IVVUS) in various clinical settings. The
role novelty of the article is that it explained and highlighted the diagnostic use 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 lumen. The utility of intracoronary imaging has helped
Cardiac Clinicians in terms of knowledge and detailed 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 that the Clinicians can avoid using the contrast material which may be helpful in preventing the

propagation and extension of dissection.

This interesting paper also highlighted and more so, emphasised on the fact that due to the 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 differentiate and distinguish between
the false and true lumen and thereby helping 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) dissection. In these cases, IVUS does not
require the use of contrast and it avoids 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 OCT. This
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 1IVUS 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 intervention Cardiologists 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., Ben-Yehuda, O., Stone, G.,
Shlofmitz, R., Kakuta, T., Mintz, G., and Ali, Z. (2017). Coronary Plaque Characteristics in
Haemodialysis-Dependent Patients as Assessed by Optical Coherence Tomography. The
American Journal of Cardiology,119(9): 1313-1319. (doi: 10.1016/j.amjcard.2017.01.022. Epub
2017 Feb 9. (Impact factor: 2.26 and no citation)

This was a novel, original and collaborative study involving eighteen authors. This study was done
when the Candidate was working as a Research Fellowship at Columbia University New York. He
had a keen interest in the management of patients with chronic kidney disease (CKD) and in this
study, the authors investigated the various plague morphologies in CKD patients using optical
coherence tomography (OCT). The Candidate actively contributed to this paper and this research
was based on his original idea. He was involved in the experimental design, collection,

compilation, and analysis of data. He was also involved in writing the manuscript. This was a

47



landmark paper on the complex disease process of CKD and coronary disease plaque

characterization as defined using OCT.

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 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 segments (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 calcification or thin-cap 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 long-term complications like cardio-renal problems more often in a clinical setting.
The rising trend in CKD is alarming and Physicians 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 morphology in these CKD patients is of paramount importance as it can help to
guide the decision- making process of the Clinicians. If the patients have significant calcification
in their coronary arteries, then the Clinicians need to decide upfront about the plaque modification
techniques and try to avoid unnecessary balloon dilatations to prevent or reduce such
complications as coronary perforations stent under expansions associated with higher morbidity
and mortality. Knowing plaque morphology beforehand can be very cost-effective as it can avoid
the use of unnecessary equipment and moreover, minimize contrast use and hence prevent the

long-term complications associated with dialysis.

This study concluded that using OCT in 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 calcium. This thin intimal calcium may cause an
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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.

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: 516-522. (Impact Factor 0.481 and
515 citations).

This was a novel paper on the utility of intracoronary imaging and physiology in the coronary
artery disease (CAD). The candidate was the first author and one of the main contributors who
was solely involved in the collection, compilation, and analysis of data. He also wrote most of the
paper supporting his first authorship. This paper was based on his personal idea and as such, he

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

The interesting paper highlights as to why angiography 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 limitation
of being a two-dimensional X-Ray lumeno-gram of a complex three-dimensional vascular
structure. Visual assessment of angiogram can lead to both inter- and intra-observer variability in
the assessment of the severity and extent of the disease leading to 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 both intra
coronary imaging and physiology in the diagnosis and management of patients with CAD and as

such, the Cardiac Physicians must not rely on angiography alone.
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Manuscript 7. Mamamoto, 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, J.W., Ochiai, M., Shlofmitz, R.A., and Ali Z.A. (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).

This novel study involved eighteen clinical collaborators to investigate the comparison of two
different techniques for modifying the calcified plagues 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 plaque modification. OA is doing more modification of
calcified and non-calcified plaque modification. In small vessels, the ablative impact is similar of
the devices. This was an international collaborative research study that involved various clinical
institutions in USA, UK, and Japan. This was a retrospective study to compare 30 OA cases with
30 RA in severely calcified lesions. The publication received a high impact factor, probably due

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

These procedures were OCT- guided and imaging was performed pre-procedurally, when possible
and post-atherectomy and post stenting. These patients were not randomized. Calcium at the site
of lesion was studied before and after the atherectomy. To identify calcium with either round,
smooth or concave surface, calcium fracture was defined as discontinuity in luminal surface in
calcified plaques. Post-device usage involved stent expansion and asymmetry and eccentricity

were similar in both groups.

This was a unique trial comparing the 2 modalities of atherectomy for plaque modification. This
information is useful to help in deciding which modality was best to use in which setting with
calcification. It is important for Clinicians to make informed decisions in this regard as appropriate
device selection can avoid potential complications and more so can give the best possible outcome

for patients. With advances in interventional cardiology, more 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 complications in these complex 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. 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).

This study was an interesting large- scale head- to- head comparison of pressure wire vs micro
catheter for coronary fractional flow reserve. This European collaborative study involved thirteen
Clinical Cardiologists and the candidate was one of them. This high impact factor publication and
with 5 citations demonstrated that the introduction of micro-catheter could reduce the device
success and hyperemic and resting Pd/pa and could reclassify the fractional flow reserve (FFR)
into ischemic zone in 1/5 cases. This work was done at Columbia University New York in

collaboration with world leaders in the field of intracoronary physiology.

This PERFORM collaborative study was a single-center prospective investigation designed
specifically to determine the precision and accuracy of the percutaneous 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 of 40-90%. The
independently adjudicated primary endpoint was the difference in hyperemic PW-determined
minimal FFR with and without the PC distal to the stenosis. Seventy-four 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 differences led to clinical discordance, whereby the PC decreased the
hyperemic PW-determined FFR from >0.80 to <0.80 in 17 of 95 measurements (19%). Median
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 [IQR -0.01, 0.05] versus 0.01 [IQR 0.00, 0.02], p=0.38).

The novel and collaborative piece of study concluded that knowledge, awareness and
understanding about the micro catheter- based physiology is of great assistance to Cardiac
Clinicians especially when they are measuring 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.

Manuscript 9. Shlofmitz, E., Jeremias, A., Parviz, 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 tomography: an ILUMIEN Il sub-study. European Heart Journal of
Cardiovascular Imaging. 22(7):753-759. doi: 10.1093/ehjci/jeaa276 (Impact Factor: 6.875 and

no citation).

This was a novel, landmark, interesting and collaborative investigation which had a high impact
factor but unfortunately with no citation. The study involved thirteen Cardiac Investigators,
including the Candidate, and they investigated the various measurement techniques for sizing the
stent for coronary intervention. Optical coherence tomography (OCT)-guided external elastic
lamina (EEL)-based stent sizing is safe and as effective as intravascular ultrasound in achieving
post procedural lumen dimensions. However, when compared with automated lumen diameter

(LD) measurements, this approach was time-consuming.

In this study, the Investigators, including the Candidate, demonstrated that EEL-based 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 to EEL-based
measurements. This research was done at Columbia University New York in collaboration with
world leaders in the field of intracoronary imaging. The candidate was involved in the data

collection and wrote part of the manuscript. He contributed 30 % in the paper. The other authors
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assisted in data collection and analysis, correcting the manuscript and they also did some of the
literature search for the manuscript. During this study, the authors retrospectively 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 measurements. They then
prospectively applied the correction factor in 119 OCT acquisitions. EEL could be adequately
identified in 100 acquisitions (84%) at the distal reference to allow vessel diameter measurement.
Vessel diameters were larger with EEL-based vs. LD measurements at both proximal (4.12 £ 0.74
vs. 3.14 £ 0.67 mm; p< 0.0001) and distal reference segments (3.34 £ 0.75 vs. 2.64 + 0.65 mm; p<
0.0001). EEL-based downsizing led to selection of larger stents vs. an LD-based upsizing approach
(3.33+£0.47 vs. 2.70 £ 0.44; p< 0.0001). Application of correction factors to LD [proximal 1.32
(IQR 1.23-1.37) and distal 1.25 (IQR 1.19-1.36)] resulted in discordance in stent sizing by >0.25
mm in 63% and potentially hazardous stent oversizing in 41% of cases.

The paper concluded that EEL-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
new and novel results obtained from this collaborative study are now guiding and leading Cardiac
Clinicians to design further large- scale trials of OCT- guided stenting to treat CAD.

Manuscript 10. Israeli, Z., Bagur, R., Murariu, D., Wall, S., Alemayehu, M., Parviz, Y.,
Diamantouros, P., and Lavi, Shahar. (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).

The candidate contributed actively as the first operator in performance of the procedure of coronary
physiology. As a lead team of cardiology interventional fellows, they 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 Nitro-glycerin-Derived 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
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reserve (FFR). The Candidate was involved in this exciting study during his clinical fellowship
at Western University Canada. He was involved in the design, compilation, collection, tabulation,

and analysis of the data as graphical representations.

In this original study, 134 patients (27% females; mean age, 65 years) were recruited for the
intervention. The diagnostic performance of Pd/Pa(N) and identification of cut-off value for Pd/Pa
(N) compared with FFR threshold of 0.8, using receiver-operating characteristic (ROC) area under
the curve analysis, was between 0.98 (95% confidence interval, 0.95-1.00; p<.05) for 48 ug and
0.86 (95% confidence interval, 0.79-0.94; p<.05) for 240 pg adenosine. Pd/Pa(N); p<0.8 had 100%
positive predictive value. Pd/ Pa(N); p>0.94 provided 100% negative predictive value with a high
sensitivity (p>92%). Optimal diagnostic accuracy of Pd/Pa(N) was achieved for values <0.84. The
Pearson’s correlation between Pd/Pa(N) and FFR varied between 0.89 for 24 pug adenosine and

0.77 for 240 pg (p<.01).

This study was unique in comparing nitroglycerin and adenosine for measuring coronary
physiology. There were many patients, then and even today, who did not normally tolerate the
adenosine due to some side effects. Moreover, this study demonstrated that even intracoronary
glyceryl trinitrate (GTN) can help in guiding the decision- making process in cardiac
catheterization laboratory. This is very cost-effective and easy to administer in the laboratory,
without any specific preparations. This technigue can be used more frequently and hence, it can

help the cardiac clinicians for more frequent use of coronary physiology.

In summary, the results from this study have demonstrated that Pd/Pa(N) correlates well with FFR
results. When Pd/Pa(N) is <0.8, there is no need for adenosine injection. When Pd/Pa(N) is >0.94,
there is a high probability of an FFR-negative lesion. Pd/Pa(N)-based strategy may be integrated
into the hemodynamic assessment of borderline lesion. Although 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, Newell-Price, J., Al-Mohammad, A., and Zannad, F. (2014).
Selection of a mineralocorticoid receptor antagonist for patients with hypertension or heart failure.
European Journal of Heart Failure, 16(2):143-150. (doi: 10.1111/ejhf.31. PMID: 24464876),
(Impact Factor of 15.534 and 52 citations).

12. Igbal, J., Fay, R., Adlam, D., Squire, I., Parviz, Y., Gunn, J., Pitt, B., and Zannad, F.
(2014). Effect of eplerenone in percutaneous coronary intervention-treated post-myocardial
infarction patients with left ventricular systolic dysfunction: A sub-analysis of the EPHESUS trial.
European Journal of Heart Failure, 16: 685-691, (16.10.1002/ejhf.88. (Impact Factor 15.534 and
24 citations).

13.  Parviz, Y., Igbal, J., Pitt, B., Adlam, D., Al-Mohammad, A.,and Zannad, F.. (2015).
Emerging cardiovascular indications of mineralocorticoid receptor antagonists. Trends in
Endocrinology and Metabolism, April 2015, Vol. 26 (4):201-211 (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, Newell-Price, J., Al-Mohammad, A., and Zannad, F.
(2014). Selection of a mineralocorticoid receptor antagonist for patients with hypertension or heart
failure. European Journal of Heart Failure, 16(2):143-150. (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) in the treatment of hypertension and heart

failure. This was an original paper on a particular MR antagonism. The study highlighted the

55



established treatment modality for patients with hypertension, heart failure, and left ventricular
systolic dysfunction (LVSD) during post-myocardial infarction (MI). The study highlighted
emerging data with reference to the potential benefits of MR antagonists in other cardiovascular
conditions. Several previous studies have shown an association between MR activation and the
development of myocardial fibrosis, coronary artery disease (CAD), 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 (SCD), valvular heart disease
(VHD), metabolic syndrome, renal disease, and stroke. MR antagonists are not licensed at least in
the United Kingdom for these conditions yet, but emerging data suggest that the clinical needs for

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

When this study was undertaken, there was little or no data of any direct comparative data for
beneficial clinical use of spironolactone or eplerenone. It may not be appropriate to compare trials
usings either spironolactone or eplerenone in heart failure directly due to vast differences in patient
population and trial design. The choice of a specific agent could be based on clinical indications
(such as the nature of heart failure), individual patient factors (such as gender, co-morbidities,
occurrence of side effects), geographical licensing restriction, and community-level cost-benefit
analysis. Based on the data available, the study suggested a simple approach in selecting a

particular MRA for various cardiovascular indications.

It is concluded that the information obtained in this paper and literature review can help in guiding
the patients in choosing the appropriate therapy for these long- term complex disease processes.
The data have compared spironolactone or eplerenone and the results have supported
recommendations about best choice of medication to be considered cost-effectively for the

patients. Further comparative studies and cost—benefit analyses are also warranted.

Manuscript 12. Igbal, J., Fay, R., Adlam, D., Squire, I., Parviz, Y., Gunn, J., Pitt, B., and Zannad,
F. (2014). Effect of eplerenone in percutaneous coronary intervention-treated post-myocardial

infarction patients with left ventricular systolic dysfunction: A sub-analysis of the EPHESUS trial.
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European Journal of Heart Failure, 16: 685-691, (16.10.1002/ejhf.88. (Impact Factor 15.534 and
24 citations).

This was a collaborative clinical research study involving eight world leaders in the field of
mineralocorticoid receptor antagonists (MRA), including the Candidate. This paper carried a very
high impact factor of 15.534 and 24 citations. EPHESUS was a multi-center, double-blind clinical
trial in which 6,632 patients with acute myocardial infarction (AMI) complicated by left
ventricular systolic dysfunction (LVVSD) were randomized to receive eplerenone (n = 3,319) or
placebo (n = 3,313). This EPHESUS sub-study examined the effects of eplerenone upon
cardiovascular outcomes in percutaneous coronary intervention (PCI)-treated patients. The
beneficial effects of eplerenone in the EPHESUS trial exist for both PCI- and non-PCl-treated
AMI patients with LVVSD. The results show that eplerenone has minimal effect upon reducing PCI-
related adverse events in the PCl-treated cohort. This work is a joint idea between the Candidate

and his international collaborators.

Eplerenone, as an MRA medication, can be used for patients with myocardial infarction and it can
also help in reducing the infarct size reduction which is an added benefit to the heart of the patient.
The information regarding the use of eplerenone in post AMI patients is very informative and it
helps to guide the Cardiologists to make better decisions for the benefit and outcome of patients.
Moreover, the drug has been shown to save lives in large scale trials. Eplerenone, in comparison
to other MR antagonists, is expensive but the benefits of the medication are exclusive and long-

term and as a result, its clinical use is very cost- effective in the long run.

From the results, this important international cardiac study concluded that the beneficial effects of
eplerenone on heart failure events and frequent hospitalization seen in the EPHESUS trial are
similar for both PClI-treated and non-PCl-treated AMI patients with LVSD. The data also revealed
that there is no evidence that MRA, eplerenone reduces the risk of recurrent ischemia-related
events including recurrence of angina or the need for repeat revascularization. As such, the

recommendation is that eplerenone is extremely useful in AMI patients with LVSD. Nevertheless,
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the study also had some limitations. It is a post-hoc analysis with inherent shortcomings of any
such study. Patients 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 more relevant than angiographic outcomes.

Manuscript 13. Parviz, Y., Igbal, J., Pitt, B., Adlam, D., Al-Mohammad, A, and Zannad, F..
(2015). Emerging cardiovascular indications of and mineralocorticoid receptor antagonists. Trends
in Endocrinology and Metabolism, (4):201-211 (26.10.1016/j.tem.2015.01.007), (Impact Factor:
12.015 and 31 citations).

This was both a novel and landmark paper on the mineralocorticoid receptor (MR) antagonism.
The paper received a very high impact factor 12.015 and it highlighted the established treatment
modality for patients with hypertension, heart failure, and left ventricular systolic dysfunction
(LVSD) with post-myocardial infarction (MI). It also emphasized the emerging data which
revealed potential benefits of MR antagonists in other cardiovascular conditions. Studies have
shown an association between MR activation and the development of myocardial fibrosis,
coronary artery disease (CAD), 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, emerging data suggest
that indication for MR antagonists are likely to broaden; further studies are warranted. All the

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

It is particularly noteworthy that the beneficial effects of MR antagonism have been robustly
demonstrated previously for patients with hypertension and heart failure due to LVVSD. Moreover,
newer MR antagonist was shown to reduce the hospitalization rate in patients with HF-PEF.
However, the emerging data in the literature suggested that MR antagonists might also have a role
in the treatment of other cardiac and vascular conditions including atrial fibrillation, pulmonary

hypertension, renal failure, and stroke. The beneficial effects of MR antagonists in these conditions
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have been shown in pre-clinical or small-scale clinical studies; adequately powered randomized
trials are warranted to confirm these findings. This 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): 374-383. (doi: 10.1016/j.carrev.2017.02.004.
(18. 10.1016/j.carrev.2017.02.004), (Impact Factor: 1.168 and 15 citations).

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: Cardiovascular
Revascularization Medicine. 20(4):351-364. (doi: 10.1016/j.carrev.2018.05.021. Epub , (Impact
Factor: 1.168 and 32 citation).

16.Parviz, Y., Hsia, C., Alemayehu, M., Wall, S., Bagur, R., Abu-Romesh, N., Chin-Yee, 1., and
Lavi, S. (2016). The effect of fresh versus standard blood transfusion on microvascular
endothelial function. American Heart Journa,181:156-161. (10.1016/j.ahj.2016.05.021. (Impact
Factor 4.749 and 1,315 citations).

2.7 Advancement and understanding of the science to enhance knowledge in each of these

three areas of infarct 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): 374-383. (doi:
10.1016/j.carrev.2017.02.004. (18. 10.1016/j.carrev.2017.02.004), (Impact Factor: 1.168 and
15 citations).
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This reviewed article with an impact factor of 1.168 and citation of 15 was the brainchild of the
Candidate based on original ideas, including ischemic cascade, microvascular obstruction,
assessing infarct size and therapies for infarct size reduction in the field of infarct size reduction
in the treatment of CAD. It was the Candidate’s conception which he thought about, employing
various strategies as to how it was possible to reduce 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.

Post-infarct 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 during periods of ischemia—reperfusion can improve
outcomes. The advice from the paper is that Clinicians need to be aware of these findings and
carefully follow and observe the various strategies as outlined 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. Cardiovascular Revascularization Medicine. 20(4):351-364. (doi:
10.1016/j.carrev.2018.05.021. Epub, (Impact Factor: 1.168 and 31 citation).

This manuscript was based on the original and novel idea by the Candidate in the field of cardiac
infarct size reduction. This was the second article published in the field (see MS 14 for comparison)
in collaboration with seven world leaders who also work on infarct size reduction. The study was

based on the idea and conception thought out by the candidate about various strategies and future
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research knowledge, understanding and scope for the best way forward in reducing the damage of
heart muscle after an anginal heart attack. This work was done at Columbia University in New
York and was co-authored with Professor Gregg Stone who is an authority in the field of
cardiovascular medicine. This article has an impact factor of 1.168 and with 31 citations in the

field of infarct size reduction.

This study was designed to examine the preclinical and clinical evidence for the reduction of
infarct size with such clinical strategies and interventions as anti-inflammatory agents, intracellular
ion channel modulators, agents affecting the reperfusion injury to salvage kinase (RISK) and nitric
oxide signaling pathways, modulators of mitochondrial function, anti-apoptotic agents and stem
cell and gene therapy to repair the infarct area. The study reviewed the potential reasons of failures
to date and the potential for new strategies to further promote myocardial recovery and improve

prognosis.

Based on this study, numerous agents have been demonstrated to reduce infarct size in preclinical
models. However, there is limited clinical evidence of benefit to date. As such, emerging strategies
affecting valid molecular and cellular targets require further study, especially in humans. Rather
than a “one size fits all” approach, individualized tailored therapies may be required for patients
with either selected 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 damage to myocardium and
improve the clinical outcomes in the patients. It is also worth noting that many of the agents

outlined in the study are very cost-effective and readily available in clinical practice.

Manuscript 16. Parviz, Y., Hsia, C., Alemayehu, M., Wall, S., Bagur, R., Abu-Romeh, N., Chin-
Yee, I, and  Lavi, S. (2016). The effect of fresh versus standard blood transfusion on
microvascular endothelial function. American Heart Journal,181:156-161.
(10.1016/j.ahj.2016.05.021. (Impact Factor 4.749 and 1,315 citations).
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This was an original research paper that had an impact factor of 4.749 but with a very large citation
of 1,315 in the field of blood transfusion and endothelial dysfunction. The high citation is a
testimony of its importance in the field of research. This 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 significant clinical 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 on micro-vascular
endothelial function as compared to older standard issue blood. The results demonstrated that
transfusions of standard issue blood are associated with less favorable effect on micro-vascular
endothelial function as compared to fresh blood. The Candidate was the main contributor 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 manuscript. This 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 micro-vascular endothelial 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/L. An average 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 hyperemia peripheral arterial tonometry index (—0.25 + 0.63)
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 blood 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 inter-variability and intra-variability of the Endo-PAT test. Nevertheless, it
was of paramount importance to investigate the benefits of fresh blood infusion to patients with
fatal hematology and cardiovascular disorders. The long-term impact of repeat blood transfusions
was not yet undertaken when this study was done. However, the measurements obtained by the
Endo-PAT reflect the microcirculation, 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 and Conclusion

Coronary heart disease (CAD) is a type of heart disease where the coronary arteries of the heart
cannot deliver enough oxygen-rich blood to the myocardium due to the deposit of fatty materials
leading to blockage. This process is referred to as atherosclerosis, where a plague becomes clogged
up in the medium and large arteries of the heart. If left untreated, it hardens and narrows the arteries
over a period of years, thus reducing the flow of oxygen-rich blood to organs and other parts of
body, and leading to serious problems, such as myocardial/cerebral infarction, or even sudden
cardiac deaths globally in both developed and developing countries [1]. The initial choice of
medical technologies for the diagnosis of CAD depends on the patient’s state and history. In
general, invasive coronary angiography (ICA) is prescribed to specify the nature and extent of the
coronary lesions. This study, which comprised of sixteen research papers, is related to CAD in
terms of intracoronary imaging and physiology or blood flow, mineralocorticoids antagonism in
treating cardiovascular diseases and infarct size reduction and endothelial function. The data
presented in the sixteen research papers have played major roles in current understanding of

clinical medicine for the diagnosis and treatment of CAD and thus, impacted 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 sixteen research papers presented in this study for a PhD by Publication were
published in high impact journals with 4 papers had impact factor between 11-15: 4 papers between
4-6 and 8 papers between 0.4-3. Except for 3 papers, the rest had good citations with one of them
obtaining 1,315 citations. The eight papers which received high scores were original studies with
an international flavor. In general, international studies usually score high in terms of impact factor
and they sometimes receive 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. The sixteen published 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 including intravascular ultrasound, intracoronary imaging, venous graft interventions,
intra coronary imaging and physiology, optical coherence tomography, pressure wire compared to
microcatheter sensing, external elastic lamina vs. luminal diameter measurement technique 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 techniques to 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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3.1 Introduction

The Candidate had the privilege and honor to work with world leaders in the field of CAD focusing
specifically on intracoronary imaging and physiology, mineralocorticoids antagonism in treating
cardiovascular diseases and infarct size and endothelial function. He developed an early interest
in the field during his career progression. Over the years, he has been actively involved in clinical
research in this exciting field of intracoronary imaging and physiology and other areas relating to
diagnosis and treatment of CAD to help in improving the successful outcomes in patients who
developed atherosclerosis. Most of his research experience and outputs in clinical research was
done at Sheffield University Hospital UK, Western University Canada and Columbia University
New York, USA where he gained his expertise in the field of cardiology.

Moreover, he has been the leader, driving force and brainchild of a significant number of
publications employed in the thesis and submitted to UCLAN for PhD by Publication. In addition,
he has been collaborating with colleagues in the United Kingdom, United States, Canada, and other
parts of world in publishing several joint papers on intracoronary imaging and physiology

presented in this thesis.

His main collaborators were Cardiovascular Research Foundation, Columbia University of New
York, and Western University Canada. Professor Jaipaul Singh encouraged me to submit this
work for PhD by publications and that he would be happy to act as my Director of Study. He also
supervised me for the MSc by research at UCLAN.

Overall, contributions of the chief investigator or the candidate to the publications include original
formulation of the research ideas and topics, literature review, study designs and methodologies,
laboratory work, data collection and analysis, preparation, and writing, as well as reviewing all the

manuscripts.

Professor Jaipaul Singh, who supervised 77 research 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 to his co-authors.

3.2 (A). Intra-coronary Imaging and Physiology

Manuscript 1. Parviz, Y., Fall, K., Stone, G., Maehara, 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 Journal of Invasive Cardiology, 29: E163-E165,
(Impact Factor 1.07 and 6 citations).

This was an important commentary paper based on the utility of intracoronary imaging during
complex clinical scenarios. The Candidate demonstrated the utility of Intravascular ultrasound
(IVUS) in various clinical settings. This was his original idea, and he wrote the manuscript for
publication. He also contributed more than 80% in the article. This article has 6 citations. 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 2017; 0- heartjnl-2015-307888v1) (Impact

Factor 5.42 and no citation).

This was an invited editorial letter written personally by the Candidate to the Editor of BMJ as an
expert commentary about intracoronary imaging. This was his original idea, and he did all the
literature search and tabulated the results for analysis. In this letter, he discussed the detailed
assessment of intracoronary imaging of coronary vessels and at times when Clinicians were seeing
too much detailed information as to how to act in making a clinical decision. The Candidate
discussed the various mal appositions and long-term consequences. He made a 100% contribution

for this paper. Although 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 coherence
tomography. British Medical Bulletin, 125(1):79-90. (doi: 10.1093/bmb/Idx049. (Impact Factor:
3.045 and 18 citations).

This was a landmark paper in which the Candidate was the main author. He wrote 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 that could be 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 this state- of the art
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%. The paper had 18 citations.

Manuscript 4. Parviz, Y., P.,, Khady N.F., and Ziad A.A (2016). Using sound advice—
intravascular ultrasound as a diagnostic tool. Journal of Thoracic Diseases. 8(10): E1395-E1397.
(doi: 10.21037/jtd.2016.10.64. 10.21037/jtd.2016.10.64, (Impact Factor: 2.365 and 3 citations).

In this exciting paper, the Candidate was the leading author and demonstrated the utility of
intracoronary imaging and physiology in managing complex disease processes of Graft
interventions with no contrast use. The paper was the brainchild of the Candidate and he worked
with his supervisor at Columbia University New York and wrote the manuscript for publication.
His contribution was more than 80% on the subject. This article has been cited in three references

in the field of imaging and physiology. The two other authors made 20% contributions to the

paper.
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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., Ben-Yehuda, O., Stone, G.,
Shlofmitz, R., Kakuta, T., Mintz, G., and Ali, Z. (2017). Coronary plaque characteristics in
haemodialysis-dependent patients as assessed by optical coherence tomography. American Journal
of Cardiology,119(9): 1313-1319. (doi: 10.1016/j.amjcard.2017.01.022. Epub 2017 Feb 9.

(Impact factor: 2.26 and no citation).

This was a landmark paper by the Candidate during his fellowship at Columbia University New
York. He had a keen interest in the management of patients with chronic kidney disease (CKD)
and in this paper the authors investigated the various plaque morphologies in CKD patients using
optical coherence tomography (OCT). The Candidate actively contributed to this paper and this
research was based on his idea. He was involved in experimental design, data collection,
compilation, and analysis of data. He was also involved in writing the manuscript. His contribution
was about 45%. The other authors contributed 55% to the successful 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: 516-522. (Impact Factor 0.481 and
no citation).

This was an important paper on the utility of intracoronary imaging and physiology in the coronary
artery disease. The Candidate was one of the main contributors and he was also involved in
collection, compilation, and analysis of data. Moreover, the paper was based on his original idea
and understanding of the subject area. He designed all the proforma and manuscript and wrote up
the work for publication. He made a major contribution in the paper in excess 70 %. The other
authors assisted in the literature review and review of the manuscript and 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.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, J.W., Ochiai, M., Shlofmitz, R.A., and Ali Z.A. (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
found).

During this investigation, the authors studied the comparison of two different techniques for
modifying the calcified plaques in the coronary arteries in the heart. These techniques have
different mechanisms of actions to ablate the calcified plaques. This was a collaborative research
work that was done by the authors from various institutions in USA, UK, and Japan. The Candidate
was involved in the formulation, conception, design, and analysis of data. He contributed 30% to
the work. The other authors assisted in the literature review, the data collection and reviewing of
the manuscript prior to publication. Together, they made 70% to 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., 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. 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).

This was a largescale head- to- head comparison of pressure wire vs micro catheter for coronary
fractional flow reserve. The authors demonstrated that introduction of micro catheter could reduce
the device success and hyperemic and resting Pd/pa and can reclassify the FFR into ischemic zone
in 1/5 cases. This work was done at Columbia University New York in collaboration with world

leaders in the field of intracoronary physiology. The candidate was the main author who was

70



involved in designing the study, collection of data, and writing up the manuscript. He contributed
60 % to this paper. The other authors assisted in the data collection and analysis, review of the
manuscript and some of the literature review. Their contribution was 30%. The paper had a high
impact factor but with only 5 citations.

Manuscript 9. Shlofmitz, E., Jeremias, A., Parviz, 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 tomography: an ILUMIEN Il sub-study. European Heart Journal of
Cardiovascular Imaging. 22(7):753-759. doi: 10.1093/ehjci/jeaa276 (Impact Factor: 6.875 and
no citation).

This was a landmark study where the authors studied the various measurement techniques for
sizing the stent for coronary intervention. In this study the authors demonstrated that EEL-based-
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 imaging. The Candidate was involved in the data collection, and he also wrote part
of the manuscript. His contribution 30 % to the paper. The other authors assisted in data collection
and analysis, review of the manuscript and some of the literature review. Together, 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, M., Parviz, Y.,
Diamantouros, P., and Lavi, Shahar. (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).
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The Candidate was involved in this exciting study during his clinical fellowship at Western
University Canada. He was involved in the design, collection, compilation, and analysis of data.
Moreover, he was contributing actively as the first operator in performance of the procedure of
coronary physiology. As a team of Cardiology Interventional Fellows, the authors worked together
for performance of procedure, collection, compilation, and analysis of data. This was a landmark
paper on intracoronary physiology. The contribution of the candidate was 40%. The contribution

by the other authors was 60%. This paper had both low impact factor and citation.

3.3 (B). MR Antagonism and cardiovascular diseases

Manuscript 11. Igbal, J., Parviz, Y., Pitt B, Newell-Price, J., Al-Mohammad, A., and Zannad, F.
(2014). Selection of a mineralocorticoid receptor antagonist for patients with hypertension or heart
failure. European Journal of Heart Failure, 16(2):143-150. (doi: 10.1111/ejhf.31. PMID:
24464876), (Impact Factor of 15.534 and 52 citations).

This was a landmark and high impact paper with 52 citations on the mineralocorticoid receptor
(MR) antagonism. This review examined the preclinical and clinical data of MR antagonists for
novel indications including heart failure (HF) with preserved ejection fraction (HFPEF),
pulmonary arterial hypertension (PAH), arrhythmia, sudden cardiac death (SCD), valvular heart
disease *VHD), metabolic syndrome, renal disease, and stroke. The candidate reviewed the
methodology and wrote the manuscript. His contribution to this paper was 45%. The other authors
assisted in the data collection, review of the manuscript and literature review. Together, they made

55% contribution to the successful outcome of the manuscript.

Manuscript 12. Igbal, J., Fay, R., Adlam, D., Squire, 1., Parviz, Y., Gunn, J., Pitt, B., and Zannad,
F. (2014). Effect of eplerenone in percutaneous coronary intervention-treated post-myocardial
infarction patients with left ventricular systolic dysfunction: A sub-analysis of the EPHESUS trial.
European Journal of Heart Failure, 16: 685-691, (16.10.1002/ejhf.88. (Impact Factor 15.534 and
24 citations).
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This was a collaborative research study involving world leaders in the field of MR antagonists.
This work is a joint idea between the Candidate and his colleagues. He reviewed the methodology
including the questionnaire, analyzed the data and wrote part of the manuscript. He contributed
about 40% to this high impact paper. The other authors assisted in the data collection, review of
the manuscript and literature review. Together, they made 60% contribution to the paper. This

article had a very high factor accompanied by 24 citations.

Manuscript 13. Parviz, Y., Igbal, J., Pitt, B., Adlam, D., Al-Mohammad, A.,and Zannad, F..
(2015). Emerging cardiovascular indications of mineralocorticoid receptor antagonists. Trends in
Endocrinology and Metabolism, April 2015, Vol. 26 (4):201-211 (26.10.1016/j.tem.2015.01.007),
(Impact Factor: 12.015 and 31 citations).

This was a landmark high impact paper of 12.015 with 31 citations on the Mineralocorticoid
receptor (MR) antagonism and somewhat related to manuscript 11 above. Like manuscript 11, the
authors highlighted the established treatment modality for patients with hypertension, heart failure
and left ventricular systolic dysfunction (LVSD) and post-myocardial infarction (MI). The
Candidate did a thorough review of the subject area regarding the emerging data and the potential
benefits of MR antagonists in other cardiovascular conditions. This work was the original idea of
the Candidate, and he formulated 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 review. They contributed 35% to the paper. It is particularly noteworthy

that the Co- 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): 374-383. (doi:
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10.1016/j.carrev.2017.02.004. (18. 10.1016/j.carrev.2017.02.004), (Impact Factor: 1.168 and

15 citations).

This manuscript was the idea and brainchild of the Candidate in the field of infarct size reduction.
It was his conception, and he thought about various strategies in helping to reduce the damage of
heart muscle after a heart attack. He was the main contributor of the paper, and he reviewed the
literature and wrote the manuscript. This work was done at Western University Canada in
collaboration with world leaders in the field of infarct-size reduction. The Candidate was mainly
involved in designing study, with data collection and writing up the manuscript. He contributed
60 % to the paper. The other authors assisted in the literature review, data collection and analysis
and in reviewing of the manuscript. Together 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(4):351-364. (doi:
10.1016/j.carrev.2018.05.021. Epub , (Impact Factor: 1.168 and 32 citation).

10.1016/j.carrev.2018.05.021. Epub, (Impact Factor: 1.168).

This manuscript is the original idea of the Candidate in the field of infarct size reduction. This was
the second article published in the field in collaboration with world leaders who also worked on
infarct size reduction. The idea in designing, undertaking a thorough literature review and the
study was the original conception of the Candidate. He thought about various strategies, scope for
future research ideas and how to help in reducing the damage of heart muscle after a heart attack.
This work was done at Columbia University New York, and was co-authored with Professor Gregg
Stone, an authority in the field of cardiovascular medicine. The Candidate was a main contributor,

and he was involved in designing the study, collecting the data, formulating, and writing the
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manuscript. He contributed 60 % to the paper. The other authors assisted in the data collection and
analysis, and review of the manuscript. Together, they made 40% contribution to the successful
outcome of the paper. The article is well cited in the field of infarct size reduction. The 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., Abu-Romesh, N., Chin-
Yee, I, and  Lavi, S. (2016). The effect of fresh versus standard blood transfusion on
microvascular endothelial function. American Heart Journal,181:156-161.
(10.1016/j.ahj.2016.05.021. (Impact Factor 4.749 and 1,315 citations).

This was an original research paper with a high impact factor which was accompanied with a very
high citation of 1,315 in the field of blood transfusion and endothelial dysfunction. This work was
conducted at Western University, London, Ontario. The Candidate designed the proforma and was
involved in collection, compilation, and analysis of data. This was a major work in the field of
blood transfusion, with significant clinical impact. The duration of red blood cell (RBC) storage
may have a negative impact on endothelial nitric oxide bioavailability. The authors tested the
hypothesis that transfused fresh blood would have a more favorable beneficial effect on
microvascular endothelial function as compared to older standard issue blood. Transfusions of
standard issue blood are associated with less favorable effect on microvascular endothelial

function as compared to fresh blood.

The Candidate was the main contributor and first author of the study. He reviewed the literature
and wrote the manuscript. He contributed 75 % to this paper. The other authors also participated
in the review of the literature and the writing of the manuscript. Together they made 25 %

contribution to the manuscript. This landmark article is well cited in the field of blood transfusion.
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3.5 Conclusion

The sixteen research papers presented in chapter 3 of this thesis for PhD by Publication 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, and analyzing 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
successful outcome for each paper. These academic tasks are an integral part of the training for
each PhD student. In addition, he has demonstrated that he possesses excellent communication
skills, curiosity as a scientist and clinician, love for learning, conscientious in his work, attention
to scientific and clinical details, good project organization and time-management skills, ability to
work alone and willingness to collaborate with others and being persistence and resilience at time.
Moreover, he possesses vast experience in literature search, experimental design, and clinical
experimentations, as well as writing 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, especially with difficulty 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 cause of morbidity and mortality globally. When
CVDs are combined with either ischemic 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 2019 representing 32% of all global deaths. Of these deaths,
85% were due to heart attacks and strokes [1a/b,2]. Heart disease is the leading cause of death for
men, women, and people of most racial and ethnic groups in the Western World including, the
United States of America (USA), United Kingdom (UK), the European Union (EU) and other
developed countries globally. About 697,000 people die from heart diseases in 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 2020 [1,2]. Every year,
about 805,000 Americans have a heart attack and about 20.1 million adults aged 20 years and older
have CAD (about 7.2%). These figures represent about 2 in 10 deaths from CAD among adults
less than 65 years old [1a/b,9]. Moreover, heart diseases cost the USA Government about $229
billion each year from 2017 to 2018. This includes the costs of health care services (diagnosis and
treatment including medicines) hospital and home caring and productivity loss due to the illness
and death of the patients [1a/b,2]. What is worrying now is that people from low- and middle-
income countries (LMIC) die from CVDs representing more than 80% of these cases. Although
the risk factors for the development of CVDs are similar throughout the world, the evolving change
in lifestyle and health behaviors in LMICs including tobacco use, excess alcohol intake, stress,
decreased physical activity, unhealthy diets, obesity, genetic predisposition, and others are

contributing to the escalating presence of CVDs and mortality [1a/b].

Since CAD is a major cause of sudden cardiac deaths globally over the years in high, middle- and
low- income countries and with high economic cost, it was pertinent to address early diagnosis
and treatment by the clinicians. The sixteen papers presented in this study cover three major areas
of diagnosis and treatment of CAD including intracoronary imaging and physiology, infarct size
reduction and hormones and hearts. The 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 size reduction and 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, angiography-derived physiological assessment must be involved to enable the s the
operating physician to reconstruct the 3D coronary anatomy from two angiographic projections
>30° apart. A physics-based, mathematical solution is then applied to calculate the translational
pressure drop and the 'virtual' FFR (VFFR). The concept of coronary physiology was first
introduced in the first percutaneous coronary intervention (PCI) performed by Andreas Griintzig
on September 16, 1977. He used a fluid-filled guiding catheter to measure the trans-stenotic
pressure before and after PCI. Hence, the concept of measuring the pressure gradient post
procedure is crucial as well [82]. 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 physiology [24, 27].
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4.2 (B). Intracoronary imaging

Intracoronary imaging provides a more precise assessment of lesions and moreover, it is a critical
step when deciding whether the lesion needs to be prepared with atherectomy devices. Heavily
calcified coronary artery lesions hinder the delivery of devices and limit stent expansion. As such,
this results in 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 when deciding 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 grew after advances in technology and theory facilitated its use.
Currently, coronary physiology plays a vital role in the decision-making process during cardiac
catheterization, with large-scale randomized data from multicenter international studies showing

that FFR-guided decision-making is safe, effective, and rational [30].

Intracoronary imaging with intravascular 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 (VH)-1VUS, integrated backscatter
IVUS, and i-Map are available. Optical coherence tomography (OCT) which was invented by
Tunino, could be considered as the light analogue 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 decision-making during and after procedures has been assessed in large-scale trials [83].
Intracoronary imaging and physiology clinical tools were initially used in research and their utility
was not adequately understood in routine daily practice. However, with advances in the practice

of cardiology and modern clinical cariology techniques, it has become more evident that these
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medical tools have paramount clinical significance and can be routinely used for decision-making

in the cardiac catheter laboratory [84].

During cardiac clinical practice, the clinicians routinely encounter scenarios that demand them to
make rational and quick decisions about the significance of a disease in a coronary artery. While
coronary angiography is the gold standard in interpreting CAD, there is a wide range of inter and
intra-observer variability in reporting stenosis. Large-scale randomized trials, such as DEFER,
FAME-I, and FAME-II, have established FFR as the gold standard for assessing the significance
of a non-left main coronary artery (LMCA) lesion. The DEFER trial demonstrated that it was safe
to defer percutaneous coronary intervention of lesions with an FFR >0.75. The FAME-I trial found
that treating lesions with an FFR >0.80 using mostly first-generation drug-eluting stents (DES)
was harmful, whereas not treating such lesions was cost-saving. The FAME-II trial found that

treating lesions with an FFR less than 0.75 with medical therapy was harmful [85].

Coronary flow reserve (CFR) measures the relative increase in coronary flow velocity during
maximal hyperemia, reflecting both epicardial stenoses and the microcirculation. Moreover, it is
influenced by many diseased factors affecting the microcirculation, such as diabetes, ventricular
hypertrophy, and prior myocardial infarction.

On the other hand, FFR can measure the actual 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 recent renewal of interest in resting indices, such as i-FR (instantaneous wave

free ratio) or a hybrid approach combining i-FR and FFR. IFR has been validated in
4.3. Clinical Trials

There are several large-scale trials comparing invasive imaging criteria that are equivalent to FFR

or non- invasive testing. It is noteworthy that the IVUS minimum lumen area (MLA) in 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 4.4 ™2, 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 “most common” cutoff is approximately 3.0 ™2, Most IVUS
studies show a relatively high negative predictive value but a low positive predictive value,
indicating that using IVUS to justify the need for percutaneous intervention is wrong

approximately one-half of the time [86, 87].

A study by de-la Torre Hernandez et al, [26], suggests that clinical outcomes are similar whether
either IVUS 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 to demonstrate the role of
OCT detection of severity of stenosis. OCT-derived MLA cutoffs are smaller than with IVUS.
Some studies have “corrected” for vessel size, but none has factored in subtended viable

myocardium.

In PROSPECT (Providing Regional Observations to Study Predictors of Events in the Coronary
Tree) Study, non- fibroatheromas were associated with very few events at 3 years of follow-up.
This suggests that tissue characterization and plague composition may be an alternate method to
predict lesion stability and defer intervention. The most crucial part of coronary artery tree is the
left main coronary artery (LMCA) and the decision making in this region of artery needs to be
meticulous to avoid any misinterpretations and hence, mistakes in treatment of individual patients.
There are controversies in reporting the left main stem lesions and it has been demonstrated that
angiographic studies (2 historic [31,32] and 2 contemporaries [33,34]) indicated that agreement
among experts regarding the significance of an LMCA lesion is widely different and can be as low
as 30% (see figure. 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 >6.0 ™2 was used to defer revascularization,

with similar long-term 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 revascularization [33,35]. A study by Jasti et al. [36] in Western
patients indicated that an IVUS MLA <6 ™2 in the LMCA is best correlated with an FFR <0.80.
Likewise, a study in Korean patients suggested that 4.8 ™2 was 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 4.1A-E, 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.
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Figure 4.1: Diagrams showing (A) Variability of IVUS cut off values, (B-C) Left main stem
stenosis distally in different locations in the main coronary artery of the heart, (D) left main stem
stenoses rarely isolated and (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 a severe condition occurring when patients are presented with new onset of cardiac
sounding chest pain. The medical terminology of acute coronary syndrome (ACS) is used for the
presentation of a heart attack. This can be a life threating situation and it should be evaluated and

treated promptly to save the life of the individual patient.

The literature evidence has demonstrated that in ACS, the plaque rupture occurs in 60% to 65% of
cases, plaque erosion in 30% to 35%, and a calcified nodule in 5%. All these changes can lead to
the formation of thrombus or severe blood clot. One of the crucial steps in treatment decisions of
acute heart attack (AHA) is the identification of the type of the culprit lesion and this should be
done as soon as possible. The VANQWISH (Veterans Affairs Non-Q-Wave Infarction Strategies
in-Hospital) trial demonstrated that nearly 50% of these patients either have no identifiable culprit
lesion or have multiple potential culprits [88, 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 and this is seen in association with plaque rupture, yellow plaque color, and thrombus
formation. Conversely, negative remodeling is more common in target lesions of patients
presenting with stable symptoms. IVUS detects plaque ruptures in approximately one half of ST-
segment elevation M1 culprit lesions. However, the superior resolution and the obligatory flushing
with OCT sharply outline the plaque rupture cavity and residual fibrous cap fragment to optimize
ruptured plaque identification. Likewise, other unusual culprit lesion morphologies that can be
detected by using both 1IVUS and OCT include calcific nodules and spontaneous coronary artery

dissections [90].
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4.5. Role of imaging to assess the vulnerability of plaque.

The predictions of which types of plaque are going to rupture and cause a heart attack is important
in the decision making by the Clinician in treating the patients [91]. Intracoronary imaging
techniques including IVUS/OCT can investigate the composition of plaque and can help in
deciding the vulnerability to rupture. The precursor of the ruptured, thrombotic plaque is the thin

cap fibroatheroma (TCFA), the most common type of vulnerable plaque [92, 93].

The Gray scale IVUS study suggested that a large eccentric plaque containing a shallow echo-
lucent zone is at increased risk for instability. To date, only VH-1VVUS has been shown to predict
future non-culprit events. In the PROSPECT study, predictors of non-culprit events at 3 years were
associated with the presence of thin cap fibro-atheroma, VH-TCFA and IVUS MLA (almost 70%).
These findings, especially the importance of a large plaque burden, were supported by the VIVA
(VH-IVUS in Vulnerable Atherosclerosis) and ATHEROREMO-IVUS (European Collaborative
Project on Inflammation and Vascular Wall Remodeling) studies. OCT has a imaging technique
with superior resolution and more so the ability to identify TCFA, including fibrous cap thickness
of 0.4 mm within 7 months. Plaques usually have an increased frequency of intimal laceration in
micro-vessels, and these can be a source of blood extravasation and intraplaque hemorrhage with
lipid pools, thin cap fibroatheroma (TCFAs), macrophages and intraluminal thrombi. The IVUS
sub-studies of the PROSPECT investigation have highlighted the paradox between plaque ruptures
and calcified nodules that cause ACS events versus the benign nature of secondary, non-culprit
plaque ruptures or calcified nodules that are detected incidentally [66]. Although positive
remodeling was not an independent predictor of events in either the PROSPECT, VIVA, or
ATHEREMO-IVUS studies, a sub-study 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]. The appropriateness of using routine invasive imaging to screen for vulnerable plaques
as part of either primary or secondary prevention is the subject of debate. Moreover, this also
depends on the prevalence of vulnerable plaques, as well as how often and how rapidly they

develop spontaneously or either remain unstable or subsequently stabilized with time.
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The best outcome in diagnosis and treatment is for the patients and the clinicians to achieve the
best possible result after a coronary intervention. The failure of stent, as a result of either stent
thrombosis or in-stent restenosis (ISR), is mainly due to under-expanded stent [52, 94], and
inflow/outflow track disease (for example during dissections, significant plaque burden or edge
stenosis [95-97]. It has been noted that acute mal-apposition is not a cause usually [98]. To get the
best possible outcomes for patients, the stent needs to be adequately expanded to avoid stent failure
due to stent thrombosis or restenosis (blockade or severe narrowing of the vessel). It is of
paramount importance to understand that under-expansion refers to the size of the stent, whereas
mal apposition refers to the contact of the stent with the vessel wall. The 2 terms and concepts are
not interchangeable, and the term “under-deployment” is imprecise and unclear (see Figure 4.1B-

E).

Currently, there is good evidence from four meta-analyses of the randomized IVUS versus
angiographic-guided bare-metal stent implantation trials showing that IVUS guidance reduced
restenosis, repeat revascularization and major adverse cardiac events [99]. Similarly, the new
generation of Drug Eluting Stent trials have demonstrated the benefit of imaging. Four meta-
analyses of IVUS versus angiographic-guided DES studies, including the 3 randomized trials and
14 observational studies with 26,503 patients, found that IVUS guidance reduced stent thrombosis
[100]. It is also noteworthy that myocardial infarction (MI) can repeat revascularization and
mortality in patients and as such, IVUS guidance was associated with a larger post-procedure

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

The ADAPT-DES (Assessment of Dual Antiplatelet Therapy-With Drug Eluting Stents) study
suggested that IVUS guidance has a significant impact in improving the outcomes in M1 patients.
A large-scale data compilation from Spanish registries showed that IVUS guidance reduced
cardiac death, MI, and repeat revascularization in patients undergoing DES implantation for
unprotected LMCA disease. Moreover, the HORIZONS —M I trial had an IVUS sub-study that has

helped the Clinicians in understanding the mechanism(s) of stent thrombosis [101].
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It is particularly noteworthy that OCT has better resolution in comparison to IVVUs and it can help
in detecting a lot of procedural complications in patients and moreover, it can be used to improve
the procedural outcomes. A study comparing OCT versus angiographic-guided DES implantation,
with relative benefits, found similar results to those obtained in the 1VUS meta-analyses. The
findings suggest that it might not be the individual imaging technique per se that is beneficial, but
the increased information provided by either IVUS or OCT in comparison to angiography. OCT
has advantages of having superior resolution, enhanced imaging during flushing, ease of image
interpretation and the detection of dissections, tissue protrusion, and mal apposition not seen on
IVUS [83, 90, 102].

4.6. Role of intracoronary imaging in stent failures

It is well known that intracoronary imaging plays a crucial role in detecting the causes of stent
failures, like stent thrombosis and restenosis [103]. OCT can be considered as an imaging
technology of choice in cases of stent failure. OCT studies have shown that neo-atherosclerosis
occurs earlier after drug-eluting stents (DES) than bare-metal stents. In addition, neo-
atherosclerosis also occurs with greater frequency with many types of DES versus bare-metal
stents presenting as either the gradual re-narrowing of the stented coronary artery lesion due to
arterial damage with subsequent neointimal tissue proliferation or in-stent restenosis (ISR). In

some cases, neo-atherosclerosis can occur in very late stent thrombosis [81,82].

The role of physiology in determining 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 plaques [104]. The intracoronary imaging is a modality to optimize the outcomes
of stent procedure. One of the best utilities of physiology is to assess the flow in the side branch
of the artery after a bifurcation technique. This procedure helps in determining 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
the lumen can be compromised due to carina shift that is eccentric, focal, and not due to plagque
shift.
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4.7. Role of intracoronary imaging and physiology in complex diseases such as DM, and CKD

Diabetes mellitus (DM) and chronic kidney disease (CKD) are complex conditions that have a
high risk of associated cardiovascular complications, leading to significant impacts on the quality
of life of the patients and enormous healthcare costs for individuals and Health Care providers
worldwide [105, 106]. Patients with CKD and end-stage renal disease (ESRD) are at high risk of
early death due to the cardiovascular disease process [70]. Unfortunately, many of these patients
are denied treatment due to the complexity of the disease process [107]. When they are given
treatments, the procedural outcomes are less favorable [108]. However, there is growing evidence
that intracoronary imaging and physiology techniques can guide and optimize treatment,

improving outcomes for these patients [86,87].

Patients with CKD/ESRD have a higher morbidity and mortality rate compared to non-CKD
patients due to the complexity of the disease, systemic involvement, and multi-organ failures.
Diagnosing these patients promptly and accurately is challenging and as such, treatment decisions
are equally difficult [109]. There is ample evidence in the literature that cardiovascular morbidity
and mortality are very high in patients with CKD, and the disease process differs in ESRD
compared to non-ESRD patients. CAD progresses rapidly in ESRD patients due to various
inflammatory processes and associated endothelial dysfunction, making them more susceptible to
heart attacks. Managing these complex arterial diseases in patients is very complex and
challenging for the Clinicians as these plaques are more calcified and prone to complications [109].
Moreover, Physicians treating these complex patients must be aware of these plaque morphologies
and have the necessary skills to manage them [110]. Whenever Physicians treat these patients, they
should plan the procedure carefully, pay meticulous attention to the clinical status of the patients
and conduct a detailed angiographic assessment to improve success rates and reduce morbidity
and mortality [111, 112].

Advances in medical technologies have now 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 centers, in collaboration with
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expertise in managing patients with CKD/ESRD, can use intracoronary imaging and physiology
to improve outcomes. Intracoronary imaging and physiology technigues guide treatment decisions,
and physicians can determine the significance of the disease process and whether a lesion needs
treatment. Moreover, IVUS and OCT imaging techniques allow physicians to assess the plaque
pre-intervention and determine the appropriate treatment modality [113]. 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 outcomes for the patients. By
utilizing these techniques, Physicians can treat complex cases effectively and improve outcomes
for patients with CKD/ESRD [110].

4.8. Role of imaging and physiology in complex calcified lesions in DM and CKD

CKD is associated with complex atherosclerotic disease processes with heavily calcified coronary

artery plaques. The detailed morphological assessment of plaques is crucial for the treatment of
disease process effectively. Furthermore, intracoronary imaging with IVUS is an excellent clinical
tool in the detection of calcified lesions. This imaging technique is based on ultrasound waves (i.e.,
acoustic waves) produced by the oscillatory movement of a transducer. A calcified plaque appears
as a hyperdense and hyperechoic and it can be easily detected due to the density. The calcified
plaque looks brighter than the reference adventitia and this can be easily differentiated by the
clinician. Calcified lesions have another feature and as such, they can generate reverberations,
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. Dense fibrous tissue is also echo-dense and sometimes
even creates shadowing, but it does not create reverberations. IVUS is one of the most reliable
diagnostic clinical- 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 assessed [88,89].

Optical coherence tomography (OCT) imaging is a near-infrared light-based imaging technique.
The OCT appearance of calcium is a signal-poor region with a very sharply delineated edge and

low attenuation [110]. The calcified lesion can be differentiated by clear demarcations and as such,
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the clinician can even draw a line around the calcium. OCT-detected calcium is often confused
with lipid, although the signal-poor regions of lipid rich tissue or a necrotic core show diffuse
borders and there is substantial attenuation of the light [110]. Sometimes, it is difficult to
differentiate between calcium and thin cap fibroatheroma (TCFA) or macrophage. This often
happens due to light attenuation behind TCFA or macrophage when calcified plaque is located at

the lumen surface. Unlike IVUS, OCT can measure calcium thickness, area, and volume [89].

It is well established that angiography, on its own, is not sufficient to detect the calcified lesions.
Mintz et al, [56] reported that in a study involving 1,155 lesions, angiography detected calcium in
38% of stable lesions (n=440), while IVUS detected 73% (n=841) [3]. 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 reference, has been reported as 89—
90% and 97—-100%, respectively. CKD is associated with significantly increased calcification in
comparison to the non-CKD population. The procedural outcomes are dictated by the adequate
expansion of stent in these patients [108]. Hence, it is crucial that Physician treating these lesions

should not implant the stent until and unless the lesion is adequately prepared [114].

Intracoronary imaging is vital in these CKD patients with complex calcified lesions than other
plaque types, as poor lesion preparation in these cases will lead to stent under-expansion with
significant worse late clinical outcomes [115]. Pre-stenting 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 procedures including adequate lesion preparation and stent sizing [49].

Plaque modification with various adjunctive devices is crucial in these CKD patients. Although
there is no specific guideline for plague modification with atheroma-ablation, there is upcoming
evidence that provides practical guidance in the management of these patients. Fujino et al [93],
reported an OCT-based scoring system for patients with calcified lesion treated without
atherectomy device or scoring device to predict stent under-expansion. In their study, it was

observed that a calcium angle >180°, a maximum calcium thickness >0.5 mm, and a calcium length
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>5 mm were independent predictors for stent under-expansion. In the validation cohort patients
undergoing OCT-guided 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 under-expansion [93].

Intracoronary imaging can also help in detecting the calcium fracture that can be used as a
surrogate marker for better stent expansion. An OCT- guided imaging study demonstrated that
patients with a heavily calcified lesion, that have calcium fractures caused by balloon dilatation,
were associated with smaller residual percentage diameter stenosis (19 + 27% versus 38 + 38%,
p=0.030) and subsequent lower risk of ischemic-driven target lesion re-vascularization (7% versus
28%, p=0.046). The information obtained from these studies have demonstrated that OCT-derived
calcium parameters can guide optimal strategies for the preparation of the lesion [116, 117] .

Intracoronary imaging can help the Cardiac Physician to guide the decision- making process in
treating the eccentric or concentric complex calcified lesions. In general, eccentric calcified
plaques (<180°) can be expanded only by means of stretching the non-calcified part of the plaques
and/or creating dissection at the edge of calcified plaque, while modifications on calcified plaque
may not be observed. Consequently, eccentric calcium allows for adequate stent area, although
asymmetric expansion may be expected. This information obtained from intracoronary imaging

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

It is particularly noteworthy that, in concentric calcified lesions, high-pressure ballooning with
non-compliant 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 presence of
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 plaque and further lumen gain (see Figure 4.2 for the utility of intracoronary imaging in

guiding the treatment of calcified lesions [116-118]).

93



Coronary angiography

Identification of Lesion

IVUS or OCT

Assesment of calcification
legth, depth, arc of calcium

Plaque modification with

atherectomy devices or
lithotrips

IVUS or OCT to asses the results
and balloon dilatation

Stent implantation

Checking the outcome with OCT
and IVUS

Figure 4.2: A flow diagram (drawn by hand) showing the utility of intracoronary imaging in
guiding the treatment of calcified lesions (IVUS=Intravascular Ultrasound; OCT=Optical

Coherence Tomography).

Furthermore, the intracoronary imaging has shown that risks of stent under-expansion such as
calcium arc (>180°), thickness (>500 pm) and length (>5 mm) are increased and the Physicians
need to modify the plaque adequately by various techniques such as non-compliant balloon, high
pressure balloons like OPN balloon, and scoring devices. Once the lesion has been treated with
either balloon or atherectomy devices, imaging should be performed to look for the presence of
fracture and dissection and assess stent size and the success of lesion preparation [113]. 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
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imaging to guide PCI in patients with calcified lesions generally outweigh the risks, particularly
in high-risk patients who are more likely to experience complications without this guidance. In
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 calcified lesion, the patient's overall health status,
and the experience and expertise of the interventional cardiologist performing the procedure.
Ultimately, the goal of using intracoronary imaging during PCI is to improve patient outcomes and
reduce the risk of complications by providing more accurate and precise information to guide

treatment decisions [115].

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 is needed to clarify the relationship
between calcification and blood flow in the coronary arteries. As mentioned earlier, 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 to decreased elasticity of the coronary
artery with increasing calcification, which could impact blood flow [113]. 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 such as age, gender, comorbidities, and medication
use are needed to better understand the relationship between calcification and physiological
significance in coronary artery disease. Additionally, other non-invasive tests such as intravascular
ultrasound (IVVUS) 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 focused mainly 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 including intravascular ultrasound to treat complex diseases like venous
graft interventions without 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 the external elastic lamina vs. luminal diameter measurement as

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 mainly to three areas of
assessment management of patients with CAD. The focus is mainly on intracoronary imaging and
physiology, mineralocorticoid receptor antagonists and various strategies in infarct size reduction

and endothelial function. The 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 publication demonstrated 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) are considered at a high risk for revascularization. In
comparison to native coronary artery angiography, additional contrast is required to visualize the
bypass conduits, increasing the risk of contrast-induced nephropathy (CIN) and need for renal
replacement therapy. As a result, despite the need for revascularization, these patients were
frequently under-treated. The current study helped in the advancement in knowledge and
understanding in the field that intravascular ultrasound (I\VUS)-guided interventions can reduce
the amount of contrast and its associated risk of CIN. The study described a step-by-step “zero-

contrast” saphenous vein bypass graft (SVG) intervention using a modified technique.

As an expert in the field of intracoronary imaging and physiology, the candidate has highlighted
and addressed the various misconceptions about various mal-appositions and long -term

consequences on diagnosis and treatment of these conditions after stent implantations. The novelty
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and importance of this work highlighted that Cardiac Clinicians must consider that not all the mal
appositions are of clinical significance during treatment. As such, they should try to have stent

optimally expanded as much as possible and not to be concerned in every mal apposition.

The expertise of the candidate in the field has allowed him to write original review articles on the
utility of intracoronary imaging and physiology in cardiac catheterization laboratory focussing on
various techniques that could be used in the cardiac catheterization laboratory. The novelty and
clinical importance of these review articles. which were lacking at the time, helped the Cardiac
Clinicians to appreciate the utility and evidence behind adjunctive techniques of intracoronary
imaging, optical coherence tomography (OCT) and intravascular ultrasound (IVUS) and
physiological techniques like fractional flow reserve (FFR) and instantaneous wave-free ratio
(iFR). The present study has demonstrated the reason as to why angiography 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 limitation of being a two-dimensional X-Ray lumeno-gram of a
complex three-dimensional vascular structure. Visual assessment of angiogram can lead to both
inter- and intra-observer variability in the assessment of the severity and extent of the disease

leading to differences in management strategies.

The papers presented in this study have helped in understanding the utility of intracoronary
imaging in the difficult clinical scenarios. They have demonstrated and highlighted the 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 lumen. In clinical settings, whenever
there is suspicion of dissection on angiography, IVUS can be used to locate the false lumen and it
can help to 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 to other arterial trees.
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The candidate has been collaborating with other Clinical Cardiologists internationally for several
years on the novelty and originality in assessing the various plaque morphologies in CKD patients
using optical coherence tomography (OCT). The information regarding plaque morphology in
these CKD patients is of paramount importance as it can help to guide the decision- making process
of the Clinicians. If the patients have significant calcification in their coronary arteries, then the
Clinicians need to decide upfront about the plaque modification techniques and try to avoid
unnecessary balloon dilatations to either prevent or reduce such complications as coronary
perforations stent under expansions can be associated with higher morbidity and mortality.
Knowing plague morphology beforehand can be very cost-effective as it can avoid the use of
unnecessary equipment and moreover, minimize contrast use and hence, prevent long-term surgery

and associated complications.

In papers presented in this study, the candidate demonstrated 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 plaque modification 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 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 complications in these complex scenarios.

In addition, this study undertook the novel the head- to- head comparison of pressure wire vs micro
catheter for coronary fractional flow reserve. The clinical work of PERFORM study was a single-
center prospective investigation designed specifically to determine the precision and accuracy of
the percutaneous coronary intervention (PCI) compared with the pressure wire (PW) for
measurement of FFR. The knowledge, awareness and understanding about micro catheter-based
physiology is of great assistance to Cardiac Clinicians especially when they are measuring 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 also investigated, via the various publications, the various measurement techniques
for sizing the stent for coronary intervention and demonstrated that Optical coherence tomography
(OCT)-guided external elastic lamina (EEL)-based stent sizing is safe and as effective as
intravascular ultrasound in achieving post procedural lumen dimensions. Furthermore, EEL-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 new and novel results obtained from this
collaborative study are now guiding and leading Cardiac Clinicians to design further large- scale
trials of OCT- guided stenting to treat CAD.

In one published paper (MS 10), the candidate compared the utility of Nitro-glycerin-Derived
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 reserve (FFR) comparing nitroglycerin and adenosine, two vasodilators for
measuring coronary blood flow physiology. There were many patients, then and even today, who
did not normally tolerate the adenosine due to some side effects. As such, the results from this
interesting paper demonstrated that even intracoronary glyceryl trinitrate (GTN) can help in
guiding the decision- making process in cardiac catheterization laboratory. This is very cost-
effective and easy to administer in the laboratory, without any specific preparations. This technique
can be used more frequently and hence, it can help cardiac clinicians for more frequent use in

coronary blood 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 study in the field of mineralocorticoid receptors have
highlighted the role of mineralocorticoid receptor (MR) antagonists (MRAS) in the treatment of
patients with hypertension and heart failure. The results highlighted and established treatment
modalities for patients with hypertension, heart failure, and left ventricular systolic dysfunction

(LVSD) during post-myocardial infarction (MI). The study highlighted emerging data with
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reference to the potential benefits of MR antagonists in other cardiovascular conditions. The study
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 heart disease (VHD),
metabolic syndrome, renal disease, and stroke. MR antagonists are not licensed at least in the
United Kingdom for these conditions yet, but 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 publications has helped the Cardiac Clinician to guide the
patients in choosing the appropriate therapy for these long-term complex disease processes. The
data have compared spironolactone with eplerenone, and the results have supported
recommendations about best choice of medication to be considered cost-effectively for the
patients.

Moreover, the present study has reviewed the beneficial effects of eplerenone in the EPHESUS
trial which exists for both PCI- and non-PCl-treated AMI patients with LVSD. The results show
that eplerenone has minimal effect in reducing PCl-related adverse events in the PCl-treated
cohort. Furthermore, patients 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 more relevant than angiographic outcomes.

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

infarct size reduction and endothelial function.

The three papers on infarct size reduction and endothelial function are related to the various
mechanisms leading to damage to myocardium like ischemic cascade, microvascular obstruction
and no reflow. Post-infarct complications, including heart failure, ischemia, and others continue
to be a major contributor to cardiovascular morbidity and mortality for patients. Inadequate micro

-vascular reperfusion leads to worse clinical outcomes and potential strategies to reduce infarct
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size during periods of ischemia—reperfusion can improve outcomes. In 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 the importance 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 current work in this thesis, numerous agents have been demonstrated to
reduce infarct size in preclinical as well as clinical models. Rather than a “one size fits all”
approach, individualized tailored therapies may be required for patients with either selected
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 damage to myocardium 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 in 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 micro-vascular endothelial function as compared to older
standard issue blood. The paper (MS 16) 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 sixteen research papers about coronary artery
disease. Some are written review papers based on the findings in the literature while others are
based on original studies done in the hospital following the treatment of CAD patients using
several clinical cutting-edge techniques. The papers fall under such areas as intracoronary imaging
and physiology, hormones, fresh blood transfusions and various strategies for infarct size

reduction. Figure 4.3 is 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 summarizing the 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

The research articles presented in the thesis are the original work and research reviews undertaken
by the Candidate during his academic placements at Western University 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, methodologies, new and novel findings.
An area of 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.

The published papers presented in the thesis are his own work and have demonstrated his
contribution to various articles but still there are limitations regarding copyright or intellectual

property of various studies presented in this thesis.

The candidate and his Co-authors had limited access to primary data that were presented during

various studies, and this is a limitation to the depth and breadth of the presented research papers.

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

datasets, specialized equipment, or proprietary software.

The Candidate is a full-time clinician and doing academic work due to his enthusiasm and
commitment to the field of intracoronary imaging and physiology. He wants to continue an
academic pathway and his research desire is to design new clinical experiments, collect data, and
critically analyse the findings to continuously build on to his research skills and gaining a deeper

understanding of the subject area 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, well-designed 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 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. More studies are needed in these two areas.

4. 1tis 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 understand the underlying mechanisms and potential clinical
implications. Larger, well-designed 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 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 hyperglycemia-induced renal disease/failure.
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125



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 (CCC)

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

126



Interventional
trainees’ course
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 —clinical courses:

Agent for change,
Collaborating  for
quality

Research skills

&evidence-based

medicine
Evidence -based
medicine
Teaching and

Presentation  Skills

Kings Fund

London

Yorkshire

Deanery

Yorkshire
Deanery
Yorkshire

Deanery

1 day 10/11/2010
4 10/12/2009
days

1 day 08/12/2009
3days 14/11/2009

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 PCR -GIM 2017

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

(Invited Lecture)

TCT 2017, Denver
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Revascularization in End-Stage
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 patients - Birmingham Heartlands Hospital

Diagnosis and management

Phaeochromocytoma — Diagnosis & Chesterfield Royal Hospital
Management
Hyperthyroidism and Chesterfield Royal Hospital

Cardiovascular diseases

Invited speaker Faculty:

| am invited regularly on various conferences and meetings 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:

> | have a strong inclination towards research, as | believe it keeps one self-sharp 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.

» | 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 leading organisation in the field of cardiovascular research.
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» | was an investigator and collaborator of various studies at Columbia University Medical
Centre.

» ORACLE (Comparison of Orbital versus Rotational Atherectomy Effects on Coronary
Microcirculation in Percutaneous Coronary Intervention) (Protocol-noAAAQ9267).

» OCT-IVUS-Dual-Imaging study (Protocol- noAAAQ8295).

» SIEMENS-FFR study (Protocol-noAAAQ6857).

» PERFORM (Pressure Wire compared to microcatheter-based sensing technology for the
evaluation of Coronary fractional flow reserve Measurements) (Protocol- noAAAQ1712).

» ACIST FFR (Protocol-noAAAQ2057).

> Patients with Chronic kidney disease and CTO, feasibility, safety, and outcome study.

» During my fellowship at London Health Sciences Centre, | build on to my research strengths
and worked on “The effect of fresh versus old blood transfusion on endothelial Function”.

> | have been involved in collaborative work with academic centres from Turin and Edinburg
on the project of Frailty Assessment as a prognostic Tool in Elderly Acute Coronary Syndrome
patients to Identify those approaching end-of-life: FATE-ACS study. This is a multicentre study,
and | was lead from Sheffield Teaching Hospital and involved in the collection, compilation, and
analysis of data. This experience was extremely useful in developing an understanding for the need
of collaboration across the world to produce internationally competitive research.

» Worked in collaboration with world leading experts Bertram Pitt and Faiez Zannad about
Mineralocorticoid Antagonism (MRA).

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

» Working at academic Sheffield Teaching Hospital involved in the recruitment of Project
"Impact of Percutaneous Coronary Intervention on Testosterone Levels in Men with Chronic
Stable Angina.” STH Project Reference Number: STH 14219. Involved in various other research
projects leading to peer-reviewed publications.

» To further enhance my skills, I have attended “Research skills &evidence-based medicine”

course with Yorkshire deanery. Research skills Course, Code RES57- Nov 2009. Evidence- based
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medicine 8" December 2009. Research in Cardiology: Why, When Where and How. 27" April
2012. Organised by BCIS Research & Development Committee.

Publications:

» 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 Igbal, Gregg W. Stone Ms. Cardiovasc Revas Med. 2018 Jun
2. pii: S1553-8389(18)30243-4. doi: 10.1016/j.carrev.2018.05.021.

» Pressure Wire Compared to Microcatheter Sensing for Coronary Fractional Flow Reserve: The
PERFORM Study.Ali 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.

Euro Intervention. 2018 May 15. pii: E1J-D-18-00064. doi: 10.4244/E1J-D-18-00064.

» 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, MD2; Akiko Maehara, MD, Ori Ben-Yehuda, MD, Gary S. Mintz, MD, Ziad A.
Ali, MD, DPhil. JINVASIVE CARDIOL 2017;29(11): E163-E165.

» 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 DPhil. Br
Med Bull. 2018 Mar 1;125(1):79-90. doi: 10.1093/bmb/ldx049.

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

» Using sound advice—intravascular ultrasound as a diagnostic tool. Parviz Y, Fall KN, Ali ZA
J Thorac Dis 2016. doi: 10.21037/jtd.2016.10.64
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» 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 Abu-Romeh BSc, lan Chin-Yee, Shahar Lavi MD. Am Heart J. 2016 Aug: doi:
10.1016/j.ahj.2016.05.021

» Nitroglycerin-Derived Pd/Pa for the Assessment of Intermediate Coronary Lesions. Zeev
Israeli, MD; Rodrigo Bagur ; Bogdan-Dorian Murariu, Sabrina Wall, Mistre Alemayehu, Yasir
Parviz, , Pantelis Diamantouros, Shahar Lavi, J INVASIVE CARDIOL 2017 August 15

» Comparison of P2Y12 inhibitors for mortality and stent thrombosis in patients with acute
coronary syndromes: single centre study of 10,793 consecutive ‘real-world’ patients. Rebecca
Gosling, Momina Yazdani, Yasir Parviz, lan R Hall, Ever D Grech, Julian P Gunn, Robert F
Storey, Javaid Igbal. CPLA-2016-0433.R1 Jan 2017 Platelets.

» Coronary Plaque Characteristics in Haemodialysis-Dependent Patients as Assessed by Optical
Coherence Tomography American Journal of Cardiology. Chee Yang Chin; Mitsuaki Matsumura;
Akiko Maehara, M.D.; Wenbin Zhang; Cheolmin T Lee; Myong Hwa Yamamoto; Lei Song; Yasir
Parviz; Nishan Jhalani; Sumit Mohan; Lloyd E Ratner; David J Cohen; Ori Ben-Yehuda; Gregg
W Stone; Richard A  Shlofmitz; Tsunekazu Kakuta; Gary S Mintz; DOL:
ttp://dx.doi.org/10.1016/j.amjcard.2017.01.022

» Emergency intervention in a case of an anomalous origin of the right coronary artery from the
left anterior descending artery. Parviz Y, Rowe R, Rinze R. Am J Emerg Med. 2017 Jan 16. pii:
S0735-6757(17)30017-7. doi: 10.1016/j.ajem.2017.01.017.

» Revascularization with percutaneous coronary intervention does not affect androgen status in
males with chronic stable angina pectoris. Gosai JN, Charalampidis P, Nikolaidou T, Parviz Y,
Morris PD, Channer KS, Jones TH, Grech ED. Andrology. 2016 Mar 29. doi: 10.1111/andr.12189.
» 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
» Randomized Trial of Compression Duration Post Trans-Radial Cardiac Catheterization and
Intervention. SHAHAR LAVI, ASIM N. CHEEMA, Andrew Yadegari, Zeev lIsraeli, Yaniv Levi,
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Sabrina Wall, Mistre Alemayehu, Yasir Parviz, Bogdan-Dorian Murariu, Terry McPherson,
Jaffer Syed, RODRIGO H. BAGUR DOI:10.1161/JAHA.116.005029

> Radiotherapy-induced Cardiac Implantable Electronic Device Dysfunction in Patients with
Cancer.Rodrigo Bagur, MD, PhD. Mathilde Chamula, MD, Emilie Brouillard, MD, Caroline
Lavoie, MD, Luis Nombela-Franco, MD, PhD, Anne-Sophie Julien, MSc, Louis Archambault,
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

» Emerging Cardiovascular Indications of Mineralocorticoid Receptors Antagonists. Yasir
Parviz, Javaid Igbal, Bertram Pitt, Sonal Mehra, David Adlam, Abdallah Al-Mohammad, Faiez
Zannad DOI: http://dx.doi.org/10.1016/j.tem.2015.01.007

» Selection of a mineral corticoid receptor antagonist for patients with hypertension or heart
failure. Igbal J, Parviz Y, Pitt B, Newell-Price J, Al-Mohammad A, Zannad F. Eur J Heart Fail.
2014 Feb; 16(2):143-50. Doi: 10.1111/ejhf.31. Epub 2013 Dec 14

» Effect of eplerenone in PCI -treated post-myocardial infarction patients with left ventricular
systolic dysfunction: a sub-analysis of the EPHESUS trial, Javaid Igbal, Renaud Fay, David Adlam,
lain Squire, Yasir Parviz, Julian Gunn, Bertram Pitt, Faiez Zannad Eur J Heart Fail. 2014 Jun;
16(6):685-91. Doi: 10.1002/ejhf.88. Epub 2014 Apr 4

» Calculating the overall risk of within-stent restenosis after multilesion percutaneous coronary
intervention. Yasir Parviz, Hannah Gul, Simon Smith, Ever D. Grech. Postep Kardiol Inter 2013,
9, 2 (32): 170-171. (Advances in Interventional Cardiology)

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

» Giant saphenous vein graft aneurysm presenting as stridor. Yasir Parviz; William Parker;
Peter Brown; John N. West European Heart Journal - Cardiovascular Imaging 2013; doi:
10.1093/ehjci/jet253

134
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» Audit of cardiac catheterisation in a district general hospital: implications for training and
patient safety. Y Parviz, A Rothman, C J Cooke. Volume 21 Issue 3 July—September 2014 the
British Journal of Cardiology, Br J Cardiol 2014.

» Impact of frailty on outcomes after percutaneous coronary intervention: a prospective cohort
study.Rachel Murali-Krishnan, Javaid Igbal, Rebecca Rowe, Emer Hatem, Yasir Parviz, James
Richardson, Ayyaz Sultan and Julian Gunn Open Heart 2015;2: doi:10.1136/openhrt-2015-
000294

» "A 16-year-old boy with chest pain" Walker AM, Parviz Y, Heppenstall J, Best J, Grech
ED.BMJ. 2014 Oct 15; 349: g6172. doi: 10.1136/bmj. g6172

> Prospective assessment of a palliative care tool to predict one-year mortality in patients with
acute coronary syndrome. Moretti C, Igbal J, Murray S, Bertaina M, Parviz Y, Fenning S, Quadri
G, Gunn J, D'Ascenzo F, Marra S, Moiraghi C, Riccardini F, Veglio F, Gaita F, Denvir M. Eur
Heart J Acute Cardiovasc Care. 2016 Feb 15. pii: 048872616633841

> “A case of chest pain, abnormal Electrocardiogram and Skin lesions” Y Parviz, NH Shah -
JMC803W, J Med Cases * 2012; 3(6):358-360 Journal of Medical Cases, 2012 - journalmc.org

» “Left Atrial Myxoma with Concurrent Saddle Pulmonary Embolism and Duke’s B
Adenocarcinoma” Mehra, Sonal; Parviz, Yasir; Al-Mohammad, Abdallah IMC1243W,

» Incidence and predictors of stent thrombosis: a single Centre study of 5,833 consecutive
patients undergoing coronary artery stenting. Euro intervention. Igbal J, Sumaya W, Tatman
V, Parviz Y, Morton A, Grech E, Campbell S, R, Gunn Euro Intervention. 2013 May 20;9(1):62-
9. doi: 10.4244/E1JV911A10

» Acute coronary syndrome and anaesthesia/ AAGBI core topics in anaesthesia, book chapter.
ISBN. 9781118777442, Y Parviz, R Orme, T Chico.

~  Left ventricular free wall rupture complicating acute STEMI. Fent, Grech E, Parviz Y, Briffa
N. Acute Card Care. 2016 Mar 16:1

*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 MD, Ori Ben-Yehuda MD, Gary S. Mintz MD, Ziad A. Ali, MD DPhil. Journal

of invasive cardiology. Accepted manuscript, Aug 2017.
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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,
Sung Sik Kim, MD, Kohei Koyama, MD, PhD, Kisaki Amemiya, MD, Song-Yi Kim, 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, Richard A.
Shlofmitz, MD, Ziad A. Ali, MD, DPhil. JACC Cardiovasc Interv. 2017, (in press).

» Pressure Wire Compared to Microcatheter-Based Sensing Technology for the Evaluation of
Coronary Fractional Flow Reserve Measurements. Ziad 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 W. Moses, 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 Ben-Yehuda, MD, Gregg W. Stone, MD,
Martin B. Leon, MD, Akiko Maehara, MD, Allen Jeremias, MD, MSc, Ajay J. Kirtane, MD, SM.
JACC Cardiovasc Interv. 2017, (in press).

» Cephalic Vein Access - A Feasible, Safe and Effective Method for Device Implantation.
Khan HR, Shah N, Parviz Y.J Ayub Med Coll Abbottabad. 2017 Jul-Sep;29(3):514-515.

> Role Of Intra Coronary Imaging and Physiology In Diagnosis And Management of Coronary
Artery Disease. Yasir Parviz, Kokab Awan, Sethumadhavan Vijayan, Ayyaz Sultan, Javaid Igbal.
April 2017 J Ayub Med Coll Abbottabad 2017;29(3):

Abstracts:

> Feasibility, safety, and outcomes of chronic total occlusion revascularization in end-stage renal
disease. Yasir 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 Ben-Yehuda MD, Gregg W. Stone MD, Martin B. Leon MD, Mark
A Hardy MD, Sumit Mohan MD, Jai Radhikrishnan MD, David J Cohen MD, Lloyd E Ratner
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MD MPH, Emmanouil S Brilakis MD, Jeffrey W. Moses MD Dimitri Karmpaliotis MD PhD, Ziad
A. Ali MD DPhil

» External elastic lamina vs luminal diameter for determination of stent diameter by optical
coherence tomography. Yasir 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 Ben-Yehuda, Gregg W Stone, Richard A Shlofmitz, Ziad A Ali

» Derivation and Validation of a Luminal Diameter Correction Factor for Determination of Stent
Sizing by Optical Coherence Tomography: An ILUMIEN Il sub-study. 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, Melek Ozgu Ozan MS, Gary S. Mintz MD, Ori Ben-Yehuda MD, Charles
Simonton MD, Gregg W. Stone MD, Ziad A. Ali MD for the ILUMIEN Il1I: OPTIMIZE PCI
Investigators

» 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, Yasir 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
Ben-Yehuda MD, Gregg W. Stone MD, Martin B. Leon MD, Russell J. Crew MD, 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

> Incidence and predictors of stent thrombosis: a single Centre study of 5,833 consecutive
patients undergoing coronary artery stenting. Abstract EUROPCR 2013 Javaid Igbal, Wael
Sumaya, Victoria Tatman Yasir Parviz, Allison C Morton, Stephen Campbell, Robert F Storey,

Julian Gunn
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> Frailty assessment as a prognostic tool in elderly acute coronary syndrome patients to identify
those approaching end —of —life: results from prospective multicentre FATE —ACS study. Eur
Heart J (2013) 34 (supple 1): doi:10.1093/eurheartj/eht309.P3083

C.Moretti, S Fenning Y. Parviz, J. Gunn, F. D Ascenzo, F. Giusto, F Gaital, J Igbal,

» Lower mortality and stent thrombosis rates associated with introduction of potent P2Y 1,
inhibitors in patients with acute coronary syndromes. Javaid Igbal*, Rebecca Rowe*, Yao-Jun
Zhang, Yasir Parviz, Ever D Grech, Julian Gunn, Robert F Storey. Abstract AHA 2014

» “Initial HIV diagnosis and management, does site influence partner notification”?

Presented at the annual scientific BAASH meeting —May 2006.Published in Journal of STD
&AIDS Yasir Parviz

» Radiotherapy-induced Cardiac Implantable Electronic Device Disorders In Cancer Patients.
Abstracts 14945 AHA 2015M. Chamula: C.Lavoie: E.Brouillard:.S.Lavi . L. Nombela-Franco
- Alulien: L. Archambault: N. arfalvy: F. Turcotte-Gosselin: F. eaupré: S.X. Joncas: .V.
Gaudreault: Y. Parviz: P.J. Teefy: R. Bagur

» The effect of fresh versus old blood transfusion on endothelial Function” abstract

ESC 2015. Y. Parviz, Doi. http://dx.doi.org/10.1016/j.cjca.2015.07.491.

» Revascularisation with Percutaneous coronary artery intervention does not effect androgen
status in males with chronic stable angina pectoris, abstract CCC Oct2015 Toronto Canada J.
Gosai, Parviz, Y. P., Chlarampidis, T. Nikolaidou, P. Morris, E .Grech,
http://dx.doi.org/10.1016/j.cjca.2015.07.019

» Impact of Frailty on Length of Hospital Stay after Percutaneous Coronary Intervention. Murali-
Krishnan R, Igbal J, Rowe R, Parviz Y, Sultan A, Gunn J Heart. 2014 Jun; 100(Supple 3):A45.
Doi: 10.1136/heartjnl-2014-306118.77.

» Non sustained rise of serum testosterone with PCI. Abstract for ACC 2013

» Non-invasive estimation of left ventricular filling pressure with MRI: preliminary experience
Swift AJ, Parviz Y, Rothman A, Capener D and Al-Mohammad A. Abstract. Euro CMR 2016

» A prospective, randomized trial of short vs long radial arterial clamp duration following
cardiac catheterization. Postcath Radial Arterial Clamp Time In the CAth Lab
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(PRACTICAL)Shahar Lavi, Andrew Yadegari, Asim Cheema, Rodrigo Bagur, Nour Aburomeh,
Yaniv Levi, Yasir Parviz, Zeev lsraeli, Kokab Awan, Mistre Alemayehu, Dorian Murariu,
Sabrina Wall, Terry McPherson, Jaffer Syed. Circulation. 2016;134: A14370

Y V VYV V

Audits:

Audit of Diagnostic Cardiac Catheterization in a District General Hospital: Implications for
Training and Patient Safety.

An audit of clopidogrel prescribing according to guidelines.

An audit of morbidity and mortality in tertiary cardiology centre.
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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., 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 Journal of Invasive Cardiology, 29: E163-E165, (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; 0- heartjnl-2015-307888v1) (Impact 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 coherence tomography.
British Medical Bulletin, 125(1):79-90. (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 advice—intravascular ultrasound
as a diagnostic tool. Journal of Thoracic Diseases. 8(10): E1395-E1397. (doi:
10.21037/jtd.2016.10.64. 10.21037/jtd.2016.10.64, (Impact Factor: 2.365 and 3 citations).

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., Ben-Yehuda, O., Stone, G., Shlofmitz, R.,
Kakuta, T., Mintz, G., and Ali, Z. (2017). Coronary Plaque Characteristics in Haemodialysis-

Dependent Patients as Assessed by Optical Coherence Tomography. The American Journal of
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Cardiology. American Journal of Cardiology,119(9): 1313-1319. (doi:
10.1016/j.amjcard.2017.01.022. Epub 2017 Feb 9. (Impact 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: 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, J.W., Ochiai, M., Shlofmitz, R.A., and Ali Z.A. (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/}.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., Maehara, 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 Euro-PCR 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., 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 tomography: an ILUMIEN Il sub-study. European Heart Journal of Cardiovascular
Imaging. 22(7):753-759. doi: 10.1093/ehjci/jeaa276 (Impact Factor: 6.875 and no citation).
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10. Israeli, Z., Bagur, R., Murariu, D., Wall, S., Alemayehu, M., Parviz, Y., Diamantouros, P.,
and Lavi, Shahar. (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).

B. MR antagonism and cardiovascular diseases (3 Papers)

11. Igbal, J., Parviz, Y., Pitt B, Newell-Price, J., Al-Mohammad, A., and Zannad, F. (2014). Selection
of a mineralocorticoid receptor antagonist for patients with hypertension or heart failure.
European Journal of Heart Failure, 16(2):143-150. (doi: 10.1111/ejhf.31. PMID: 24464876),
(Impact Factor of 15.534 and 52 citations).

12. Igbal, J., Fay, R., Adlam, D., Squire, I., Parviz, Y., Gunn, J., Pitt, B., and Zannad, F. (2014).
Effect of eplerenone in percutaneous coronary intervention-treated post-myocardial infarction
patients with left ventricular systolic dysfunction: A sub-analysis of the EPHESUS trial. European
Journal of Heart Failure, 16: 685-691, (16.10.1002/ejhf.88. (Impact Factor 15.534 and 24

citations).

13. Parviz, Y., Igbal, J., Pitt, B., Adlam, D., Al-Mohammad, A., and Zannad, F. (2015). Emerging
cardiovascular indications of mineralocorticoid receptor antagonists. Trends in Endocrinology and
Metabolism, April 2015, Vol. 26 (4):201-211 (26.10.1016/j.tem.2015.01.007), (Impact 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): 374-383. (doi: 10.1016/j.carrev.2017.02.004.
(18.10.1016/j.carrev.2017.02.004), (Impact Factor: 1.168 and 15 citations).
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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):351-364. (doi:
10.1016/j.carrev.2018.05.021. Epub, (Impact Factor: 1.168 and 32 citation).

16. Parviz, Y., Hsia, C., Alemayehu, M., Wall, S., Bagur, R., Abu-Romeh, N., Chin-Yee, 1., and
Lavi, S. (2016). The effect of fresh versus standard blood transfusion on microvascular endothelial
function. American Heart Journa,181:156-161. (10.1016/j.ahj.2016.05.021. (Impact Factor 4.749
and 1,315 citations).
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(A). First ten publications on intracoronary imaging and physiology

A) Intracoronary Imaging and Physiology
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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-
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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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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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Title of E-letter: Intra coronary imaging to detect mal-apposition: Are We

Seeing Too Much!

E-letter 1D: heartjnl_¢l; 19674

Authors Name: Yasir

Parviz and Dr Sadia Hanif

Institution: Columbia University Medical Center

Occupation: Doctor

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
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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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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

© Journal of Thoracic Disease. All rights reserved.

(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

O Jowrml of Thorace Disease. All rights reserved.
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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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assessing borderling lesions (e diameter stenosis of
A0-70%), complex left main stem® 7 and bifurcation
discase®.

Inn this article, we provide a brief overview
of how the decision-making process has evolved
from simple ‘eye-balling” of ¢coronary angiogram fo
ome that empleys infra-coronary imaging technigues
and  coronary  physiology  assessment.  These
modalities which were predominanily research oals
in the past, are now used on daily basis to help make
decisions in critical clinical scenaries. [n addition 1o
the modalities mentioned in this paper. several other
are in development or in climical vse eg Mear-
Infrared Spectroscopy  (NIRS), Index of micro-
circulatory resistance, (IMR) and are bevond the
scope of this paper,

Visual ANREEE IR hased ] Coronary
Angiography (CA):

X-ray angiography is widely available and relatively
cheap and easy to perform. It hos good spatinl and
temporal resolution and remaing the gold standard for
diagnosing CAD. Traditionally, the CAD severity is
assessed by visual estimates that are based upon
multiple vicws of a corenary arery obtained during
an angiogram. Several siudies have shown that there
is 8 significant difference in visual estimation of a
particular lesion when reported by a physician w
different time ntervals, or in comparison with other
colleagues ™ Despite the  potential  harmful
implications of visual estmation techmiques, it still
remains the most commaonly vsed form of lesion
evaluations and is sull widely Flr.u.:l!l.pcd."' ."l.Ilhnugh in
the muajority of cases. it provides diagmostic
informatien, it iz not very good at  assessing
physiological significamce of intermediate lesions.
Further, X-ray angiography provides  limited
information abowt microvascular status, There are
many factors  that  independently  contribute o
decreased Blood flow across a stenosed area {eg,
dipsiolic pressure fime, microvascular resistance and
cifective luminal arca." Visual assessment of the CA
does not provade this information that 15 critical to
making the decision for patients” care.  The
interventional community has been well aware of
these limitations of CA  and many  adjunetive
musdalities, a5 mentioned  earlier, have been
developed to owercome  these shorcomings  of
angiography.

Cruantitative Coronary Anglography ((pCA):

The climical importance of a coronary marrowing is
d:pl:m.le:nl upan the dl:gTﬂ.‘ of marmowing, shape,
length, eccenfricity, mnumber of side branches
nvolved and the presence of subsequent stenosis in a
given artery'"'*, Therefore, when coronary luminal
effective arca is reduced and an aftempt is made 1o

estirsate  the coronary area by simple  visual
estimation, there i= inherent tendency to make
mistakes and these limitations were realized in the
very early dayvs of coronary angiography and as such
attempls al improving this assesement were made.
QCA technique is probably the carlicst technigue to
angiographically quantify the degree of stenosis.
QCA was done for the first time by Brown and his
companions and they were able to manually trace the
arterial tree. " Then comguter programming was used
te digitally construct o 3-I¥ representation of the
arterial segment and calculate not only the degree of
stenosis but alse obtain physiological data, The QU A
measurements have shown good correlation with
visual  estimates from cine—film and  with
haemodynamic significance a8 depicted by wvarious
tesl for assessment of ischemia. ™

Although this technique is a well-validaved
toal  for  accurately and  reproducibly  defining
coronary lesion severity, it requires additional tirme
and effort, Furthermore, since QUA madirectly defines
the anatomy of the wascular wall through inference
about the lumen, it may ned accurately report the
variable and diffuse nature of the atherosclerotic
lesion, a finding confirmwed by post-mortem studies
as well as by IVUS imaging technigues.!*'?
Furthermore, QA has methadological limitations in
assessing  bifurcation lesioms.'®  Fimally, several
stisdies have shown that endovascular techmiques
such as IVUS, OCT amnd angioscopy are betber a
delineating vascular features that sccompany unstable
ischemic syndromes alongside plaque morphology '

In our opinon estimation of  coronary
stenosis based on QCA s a simple and low-cost tool
with eagy learning and should be used routinely,
particularly in health care settings where other
imaging amnd physiology based assesamenis  are
difficult to access and implement.

Intra-vascular Ultra-Senography (IVLIS):

Intra vascular ultrasound (IVLIS) was first introduced
by a Japaness group to study intra-cardiac structures
in the 1960z It is now widely uvsed as an
intravascular imaging mosdality 10 visualise coronary
anatomy from the inside of a coronary artery and has
excellent penetration power 1o better delineate and
highlight a discased segmeni. It as the ability o
provide 3607 detailed mformation about an artery
with real-time images. This technique yields unigue
point-of-view  pictures, generated in oreal  time,
providing information that = far superior 10 simple
angiography or QCA® IVUS can help in the detailed
asgessment  of  lumsen, veswel  size,  extent  amd
chistribation of plaque, The information obtained by
IWUE can help the cardiologisi to understand the
detdailed anatormy of the lesion. Advanced techniques
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employing spectral analysis of ultrasound has
cnabled the development of Virtual histology
intravascular ultrasound (VH-IVUS), which can
provide further tissue characterization of plagues,

The utility of IVUS is more evident in the
treatment of complex coronary lesions, particularly
interventions performed on the LMS.%7 [IVUS can be
uscful in the diagnosis of dissections spontancous or
istrogenic.™ The efficacy and usefulness of IVUS has
been validated in several studies.’** The potential
utility of IVUS has been recognized by varous
cardiac socictics and recommended in decision-
making process in the cardiac cathetenzation
laboratory. The use of IVUS has been particularly
encouraged in the assessment of intermediate lesions,
guiding stent implantation, and for understanding the
mechanisms of stent failure. (Table-1)

IVUS as a modality has been  uscful
particularly in the assessment of cardiac transplant
patients. *** Some institutions have used this
modality 1o develop a “Zero contrast PCI program” to
treat patients at high nsk of developing contrast-

J Ayub Med Coll Abbottabad 2017;29(3)

induced nephropathy.®” IVUS is also a useful 1ol in
the setting of acute emergencies and can help
diagnose acute aortic and coronary dissections, ™
IVUS 15 an excellent modality to optimize the results
for various stent based techniques and has shown to
mmprove outcomes compared with angiography-based
treatment 34

The concems related to cost of this modality
have been addressed and it has been demonstrated
that although it is associated with higher initial cost,
the IVUS guided procedures are more cost effective
incomparision to angiography based decisions.?* We
would highly recommend IVUS particularly for
asscssment of LMS, and large calibre coronary
arteries due to excellent penetration power, IVUS isa
preferable infracoronary imaging modality in patients
with renal discase as it requires no additional
contrast. TVUS should be used for optimizing the
stents to get the best possible results for patients to
minimize the chances of stemt failure. This will be
cost saving for @ system with minimal health care
resources.

Table-1: Current guidelines recommendations for use of FFR/IVUS /OCT

Modality ACC/AHASCAI gwidelines (2011) ESC guidelines (2014)
1.  Recommended to use in mtermediate lessoms (Level
FIR Recommended to use m imtermediate Jesions (Level of of evidence FA)and
Evidemce A) 2. 10 help decide PCI in nwaltivessel discase (Level of
evidence 2A)
1. Assesssent of keft main stem discase (Lovel  of
Evidence B)
2. Assessment of moderate coroaary anery lesions (Level
of Evidence B) 1. A und of LMS (level of
vUs 5. To guide Y sent impl especially (Level evidesce 2A) and
of Evidence B) 2. To eptimise stent § {Level of evidence
4 Und ding e hanists of stent failure (Level of 2A)
Evidence C}
5. Feor of cardisc plant 7 (Level of
Evidence B)
The routine us¢ of opli h is oot
established yet Can be used 1o end d the mech of szent failure
ocT {NB Guidelines are from 201172014 and there has been | and also to opeimise the stent results [Level of evidence
good literature supporting these modalities in recent years | 2B)
and we expect an update in coming years. |

Optical Coherence Tomography (OCT):

Optical coherence tomography (OCT) is another
technique to image the coronary artery. OCT
evolved from the pioneering work done by Tanno
and Fujimoto during the 1990s.* It uscs light®',
and has the advantage of the higher axial
resolution of 10-15 pm, compared to 150-200 um
for IVUS_*¥ OCT clearly delineates the three layers
of an arterial wall. The excellent resolution of
OCT gives dctailed information about tissuc
characteristics and plague morphology.
Information after the implantation of stents hke
stent apposition, intraluminal thrombi (red and
white), dissection, tissue prolapse, can be studied
by OCT.”® OCT has the ability to identify

vulnerable plaques and can potentially help treat
them even before an event occurs.*® Morcover,
OCT can precisely measure the length and vessel
diameter during the PCI that is useful in optimising
the size of balloons and stents. OCT, with its
superior resolution compared to IVUS, can also
help identify the angle and location of the
dissection flap more accurately.tissue prolapse,
stent edge dissection, and stent malapposition.*®
OCT is particularly useful in understanding the
potential mechanism of stent failure. Current OCT
techniques require the replacement of the blood in
the vessel with a contrast agent and this causes
limitation of technology, when assessing vessels of
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large diameter or lesions at ostia of coronary
arferics.

The safery of OCT technology has been well
documented in large-scale clinical trnls'; However,
roufine clinical uwse of OCT sill requires further
clinical tnals to wvalidete the technology, establish
standard protecols and 1o test its safety and efficacy
in improving clinical outcomes.”? Cost remains an
impaartant dactor i the world-wide uptake of this
technology.

We would suggest wsing OCT in cases
where the mechanism of acute coronary syndrome
presentation 13 not clear and this technology can help
in the guantification of plague morphology, and
tissue characterization. OCT 15 an extremely useful
tool when an operator is mod  sure aboul  post
procedure dissection, thrombus, stent expansion and
apposition. Whenever there is a case of stent failure
OCT should be used to understand the mechanism of
restenesis and stent thrombosis.

Fractional Flow Reserve (FFR):

Intra-coronary  imaging oadalities like TVIS and
OCT provide a detatled anatomical asseszment of
coronary lesions, but give limited information about
the functional severity of these lesions. Fractional
flow reserve (FFR) measurement goes one siep
further in determining the lesion severity as it
caleulates the ratio berween the maximum achievable
blaod flow in the stenosed sepgment of the artery and
the thearetical maximum flow in a normal segment of
the same artery.” FFR can be measured by using a
copgnary  puidewire of a  microcathoter  {MOC)
equipped with a pressure sensor that first measures
the pressure distal to the stenotic segment of the
artery amsd then measures the aortic pressure under
conditions of maximum myecardial hyperacmia. In
_u;l:n:emL if this FFR ratio i:s ||':|WE'|' that “.SI:I_ :ITH,. 'II1|,:|'|
it is generally considered to be associated with
myvocardial ischemia. The concept of measuring the
blood flow across a stenotic lesion 13 as old as
coranary angioplasty  itself. FFR  techmique has
further been wvalidated and evaluzted 1w reduce
mortality and morkidity associated with the treatment
of intermediate coronary besions,**** The FAME and
FAME Il studics have examined the role of FFR in
lh: ASSCESMER] af mul[i-\-‘exwl C.";EI., u:1|;| ||1|:n-.- |.;:
strong evidence now that a revascularization sitategy
uging FFR wiclds much better clinical ouicomses in
patients with stable angma and mulb-vessel CALD
compared to optimal medical treatment alope M4
Current, AHAESC guidelines have encournged the
use of this technology to further assess angiographic
imtermcdiate coronary  lesions (50%-70%  diameter
stenosis) and its use can be beneficial when moking
revascularization decisions in patients with stable
ischemic heart disease

J Ayub Med Coll Abbottabad 2017;293)
SEEE e e e =]

Despite  the clinical utility and cosi-
cffectivencss of FFR as a medality, 1t is surprising to
nate that uptake of FFR is still low with enly 6-10%
of patients in the United States receiving physiologic
FFR assessmeni prior io percutaneous coronary
mtervention (PCT)

Comtrary to the perception thal physiology
based intcrvention  increases  the oost of  the
procedurs, there 15 evidence that physiclogy based
imterventions actually can reduce the cost to half over
u period of one-year due to minimising the cost of
medications and inappropriate stenting.™ This can be
of particular benefit in a country like Pakistan, where
paticnts and public are struggling to meet the health
care costs associated with stent-related procedures.

We would recommend as per guidelines that
whenewver there is a moderate lesion with stenosis of
(40-70%), FFR should be used to make the decision
ahaut PCI,

Summary:

Musdern  X-roy  equipment i the catheterisation
laboratory provides diagnostic corenary angiograms
of ecxcellent guality and resolution. However, a
decision based on a simple wisual assessment of
angiogram can lead to erroncous and sometimes
devastating consequences, Thus, an operztor must
utilise the adjunctive technigues and tools available at
hisler disposal to make an informed and well-
planned freatment choice, The use of these adjunct
1:1.'|"||‘|'|1..|.|Ex like QCA, IVLUS, OCT and FFR TeC e
the operator to be well troined in their wse. Other
liriting factors that must be overcome, especially in
developmg countnies, include mitial cost, procedure
duration, education and training. However, the first
siep o this joumey s for  the interventional
community to  recognise  the  lirmitations of
angiography,

CASE-1

A coronary angiegraphy of rght coronary  arlery
(RCA) demonstrating a lesion in distal RCA. The
severity of lesion i assessed differently in different
views. The lesien appears significant in (LAC 17.70-
Caundal 25300 (Figure-1A) and non-significant in
(L T-Cramial 23300 (Fipure-1B). To assess the
functional severity of this lesion an FFR  was
performed and it demonstrated a fonctionally mon-
significant (FFR=0.90) lesion, (Figure-1C, Figure-1
). Based on this mformation patient was treated
with medical therapy and avolded unnecessary
stetiting of the coromary arery. The caze highlights
the limitwtons of visual estimation of CAD I a
single angiographic view and use of FFR 1o help
guide the treatment strategy,
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igure-l: Dlnrepan in giograplly and
physiology measurements.

CASE-2

Angiographic and IVUS measurement discrepancy 1s
highlighted in the following case. Angiogram panel
(A) shows a lesion in LMCA but IVUS (Al)
demonstrated that lesion is non-significant with an
MLA of 8.6 mm’. Another angiogram (B) shows
possible leston in LMCA and IVUS (B1) showed it to
be significant with MLA of 4.6 mm?.

Figure-3: Discrepancy in measurements by IVUS
and Angiography
CASE-3
A patient presented with Non- ST elevation
myocardial infarction (NSTEMI), and coronary
angiography of rnight coronary artery (RCA)
demonstrated three mild to moderate lesions in mid
region, (White and red arrows). Based on
angiography 1 was not clear which one is culprit
lesion and a decision was made to image the lesions
with IVUS and OCT, The Proximal and distal lesions
(white arrows) were non-significant (non—culprit) and
middie lesion (red arrows) demonstrated plague
rupture with supernimposed thrombus.

10.

J Ayub Med Coll Abbottabad 2017:29(3)

Figure-3: Role of OCT in helping to decide the
mechanism of acute coronary syndrome.
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Rotational atherectomy (RA) and orbital atherectomy (OA) are designed to ablate calcified
plaque. but differences in their mechanisms of action in vivo are not well described 1. 2,
despite the importance of atherectomy in treating complex coronary artery disease.

This was a retrospective observational study comparing the effects of OA (n= 30) versus
RA (n=30) on severely calcified lesions (maximum calcium angle by OCT >270°) followed
by stenting from March 2014 to August 2016 at 3 centers (NewYork-Presbyterian Hospital.
New York, New York: n= 6 [RA], n= 6 [OA]; Showa University Northern Yokohama
Hospital, Yokohama, Japan: n = 24 [RA]: St. Francis Hospital, Roslyn, New York: n= 24
[OA]). OCT images were acquired with the ILUMIEN OPTIS system (St. Jude Medical, St.
Paul. Minnesota) and the Dragonfly Duo or Dragonfly OPTIS imaging catheter (Abbott
Vascular, Santa Clara, California) or the Lunawave optical frequency domain imaging system
and FastView coronary catheter (Terumo, Tokyo, Japan). OCT was performed pre-intervention
(if possible), post-atherectomy (RA or OA), and post-stenting.

Calcium cross-sectional area (CSA) at the maximum calcium ablation site was identified by
comparing pre- and post-atherectomy images and measured by manual segmentation. Calcium
angle and lumen CSA were measured every 1 mm throughout the calcified plaque in the post-
atherectomy image. Calcium modification was identified as a round, concave, polished lumen
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surface (Figure 1). Noncalcified plaque modification was a round shape of the noncalcified
plaque surface post-atherectomy. Stent malapposition (distance between stent strut and lumen
surface >0.2 mm), asymmetry index (1 — minimum/maximum stent diameter irrespective of
location), and eccentricity index (minimum/maximum stent diameter at same location) were
evaluated. Calcium fracture was defined as discontinuity of the luminal surface in the calcified

plaque.
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Figure 1. Representative Image and Prevalence of Calcium Modification

(A) Comparing pre- and post-procedure in both orbital atherectomy (OA) and rotational
atherectomy (RA). calcium modification (a round. concave, polished lumen surface: dotted
double-headed arrow) was seen. The prevalence of calcium or noncalcified plaque

modification as a function of (B) lumen area and (C) calcium angle. Compared with RA, OA
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creates more calcium modification, especially in a larger lumen area and more noncalcified
plaque modification.

Median patient age was 69 (interquartile range [IQR]: 62 to 75) years, 65% were men, and 18%
were on hemodialysis; lesions were in the left anterior descending artery in 72%, with
angiographic severe calcification in 58% (no difference between OA and RA). Pre-procedural
OCT imaging was performed in 33 lesions (18 OA; 15 RA). At the maximum
calcium modification site, calcium CSA pre-atherectomy (OA 3.6 [IQR: 3.1 to 5.0] mm? vs,
RA 4.5 [IQR: 3.0 to 6.5] mm?; p = 0.33), post-atherectomy (OA 2.9 [IQR: 2.4 to 4.6] mm? vs,
RA 3.8 [IQR: 2.7 to 5.9] mm?; p = 0.33), and the decrease in calcium CSA from pre- to post-
atherectomy (OA 0.56 [IQR: 0.38 10 0.76] mm” vs. RA 0.60 [IQR: 0.45 t0 0.79] mm?; p = 0.49)
were not different between devices.

After either OA or RA, calcium and noncalcified plaque modification was colocalized at the
site of the OCT imaging eter. Among all analyzed slices, noncalcified plaque modification
post-atherectomy (OA: 1,067 slices; RA: 1,389 slices) was more frequent in the OA group vs.
the RA group (16.9% [IQR: 8.4% to 23.8%] vs. 10.0% [IQR: 6.4% to 14.0%] of slices per
lesion; p = 0.01). Among slices with any OCT-defined calcium (OA: 912 slices: RA: 1.046
slices), there was a trend toward more post-atherectomy calcium modification after OA versus
RA (63.6% [IQR: 43.6% to 71.3%)] vs. 51.8% [IQR: 39.9% to 63.3%] of slices per lesion; p =
0.09), particularly at sites with a post-atherectomy lumen CSA >4 mm? (53.0% [IQR: 43.5%
to 76.9%] vs. 35.0% [IQR: 0% to 52.2%] of slices per lesion: p= 0.001), but not <4
mm? (71.4% [IQR: 51.7% to 85.7%] vs. 66.7% [IQR: 50.0% to 85.8%] of slices per lesion: p =
0.81). Calcium modification was greater in slices with a smaller lumen CSA and a larger angle
of calcium in both devices (Figure 1).

Comparing OA versus RA, minimum stent CSA (5.3 [IQR: 3.8 to 6.2] mm’ vs. 5.0 [IQR: 4.6
to 6.1] mm?; p = 0.86), stent expansion (67.4% [IQR: 55.0% to 80.5%] vs. 66.7% [IQR: 61.8%
to 88.9%]): p = 0.61), asymmetry (0.35 [IQR: 0.26 to 0.41] vs. 0.34 [IQR: 0.24 to 0.34]; p =
0.49), and eccentricity (0.75 [IQR: 0.66 to 0.79] vs. 0.76 [IQR: 0.70 to 0.80]: p = 0.29) were
similar. Although malapposition was frequent in both groups (OA: 96.7% vs. RA: 90%; p =
0.61), maximum malapposition CSA was limited (1.5 [IQR: 0.9 to 2.3] mm? vs. 1.1 [IQR: 0.8
to 1.8] mm?; p = 0.31). Overall, calcium fracture behind stent was frequent (82%). with similar
prevalence and length (OA: 4.5 [IQR: 1.9 to 7.9] mm vs. RA: 3.0 [IQR: 1.9 to 5.2 mm; p=
0.38). There was no coronary perforation.

Potentially due to the lack of randomization, patients undergoing OA had vessels with larger
diameter (OA: 2.67 [IQR: 2.50 to 3.05] mm vs. RA: 2.49 [IQR: 2.30 to 2.92] mm; p = 0.10)
and less severe narrowing (OA: 57.7% [IQR: 49.1% to 66.7%] vs. RA: 66.3% [IQR: 63.5% to
72.6%]: p= 0.004) in pre-procedural quantitative coronary analysis. thus a bias in device
selection cannot be excluded.

With both RA and OA, guidewire bias contributes to and directs plaque modification.
Compared with RA, OA creates more calcium modification in lesions with larger lumen area
as well as more noncalcified plaque modification; the effect in lesions with smaller lumen area
is similar between devices. Importantly, final stent expansion was similar after plaque
modification with either device.
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Abstract

Aims: Among technologics used to assess FFR, a monorail, sensor-tipped micro pressure catheter (PC)
may be advantageous for delivery and re-assessment. We sought to determine whether the larger cross-sec-
tional arca of the PC influences FFR compared to the pressure wire,

Methods and results: PERFORM was a single-centre, prospective study designed to determine the pre-
cision and accuracy of the PC compared with the pressure wire (PW) for measurement of FFR. Eligible
patients had mative coronary artery target lesions with visually estimated dinmeter stenosis of 40-90%.
The independently adjudicated primary endpoint was the difference in hypersemic PW-determined minimal
FFR with and without the PC distal to the stenosis. Seventy-four patients (95 lesions) were prospectively
analysed between December 2015 and December 2016, Median hypersemic FFR was 0.82 (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 differences led to
clinical discordance. whereby the PC decreased the hyperaemic PW-determined FFR from >0.80 to =0,80
in 17 of 95 ements (19%). Med ing Pd/Pa was lower following introduction of the PC com-
pared with the PW alone (0.93 [IQR 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 [IQR ~0.01, 0.05] versus 0.01 [IQR 0.00, 0.02],
p=0.38),

Conclusions: Introduction of the PC reduced both hyp ic FFR and resting PAd'Pa compared with the
PW alone, leading to re-classifying physsological significance 1o below the clinical threshold m one out of
five assessments. Clinical Trials.gov Identifier: NCT02648230
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Abbreviations

FFR fractional flow reserve
IR interguartile range

MLD minirmum lumen diameter
Pa OItic pressurs

PG pressure catheter

Pd distal pressun:

W [esSUre Wire

acA quantitative coronary angiography
RVD reference vessel diameter
Introduction

Fractional flow reserve (FFR) measurements in mndomissd climi-
cal autcomes frials were made using a 00147 coronary hypotube
with # pezo-resistive semsor near its tip'”. However, the presence
of electrical connections, and more recently optical fibre, within
the shaft of these “wires™ limits their torqueability in compari-
som 1 workhorse wires, A new FFR technology with an optical
pressure sensor mounted at the tip of @ menorail microcathetes
[Mavvus®; ACIST Medical Systermns, Eden Prairie, MN, LUSA) has
been developed to counter same of the limitations of the wire-
based FFR measurement. While a microcatheter system facilitates
muktiple advancensent and withdrwal over the opemtor's puiide-
wire of cloice, the larger diameter of the catheter may alse influ-
ence coronany hasmnodynamics across the target lesion, The degree
tiy which this mary occur i practice is unknown.

The Priissure wille Compared o Microcatheterbased
Sensing Technology For the Evaluation of FFR Measurcments
{PERFORM) study was designed to determine the precision and
avcuracy of the Navvus pressure catheter () compared with the
pressure wine ('W) among an lected group of patsents under-
geving FFR assessment for routing clinical indications.

Methods

STUDY DESIGN

PERFORM was a prospective, single-centre study conducted at
Columbda University Medical Center {New York, NY, USA) compar-
ing the FW {Aers™; St Jude Medical, St Paul, MN, USA) and the
PO (Masviss). The institutional review board approved the stady pro-
teweol. The trial was registered a1 Climscal Trials. gov: MCTO264E2 U

PARTICIPANTS
Patients undergoing coronary angiography based on clinical indi-
cation were considered for enmolment. Eligible patients had one or

more targel lesions located in a native coronary artery with visu-
ully estimased dismeter stenosis of 40-%0% and planned wse of
FFR for clinical decision making®. Left main or ostinl nght coro-
nary nrtery stenosis, bypass graft stenoses, and chronic total ncch-
sians were excluded,

PROCEDURES

Coronary angiography was performed vin femoral or radial access.
and anticoagulation, dual antiplatelet therapy and other medica-
thons were sdministered per local standard of core. A minimum
& Fr guiding catheter was used.

Following angiography, performed in a view that would
allow optimal quantitative coronary angiography  [QCA),
physiclogical asscssments were performed (Figure 1), Braefly,
the PC was londed onto the PW, and the aortic pressure trans-
ducer, PC, and PW all equilibrated 1o 2ero pressure outside of
the body, With the PC used s an introducer, the PW alone was
pelvanced to the soro-ostinl junction where PW equalisation
was performed after ensuring the presence of an appropriaic
gortic waveform, with guide disengagement performed if nec-
essary. The PW wns then advanced across the lesion with the
sensor located mt least 3 cm distal to the besion and preferably
in the distal third of the srery, Following administration of
intracoromary nitroglycerine and saline flush, the guide catheter
was disengaged, the position of the MW was recorded on cine
angiography, and the lowest basal distal pressurefaortic pressurc
(Pd/Pa) was recorded. The preloaded PC was then mdvanced
from outside the body to the aomo-ostinl junction where PC
equalisation was performed, ogrin ensuring the presence of the
appropriste aortic waveform, The PC was then advanced just
proximal 1o the PW sensor, and the lowest basal Pd/Pa of both
the PC and PW was recorded simultaneously. To indusce hyper-
acmia, inlravenous adenosine was infused st 140 ppkg/imin. At
maximal hyperaemia, the FFR was recorded on both the PW
and the PC. The PC was then slowly pulled back, making noie
of pressure step-ups across the Jesion, and the PC drift was
recorded at the porto-ostial junction. Subsequently, the PC was
completely removed, and the FFR was recorded again with the
PW alone. The PW was then slowly pulled back, making note
of pressure step-ups across the lesion, and the pressure nguin
recorded at the sorto-ostial junction. Pd/Pa, FFR, and pressure
drift of esch device were also reconded in real time using time-
stamped still photography. Revascularisation was guided by
hyperaemic FFE measured by the FW alone,

[ Pre-procadure > Restirg "~ | Hyperaemia tiv adenosine) | —#{ Pullvack Pressure crift
1} PC mounted onto PW 3) Resting PdPa PW £} Hypersamic FFR PW+ PC |—e{ 6) Pressure drift PC |
21 Morta, PC, PW zero callbration 4) Resting Pd'Pa PW+PC 71 Hyperasmic FFR FW =i | 8) Prizssure drift FW

Figure 1. Proecol for plvsiolagic asvessment wing o presane wive and o presos cottreter: FER: fraction flow reverve; TV infranemones;

PO pressire catheter; PR pressure wire
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OUTCOMES

The primary endpaint of the study was the difference in hyperaemic
PW-determimed minimal FFR with and without the presence of the
PC distal to the stenoses. Secondary endpoints included device suc-
cess (the ability to cross the Jesion and recoed a byperaemic FFR), the
difference in PW-determined resting Pd/Pa with and without the PC
distal 1o the stenosis, PW and PC pressure dnifl, and discordance in
physiolagical significance (hyperaemic FFR <0.80 by one modality
versus >0.80 with the other modality and hyperaemic FFR <0.75 by
one modality versus >0,80 with the other modality). Other outcomes
assessed were the propotion of kesions with a mean hyperaemic FFR
difference >0.05 and 20,10, and a sensitivity analysis for resting PAPa
and hypersemic FFR comparing measurements made using the PW
versus the PC when both devices were in the distal coronary artery.

DATA ANALYSIS

Primary and secondary imaging and physiology endpoints were inde-
pendently performed in the angiography and physiclogy core labo-
ratorics at the Cardiovascular Rescarch Foundation (New Yock, NY,
USA). Offfine QCA analyses to determine percentage diameter ste-
nosis, reference artery diameter, and lesion level characteristics were
pesformed by an imdependent core lab (Cardiovascular Research
Fourdation) using automated software (QAngio; Medss, Leiden, the
Netherlands). Haemodynamic data were analysed by an independent
physiology core lab (Cardiovascular Rescarch Foundation). Tracing
from the PW and the PC were scrambled in the core labomtory such
that measurements did not undergo paired analysis, avoiding bias.

STATISTICAL ANALYSIS

The sample size was calculated assuming o difference of 0.02
between PC- and PW-determined FFR with 2 standard deviation of
0.065"*, At an @ of 0,025 (onme-sided), 85 lesions would be required
1o reject the null hypothesis that there was no difference between

Wire versus catheter-based FFR

the study. Patient data and angiographic lesion characteristics are

presented in Table 1.

STUDY ENDPOINTS

Device success in crossing the lesion was 100% with the PW and
95% with the PC (p~0.02), FFR was available with both the PW
and the PC for 89 lesions (94%), and resting Pd/Pa was available

with both the PW and PC for 88

lesions (93%). Resting Pd/Pa

measured on the PW decreased significantly from 0.93 (IQR 0.90,
0,97) to 0.90 (IQR 0.86, 0.95), following advancement of the PC
distal to the stenosis (p<0.001) (Table 2). While the PW and PC
assessments of resting PA/Pa were closely correlated (Figure 2A),
the PC led to overestimation of the pressure gradient. Bland-
Altman analysis did not identify systematic differences between
PW and PC measurements of the resting Pd/Pa (Figure 2B). The
distribution of the differences in Pd/Pa is shown in Figure 2C.

Table 1. Patient and procedural characteristics.

Patient-level

characteristics (N=74)

Leston-level characlenstics (N=95

Age, years 64211
Male 54 (73)
Weight, ke 83218
| Height, em 17110
Diabetes 53 (72)
Hypertension T 71196)
Hypercholesterolaemia T 73199)
Former smoker 38 (51)
Current smoker 12 (16}
Histary of heart failure 43 (58)
Ejection fraction, % 55413

PC- and PW-measured FFR with 80% power. Normal drstribution Target vessel Left anterior descending 47 (49)
of parameters was assessed using the Kolmogorov-Smirnov test, Left circumflex 23 (24)
and homogeneity of variance was assessexd using Levene’s test. Right 25 (26)
Continuous values were summarised using median and interguir- Eccantric lesion 64 (67)
tile range (IQR), and differences were compared using the Mann- "0y o 1(1)
Whitney U test. Systematic errors of measurement induced by the Tortuosity 32 (34)
PC were assessed using Pearson correlation and Bland-Altman Cakcification 51 (54)
analysis. The univariate association between the PW and PC dif- e  Tesion 5(5)
fierence in measurements (AFFR) and patient or Jesion ¢l Ectmia preseni . vi2(13)
1stics was assessed using the Student's t-test (binary parameters) el 21(22)
or Pearson correlation (continuous parameters). The adpusted asso- S
ciation between the AFFR and pationt and kesion charecteristics | ntpolated refersnce vesse! diameter, mm o
was determined using multivariable linear regression. P-values Distal reference vessel diameter, mm 26620.58
<0.05 were considered statistically significant, All analyses were | 11-Se@ment minimum fumen diarmeter, mm 1612048
performed with SAS version 9.4 (SAS Institute, Cary, NC, USA). g:.""' 5“:“:'5 (by quantitative coranary 44210
Results Diameter stencsis (visua_l),_ ji: GSQ{L
PATIENTS AND PROCEDURES Lesion fength, mm 12,2473
Lesion angle, * 26.5210.3

Between December 2015 and December 2016, 74 patients with
95 lesions had ful PW and were enrolled in

| Values mmpm:dau deviation or

%),
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Inperavmic fractional flow reverve (FFR). Distribution of the difference in FFR between PC and PW (F),

Following the introduction of the PC distal to the target lesion,

hyperaemic FFR measured on the PW decreased significantly e Pressure

from 0.84 (IQR 0.78, 0.89) to 0.79 (IQR 0.73, 0.85) (p<0.001) b catheter

(Table 2). While the PW and PC assessments of hypernemic FFR FFR 084 0.79 0001
were well correlated (R2-0.82, p<0.0001) (Figure 20), introdd 1078, 0.891 } 10.73, 0,851

tio of the PC distal to the stemosss Jod %0 overestimation of the 0‘"‘“2::‘;)’" IFFR from o 17119) |<00o1
severity of the p gradsent. M r, the difference b e

PW and PC measu S d with & ing FFR values FFR by =0.05, %* 262 il | 35(39) |<D001
(Figure 26), indicatiag that FER by the FC occurs | FTR Undeeustmatad by 30.10,%° | 0001 13205 [<0001
more frequently in moce severe lesions. The introduction of the PdPs [oé'gg.tm ID.&?.BSI <0.001
PC resulted in a decrease in FFR compared with the PW alose P an 001 'a‘m P
by =0.10 in 13 (15%) Icswm and by fOOS i 35 (39%) lesions. 1-0.01, 0.05]| [0.00, 0.02)

These differences led to d& d in ascribing physiologic sig-
nificance in a namber of lesions, with the PC measuring FFR
<0.80 in 17 leshons (19%%) for which the FFR measured by the
PW was >0.80 (Table 2), arxl with the PC measuring FFR <0.75
in cight Jesions (926) for which the PW was >4.80. There were no
instances of the PW measuring FFR <0.80 and the PC >0.80. The
distribation of the differences in FFR is shown in Figure 2F.

Sensitivity amalyses identified no differeece in resting PdPa
(0,90 [1QR 0.86, 0.95] versus 091 [IQR 0.87, 0.96], p-0.054) or
hypersemic FFR (0.79 [IQR 0.73, 0.85) versus 0.80 [FOR 0.73,
0.86), p~0.44) measured by the PW or PC when both devices were
simultancously in the distal coronary circulstion, Pressure drift
was pot different between the PC and the PW (0.01 [IQR -0.01,
0.05] versus 0.01 [IQR 0,00, 0.02], p-038).

“Versus the cthar device. Yakuss are median interguartée range),
FFR: fractionsl flow resenve; Pa: sortic pressure; Pd; distal pressure

fated refe vessel i (RVD), distal RVD, in-segment
minimum lumen dssneter (MELD), and lesion length were signi-
ficantly associted with the AFFR in univaciate analyses (Table 3).
Discordance between PW and PC measurements was observed
mare ofien i vessels with small distal RVD and longer Jesion
length with differences peosounced in different ranges of FFR val-
ues (Figure 3), In multivariable mnalyses only distal RVD and lesion
length were identilied as independent prediciors of AFFR (Table 4).

Discussion
PERFORM was a direct comparison of the PW and the PC for
FFR i physsologi of mod v artery i, whnich

Among patients with AFFR (difference b
by PC and PW), lesion location in the right coronary artery, inter-

aimed o determine whether the larger cross-sectional area of the
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Table 3. Univariate associations between patient/iesion characteristics and the difference in fractional flow reserve measured with the

pressure wire versus pressure catheter,

Niaseved differance in fractional low res

Patient/lesio cleristic

erve according 1o the presence vers

ce of ach

AFractional flow r

Characteristic present

pvalue
Characteristic absent

| Male (men vs. women} =0.03 {-0.05, -0.02) -0.03 (-0.08, -0.01} 063
Disbetes {yes vs. o) ~0.03 (~0.08, 0.00) ~0.03 (-0.07, -0.02) 0.46
Hypertension (yes vs. nc) | -003(-0.13,-0.02) -0.03 (~0.06, -0.01) 016
| History of heart failure (yes vs. no) ~0.04 (-0.09.-0.02) -0.03 (-0.05, 0.00) 0.12
ﬁms_pgcwmav accident (yes vs. no) -0.06 (~0.09,-0.02} 2 ~0.03 (-0.05, 0. 00y = 0.053
Former smokes (yes vs. no) -0.03 (-0.05,-0.01) -004(-008,-002) | 040
Curment smoke {yes vs, o) -0.03 (-0.08, 0.02) ~-0.03 {-0.04, -0.01) 043
Norv-smker (yes vs. 00} ~0.03 (-0.06, -0.02) 0.03(-0.11,-001) | 080 |
Target vessel | LAD {yes vs. no) -0.03 (-0.06, -0.02) 20,041-008,-002) | 035

LCx (yes vs. ) ~0.03 (-0.05, 0.02) ~0.04 (-0.09,-0.02) 0.30

RCA (yes vs. no} -0.04 (-0.08, -0.02) ~0.03 (-0.04, 0.00) 0.033
Eocentric lesion (yes vs. 10)_ ~0.03 (-0.06, ~0.02) -0.04 (-0.08, -0.02) 03z |
Tortuasity (yes vs. o} ~0.04 (-0.06, -0.02) -0.04 (-0.09,-0.02) 023

| Calcification (yes vs. nal —0.04 (0.07, ~0.02) 0,04 (-0.08, -0.02) 074 |

| Ulcerate lesion yes vs. ro) R ~0.04 {-0.08, -0.02) 0,07 (-0.08, -0.03} 046

| Areurysmal s (yos vs. no) | 0081-007,-002 | -004(-004,-0.02) 093
Ectasia present (yes vs. 7o) -0.04 (-0.07. -0.02) -0,05 (-0.08, -0.02) 069
Bifureation (yés vs. no) 0,04 (-0.07 ~0,04¢-0.09, -0.01) 082

Correlation between contmuous varii

Patient/lesion characteristic

nd the observed difference in b

AFracbonal flow

Meansstandard deviation

pvalue

A, years 63.90+10,66 (89) 0.10 0,11, 030) 0.36
Weight, ki 5 81.73:18.07 (89) 0110.11,03) | 033
Height. cm 170.18+9.55 (89) 0.10 (-0.11, 0.30) 035 |
| Election fraction, % S  65.10413.23 (60} 0.14(-0,12,038) 030
| Interpotated reference vessel diameter, men | 284:05989) 0.31(0.11,049) 0,003
Distal refevence wessel diameter, mm 2.6640.59 (89) 0.35 (0.16, 0.52)  <0.001
I-sagment minimeen lumen dismeter, mm | 161:05089 0.27 (0.06, 0.45) 0.01
Diameter stenosis (by GCA), % 43.9241045 (89) -0.08-029,0.13) 0.43
i s (visuall, % £5.84210.34 (49) ~0.16 (-0.36, 0.05) 0.13
Lesicn length, men 12.1057.22 (89) 0.231-0.42, -0.03) 0.027
Lesion angle, * 26.47+10.20 (B9) -0091-029,013 | 043
Values are median Gnterguartiie mg:) o dard ch 1 {N) and correlation coatticient (95% confidence wnmll LAD: left anterior

descanding comnary arery, LCx; latt clrcumtiex coronary anery; QCA: quantitative coroniry anglography; RCA: right coroeary antery
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the PW and the PC, especially in values around the 0.8 ischaemia
threshold (Figure 28), exists. We did, however, identify a system-
atic und proportional difference in the FFR, finding a greater differ-
ence between devices the lower the FFR values were (Figure 28).
Univariate analysis identified a number of factors associated with
the AFFR between devioss. Nooetheless, in mulivariable analysis,
only distal RVD and Jesion Jength were identified as independent
predictors of AFFR, These dita suggest that operators need 1o pay
clase attention ta placement of the PC during plysiological assess-
ment, perhaps placing the PC distal to the stenosis, but not in the
very distal coromary artery, of inserpreting the PC-based FFR meas-
wrements i smaller vessels with caution.

Study limitations
Our study has a number of important limitations. First, our study
was conducted in a single centre with significant expericnce in
physiological assessment using FFR, which may limit its gener-
alisability. Nevertheless, no pressure tracimgs were rejected by the
physiology core Inboratory, highlighting a potential advantage of
n single centre where both physician training and trial monitor-
my are closely regulated and uniform. Second, our study was not
randomised. The IMPACT study randomised physiological assess-
ment by PC oe PW, changimg the order of use of the devices by
random allocation™; however, measurements m our study were
performed during a single sdministration of intravenous adenasine
as an infasion and thes may be kess prone to the error introduosd
by intracaranary bolus adenosine administration in the IMPACT
study'®. Thind, a larger ssmple size may have been able to pravide
greater power to detect specific patient or lesion chamclenstics
associated with the AFFR. Fourth, we compared the PC to a spe-
cific PW from a single manufacturer. Although similar findmps
between the PC and other PWs may be inferred, our study can
neither confirm nor refute this possibility. Finally, a new iterati

Wire versus catheter-basaed FFR
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Aims Optical coherence tomography (OCT)-guded external efastic lamina (EEL)-based stent sizing is safe and as effect-
e as intravascular ultrasound n achieving post-procedural lumen dimensions. However, when compared with
automated lumen dameter (LD) measurements, this approach Is time-consuming. We aimed to compare vessel
diameter measurements and stent dismeter selection using either of these approaches and examined whether
applying a corraction factor to automated LD measurements could result in selecting similar stent diameters to the
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EEL-based approach. ]
“ethoas We retrospectively :ombarod EEL-based measurements vs. automated Lb .ln rvfwmco sagments in 154 OCT
and results acquisitions and derived a correction factar for stent sizing using the ratio of EFL to LD measurements. We then

prospectively applied the correction factor in 119 OCT acquisitions. EEL could be adequately identified in 100
acquisitions (B4%) at the distal reference 1o allow vessel diameter measuremens, Vessel dameters were larger with
EEL-based vs, LD measurements at both proximal (4.12+0.74 vs. 3.14 2 0.67 mm, P<0,0001) and distal reference
segments (334 4075 vs. 2.64 £ 0.65 mm, F<0.0001). EEL-based downsizing ked to selection of lrper stents vs, an
LD-based vpsizing approach (3332047 vs, 2,70+ 0.44, £ < 0.0001). Application of correction factors to LD [prox-
imat 132 (IQR 1.23-137) and distal 125 (IQR 1.19-1.36)) resuited in discordance in stent sizing by >0.25 mem in
63% and potentially hazardous stent oversizing in 41% of cases.

Conclusion EEL-based stent downsizing led to selection of larger stent dameters vs. LD upsizing. While appying a correction
factor to aL 4 LD measur resufted in sendar mean dismeters to EEL-based measurements, this ap-
proach cannot be used clinically due to frequent and potentially hazardous stent over-sizing.
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Introduction

When compared with Intravascular uitrasound (IVUS), that enables
visualization of the extermal elastic lamina (EEL) behind most athero-
sclerotic lesions, the limited penetration depth of ight emtted in op-
tical coherence tomography (OCT) results in frequent loss of
visualization of EEL™ Thus. in contrast to IVUS, most suxiies of
OCT-guided percutancous corarary interventicn (PCI) have used lu-
miral dimensions in beu of the “true’ vessel sze, i.e. EEL-based dism-
cter, for selection of stent diameters. This approach has resulted in
selecting smalier stent diameters and thereby smaller final minimum
stent areas (MSA) compared with ether WUS- or angiography-
guided stenting."* Since post-PCl MSA Is a critical determinant of
freedom from early and late major adverse cardiovascular events
(MACE) after sterting” '~ smaller lumen dimensions measured on
OCT may be a major limitation of this imaging modality, possibly off-
setting benefies afforded by its superior resolution in guiding PCI
procedures.

The ILUMIEN Il randomized tnal demonstrated that OCT-guided
EEL-based stent sizing was feasible, safe, and as effectve n achieving
simdar MSA as IVUS, and led to greater minimal and mean stent ex-
pansion compared with anglography, and the least number of un-
treated  procedural  complications,’”  Nevertheless, FEL-based
measurements on OCT are performed  manually. are time-
consuming, and requre spedfic training and experience. | contrast,
automated mean lumen dameter (LD) measurement (s a simple,
readly avallable feature on commercial OCT systerns, yet it has the
aforementioned limitation of leading to selection of undersized
stents.

We sought to determine the magvtude of difierence between the
EBL- and automated LD-based selection of stent diameters. We also
examined whether denving and applying a correction factor for LD
(LDcp) may provide guidance in selecting stent dameters that are
similar to the EEL-based measurements, thus cbviating the need to
manualty search for and measure the EEL-based dameter,

Methods

Study design and participants

In a retrospective set of 154 OCT acquisitions from the ILUMEN i
study, we manually measured the mean EEL to EEL diameter at the prox-
imal and distal reference segrmants whare at least 180° of reference vessel
EEL could be veunlized. Greater than 180° of EEL coudd be visualized at
arher reference segment In B5% of cases. §7% at the prosarmal reference
vessel and 77% at the distal reference. We then recorded the prosimal
and distal reference rwan LD from the OCT automated measurements
at the mact same location, We undertook hypothetical stent saing by
using the distal reference vessel measurements () rounding down the
mean distal EEL reference diameter to the nearest device size for EEL-
based stent sizing and () rounding up the mean distal LD to the nearest
device size for LD-based stent sizing, Using the reference vessel EEL and
LD mesasurements, we derived a correcton factor for vessed sizing by cal-
cutating the ratio of EEL to LD measuremants (LDc,,) at hoth the prax-
imal ard distal references. For validation of LDc.. we prospectivdly
scanned 119 consecutive patients undergoing OCT for dinical indication
at two centers (Columba Universty Medical Center, New York, NY,
USA and St Frands Hospital, Raslyn, NY, USA). Greater than 180" of

EEL could be visudlized at either relerence segment in 92 (77%) cases,
but in 100 scquisitions (B4%) at the distal reference. We applied the
LD¢,., N the validaticn cohort by multiplying the respective prosarmial
nd distal-derwed comection factors to the mean LD of the proximal and
distal refererxce vessels. We then compared these calculitions to the ac-
tual EEL-based measurements of the reference sepments (LDe,,, vs.
EAL). We subsequently undertoak hypothetical stent sizing by using the
distal reference vessel measurernents (i) rounding down the mean distal
E&L reference dameter to the nearest device size for EEL-based stent siz-
ing and (ii) rounding up the LD 1o the nearest device sze for LD-based
stent swing (Fgures 1 and 7). We then compared the stent sizing based on
the calosated vs. actuat EEL-based reference dameters: i.e. we companed
the LD,y ¥ mean distal LD rounded doawn to ~0.25 mm with the EEL-
Lased distal diarmeter rounded down to ~D25mm

Procedures

We performed pre-PCI OCT after administration of rtracoronary nitro-
ghycerin through a guiding catheter (>6F), We performed OCT via fone
ord or radial access wsing unfractionated  heparin or bivalrudin
antcoagultion per the op preference. We acquired the OCT
images using the Dragonfly OPTIS Imiging Catheter (Abbort Vasaular,
Santa Clara, CA, USA). The EEL-based measurements wire independont-
ly performed by two cardiologists with extenave experience n OCT ana-
lyss (YP.and ES).

Statistical analysis

Statistical analyses were perfarmed wrh SPSS version 200 (IBM,
Armank, NY, USA). Normally distributed contirwous variables ae
reported as mean with SD and compared with the Student's ttest: con-
tinuous variabies not exhibiking noemak distribution are reported as me-
dian with frst and third quartiles 2 compared with the Mans—Whitney
U test, Cameponical vammbles are summarted as numbers (percentages)
and compared using 7° statistics or Fihwr’s @xact test, as Jppropriate.
The 95% cenddence interval (C1) was caloubited for the diference in pro-
portions between groups. A Pvalue <005 was considered statistically
sgnficant.

Results

Baselire demographic. procedural and OCT characterstics of the
derivation and valikdaticon coborts are presented in Table 1,

Derivation cohort

Whike the mean LD highly correlated with the EEL-based diameter at
the proximal reference (R = 0.74, £ < 0.0001), the mean LD was sig-
nficanty smaller than the EEL-based diameter (3.14x0.67 s
4124074, P<00001; FAgure 3A), with an absolute difference of
0.96 + 0.32mm, 95% CI 0.69-1.02. Simitarty, at the distal reference,
the mean LD also highty correlated with the EEL-based diameter (8
=0.74, P < 0.0001), and the mean LD was smaler than the EEL-based
diameter (264045 vs. 3342076, P<00007; Fgwe 38), with an
absolte difference of 071+043mm 95% O 043-079
Accordngly, stent sizing based on the distal reference mean LD
upsized 1o the nearest device size lad to selection of significantly
smaller stent dameters compared with EEL-based downsiang to the
nearest device size (2702044 ve. 3,33 2 047, P<0.0001; Agare 3C).
Mean 1D-based stent selection led to stent under-sizing in $1% of
cases compared with the EEL-based measurerment.
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Figure | EEL vs. lumenbased device sizing. {A) OCT cross-section shows an automated minimal and maamal kumen dameters of 2.99 and
336 mm, respectively, with mean lumen dameter of 3.15 mm. Using a lumen-based sizing strategy, rounding up leads to the chakee of 2 .25 mm de-
vice (A) The EEL (yeliow dashed Ine) & visble for >2707 allowing measurament of EEL minimal znd maximal dameters of 4.34 and 4.8 mm respect-
ively, The mean EEL-EEL dameter is 459 mm. Using an EEL-based sang strategy, rounding down leads 10 the choice of & 45 mm device. The
dfierence in device size choice based on the lumen vs EFL & 1.25mm, (8) OCT cross-soection shows an sutomated minimal and maximal men

of 180 and 2431 iy, with mean lumwn dameter of L18mm. Using 4 fumen-based sizing strategy, rounding up leads (o the

choke of a 225 mm device. (B') The EEL (yellow dashed fine) is visible for <220° allowing messurement of a single EEL diamster of 325 men. Using

an EEL-based szing strategy, leads to choece of a 3.25 mm device. The diference in device size choice based on the lumen v EEL s 1mm. {C) OCT

danme

respect)

cross-section shows an automated minimal and maomal lumen dameters of 2.72 and 328 mm, respectively, with mean lumen dameter of 298 mm
Using a lumenbiased sizng strategy. rounding up kads to the choce of a 30 mm device, (C) The EEL (yedlow dashed ling) Is visbie for <907 not
Aowing measurement of FEL vessel damesers, EEL, exxernal elastic lamina OCT, optical coherence temography

s e £ * rounded down »

reunnded dawn You! BeT SITwN

Figure 2 Methods to determine device size using EEL lumen, and LD ... (A) Greater than 180" of EEL are visbie. The EEL-EEL dameter meas

3.25mm (white bar). The mean EEL diameter rounded down determines the device 55 than 180° of EEL are visble, thus

(3.0mm}
OCT mean lumen diameter is used to determine device dameter. The mean lumen dameter is
determines the device size (3.0mm), (G L

55 than 1807 of EEL are visble. The OCT mean lumen diameter is multiplied by the respective correction
factor (in this case distal, thus 1.25) and used to determine the device dameter. The mean lumen dizameter is multiplied by the correction factor to
mimc EEL siang, and rounded down to determine the device size (3.5 mm). Note that the MLD, ., (white bar—3.61mm) is still smafler than the

true EEL-EEL diameter (4.03 mm). EEL. external elastic laming MLD ..., minmal lumen diameter— corrected OCT, optical co

e tomagraphy.
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Table | Demographic and procedural characteristics
Derivation, Validation P-value

(n=154) (n = 100)
Demographic
Age (years) 655493 £442100 D49
Male 109 (69) 66 (65) (753
Hypertersico 124 (78) B3 (83) 037
Dyshpidaomia 15 (73) 13(73) 0s7
Diabeges 52(33) a4 014
Prior coranary 3{(19%) 5(5) a6
artery bypass grafting
Sient schaema 64 444 099
Stable angma 54(34) nan A60
Urstable angina 72 {46) 43 (43) 087
NSTEMI 20{13) 16 (16} 043
STEMI 6 (18) &(60) 0.55*
Procedural
Target vessel
Left anterior BO(51) 63 (63) 004
descending
Left circumflex 4320 20 039
Right 3532 15(15) an
ocT
Proogrmal EEL {(mm) 4122074 408 +066 0BY
Procamal LD {mm) 114£067 3344061 093
Distat EEL {men) 3344075 1444058 075
Distal LD {mm) 2640646 2682053 081
Vakses are n (%) or maan £ SO

EEL, wetwernl shvsie bmine D, lumen dometer; NSTEML nonST <levtion
myncardial infarction; OCT, optical coherence tomography; STEML ST-efevation
myvcardial nfarctcn

The magnitude of differences beoween the mean LD and EEL-
based diameters at the proximal and distal refersnce segments and in
stent sizing is shown in Table 2. The mean FFL-based size was larger
by ~1mm in the proximal reference ard 0.75 mm in the distal refer-
ence. When hypothetical stent sizing was performed based on distal
EEL-based downsizing vs. LD-based upsizing, the stens diameters
were undersized by | D-based measurement in the majority of the
<ases, by 2025 mm in 10%, by 2050 mm in 34%, by >0.75mm in
31%, and by 1mm in 16% of the reference segments, with the
selected stent dameters being equal with either of the strategies in
only 9% of the reference segments. LD, was cabculated to be 132
(IQR 1.23-1.37) in the proximal referance and 1.25 (IQR 1.19-1.36)
in the distal reference.

Validation cohort

There was no significant difference i the LD or EEL-based measure-
ments in the proximal or distal reference segments between the der-
wvation and validation cohorts (Table 1), When the proximal
correction factor was applied to the proximal LD in the validation co-
hory, mean vessel dameter was simiar between the EEL-based meas-
urernents and the corrected LD (4.08 4 066 vs 414 2080, P =0.56;
R = 074, P<00001; Agwe 44). Snilarly, applying the correction

‘ [
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Figure 3 Scarterplot companng me lumen dismeter with ex-
temal ehstic miadertved measurements and stert sizing.
Scatterplot comparing (A) the proximal reference mean lumen
diameter with cxcernal elistic bminaderved measurenents, (B)
the distal reference mean lumen damwter with external clastic lam-
ia-derived measurements, and (C) the stent diamete by lumen-
derived measurements with the stent diameter by external ehistic
amina-derived measurements, The e of best fit is i blue with the
assouated shaded error bands in prey.

factor to the distal LD resuted in corrected LDs that were smilar to
the EEL-based diameters (344 4058 vs. 3344067, P~ 02% R =
0.74, P < D.0001; Figure 4B). However, stent sizing bsed on corracted
LD led to discordance of the chosen stent size when compared with
EEL-based sizing by at kast 025mm in 63% of cases (P<0001).
Furthermore, using the corrected LD led to stent oversizing in 41%
of cases (by 025 men in 22%, 050mm in 13%, 075 mm i 3%, and
1.0mm in 3%; P< 0.001; Figure 4C).

Discussion

In the current study, we investigated the differences between the
mean LD and EH-based measurements by OCT and how these
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Table 2 Lumen vs, external elastic lamina-based measurements

Lurmen (n = 100}

Prosireal reference

M vessal dli.lTlI:'bﬂ'ﬂrﬂT\;I 114 10E7
Distal referercs

Mean vesael disimaber | LE4 085
Stent diameter

Miezn lumen dameter {mmi L0044

Lindersized by 2075 mm 10 (109

Undersized by =050mm 4 [34)

Lindersized by =075 mm EaNELH]

Lindersized by =1 00mm 16 {16)

External elastic kumina (m = B4) E-Value
4122074 <[00
134078 00001
3133+ 047 =[00d01
1R} =00
0 <D
0 (0] <0001
0 (0} <0001

Waliren are: i (%] 06 rezas & 50

differences may impact stent sizing, We report a number of clinically
relevant findings. First, at the prosimal reference segrrent, the mean
difference bepwesn the mean LD and EEL-based diamebers was
~1 mm, while at the distal referencs segment the mean difference
was ~ 075 mm. Secondly, 25 opposed 1o the LD-based stonting. EEL-
based steat sizng led w0 the selection of a larger diameter stans in
=505 of cases: on average this dference was 0.5 mm, Thirdly, while
using a corrected LD-based measurement is a practical approzch. po-
tentizly obviating the need for manual EEL-based mezsurement, its
application led to discordance in stent sizing in more than half of the
cames, with potentialy hazardous oversizing in 41% of cases.

While OCT provides hiph-resclution oross-sectional irapes of the
plague microarchiteciure. the penctration depth of OCT is limed,
patentially limming visualizstion of the entire vessel wall As a resuls, 3
parception has provailed that measurernents requirng visualization
of the EEL—including wessel diameter, area, and plague burden—
cannct be reliably performed with OCT. This perception has ledta a
widespread adoption of the men-based stent sizing by OCT. The
eomsequenca of such 1 strategy is a smaller post-PCI MSA compared
with bath arglopraphy and MWUS. In the ILUMIEM | study, angiograpiy
guichnee during PCl led 12 3 lrger MSA compared with lumen-based
T guicance.” Subseguenthy, multiple studies have shenr thar VLS
pided PO, basad on vessel wall messurements, leadk to lrges M543
compared with lumen-based measurements with OCT guidance dur-
i PCL' " Given that the MSA i the most consistent and strangest
predictor of PCL eutcomes,” '™ OCT may be disadvamaped
compared with WUS due 1o dfferences in stent sising strategy.
Pevertheless, a speciic OCT-puided EEL-based stert optmieation
siratesy in the mndomized ILLIMIEM B rrisl swas safie and resuited in
similar M54 1o that of WUS-puided FCI with 2 wend towands arger
MSA cormpared with angiogaphy puidance and the kst rumber of
urreated FCI complications,’ Critically, despite the aforementionid
perceptions, there was no differencs in the ability o identify =180 of
EEL bemwen CCT (B438) and WIS (B3%:) in the ILLMEN I study.

In the current study, we show that the EEL-based diometer iz
consstenty larger than the mean LD at bath the prodmal and distal
reference segments. While this finding in and of Kself is rather
abwious, it & the magntude of the difference that s the potertal to
impact PCl strategy. At the proximal reference, the d¥fference

berween the FEL-based diameter and mean LD was ~~1mm and at
the distal peference ~0,75mm. These large differences wanslate dir-
wcily o meaninghul dfferences in the dhoios of stent size, with 2 dir-
oot Impact on the final MSA, Indeed, even when employing a strategy
of upsizing from the mesn LD measurements comgared with down-
sizing from the EEL-based measurements at the distal reference to
g the choice of the stent dameter, the mean diference in stent
size was weell =05 mm in dismeter.

Despite the positive results of the IWUMIEMN Il trial, the OCT-
puided EEL-based szing strategy has not been widely adopted, with
torcerrs regarding the ability to consistendly visualze the EEL at
reference segrients, lack of avomated messurernents, and affects
on workfiow quoted as the likely reasons As such, utilirirg &
lumen-based correction factor has the potential wo significantly im-
prowe the workiiow and siminate operstor errers in measurement.
Urfortunately, cur dita suggest that a correction factor applied 1o
the sutcenated LI carnot safely éstimate the EEL-based dimersions
fior st sizing. We therefore recommend fellowing the algorithmic
O T-puicded EEL-based stent siving strategy & described in the
ILUMEM il trial™ The lerg-term bensfits of spplying this strategy
are currendly being assessed in the onpoing ILUMIEN IV: OFTIMAL
PCl trial (MCTOESOTFTT).

Based on the surrent sudy, in practice, EEL-based measurements
should be used wherever possible for stent siing (expacted to be
feasile in majarity, 2, >BI%, of cases) ard LD-based measurements
with roundirg up anly used when EEL-based mexsuremants ame not
feasiale, Mfter mexsurerrent of stent diameter and length, the angio-
graphic co-regstration function should be wilimed for positioning
stents at the intended segments to improve placemsent precision and
reduce geagraphic miss. i OCT argiography co-registration is not
avaiable, 2 cne angiogram must be acquired during the OCT pullback
5o that the OCT frames can be oomrelated with the angiogram with
the help ef the-fiduciry landmarks (2. side branches, calcium depos-
its. anel previous stents).

Limitations

The praspective component of this a study was conducted at two
high-volume institutions by experienced OCT aperatoss, As a small
rumber of patiers were included in this study, brge-scale
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Figure 4 Satterplot comparing the comected mean lumen dam-
ater with the extemd elastic lamina-derived measurements and
stent szing. Scatterplot comparing (A) the cormected mean fumen
diameter with the external elastic lamina-derfved measurements at
the prosdmal reference, (8) the corrected mean bmen dameter
with the exterrial elastic Birina-<derted measurements at the dstal
reference, and (C) the stent diamwter by corrected lumen.derved
measurements with the stent diameter by excemal clastic lamina.
derved mexsurements. The ne of best i Is in blue with the associ-
ated shaded error bands in grey.

prospective randomized trisk would be needed 10 demonstrate that
EEL-based stenting is practical in a cinikal sesting and leads to
mproved chnical outcomes. Future studies need 1o assess the nch-
dence and impact of Ftravascular imaging on stent under- and over-
sizng. Alternative more sophisticated algorithms to generate a cor-
rection factor were nat attempted and may have improved the pre-
dictive performance. In the fisure, artificial intefipence-based
algorithms may be able to automatically detect the EEL where visible,
thus obviating the need for a correction factor.

Conclusions

The application of an EEL-based stent szing strategy resufts in Lrger
stent size selection compared with a mean LD-guided stent szing
strategy. A universally applicable correction factor for LD cannot be
recommended to replce OCT guided EEL-based measurements for
stent sizng,
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Nitroglycerin-Derived Pd/Pa for the Assessment of
Intermediate Coronary Lesions

Zeev Isracli, MD'7; Rodrigo Bagur MD, PhD'; Bogdan-Dorian Murariu, MSc*; Sabrina Wall, BS<;
Mistre Alemayehu, MSc?; Yasir Parviz. MBBS'?; Pantelis Diamantouros, MD'?; Shahar Lavi, MD™

ABSTRACT: Objectives. To assess the predictive valie of Pd/Pa after nitroglycenn adgmmistration [Pd/PalN]l as compared with
standerd fractional Now reserve [FFR], Methods. Consecutive patients with intermed|iate coronary lesions sssessed by FFR be-
tween lanuary 2014 and October 2015 were inchided, We measured Pd/Pa at baseline, Pd/Pa [N) and Pd/Pa after incremental
dases of intracoranary adenasine. Results. A total of 134 patients [279% females; mean age, 65 years] were included. The diagnostic
performance of Pd/PalN] and igentfication of cut-off value for Pd/Pa [N] compared with FIR thresheld of 0.8 using receiver-oper-
ating characteristic (ROC] area under the curve analysis was between 0.98 {955 confidence interval, 0.95-100; P<.05] for 48 g
and 0.86 [95% confidence interval, 0.79-0.94; F<.05] for 240 pg adenosine. Pd/Pa[N) <08 had 100% positive predictive value. Pd/
PalN] =094 provided 100% negative predictive value with a high sensitivity {>92%] Cptimal giagnostic accurecy of Pd/PalN| was
achleved for values <0.84. The Pearson's correlation between Pd/PalN| and FFR varied between 0.89 for 24 ug adennsine and
Q.77 for 240 pg {P<.01). Conclusion. Pd/Pa(N] values can be used for disgnosis of hemodynamically sigrificant lesions, Pd/PalN|
correlates well with standard FFR. P&/Pa[N] cut-off of =0.8 can be considered significant without need for adenosine ingection. The

value of using adencsine whenever Pd/Pa[N) = >0.94 is fmnited,

J INVASIVE CARDIOL 2077 August 15 [Epub ahead of print].
KEY WORDS: fractional flow reserve, local drug defivery

maximal blood flow in a stenotic artery to maximum

blood How in the absence of stenosis, emerged as an
wmportant tool in chinical decision making and s recommend-
ed by current gudelines.'* FFR is calculated based on the
assumption that there is a binear relationship between driving
pressure and myocardial blood Aow during maximal hyper-
eanta. Therefore, since its introduction, the standard  method
for FFRR. measurement is achieving maximal hyperemia,

The achievement of maximal vasodilation of the two
contponents of coronary circulation (epicardial and micro-
vascular arteries), is enhanced by various stimule. ™ A bolus
of mtracoronary (IC) nitrate aims to prevent any vasospasm
in the epicardial vessels and 15 recommended as 3 standard’
prior to the administration of adenosine, which is used for
microvascular dilatation and can be administered intrave-
nously (IV) or 1C. IV adenosine was inigially recommended
and is wused by many laborataries, but requires a large venous
access and a larger amount of adenosine compared to the
1C dose, resulting in higher cost. Its short-term effect, case
of use, and safety made IC adenosine the drug of choice in
many laboratories.®

There is no widely accepted IC adenosine dose. al-
though recent data suggest that administration of 100 ug for
the right coronary artery and 200 pg for the left might be
sufficient.” Often, incremental doses are used to avoid side
effeces that are more common with higher doses. A failure

Fnuimul How reserve (FFR), defined as the ratio of

Vo, 29, Bimws 2017 Auvcust 1§

to produce maximal hyperemia was reported in 10%-15%
of the initial FFR studies when low doses of adenosine
were used (8-12 ug for the right coronary and 15-18 ug
for the left).” Submaximal hyperemia may lead to an un-
dersstination of the lesions hemodynamic significance. A
dose-response relationship for 1C adenosine doses as high as
100 pg has been demonstrated mn animals and humans.***
More recently, experience with the aduministration of very
high adenosine doses (up to 720 pg) has bren reported with
mixed results. 7

Although injecting incremental doses of 1C adenosine is
feasible, 1t is also time and resource consuming. Furthermore,
positive FFR values are often obtained with lower adenosine
dase or with adminsstration of other vasodilators

Based on our experience with FFR studies, we noticed
that post-nitroglycerin Pd/Pa (Pd/Pa|N]) could predict the
hemodynamice significance of coronary lestons prior to 1€ ad-
cnosine injection. Therefore, the aim of this study 15 to asess
the predictive value of Pd/Pa(N). as compared with standard
1C-FFI and the impact of incremental doses of 1C adenosine.

Methods

The study protocol was approved by the Western Um-
versity Research Ethies Board. The authors have conformed
to instituttonal guidelines and those of the American Phys-
wological Society. Due to the nature of this study, informed
consent was not required. As part of 2 gquality improvement

1
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pressure sensor placed beyond the lesion
site. Pressure distal to the stenortic lesion
(I"d) and aortic pressure {1'a) were recorded.
A single dose of 1C nitroglycerin was grv-
en (30-200 pg depending on patient blood
pressure, mean dose of 113 pg) followed
by a saline flush. Pd/Pa(N) corresponds to
the Jowest Pd/Pa determination post ni-
troglycenin administration, usually within

10 seconds. Incremental doses of adenos-
ine ranging from 24 to 360 g were given,
Baseline Pd/Pa values, post Pd/Pa(N) val-
ves, and post-adenosine FFR. values were
recorded,

Each dose was given only after the efe
fect of the previous dose wore off and Pd/
Pa returned to baseline value. Drift was
excluded at the end of each FFR study by
pulling back the pressure wire to the distal
up of the catheter. Maximal drift of 0.02

was accepted.
Statistical analysis. Descriptive statis-

s w118 100 e

tics for the study population are presented
. as mean + standard deviation for continu-
ous varuables and number (%) for categor-
ical variables. For the assessment of the re-
lationship between Pd/Pa(N) and standard
FFR, Pearson’s correlation coefficient (r)
was used. Estimation of the diagnostic per-
formance of Pd/Pa(N) and idenufication
of cut-off value for PA/PaiN) compared
with FFR threshold of 0.8 was conduct-
ed wsing receiver-operating characteristic
(ROC) and area under the curve (AUC)

FIGURE 1. Pd/Pall] and fractional flow reserve [FFR] correlation. Scatter plots and dialysis. Sensitivity. specificity, and negative
Pearson's correlation coefficients between Pd/Pa readngs post nitroglycerin and FFR and positive predictive walses with corre-

readings taken after various dosages of adenosine,

project, data were collected from all FFR studies performed
at London Health Sciences Center between January 2014 and
October 2015, Incremental doses of adenosine for 1C mpec-
tion ranging from 24 pg to 360 pg were recommended but
not mandatory for the operators. Exchssion criteria for this
study were cither lack of nitroglycerin injection prior to ade-
nosine administration or injection of a single adenosine dose,

The FFR measurement protocol at our center after
coronary angiography includes a 00147 high-fidelity
pressure-recording PrimeWire Prestige Plus guidewire
(Philips Volcane Caorporation) or PressureWire Acris
{Abbout Vascular) introduced through a 5 or 6 Fr guid-
ing catheter into the coronary artery. The guidewire
was calibrated and then advanced w the distal tip of the
catheter, followed by equalization. The pressure wire was
subsequently advanced into the coronary artery with the

2

sponding 95% confidence intervals (Cls)

were calculated. All statistical tests were
considered statistically significant when a P-salue was <05,
Data analyses were performed wsing Sturistical Package for
Socul Sciences (SPSS) « 20 (IBM, Inc).

Results

Baseline patient characteristics are described in Table
1. A total of 310 FFR studies were performed dunng the
above-mentioned time frame; 134 studies met the inclusion
criteria, Table 2 provides a list of the studied lestons and their
locations. Procedural success for advancing the pressure wire
diszal to che stenosis was 1005,

The Pearson'’s correhition between Pd/Pa(N) and FFR
was studied for all adounistered doses and was overall good,
with superior correlation for the lower doses — varying be-
tween 0.89 for 24 pg and 36 pg adenosine and 0.77 for 240
pg (P=.01). Figure 1 shows scatter plots and positive Pearson’s

Tur Jovmnar or Invasive Canseorosy®
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o / N / used in the subsequent analysis, Tables 4
7 7 and 5 demonstrate the classification accu-
-~ 4 e s racy for the two selected doses, respectively.
/ 7 // For both, Pd/Pa(N} 21194 provided 10046
1 7 1 e negative predictive value (NPV) with a
i / 7 i // high sensitivity (>92%). The opaimal diag-
b 7/ Ly 7 nostic accuracy of Pd/Pa(N) was achieved
P& 7 for values 20.84, which resulted in accura-
o Y 7 o // cy of 83.2% and 68.1% for 120 pg adencs-
e a3 7 ne4? ine and 240 pgr adenosine, respectively.
o b AUG~092,35% 01 = 093 1.00) 930 ALK = 0.8, #3% O3 = (095, 1003, p<1.85
(] .~ - .- - w o . o " o 15
1 Ky 0+ Spsamanny Pd/Pa (N) values as predictor of
final FFR values and clinical deci-
FR72 sion.
Pd/Pa (N) 20.8. Twenty-four patients
- Z 7 (18%) had a Pd/PaiN) 20.8. For these
7 studies, adenosine njections, regardless
i 7 of dose administered or number of injec-
i 4 tions, FFR. remained positive and there-
- 7 7 fore would not have changed the opera-
7 tor's treatment strategy.
- 7 Pd/Pa (N) >0.8. Seventy-five patients
c 7 i (54%6) with a Pd/Pa(N) >0.8 were further
il » evaluated with adenosine doses of 120
[ .2 :‘ .- = pg and 240 pg Of these, 55 studies were
negative for the 120 pg. Only 4 out of 55
IR studies turned our positive when rested
~ with mcreasing dose of 240 pg,
e
o 4 Discussion
y3 -
Y Ihe resules of this study suggese that
bt 7 Pd/Pa(N) can be used for dignosis of
i // hemodynanically sigmficant lesions. Pd/
o (" Pa(N) correlates well with FFR. P'd/Pa(N)
s cutoff of £0.8 can be considered sigmificant
i ” with no need for adenosine injection. The
DT T 4 L p——— Koo =015 3% 1~ 4179, 4.4, <005 value of using adenosine whenever Pd/
A o o = = - Y5 " P - % Pa(N) is above 0,94 is himited,
1-Spechery - Spacteny Our findings extend recent observa-

uons,'' which indicate a good correlation

FIGURE 2. Pd/PalN] recelver operating characteristic curves and and area under the of Pd/Pa(N) with FFR results. Moreover,
curve [AUC] for each dosage of adenosine, A classification cut-off of 0.80 was used for ; high negative predictive value for Pd/
each adenasine dosage. The test varlable was past-nitroglycerin Pd/Pa reading=. Cl = pyny . =088 to exclude lesion signifi-

confidence interval,

corrclation for each adenosine dose. Figure 2 shows ROC
curves for the PA/Pa(N) using 2 FFIR value of 0.8 as the ref-
erence (standard) variable. AUC was between 0.98 (95% Cl,
(0.95-1.00; P<.05) for 48 pg adenosine and (0L86 (95% Cl.
1.79-0.94; P< 05} for 240 pg adenosine. Table 3 summuarizes
the cases and demonstrates the number of available values for
each of the adenosine doses,

According to available and missing values and to avoid po-
tential bias, the Pd/Pa(N), FFR 120, and FFR 2411 values were

Vor, 29, Brun 2017 AvGust 15

cance was established, potentially reduc-

ing the need for adenosine in 2 signifi-
cant number of patients,” Baseline Pd/Pa values prior to
hyperemia were also studied' and showed good correlation
to FFR., However, Pd/Pa(N) was shown to correlate better
with FFRR than baseline Pd/Pa."”

The administration of IV adenosine as o means of achiev-
ing maximal hyperemia s considered by some the gold stan-
dard, but its widespread use in the catheterizanon laborato-
ry is limited by some drawbacks, including length of tme
during drug application to achieve 3 steady-state and the

3
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Table 1. Baseline der

Characteristic V [N =134)

higher occurrence of systemac

adverse reactions,'™' making
Female 37 (27.6%) the 1C '“k.l'.w'\i"c injc'rnun a
S e brwersl 65+ 10.2 LMCA to LAD 3 more appealing alternative. -
PR LAD o5 However, even the use of |C
Baseline na PR
adenosine is time and resource
Heart rate [beats/min] 665+ 13.0 Provdemal o consuming, and therefore FFR
Blood pressure - systole (mem Hgl 125+ 232 Middie s7 15 often underused. Curremt
Blood pressure - diastole imm Hgl 66 = 10.4 Distal a dmh from the United States
o T A

A teind iadieal conaitians Diagonal a CathPPCl  regstry  indic ates
that only 6,1% of patzents with
History of coronaty artery diseasa 62 (50.6%] RCA Y moderate  coronary  lesions
Hypertension 98 [N.7%] Praximal 1 were assessed with FFR prior
Hyperlipidemia 99 [74.3%) Middle 9 to PCL" Data from a Swedish
sgistry ™ showed unlization of

Smoking Distal a TR
Nover 83 (62.0%) FFR in 0.2% and 1026 of pa-
PRL ! tients in leeland and Sweden,

Current 15 {1.2%] PDA 1 respectively
Former 36 (26.8%] LCx 1 For these reasons, the search
Diabetes 35 (26.19%) A, 2 for a simplified, quicker, and
Clinical indication for the study e, s even. ;n.lcnuainc-:'u:c alterna-
Angina, chest pain, or equivalent 84 (62.7%) Marginal a :‘; ru‘.‘:‘t:::;g'm::l“;":";:’:’
- ]
Non-ST elevation acute coronary syndrome 32 23.8%) i 3 proposed as an ind ﬂ: P
ST-elevation MI [non-culprit vessel] 9 (6.7%] . sis severity that is independent
Congestive heart failure 3[2.2%) 'k:: ,:M'::: - ',e' n“'"?:if‘“"w'd: of hypereniia and can be mea-
Other fsyncope, ia, posiive stresstest, 6 [4.6%) anary artery: RCA = right  sured without the need for ad-
valvular heart disease] bt a‘m!’:;‘“‘_ :::: enosine.” The diagnostic accu-
Data presented as number (%] or mean = standard devdation, terior descending artery; LCX Facy of iIFR and resting Pd/Pa
Mi = myocardial infarction. = Tt chroumiie: compared with standard FFR

was studied and found o be
§0% for both indices.™ Others demonstrated a fower diag-
nostic accuracy for iFR when compared with FFILY!

FER Scorm sl w Recentdy, the effect of [C contrast injectzon on Pd/Pa
fn =134} was reported. ™ It showed higher diagnostic accurucy of
Pd/Palg] 134 0 {0%) (’U!anlls'! s -:o:np.;m‘l with rcs:it;g Pd/Pa or il:l’{.-" :1,uw|:\'-
er. earlier works demonstrated that contrast-induced hyper-
Fo/mein) o bA emia is inferior compared with hyperemia achieved by other
FFR 24 38 96 (11.6%] means® and the excessive use of contrast for that purpose
FFR 36 2 132 (98.5%) must be balanced with the potenmal low risk of contrast-in-
FFR 48 a7 B7 [64.9%) duced acute kidney injury.
FER 60 17 17 [87.3%)] When Pd/Pa(N) values are near normal (defined in this
study by vahues 20.94), Pd/Pa(N) has an excellent NPV and
kL 5 89 toaa sl 4 very I)ngh sensitivity. Therefore, based on our findings, the
FFR 96 52 82 [61.2%) physician might opt to skip any adenosine mjection since
FFR 120 n 21 15.75%] the chances of a positive FFR are very low.
FFR 144 2 132 (98.5%) Alternatively, injection of very high adenosine doses (and
FFR 180 8 126 {94.0%] foregoing Jl*)\y‘ doses :m\vr th.;n 24'0 1y tl;:u were tr;::]i in the
2 current st l') n’l-'ll\' pe consadered o rule out an 'P(X\i’
bt - B for.aw) tive Jesion, It is likely thut such negative Pd/Pa(N)- positive
FFR 240 96 38 (284%) standard FFR results wall be in the gray zone. The clinical sig-
FFR 360 ! 133 [99.3%¢] nificance of gray-zone FFR (0.8>FFR2(.75) 1s not yet clear.
Date presented as reimber or number (%] In patients with stable coronary artery disease and gray-zone
*Pd/Pa was measured st basefine [B], post nitroglycerin [N}, or at FFIL followed for approximately 2 years, medically treated

various increasing adenasine doses from 24 g te 360 0.

4 T Joumxas or Invasive Canntotocy®
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Criterion for Diagnostic  Youden's
Pd/PalN} Cases(n)  Cases[n) % (%] %) Accuracy (%] Indax
20.80 20 93 463 986 95.0 76,3 796 045
=0.81 22 g1 51.2 986 95.5 78.0 814 050
=0.82 30 a3 63.4 54.4 867 819 83.2 058
<0.83 a0 73 756 875 775 86.3 832 0.63
<0.84° 44 69 805 847 75.0 884 83.2 0.65
50,85 51 62 829 76,4 66.7 887 788 0.5%
<0.86 56 58 85.4 72.2 63.6 897 77.0 0.58
<0.87 61 52 902 66,7 607 923 5.2 057
<0.88 66 47 90.2 59.7 56 915 70.8 0.50
<0,89 74 39 92.7 50.0 514 923 655 0.43
=0.90 82 3 927 389 463 90.3 58.4 0.32
=0.91 a7 26 927 39 437 885 54,0 025
0,92 o4 w 476 250 426 94.7 513 023
<093 100 1 976 67 400 923 46.0 034
<094 103 10 927 13.9 398 100.0 451 007
0,95 108 5 100.0 69 38.0 100.0 407 0,07
=0.96 110 3 100.0 4.z 373 100.0 389 0.04
5097 m 2 100.0 28 369 1000 18] 0.03
<0.98 n2 1 100.0 0.0 166 100.0 vz 0.00
5099 n3 0 100.0 0.0 363 = 363 0.00
<1.00 3 0 100.0 0.0 363 - 36.3 0.00

Dita prasented as number or percentage. PPV = positive predictive value; NPV = negative predictive value. Fost-nitrogiycerin Pd/Pa was assoch-
ated with the highest diagnastic accuracy when compared 10 a 080 cut-off for fractional Mow reserve after 120 pg adenosne dasage.

patients had a Jower event rate and no difference in presence
of angina when compared with patients who were revascu-
larized.™ When followed for 4.5 ¢ 2.1 years. patients wich
deferred revascularization had stmilar need for intervention
whether their FFR was (175 to (1L80 or L8] to 0.857 The
DEFER tal did not show chuical benefit for revasculariza-
tion for lesions with FFR>0.75 as compared with medical
therapy.™ A threshold of 1.8 was subsequently adopted.™ It
seems that a truc cut—off for FFR lesions does not exist and
a gradual relation between degree of ischemia and outcome
is more likely.“" Taken together, the clinical benefic of using
high-dose adenosine to rule out true positive lesions is cur-
rently unknown. Further studies are needed to determine if
an FFR-negative lesion that turned out wo be positive only
after high-dose adenosine should be revascularized

Study limitations. The present study has several limita-
tions, The main one hes wathin the small number of panents
and the: nos-randomized nature, which may introduce selection
bias. Moreover, the lack of protocol-driven nitroglycerin dosage
might limit the reproducitbality of our findings. The absence of
comparator group for 1V adenosine mfusion and the low num-
ber of non-left anterior descending coronary artery FFI stadies

Von, 29, Bruw 2017 Aweast 15

are other important limitations. Yet, we have demonstrared good
correlation beeween Pd/PafN) and a wide specorum of 1C ade-
nasine doses and the clmical mportance of lestons diagnosed by
very high-dose adenosine 1s unclear.

Conclusion

We demonstrated that Pd/Pa(N) correlates well wich
FFR results, When Pd/Pa(N) is SIL8, there 15 no need for
adenosine injection, When Pd/Pa(N) is 20.94, there is 2
high probability of an FFR-negative lesion, Pd/Pa(N}-based
strategy may be integrated into the hemodynamic assess-
ment of borderhine lesion.
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Introduction
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i1 mesaboldte, pocasdum Garresoane] are the currany lkemed
MRLAS for chinécal was. Chrical tudies chow the Serefis of MRAS,
but there are rited dats o drect comparton of thece MRAL.
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drugs. Spronclctose and eplerentone difer I ther metbobsm
ard tat¥e '’ Eplererose prodeces more comduent nvbition
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I i» coromary arseriex) chan spirosclacsone ™ Based on these
biochemicd and phurvacolioged dfsrences, this revies 2ims 1o

*Corregpandeng e Geparsmews of Cortlonpeoder Sooncn. Unnarity of S0alfeho. Seach M8 Roed Shellodd $10 000 LIC Teb 484 176 250004, P 44 114 37112,

Crot s doecior Mtk

© 2013 The Astvors

Exvopens foardd of Heart Falae © 2013 BEurcpean Sockety of Cardiology

210



144

)bt
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pood ewidence-batec practics, cne can eapest the beoefn - righ
o shoss in ndwoad ttalr ooy when wing the same droge aad
doages s used I correrposdiag orials Therefore unte A ther
cats are wvadable, & might be prudercs to wee ©e MKA ard dosing
regirvns proven o e sk and eVecive i the mgor randorrsed
triak L. spronchomone 11.5-50mp'dy In padents with sewere
CHF due 10 LVSD ard cplerenonm 25--50 mp'dey n gationts with
CHF dus 10 LY3D wd miid spmgtone. Indeed 1his 3pgenach han
een stopted in sore of the guddne: '

Lefe ventricular systolic dysfuntion after
myocardial infarction
EBoth sptrocaiacione and eplierencos have Sean thown 1o improes
Lmenm olowmirg chuerris and reperfuaoe in pre-
e Spironct tas rot been stsded b chrical
eriabs dor they indhcacon. In the rndrarck EPHESUS tral 2 mean
dose of 41 g of sphiverone produced 15% redaction n sl-casse
mornicy, 175 redecticn in crdicaucudyr marsalty, and 271%
reducton i sodden cerdhec death (5D
Akhough ok of chwical duta does nod meas St spromolecione
haa no effect in poar-tnbrce LVSD, the swidance-tawed approach
SUEREILS Thal eplercrane. and not sprronclectcee, should be rec-
ammeaded for powsnfyrer WD padencs. ac segpeced by the
Natioral lroteute for Hesdth and Qe Excellence [NICE), UK
Furthemore, patisns sith M are Veguenth oeated wih PCh,
d epber [bux mot apie ) reay abo prevent Ie-sees
mmndc" SPrasclacncne was s hown 10 DT poitandopdasty
n rabse M thate reasks could not be repre-
duied @ pordee earomary mpopbaty model’ or in a dines
rial” Howsves splorrose bac chown promidag reseles in many
prechrscd models. ' MY Tha dferevinl efiect of epbrarase
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cosMd ponbly be due o nb ol (S5%) red n colgen
COALLNT in he reorinma and medie, which spironclectone has net
baen thawn to reduce '’ Furthermare, whiltss epleresone s selocr
tee dor Mis, spirozoilcions sy 3bo Slock progesmercre recep-
tons progoterone has boen shown 0o have arusthercackron: ssd
Ardresuenatic propertes By ohibiting feare cef Sormecon] ™ The
offcacy af opler for thix iadh hot a0t been formaly

d 1 a chocal tral H n the EPHESLE val M5 of
patieres recetved PO a0 traastrment bor AN nd, altbosgh there
wieh 00 SUtstaly s grifomt ineeractior, the rmugritude of benefl-
chl e¥ecix of aplernncre, 3 companed with phceba, was greaser
i PClarvated o warwd with pa who did noe hwve
PC17 There are currentdy twd ofgoing Cids 0o test MRAs n an
AM popelinion: ALRATRDSS (NCT.0T057134) and REMNDER
(MCT-01 176%¢8) seanrg spronchcione and sphrscare, repec-
Undy. Both gperts will be sdmivstered within 24 h of an AML
These orak mayp held understand potesayd sovdarites and G¥er.
encea Setween the owo MILAL

Prevention of sudden cardiac death
In heart failure

Minenlccortiookd in add o standbrd
therapy, reduced the ndh— of SCD in the RALES EPH.
ESUS, and EMPHASEHF oriah." 7 Spirom 000 has Deen shows
mwww“ﬂmm“mmwd
dnperaon ¥ Fertbermors, 3ptroncls ¢

ACE i biors. re€uced aviypdimbis 0 pou-N uﬁ-u"ﬂkﬁ
aansly irprove cardbe vagyl comral respective of sy Shurecc
efects. which may partully oxgplan their Serwfiosl efecn ™ We
et ol parformed a metaanalysis of MRA vrak 1o evabure ther role
in the preveation of 500 in heart Slre paderca ™ Thk mets-
ndpsts nduded seven trids with o ot of BAIS patieres. AL
eplorenane @ata were dertved from the EPHESLIS ol The magon
ity of the pirosclacione dara carme fram the RALES ol whie:
the other five truh el with spbronotecton) contributed only 340
patierns in dvs resyanaipsls. Bomh M s sgaifiounnthy redaced the
rick of SC0O verericular chpordla, and opivcdes of versricubir
premature complenes (Tubde 3%

W savwrary boch drags bave 2 potenca, and tivihe rdde
prevercon of ventricabir arrhgthmiar and SCO I CHF pacence
Hence. $1o ndhcasion does rot affec: thwe choce of which MRA
should be used Thus, the choice conmnues 10 bo dased on the
sewprity of eymptame and e orcuuzarces of haart Sikere o
Infaree or noe)

Heart fallure with preserved ejection
fraction

Heart fehre with preserved eecton fracoon (HF-PEF) or dustole
hwart falure (DHF] b pathophysiclogeally dferess from heort
fobsre due oo LVSD ™' Hence. the deta from soudhes exaluating the
eflocze on padienss wixh tears Dilire dae o LVSD thould not be
directdy wxirapobited to diaatoic dysbusction

Mo siocorixod recepeor sctveton leach to LY Sypertrophy
ard colagen deporiion, which redeces compbance @ Fpleresone

Table 3 Mineralacorticold rocepeor ansagoniats for

prevestion of sedden cardisc death
s Eal
Deow brg'ded 5 5%
Pakwrt rmwsiney Tl “a
NYHA chnr Waormw | ]
WVEF 3% “%
Tolcmr-cp “ "
) g M o 165
hoopolosce va. coral 24K i cosral 148,
L A gt
Toioms cardac Ipranataciere 108 Fpdararawm 4 T%
deadh L cosal 1IX e ool 6 1%,
rFutm Putnl
R e ey

has been shawn to mtervaae colgen nerover i patents with
DHF'' ™ and to improwe the echocardicgraphic massers: of das-

ke bnction® There was. b o aigre b e n
6mis walk extarce ™ Furtharmore, sy beneSt of eplerenaae on
morbigiy ard mersley n HFPEF to be d wed

A fow sufier have sveived the sffect of spronclsctcre on
Gastole dysincson. Spironslactone (25 mg'dey) I combisation
with ACE ishisecn kmproved syocwshl Ancdon, reduced LV
brzertrophy and reduced markens of colbper tamover is paseres
with mesabolic spadrome and akesdy recerdng ACE inhiscors ¥
Aldo-DHF 3 d 412 ¢ wich OHF INYHA 1L Er

250% avd echocardiagript e of dastobe dysfaection) to
mcm«wamﬂiﬂaﬂ«mu.m
of 12 tha and bod 20 irepe " capac-

Iy o Qualicy of We. Jeipite lnprosed biothencel and echocer-
diographic featares ir the wpirorabcions grosp™ TOPCAT & 2
large (&= 3445) mud = r g, dovbie-tird phrsbo-
controlied i of spiwnclectone b pateres with DHE The o
resuks were presereed 3t AMA Sclerdifc Segons, Nosenter 18
2013, Durtag an sverage follow-ag of 1.3 yeary, there wat no dffer-
ence in the prmary endpoings (U rane of Cardaorvasouler mortabey,
abcried cardiae arrem, o heart Siure hospin basion) beraesn
he ipironols ard placebo grocpa (1BA% v 204K HA 089,
F5% C1 0771040 The rate of hawrt falere hoapnd kation was,
howewer wecduoed I the sproncbcione group (V1%
va 14K HE 083 355 C1069-09%.

hmmbl‘-ﬂdﬂummﬂhﬂmh
eithar agent. | rorab cn p By be wead for
NMMMRW‘MMQ&-MM
of pasients with bnied dreripeutic oploss

Right heart failure and pulmonary
arterial hypertension

PRaerna dowarone leselk have Been Hows 10 Correfate with pro-
groavion of pulmony arsertyd hgertersion (MM * Corvertely,
MR btlcckacde reduces the proberssos of pokrarary areral
ootk cuscle celk ™ Bodh ipironoiattone av epderenone Nive

03013 The Asthars
Brspeon Jovrsd of Moot e © 2013 Euvropeen Socety of Cardialagy
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wnuummmummm-auum
ard cardhiop ¥ . hy = murine model:
oim-l”

To dwe. nG snadies have evahuoed the roke of MRAS o padencs
werh PAM and righe hear: fadure The sse of MAL In the treatmen:
of PAM g right heare falure &, therefore noe beersed o the
mament (excopt 38 part of daretc theripe]. due 1o ok of ik

widerce. Howseer the pre-clskal v wp L e »d
chricl trinhs are warrsted

Other potential factors

in choosing a mineralocorticoid
receptor antagonist

Gender

Szarnreol can prod 4 I gido efects k
c-n-'bem&l"‘ rh "ty jcuning 3 decreams n
mww) ard peripheral Sodsm of o
[l < nhe 1o aeesradhal ratia), readting

n gresvccrasin’' which b reported n 10-20% of the men
whing prorobcre T Hypereine trab hive directly com-
wymmmmmmmm
caunien fower erdocrrm sxde effocts, Including gy

AL 2 s propor o0 of s are Beely 00 be afected mith thes
e a¥fect, & & remonazle 1o offer aplorenane 38 an ATernative
long-term thersgy 1 male prseres sfected by pyrascormass oo
cmovmmrauumm|mm
fear of dessirpig that b
moIW|okmw-ud0-nmhumm¢
shouls remain s firstbee Serapy Moweser, © Moz S0 hept

NMMWMY "3 can abho dewsk
and rupuuu”"awnwmm
muhagwq&wnn = that iy

these sprgtoonm ™

Heart failure with diabetes mellitus

Sphrorolcione wd .bmo-e m o.-l' c'l.ﬂbe t- CHF
wis or L "

bbmdumeoh‘-r.deduﬂfm-mh
wenpkhoremedaned vasodhiation, i patercs mith type 2 Ga-
tetar, sonubly dee oo tha wornening of ghhesamic conorol and an
nerease i phyre sngotessn 1LY b comrast. epferesone could
rprove corasary drodmory ection  (adenosoesthraieted
sryccardal perfiaion reserve) 3nd erndorhelal Suactios in o
beuc panients éready n«MqACE whiviors ™ Furthermore,
pirench cax w-wm)

m petharts with type 1 duk Wiy o wphropathy or
pocrly controbed hypaoenton '™ e 2 sedy ol"ﬂm
with s CHE, prenchcrore noresied H2A and cormec] levels
ol reduced adporectin leweh over 4 montbs. fadap wheh
mighe be exp d 1o berdd = rak of dewicping
dubeotes™ Howeres spbererone bar ro such efsco. suggeetng
e postihifiny of 4 dMrendd ofcr doperding on Mo seltt ey
of MR blockade.™ Therefore, & could Be argues thor eplerercre

© 2013 The Asrons
Gurspean jourval of Heart fadaw @ 1013 Burcpean Sockey of Cardalogy

Table 4 Comparison of adverce svents n
spirenclactone wnd spleremcne chronic heart failure
with left ventricalar systobc dysfunction triek

Nprro e to re Eplererone
M vl RALES EMPHANS
Mo drug done 20 i
e U
Cymascovansa (%) 9 0L
Breas pae 1% 2 0s
Adotvse evemt (N 82 n
Sewas L25 mpiadoand LYK nphcado sad
pebebiere 17w 155 v spleresces
1<* b rmvel) proschoiore pop IF=0Y)
poer (F000Y)
Drscoresnmton dae 5% Sghur tarn 1.4% jes tan
2 atverse e phccbe proup Fhcedo provg

ix the prefer red MILA for diabernicn. Mosswver, It ot Be nosed that
dhere are opposrg reporse on the rebaombip of HsA, lovels
and oaeomes in paests wath CHEY ™ Thercfore. cawtion &
mmuhmmmMMWmﬁ

" wieh ot n the ab of drecs
tmmtomtrhb.

Hyperkalaemia

Boch drugs can casce fppaviabend, and e aciderce of sl
oas hyperkalsarea @ ldy 10 be higher in real Mo than in cheical
rak ™ Thave are 0o frect comparatine data 4o diferentive
between Se owo ageres b teeme of ek of Sypedalaena. How.
ewer the svainble evifesce suygpese thar the nek of lyperiabemis
razy Be loser with eplmcsncne (Table 4] Invew of the greates offe.
vy of sptirosclactone Tor Mis, 23 well 31 23 longer hal-Me, the itk
of Peyperbaluerria trayfae grester widh 25 oy of speronciecions than
with 15mg of eplererane. the stwting doses of dwie drugs in the
brdrark srale Furdermare, ¥ tppecclasma dewlops meth MRA
rean vl (s Becly £ tahe 3 lorger time to otan sormokaBema
with iprorcbiciane - view of &5 loager halt-ife

Other co-morbidities

Spromlcione 5 abo wsed for non-cwrdoc ndcstons dudng
hyperaldoasroniun, darhads widh aschies and porsal hyperoesion
and rephrote pyrdrome. Thers hoss beon ro major pbcebo-
cortrelied rardomicrd trab comperryg the relstve elicacy of e
WO drugs In e mamgemens of 1hese Condtors and, il mre
data becorne exnhble, @ & resoonsbiie 10 wart with aplroncbcione
i these Ccomortid sondtions anvd seich o epleresone f akde
effoct: aw kmking.

Concomitant therapy

Coutian s wawrrned for padencs on awiphe drags 0 o
potermsl drug ieteracooa and akered mecbolun of dowgs ®
Epferencne b irataboloed provanly by cytockrome P4SO 1AS
(CYPIALL tharefore & should De avoided In patients recenig
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potemt bdrors of this erzpme, such o & be (ruy véuce
1 fvedold rereme in pirerone lewels) Choser manitoring may
b peeded when eplerencne s used with s potont inhiskors
of CYP1AL such ac wrapanmd, erythromyon, fucomacle, and
procexie inhisecrs. Comserselye the CYPIAS jeducer SO jodmy
ViarL, iay redute epleremons fevek by 0%

Licensing restrictions

The liceraing reurictions moy have implictiors on which agert
car be prescrived b d¥erest geogragieed ard ethord grows.
Sprronolictone 5 widely lcermaed for sreatmane of hypertension
ard heart fadure In Barcpe and Casada, eplererone (vindeated dor
paseres with CHF and soat-talaret VDL bue s ot for the Ureatment
of exsertal hpper terminoe * I the USA, eplerenans i indcaed for
ab these con@sons, whilit by e Astan countries splarencos is
hdicanad only far hypertoraion 1E4 14

Cost implications

Treatreers wizh an MRA &k coc-sfective for the mansgwment of
CHF dee oo LYSOY |2 che sbnerce off 3 randomined costrelied
vul £ o diffcckt o oabish the cest bavelc of one agers
ower the oher Akhough sprronchicione it abardaly cwager,
epferercns cxaues fower side effects and Tuy potentisly be more
cont-sfective n the mangament of poatklee VDY The
incromental test.elfextinness rato of eplrerone, compared with
thas of stancrd care abone (ard noe ircocbiciose), ix E4457 ard
L7693 for each sdditoral qeahtywdpsted We yeur [QALY] when
oyenr and Wetme rawment daration & aseemed, respoctieaty
Thete Tgeroe are wal below e (20800 thrashold accepted as
pood value by NICE, UK. The results of these haalth e0onanmic
arabses e Bapd on higher el whlecl, d
for eplersrone compared with spironolacione from e mets-
ragreasion However. ¥ & ‘dass efect’ o woraddered more plassidle
i the rests of an ovidence synthesis maded, spionolacnons s
the mont cost-etlective oreatmenc.

Cost-etectrreness arales of the EMPHASEHF wid was
recestly preseraet at Me ESC Corlerence, showing thoc
epfersrone b cont-eflacties in CHF pattenis with mid srgrono,

by wrprenyg quby of Fe md reduong hospralaation [Jobn
McMurrap, B5C 2017 b addnicn to stndard care, splerencre
prascripoon ircreasef Netme drect cona by G312 for the
UK, and €7239 for Spuin. with addionad quiliyadusied Ve
expectincy of 1.7 QalYs (UK, cacount rate 3155 ard 1.33 years
(Spain, dicosee ree 35 Man Hfetrre costs were £3740 per
QALY In the UK, €812 per QALY in Greede, and €5442 par
QALY in Spain. Prodasddssc sengtivity ralysls saggeated 3 10085
habtocd of epleresone being regarded a: cont-efloctwve 3t 3 wil-
iagrem to poy threshold of £20000 ger QALY (UK} o €30300
per QALY Spais). Therefore, by curreatly acceptnd sandands of
vakm for morey @e addion of splerencra to optimdl medical
therapy lor patients wath CHF ind mid spmiptoen is ey o be
CosLafVecine.

Future directions

Head-to-head trial to evaluate side
effects

It woubd be dffcuk. | rot imposuiie, 1o conducs 3 head-to-head
ool of theas two deugs, due to the remoes slrady cutfined
Howeser. 23 both & gs pesr eVecive for many cardovascular
indhcacions and The man Booe 1 dechiiar-rraking rebices to side
offec: profile, & thould be poustiles to contixe 3 wral-scake tral
focuning on wde efect, and aot e eficacy, of these two drugs.

Personalized medicine
In the abiance of direct companative evddence, it thoud reman
perfectly scoeptabile (2ed preforable) o recommernd ot agert or
the other based on a1 ind sl patenc’s profle, nchading gender,
co-mortidnier, st T hh sppromch diows combining eviderce-
buoed with persenalied redcne

Non-steroldal mineralocorticoid
receptor antagonists

Bots orembcione and epkvendne are soroidal composnds.
Thers ars 2 few renatercidsd MAA: » variown sages of
devadoprment % K veekd be inttrestng (0 see ¥ fiese compounds

Table § A sugpested approach to select minerslocerticord receptor entagonists for cardivvescular indicetion

Iadcadon First-bine MRA
Hypersercion Ypwovetres
Chrons: beart fsfere avd LSO O

Sefecton of MRA

Cunasdir gordos foplicenane Lo nucke pucke i sod kmng reurcions
Conaider spim wne for el heor - e 30d rak o

and plrosas

for ok o0 ot vl wvere Peart Dlas

Coraider sgierenone for rale paseos 8 swisch 0o eplerenone for i gatieres

wih e sfoctr

WVED po M1 T o i
Dastide boart Lbae Poceccialy giroechionons
PAIATMT Nexhar

Corwncing pre-chneal dats wwortt cimical trink

LVEDL o it 1ok et acsors ML oo el aacsonc MAA prrardooonied recspeor seagoriet PR peirsoaary wrveeid bypeeamscteonm - right bews
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Corrpariion of ipironoboose and splrences

thow simlar eMoacy. Ber tave fower cde eflects. Being none
weroickl i 1 erwvtaged that thewe compounds will fowe dewer
erdocrine sude offocts. X & @50 berg sugpesced dut these com-
pounds Tay bave higher afrity Yar cardac MR, racher dhan renel
Mia, erdl therelore. pocontully ken tendency for hpperkaaemb.
BAY 3488567 {Baper Pramma, Germany) b arrently beiyg tested in
AKTS prvrarAlocorocold Recepior aregonkt Toke bty Soady;
NCTO1345658) il and the resutts of dha study wil be of rmajor
Irterest

Summary

There & 3 paucity of Srect comgantive @ for spronelictone
ard spbererone. & may not be approprbte to compars erias waing
SPRONGiaOnm o epbererone in howrt fihee droddy due to vt
diforerces i patlest populition and' ol desgn, Thoice of a
speciht wpent coskd be based on dinesd isdowsom fuxch 1 the
ranure of hears Gdwe ], hdadl pationt Scors (sedh o gerder.
co-morbideies. ocowrasce of side sMecrs), pecgraphicsl boercing
I GO, and Ccommenilp-Kvel Coat-besel® arabyss. Bared or
the dia yalable. we hase sugpeed a dmple appeoach 1o seboct
partiadar MAA for various cardicwacelar ndicadions (Table 5) Fure
U cosrgurative studes and cont-benel® asalyses sre warrssted

Conflict of nterest: BF las receied hororwrh from Woer and
wrem o8 the sdvhiory basrd:s for Masr 33d Novards. AAM wa
sdviior oz NICE (UK) for OnF puidedines and heare Slere Quodey
Smndards, and 1 3 member of the NICE proup on Aoute Mear: Fabes
NICE gusdad EZ bxx v 4 hoscrara from Woss Navarse,
Fodhe. Servier, Astralorwca. and Taboda, Al cdber wuhar bave o
conlits of wierest o dethre.
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Results

The EPHESUS PCI cohort is different
from the non-PCI cohort

The Basbre demcgraghic avd dined dhwescteriann of PC
rexted {nw 1580) wed son-PChoreated (n o« S052) patkests in the
EFHESUS (vl sre shown in Tabke 1 The Cl-treased padenss were
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Eplerenone improves outcomes in both
the PCl-treated and the non-PCl-treated
cohort
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aeed for repeas resascibr atos.

Methods

EPHESUS trial
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Statistical analysis
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Baseline characteristics of the EPHESUS
PCI cohort
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Q% Fud i) pramamesse in mee DA% va. 04K, P 1,004,
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Eplerenone dees not affect PClrelated
clinical outcomes
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Mineralocorticoid receptor (MR] antagonism is & well-
established treatment modality for patients with hyper-
tension, heart fallare, and left ventriculer systolic
dysfunction (LVSD] pest-myocardisd infarction M),
There se emerging data showing potential benefits
of MR antagomists is other cardiovascular conditions,
Studies have shown sssccistion Betweesn MR activation
and the development of myocardial fibrosis, corenary
artery diseuss, mutabolic syndrome, and corebrovasew
lar dizseanes. Thix review sxsevines the proclinioal and
clinical data of MR amtagosists for nowel indications
including hesrt faillure with preserved ejection fraction
HIPEFR), pulmonary arteral hypertonsion [PAHI, ee-
rhythmia, sudden cardiac death, walvular hest disesss,
mwstabolic syndrn I o and stroke. MR
antagonists are not licensed for these conditions yet;
however, emerging data suggest that indication for MR
antagonists are Skely 10 broaden: further studies are
warranted,

Introduction
The miseralocorticoid receptee (MR, sew ilossary) s B
eytesulic wicroid plar thut bind Jocartucards
axd glocosartbooids 1. NIR ix sxpowesed m many tissues
including kidowy and heart. In epithehial tissues, ME
activation 2nd noclear translecation results in ecrcased
wxpeoarion of prvteins that repuliate sedium/potassiuess
hameostasis, with concomftant sostorm reabseeplion and
inoresss 1o extraoel lular vodsmie, Inereased blood pressury,
and potassium excretson, Inhibition of MR results in re-
duced sedium resarption (0 the Bdners and rofoced uri-
nary potassium excretion (1

Landmark traals ineluding RALES (Rasdossceed Al dne-
tone Evaluation Stody), EFHESUS (Eplkrecons Past-
Acute Myosardial Infurction Heart Failure Efficscy nnd
Survival Study), and EMPHASES HY (Eplerencae in Mald
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Patisnts Hospitalization and Swrvival Study in Heart
Fuailurw) have demeastrated that MK antogonists (spiro-
nelactane o eplerunane have bereficsal effects In patients
with Besrt falure asd LVSD. However, MR antagonists
also havw potential efficts sa vascular inflammation, moee-
rephage activation, exypen frvw radical Ssemation, cado-
thellal dysfunction, and myscandsal filraeis, and b
may peovide more widespread bearftx on cardiavascular
disease stutes. These effocts are medsated by a varety of
signaling wechenisms and mediatoes, sutlined in Fipor |
and rwviewed in detail edsewhere |21, This review beledy
desacribes the sxisting indications of MR antagoalists and
eritically wealustes potential infications of MR antagealsts
for the treatment of HF-PEF, PAH, cardiee arriythasias,
vakeular heart diseass, metabolic aysdrome, renovaseular
discases, and cerebravascular disssess

Current and emerging MR antagonistx

Epleresane and spaaneloctone land 1= metabolite, potes-
pirsrn exnrencate’ are the currently licensed MR antago-
nists for clinieal use. Spircmnlacteac is o high affmity bue
nonapecific MR astagunist and, due to its stroetural simi-
larity to progesterons, bisds sk te progestesone, andro.
gen, and glurocorticoed recaplocs, bul with redeced aflinity
(3], Eplerenone is als & stercidal compeund with greater
selectivity for MR and minimal temding o prugesdinise
and androgen receptors ||, Spirenolactene and eplervnone
differ in their metabolism and bal fide 1° 4], There arv aleo
a few sonsteroidal MR antagondste lo g, Finerves, BR-
S6Z8) at varioos stages af develapmment [5-71, Thees emeey-
ieg MR antagonists have the potential to deliver mmilar
wficacy, but with less endocrine side effocts, such as setro-
wertac wide offects, induding impatence and gynecomastia
s mon and menstroal iregularity in women, dus to their
nan-stersidal strocture These compounds may alse have
higher aflinity for cardise NIR, rother than renol MR, and
theewfars, potestially & reduced tendescy for hyperkalemio

Taonds » Encaarvwiogy oy Motebosism  Aprd 2016, Wel. 26, No. 4

thas currently Emensed agents. A compuarisea of ME
antagoniets ix given in Tabile 1

Currently liconsed cardiovasculsr indicstions of MR
antagonists
Chronic heort falare due to LYSD
RALES and EMPHASIS HY triaks have peoven the efficacy
of MR mwm&ﬂmmml.m.ln
the RALES study saowed & BUR relative
reduction in mortality st 24-maonth Sllow-up (5], In EM-
PHARIS-HF, there was 5 24% roduction in cardhovascular
death, and a 42% reductien in hospetaleation for st
fallure 0], Howewer, both spiransiactone and eplerroone
can potentially cause hyperkalemia, raising coneerns
abunuoafﬂ!lmommmm'ﬂmdim-
pairment 12100 1t & warth neting that In patients with
LVED and mederate resal topainnent, & zewer nonste.
roidal MR antsgooist, Finerencae (BAY 9¢.82621, do.
crvamd beomsrkuew of hemedyneesic sleess oguivaleat o
mpervmalactiom, bt with lwer incdescs of hyperkalemia
and warsening reral function |11, Such newir compaunds
could potentially be safer altornatives to current MR
antagealsts for the existing cardbovarcular indieations.

LVSD afrer MV
In 122 EPHESUS trial, oplerenone administered 3.4 days
afler an acute syecardial afraction (AMD i patients with
chirical heart fuilure azd LVSD, profeced a 16% reduction
= all-casen ity, & 1T% rodution s cardiovascular
mortality xnd a 1% redoction in sodden cardise death
[10], Tt wak recant v repeeted in the REMINDER trisd that
enrly sdminietrwtnn of wplerenose within 24 howrs of
symptom oneet camn impoove the sutonme of patiests with
ST segment sdares on myocardisl infunction (STEMID, a
type of heart sttack, withowt clsacul heurt feilure
1121, Bplerencos produced » smignificant reduction in Lhe
primary endpaint [compoeite of cardisvascular martality,
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Table 1. Comparison of current and smerging MR antagonists
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wentricular seehythessn, dinical or subchinical heart faibare
ot 1 manth, as doturmined by un ipection Suctson lees than
0% or elevation in bouin natresrwiic puptide (BNP) ar N
Ler of preh ENT (NT-ENFP; heart rate (HR)
0.53, 95% cefdence interval (CT) DAS-O75 F < 0.0001],
-tnmunbllwuwoﬂo.sm 1120 This improvement
in primary endpoint was drives by » redoction in bram
natrimretic peptide (BNF) Jevels (HR 0,58, 9% CI 0 44-
0797, P < 0.0001); the study was not abledpowered to dems
costrate effecte on cordiar mortality (MR 052, 86% CI
005-598. P« ns), hespitalization (MK 006 85% CI
020-154, Fens), and ejection fraction (HR 1.08, 96%
Cl 055-200, P «ns) 12, Spirenolactene has not boen
assessed for this indicaticn. However, ALEATROES (Alde-
sterone bleckade carly after acute myocandial infanction;
NCTOL059136) ks an cagoing multicantor, epen-dabelled,
rasdogized trinl 10 assise Uhe effucts of MR blockads. The
trial will socseas % 200-myg intravenss bolus of potassium
canrunents fellowed by 26 mgiay spirenclactone for
6 muonthe, in 1600 patients withh STEMI oc high-nisk
NSTEMI 117 In summary, the dest current svallable
vvadunce nup;tm- eplorenone in the treatment of LVSD
nfter MI 111

thﬂm

MR antagorists are used as monotheragy and as an add.on
theeupy fir hypertoncian (1415 These agents are as
effective in lowering blood pressare s the currently recom.
mended first-line anti-hyperteosive ageats - asgictensia
comverting enzyme (ACE) inhibatoors [16] or asgictensia
receptor blockers IARBs! 117, BEplerencae is better tales-
ated thon amlodipiae, o widely wsed cadofum channed
blecker, with similar redoction in systolie bleod pressure

(151, MR antageoiss hove also beess shown te gevvent
hyperteseian-tnduced end organ damage in both peodin.
eal 119 ond clinicel studies | 16201, However, MR antago-
nists are still used nfrequently and considered s fourth-
line thevopy (for pacients with resistast hypertensonl, @n
national and intermne tional guidelines (211 The wedorae of
MR antagonists s due to relative paucity of leag-torm
cliniead outecome data, corpared with sther anti

sive drugs. Therefore, potential feture reles of MR antags-
nists in hyportessios willl be guided by farther population-
Jevel data, But there &= acope for wader acorptance in the
trvatomnt of hypertansion.

Emerging cardiovascular indicstions of MR antagonists
HF-FPEF

MR actevatson may couse left ventricular Mypertrophy
(LNH) and enllagen which roduces LV cempli-
ance, a characteristo of HF.PEF. MR antagonists bave
theeofore been bvestigated as potential therapoutic
apents C1ubile 20 AMthoagh eplerenone has bosn sdown
to attenonate collagen turnover in palienis with HF-PEF
2225 and mpeeve echecardiographic swasurnve  of
diastolie fumthn tais did oot correlate with functional
Improvement |22 After 6 morths of trvsitmert, no differ-
euulns-mlunmlhduunummumth--ﬂw
none and placebe groupe However, thix small study
In = 40) was undorgesered 1o desssonstrute functiznal out-
comnes. A substady of the OPTINIZE-HF trisl ceenpared
452 patients with u?m receiving MR antagonists with
457 peopersity Bents not roceiving MR antago-
nists | -l.Dnmlbon-n follow-ep of 24 years. the
prisary composty sndpoint of all-cagen mertality sr HF
hespitalizatios ecrcrred in 392 (B1%! and 353 (21%)

>
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pubients recoving and oot meserving ME  aniaponisis.
ruapectrvely THE 097, 895 CL 841,11, P = 0631
Enamala ef & In = B0 heve shwn thet splronslae-
tome imprased myvocordial functin and reduesd markers
of sollagen turnewer ol § wanths, compared o plasbs, in
patients with motabolic gyndromo alroedy reaceiving ACE
InNihitars |25). Thi Ale-DHF «Aldestarmans
Blickido in [Rartelic Hearl Fatlore) trisl in =432 alas
dizmanetraimd an mprwment i loft ventrieolar dia-
etedi functiom an echeoardiography with spirosal setone,
but failed to ehow amy sigmificant benefit o8 caoerciss
capaaity or quality of life at 1-year Gllow-up 6], TORP-
CAT ITreatment of Preserved Cordine fanetlon wilk an
Aldesterani andagenlsTy, the larpest trial se lur Rr s
indicaties, raadomised 2346 paiienis with HF-FEF
spironslacions or plesebs, and Meilnd ts shaw any signih-
cunl @ffect 40 tha primary campessin sndpmnt of cardin-
vamsaler mortality, aboried cardine arrest. and heart
fuilure haepitalization (HE 085, #6% 1 0.77-104,
F =004 at 3.3 year follew-up |27 (Table 21, Wewevar,
ihare war & significand reduction in HF hosphialization
cHRE 0.E3, 885 1 065003, P = Q048] Marovar, sab-
group analvses sugpested that spirenolecioes apeoand
1o hawe bessficiol effects in paibents enrollod in Uhe Lriad,
Edisod i BEgh Basiling BNF, silhar than thess included
afi The badis al & hespelalization Gr heerd faluree symp-
Eogts, Furthsrmors, a pest-hoc analysiz sogpested thad
thire might b= peographic differences in the ouloomes
[Z7]. Thesm hypothecs-ganerating sralyses  supgesi
thera muy be mueril i furtkar investigationa in high-riesk
:Elﬁ with meme mimrgerdt dingrastic sriterin for

P

Fulmenary bypertension ie a sanditon with maised blosd
pressare in the palmanary vesculature leading 1o strainan
ﬁ mght side al the heart and corsequent Fight Boeast
milure

Elevabed plasma ald ot erores vels hive e assocal-
ed with the pregression of PAH 125 | BER bleckada sl
ik prolifer stion of polaenary arteris] smooth fraeds adls
|2% . Bath spl rofolictofe and epharanose hava bian shesen
1o prevesd dr reverss pulosanary vascular memodaling, and
L i i hiz=idynuamica in murine mnd-
ale of PAH [30].

The dula fram ARIES (Ambrsentan in pulmsnary ar-
turml Bypertonmien, rendaomised, dooble-bling, plocebe
contmalled, molicenter, sfficscy sbedy) evaloated ammbel-
smntan (am #ndsthelin reseplor sedagonisi) aguinst & pla-
cubn, A sub-smalysis ddentified 21 pabients ool of the
A7 rardomased bo mmbrssntan alenel with & combissation
of smbriesnian ard spirondactone for the ircaiwsent of
FAH, The resullts showesd that sombination tresimost
resaltied in an improvement in Worbd Beatth Organizatisn
I'WHOI functienal clase by = 1 0P = 080 Eminute wallting
dietames by B4'F 1P < 0.11F wsh @ dvap in BNP ewals
1P 0083 L1,

The usesf ME antagoiists in the irmatmenl of PAH and
right heart fallure |s not lisensind purrently leeeepl as pat
off diaretic therapy & patients witks rgght-sided heart sl
urel There are minimal elinics]l dals al pressnk, butk

Trmrias n Endocrnobgy end Melsbolen  Apal #AE, wol 34, Ko, 4

preelinical data appeir promisisg std haw led o oem-
ber of dinical studas, wheek will sddrees thig indicpdion
merw diafratively (Tabilke Sk

Areied arsfivifiroaef bri¥alion

There ars smerping dats, maisdr frem prechinesl studies,
an the rale af MR wntagonists s atrin] arshyikssins. SR
petivatien may ha=¢ direct effects fchidgis in myasyte
elevtrical preportie, abes el iesitinn, iom channel
abneemuliling, 2 axide sailability, atrial drefanction,
amd myscanlial Al aad direcs sfecie msiated by
waniil of hypurimann and heart frilore and preventisn af
byrpokalemin,

Ineroaend ME sspreeston and assecigied Sheoeis of thes
left atrind tigeae s been reparied in bomsan aietal Gheil-
latien 1AF]) and s cellolar meded of AF 122 2% MR aclive-
Hon @ a poientiel sobetrate S atried archylhmios
charseterized by otrial fibeosis, myocyle hyparctmapky,
and cenduetian disterbasess |34 Pl aldsdermmn
lowels are raised im pulSanis with AF [16] snd mbents
with primery aldes arenism have s 13-fld higher rizk of
distalopzy AF compared with hlesd pressure-matcbed
comkrele S1A].

Bpamars| etome hsa been shown b peevent otelal fbeoets
in preclinical stodies [26], Predreatment with spiroeolac-
bane in a venbreoular inehy-pering AF modal in dogs e
dueed the arnaund of sieial Gbrosis ared e bility of &F
|47L Spironolactent alse prevenied AF-ralatod < in
wirinl sbrecture ant Tunethan in el in o cerime model of
persistent AF. redused apopbstic el Saath, myolynir, amd
mihtoscboredtria | swedlsag; and mainainmd kil alsial sjection
Trection |25, Epliroaose his alee baes shown Bo supprese
fibrosis fosd ivelaclde AF in @ casssa medel [10],

Tz clinionl &ita b suggasl Uhat MR soiagomsis may
have o Benelicial effocl = pulmnoie with AF, A emall
relripeetive slady in &1 patients with AF. moleding
3 who ware treabed writh spirmealacisne far = 1 mozdhs,
Eaw sheeam that the spircnolactans group had signiflcarly
Srwer AF-related hespitalizations ar nesd for ebestrical
cardiavaraian [40), ME amaganiam bas ales been shown
ko impreve mussterangs of pnus rhythm sfier madiefio
nuency eatheter ahlstion in patienis with persistent AF. In
n amtudy examining 161 peticris with persistent AF who
underwend ablotion, epleremane wis used in G gul@anis
andl vk usesd i the remaleisg 106 puinis [41]. Other
poavEn tinal plarmEcobgic igenls, miobaling ACE msiata-
bars pr AKBS, wene weed squally in the bwa groupm. Afier
24 moschs o Lllkw-up, the rule of fresdem from AF
MilrtEnoe wal agaificanlly grmber = the spleremane
group (BHE] LBdin gn the san-splersrane group PR
W =001 In o mulivaniabe cox repressisn annlveis,
#pliregans thimapy was sn independ ens predictor of main-
tenancn al ainus rhyghm Hi], New sneet AF was pn adju-
diguted, pru-apcilied  secondnry  emdpeiet in the
EMPHAEIS-HF irial and was significantly redured by
epkirinm |5 Al the mean fmllsw-up of 2 vears, pew
ansil AF gocurned ia 25911 (2 7% af the paberie in the
group mndamizsd 4o splerenone, versus SVBEL (5% in
the group mndamizsd to plocebs (HE 058, 25% £ 0585
68, F= 540, Similar findings were reparted in 5P1E-
AF trial {o = 16 patients); of the 18tk (olle.up,
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epirsnolactone-trv sed proupe had = aygnificant (F < 0001)
redurtisn in the inddene of AF episades camgared to the
comparater non-sparanslortone greups |41,

In summary, MK antagonists may have a vole in the
prevention of atrial arrhythmias, espocially AF, and far.
ther randamized coetroliod trials are warnanted.

Vastricalir archythamias and sodden cenaiee dearh
Mineralosarticoids may play a potential rode in yestricular
arrhythmias and sudden cardioe death (SCDI Overespres-
slon of cordiac MR (n menne models has been shoen to
result In severe wentricalar amvhythmias and death
1ot This conditional cardiacspecific ME overexpression
resalted in jca churoel remedeliag sed prodorgod ventric-
ular svpolarzestion, witkout aystessic aldestercns soosa.
Cenversely, ME bhockade, in addition te the standard
therapy, reduced the incidence of suddis cirdiac denth
in the RALES, EPHESUS, and ENMPHASIS-HF trials |5
100 A reoent sudvasalyxis hax shown that MR antago-
nists reduce the rek of SCD in patients with LVSD
451, Both sporanslsetone and eplereaone significontly re
dosed ventricular premature complexes, vertrizular tochy-
eardla, and SCD 140). Additionally, spiropslactone i
combination with ACE inhibétors redused arrhythmias
in poet-MI patsents |{6],

In summary, the lunger stodies of ME antagonisis =
LVED have cmfirzmd 2 reduction is ventnicular asvhyth-
misxe and SCI. however, the rule of MR sotngonacts
patients with nak of vwotnicular srrbythmias aad SCD
witheut LVSD e further svaluation in chescal studies
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The odeey and renal vasculature are potentsal targets of
aldasterane-medated pathology, The rpeatanconsly by
pertensive stroke-peome rots, characterized by activation
of the renin-angictznsin-aldosterone system (RAAS), de-
velop severe hypertensson, cerebeal hemorrhage, and resal
pathelogy. Splroaclactane has been shewn te protect
aguinst the develgpment of malgnant nephresderotic
and curebrovasculie lestons in this modd, indegesdent
of its Blosd pressume lowering offect 7). MR activation
hia also bewn gl catod In the candise hypertrophy ob-
served in aremic ras, und splounelactoed has Boun abown
o atlesuate cardie hypestrephy and pevwentand axidstive
Atrvees in this moded [15],

In dislyrizpationts, the offcncy and sndfety of MR antage-
niste have boon reparted in 2 fow small chaienl studies,
reviewed elsewhere 10 DOHAS (Diakysis Ostoormes Heart
Failure Aldactene Stody), » prespective, myaltiventer, ran-
domieed, contralled open-label tnal (e = 39), has shown
that sparapalactone 123 mgfday) may substantiolly reduce
cardisvascular and rercheovasculor morbidey and mortall-
ty In patsents oa hemedialysis 1701, Splreodloctene has alse
toon reparted to B¢ safe In patients with carly stages of
chronie Kidney disssse with a strict menitoring of renal
funetion and elestre yies over the frst moath of treatment,
fallowed by standard survelllance 1511 Hewever, farther
Jarpescale, svalticer tor, randemized, dootlo-blind, plocebs-
cuntrelled trals in Datients with differcet stages of renal
toallcncy are neaded (52, ALCHEMIST (ALdosterone
Astagenist Chrorse HEModkalysis [stervuntaonal Servival
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Trak NCTOI843859) and MiREaDw (Missralocorticoid
EBeoeptor Antagomists in End Stage Renal Dusesnse
NCTO1631053) are currently sogoing C1able %) and will
provide farther dota needed befare definitive treatment
recommendations can be made. The mon-stermidal MR
antagonist, ¥inerencee (BAY 84.8862), 15 aleo being teet-
»d in clinical trials for heart failure patients with chronlc
kidney dissasw and in patiests with diabetic sephrepathy
1Tuble i)

Other possible cardiovasculur inchcations of MR
antagonists
Muorabofic syndrome and coronary wrery desaye
Aldostervse plays a central rede in lnking obesity, dysli-
podemia, insulis resistasce, renal dysfunctien, hyperten-
wions, and other features of metabolie syndrome. Obesity Is
k= to be intod with a rodoced level of adtipanectin
and increame in proinflammatory adipekises. Ouo <f ol
have shawn that in a disbubic mo use model, MR blockado
reduces the expension of preinfammatory sod prothroe-
batie factere in adipose tisue and increases mepressise of
adipanectin in heart and adiposs timspe (501 Armani o2 al.
have shown that spiranslactene can prevent glucose im-
pairmant, bedy weight galn, and expansion of whate fat in
high-fut-fud mice |41 MR blacknde may also tmprove the
detrimental endocrine and vascular aboeemalities that
charactemize the metalolic syndeose by inccasiog pan.
creatic inmlin reloses, impeuviag utilizetion of ghosese, &
woll a5 increaring vasurelaxatios of the endothelium
{55, Therefore, it can be bypsthesazed thet ME blockade
might reduce the risk of coromary srtiry disosse in
pasients with a metabalic syndrame Aldostersas hus bien
shown to accolerate athercecloresix in pruclinical studies
and 5o premots a ruptere-prece mflcmoatesy plague
phesotype 1, Plasma aldosturone is sleo asocistod with
progressson of athervsclerosis in humans [57], Hewwver,
1here have been concerns that spiresalactone may impsar
glycemie comtrol and endothelial function in patients with
type 2 diabetes [50.55 550 Eplerenone may have no soch
sdvurse effects |75 and aetually may improve coreaary
circulateey fusction ladesosine-stimulated myocardial
perfusion reserve) and endecheliad functico in dinbetic
patients already reccivieg ACE. hihitors 15090, In the
cagning SNOW trail (mparisan of Effocts of Eplerencac
Versas Spircanlactons in Hesrt Failure Patsents With
Glacoen Intodersnce or Type 2 Disbetin;, NCTO10864421,
Investigators will examine whether the sulectivity of
eplereaane for the MR will transRate into a Better glucosn
and mesabolic profile, comparsd to spirvaolectons in
patsents with heart failwre, with glecose intslurance, or
type 2 diobetes

AMosterene hos alss been linked to the development of
prechrombotic conditions, Hypernenaive subjects with an
increased remin-sedium profile mre at merossed risk for
M1 (G0 It 4s plausible that thix deleterious role of the
RAAS system is via internstion with the homecostatic
balanee af prothrembetic and fibrinolytic systems. Beorwn
ef af. have regortod that aldostervae correlates with plas-
minogen activater Inhibétor-1 (F*AL-1) Jevels (n patsents
1. MR anagoeaisss can also Hmit infarct eize during
AMI, und this petestial rode is carrestly being studsed in

Treock o Exclocunokogy and Matsbhalen  Aprl 2015 Vol 28 Na 4

MINIMISE-STENI, a trial where potionte with STEMI
recedve intravesons potassium canrensate priee 1o coro-
nary srgioplasty dallowed by 3 months of aral splromoloe
tane (Table 5

In sumeary, thare arv enceursging carly deta and
further cimical stadies are noeded 10 hidp elucidate the
pasrible rale of MR antagenists in prismary er seccadsry
prevention of carnary athero-thrambotic dosase.

Postr-angloplasty "emaodeling

MR astigonists have a patentially benedclal impeact an
pest-angioplusty canstrictive remodeling Eplerencee has
bees sheven (o allanusio constrictive remodeling and in.
rtent restimceix aller corvmary artery angioplasty in ex-
perimental animads [02], Thie benedt sovss 1o be doe te
reduction in collagrn arcumulatisn. Spiranclactens hax
been shewn to inhibit neaintimal prelifiratsen after Bal-
loan-angisplosty n rabbits (03], Heworer, these reesits
could noe be repeolaced (0 A porcine coronary angieplasty
medel %20 or In & dimscal trinl ¥4, Eplerencae bas
shown pressising results In masy preclinical models
02 .66,06 . Howewr, the effcacy of cplerenene for this
indicution has not Boun testid in a dodicated clinseal trial
A peet-hec analrds of the EPHESUS trial studicd
15%5) EPHESUS patients troated wilh pencutaneous cor-
onary intervestion (PCIL Eplerscone sdsumistratios,
compared with p acebs, in the PCltreated EPHESUS
cobort dd pot affect PCl-related cimacal owtromes, in-
duding recurreace of anging, the occurrence of acute
coranary syndromwss, ar the need for farther reeasculan-
zation [67], There'sre, use of an MR antagenist canmot be
recormmended 1o peevent restences in patients underge-
ing PCl who hava no ether indication for these drugs
However, further prospective studios to evaluate angie-
graphie suteomes with eplerenane may provide a defini-

Live unswer,

Aovtic valve daelse

In thecey, MR actrulion can pevstole osetlc sclersis and
acrtic stuzosis, dow (o #s offect on flamssation and
fbrosin Onow serdc valve discase has beon ctalisdod,
the preszure ur ve ume overioad may induce [l ventrico-
lar dysfunction, which can be gotntislly prevented or
treoted with MR antagroists.

A clinical trial sandomiznd 65 patissta with asymptos-
atke moderate tn severe aortic rtenseis to eplerenson
(100 mgl o o plasebo, and followed up for an aversge of
18 meths, Cardise magnetic rescaanes maging, echosar-
diography, sud NTprefINF were perfirmed ot baseline
and Sllow-up. Eplarencae did net affect the progression of
acetic steness {chage in sortic valve area 0,11 = 022 vs.
~0.15 + 0.24 exe® por yeur, £ = 0.21, the development of left
wventricular hyperteephy ichange in LY mass Index - 0.3 =
146 va. +6.1 = 15'm” par voar, P« 0.31, and the coset of
systolic ichange in LY ¢jextion fraction «0.0 £ 57% v +0.8
+ 5.7E por year, P 0 S ar diastobie dysfunctica (change =
EE +0A49 £ 0.7 v« 132 1 20 per year, P = 0.4) 165 Hows
wvwr, thix stody csed & amell paticet group who were
arymptomatic, sed Uherefore furtber stodies with & larger
cohart ol anympterastic und symptomatic patunts rasdioe-
wed to placebes, spirenulactons, or eplervnoue ere needod
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hefre campletsly nasng sut any wiility of MIE aniagenists
fior this indieatien.

Thire |s surrenily 2o strang elnlenl ovidoses for (e o
of BB ardogoriss in wedial masagement B aestic fe-
porgitition. Freclisdsal dati hive suggestil thal U=
EAAS may play a Mnumﬂul.ql'..'l."h.n-ru-u]ﬁ;
s Ahat MR Bochade magy maisiaon sarmal
an in sertac regorgitation. Tendao of ol Iwbeﬂutﬁc
wifact of spironolactone in sdol Fwle with severe ooetie
regurpiation compared te nen-treited and shiam-spisated
rids over & meanthe (G|, Spdevn lisstoes disreised miyedr-
dinl Abrosis with doeressed hoart weight aed LV axpres-
gies of atrial matriurelic paplide mEMA, rsulting in &
protecine elficl agaasl valums-snrurlesd cardismyapathy
(650, Hersmviar, thess has been oo clinics] sbady o dste o
invastiganin the offect of MR astsgomsem on the pregression
LV fanctine

In summery, the dsis fer uee ol M antapenists for
anrtic valve dissase iz sparse and farther elinieal stodies o
canflrm or refute this peteniial indSeatisn are seedisd

Firodn

Carebrevascular evenls, slengaide olisr candiovsscular
wvunls, sm mere cemmen in paliens with primary ahis-
sipranism, indapandent of hyperioraisn 6], Preclinscal
and elmseal pridency supgees that M activgtion leads &
warss subeams nfter etrake (11, Expermmental data have
eharomn, thet ME ardaporism reduces the incdesostsize of
efrehn, and impraves sureival in sre experimenta) mods] i
ebrokn-prane apantansausly bypertensive rats maindained
on a8 1% mline wed strake-prens diet 17,71), It baz alss
been ahoun that pre-treatment with eplerenosds redoses
sbrekr size in o mouss medel of mikkdle cerchenl aricry
coobmsien |70 A& etudy by Frieler er ol explared 1hs meeh-
anlsm of selion of ME at the colbalie v, sl dision-
straded that MHE apressed = moseledd ol e, non-
|yvmnpleestie ukeeyios) @ polestially Sveelval in pest
itrake oulooim, by slmwing LBal myuleid-specdc ME
Enmfioul misd Bad €8S raluctin in el enlemra
AF = 1006 afler maddlo cershral artery soclusinn | 750 Chn-
ical studian have shown s sbmng ascecntion of oraamesd
levell of nldasterans with ek of streshe snd deats |04, Far-
thar large-acals randomoeed cosdred Brinls are pequirsd o
wxplore the heneficial effcts of M andsgonist= in the
preventian mnd treabment af stroke

Consluding remaris and future pEErspectives

The beneflclnl cffsris S ME antmgoedary havi boin foliistly
demenstrated for pabients with hepertesston and hearl
faslore due o LVSD, Beceatly, an ME anlageaist was
alpws to redos: the heapsalizoibon réte in paliests wilk
HF-FEF. Howsever, the enmrgsng Sala suggeels thal MR
A Lo EElE Ay dlso Fave i role in the breetmesd of sther
cardine and vasculor sondithons imeluding avrial Shella-
tiom, pulmesary hyperiensien, renal Tkilure, asd sirak
Thii: tezreef] elial ifSeeis a0 ME astnforeais in s osnililzans
have leen ahsam in pre-clinicsl or emall-amle clinieal
etudiize adegmlaly pareerml rardorriend e aee e
runbad Lo canlirm Lhese findinge I8 3 alen prodent b
highlight that the non-aluraidal SR aniagonieks commontiy

Tk b el gl Hiotabatom Aol 2015 Unl B, Ma A

im developmest soy have lise andeering sils alfiels and
Eyperkikmio (die o thir ee-distrdulbam praperima),
thireky imprevirg afficay ond reducng ride effects. It
iz, IBarafio, plieisin that the clinical indizatians far both
airnul and exobizyg WR antagenists will be ectended in the
F=ture
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(C).

Three research papers (14-16) on Infarct Size and

endothelial function

1. Parviz, Y., Vijayan, S., and Lavi, S. (2017). A Review of Strategies for infarct size

reduction during acute myocardial infarction. Cardiovascular Revascularization
Medicine,  18(5):  374-383.  (doi:  10.1016/j.carrev.2017.02.004. (18.
10.1016/j.carrev.2017.02.004), (Impact Factor: 1.168 and 15 citations).

. 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):351-364. (doi: 10.1016/j.carrev.2018.05.021. Epub , (Impact Factor: 1.168 and
32 citation).

. Parviz, Y., Hsia, C., Alemayehu, M., Wall, S., Bagur, R., Abu-Romeh, N., Chin-Yee,

I, and Lavi, S. (2016). The effect of fresh versus standard blood transfusion on
microvascular  endothelial ~ function. American Heart Journa,181:156-161.
(10.1016/j.ahj.2016.05.021. (Impact Factor 4.749 and 1,315 citations).
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A review of strategies for infarct size reduction during weaw
myocardial infarction™ |

Yasir Parviz *, Sethumadhavan Vijayan ¥, Shahar Lavi **
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ARTICLE INFO ABSTRACT

Avgiche ki Advamces in medial and interventional therapy over the st few derades have revohsionized the teatment of
m:mr._? Decemier X116 aoue myocard ial inferaion. D piie the ghility to recbore spicrdial coronany arteny patency promgpd y through
et in ke foam 27 Jasaary 007 |PETCUtn A aronaTy i mervension, the e evel damage may continue. The reported Si-day mortal iy afer all
Accepaed 2 Rebeaary 117 acut coranary syndrame: i 2 ta ¥, and amund 52 fllowing myocslid infrcsion, Post-infaret cmmpliasans

Ao afbis i such & heart frilure comtinue to be 2 majar cmiby o o @rdiovascy lr martiditg and mara bty inadeg uxe
eywonts microvasm by reperfusion keads to worse dimical outromes and potentially strategie o neduce infand sire
Mipocardial inf asson during periads of mchemia-reperduson can improve ouromes. Mamy strabeges have been tesied, but no single
[ ——_—— sirategyalone has showma oomsis eent resukt ar benefit in birge smle randomised clinial triaks Herein, we review
Rsperf oD the historical efforts, curment strasegies, and potential novel concepts that may improve myoardial protection
and reduce infarct siee.

© 2017 Elevier Inc All rights resarved.

1. Inn troadiscticn emision computed wmography [SPECT) myocrdial perfusion

Risk faaor modiflcation, in @mbinsbon with prompt revasculrizst on
and optimal medical therapy, has led toa reduction in the markdity and
mariality ssocisted with myocardial infarction (M) |1 However,
ane-manth mortality following an infarct isstill in the order of 25 1o
5% and post-infarct conditions (eg. myocardial dysfundion and heart
Tailwre) continue to be major contribuors of morbidity and mor tality
and impad on health care economics worldwide |12 Irres pective aof
strategies aimed at prompt revasculanization of occluded epicardial
arteries in the cathetenzation Whoratory, thromibos s, & mbolizs tomn
and relaxse of harmiul substa nces to the myocardium persist in the
peri-infarct period. The msociated reperfision injury can resull in
Turther harm and adversely affect the long-term prognaes i after M by
incressing the infaret siee [1.2)

The microvascular sLatus remains  sUong prognostic marker |3
Infara size correlstes with left ventricular (LV) systolic dyslunction,
presence of arrhy thmizs, morbidity, and mornality following an scue
M1 | 4] The importance of infarct size and increase in LV volumes has
besn shown in scule ST-elevation M [STEMI ) tre sied with reperfusion
therapy |4). Various strategies can be wsad 1o mexswre the inlara siz
such as bio-markers, technetium-93 m sestamild single- photon

o Condleces off Ieasnecr Mo
= Conrenpnding sedhar o Deision of Cardodagy, The Ui ity of W swsnn Oncark
336 Windsnme e Rad, PO Bw 5335, Londan, ON, NGA 5A5. Tel: + 1 519 633 3611
Eoc 4 159 863 317.
E-mal adres: shabar L Btaconca (S Lavi )

T i iy D000 5 s 200 | 7L Ok
15353858 2017 Eiseer brac AN rghs ressrad

imaging, and candise magnetic resonance imaging [CMR) |5 5traegies
1o reduce infanct s peduring pe rods of chem e perfusi on can lesd to
improved LY function [&7].

Herein, we review the aurently availsble therapies for ryocandisl
protection [Le_ for the prevention of injury dsocisted with an acue
M and re per fusion | witile hig hlighting novel and cost-elfedive strate-
gies 1o reduce inlanct size.

2. Pathoge nesis
21 Echeatile cascade

The myocandial ter ritory supplied by the infra-related arery [IRA)
wnde rgoes biodhe mical changes st the cellular level Myocardial cells
enter a state of Bchaemia, switching the metabolism to anaserolic
Torm, which leads to scoumulstionol et cellular scidosis, increxsed
intracellular calcium, and production of resctive oy gen species [ROS).
all oo ibuting 1o ApOpLESE.

22 Migovasaular obstnsbian

Microvascular obstruction [MVD) & the inabdlity of 2 previously
sdvemic my ocard ium o be reperfused despite having advieved patency
ol the epicardial vessel supplyi ng the region of myocandium |8

The incidemncs of MVO can be &5 ligh &5 67E i patients (resenting
with STEM and treated with primary peroulaneois OOMqAarY
intervention (PPCI), despite achieving thrombolysis in myocardial

(2017 htps et o ong /1 001 016/ carme v 20 17 (2004

Please cite this article a5 ParvizY, et al_A review ol siraegies for infarct sizereduction duringaaste myocandialinbrerion, Cordiovase Revase Med
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ARTICLE INFO ABSTRACT

Artic ke histry: Re perfusion therapy has resulted in significant improvement in post-myocardial infrction morbidity and mor-
Recmived 8 January 2018 tality in over the last 4 decades. Nonetheless, it is well mcognized that simply restoring pate noy of the epicandial
Received inrevised form 22 Muay B4 artery may not stop or reverse damage at microvascular level, and myocandial salvage is often suboptimal . Mu-
Aaepied 2 May 2018 merous efforts have been undertakento elucidate the mechanisms undedying extensive myonecrosis to Gcilitate

the discovery of therapies to provide additional and i ncremental be nefits over cument the rape utic pathw ays. To
date, conchsiely effective strategies to promote myocardial recovery have not yet been establ ished. Novel ap-
proaches are i me-stigat ing the foundational celhelar and molecular bases of myc@dial ischemia and irreversible
imjury. Herein, we review the emerging conce pts and proposed the rapies that may i mprove myocandial protec-
tion and redwe infarct size. We examine the preclinical and clinical evidence fior reduced infarct size with these
strategies, including anti-inflammat ory agents, intraelluar ion chamel modulators, agents affed ing the reper-
fusion injury sahage kinase (RISK) and nitric aeide signaling pathways, modulators of mitochon drial functi on,
anti-apoptotic agents, and stem cell and gene therapy. We review the potential reasons of failures to date and
the potential for new strategies to further promaote myo@ndial recovery and improve prognosis.

© 2018 Hsevier Inc. All righits reserved.
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Clinical Investigation Manuscript 16

The effect of fresh versus standard
blood transfusion on microvascular
endothelial function

Yasir Parviz, MBBS,* Cyrus Hsia, MD, " Mistre Alemayehn, MSc,® Sabrina Wall, BSc,® Rodrigo Bagur, MD, PhD,*
Nour AbuRomeh, BSc,® Tan Chin-Yee MD." and Shahar Lavi MD® Ontario, Canada

@ Crogatark

Background The dumation of red blood call (RBC) storage may have a negative impoct on endothelial nitric oxide
bicovailability. We tested the hypothesis that transfused fresh blood will have a more favorable effect on microvascular
endothelial function as compared o older standard issue blood.

Methods Participants requiring chronicRBC franshisions wersenrolled ina crossover design study to receive frash (<7 days of
storoge| or skandard up to 42 days of storoge] bleod on 2 separatevisits. Endothelial funchion was assessed by reactive hyperemia
peripheral arerial tonometry that was measured before and ofter transfusions. For each participant, the diference betwaan
endothelial funclion pretransfusion and posttransfusion was assessed in relation o blood skoroge time.

Results Twentycne patients (71 £ 16 years, 52% females| were enrclled. Mean age of fresh blood was 5.5 days [£1.0),
and that of skandard blood was 24.5 doys (£7.9 days]. The prefransfusion hemoglobin was 83.1 = 2.5 g/l; and
posttransfusion, 98.9 + 2.6 g/L. An average of 2 U of packed RBCs was transfused. Microvascular endothelial lunction
decreased more frequently after fransfusion of skendard blood compared to fresh blood. Standard issue blood transfusion was
associaled with decrease in reachive hyperemia peripheral arferial tonometry index [-0.25 + 0.63) compared to Fresh blood
(+0.08 = 0.49); P = 026,

Conclusion Trnsfusions of standard issue blood ore associaled with less favorable effect on microvascular endothelial

function as compared ko fresh blood. [Am Heart ] 2014;181:156-61)

Blood mansfusion laboratories play a cemtral role in
ensuring an adequate amd safe supply of blood prodocts
needed for various medical conditions.! Red blood cells
(RBCs) are wsually processed as a concentrated preparation,
packed RBC (pRBC), from whole blood by removing the
plasma. Facked RBC mansfusion is a common the rapeutic
interventon worldwide, and it is the number 1 discharze
code diagnosis of admitted patients in the United Sues”
with approximately 85 million units of EBCs ransfused
anmually.® Storage of RBC products for up to 42 days has
greatly facilitated the ability of transfusion senvices to meet

From he “Division of Casfialagy, loadon Healh Sdenss Canlm, Waskrn Linhasily,
Landgan, O da, Canod, a\d"'l}livi.-.imol’lﬁmaﬂagy, Lasdan Hoalh Scisnoes Cantra,
Waskm Linhamsily, laadas, Oalaria, Conada.

Clinisal Fial mgiskation RCT o, NCTO2 14 1042,

Prasantad in partal the Erapean Socily of Cardiakbgy Cangmss 2015 in London, Linile
Kingdom, and publishad as an abstee! in he Faovpean Bt fowrnal 200 5, 34, 04,
Subesbod jonuary B, 20 14, acoapled May 14, 2014,

Eogein requasts: Shohar Lawi, MD, Divisbn of Casdiblogy, Whslern Linivasity, 339
Windemars Baod, PO Bax 5339, Losdon, ON MNéd SAS, Canada.

Eamail: shabers lond@thse on e

Qo0 28703

& 2004 Elsndar e Al dghis msonod.

bt /e doi oag /10, 10 1 | aly. 200 4.08.02 1

the evergrowing demands for mnsfusion,® Corrent evie
dence indicates that storage of RBCS in nutrient media for up
o 42 dhays maintzins adequate RBC 2 3<diphosphoglycerate
and ATP levels and a 24hour posttransfusion sunvival of at
least 75% of ransfused RBCs in the droulation,”

Prolonged storage of RBCs ex vivo, however, is
associated with a number of welldescibed changes to
RBC and the storage medium collectively referred to as the
storage lesion which have been shown to have negative
impact in animal models ®

During storage, RBCs underpo progressive structural
and functonal changes that redoce oxypen-mnsport
capacity and viability, leading o hemolysis and release of
microparticles, free hemoglobin, heme, and ron into the
circulation,”® These degradation products an actvely
scvenge nitric oxide (NO) via deoxygenation reaction,
leading to reduced MO and subsequent vasoconstricdon
and endothelial LI}'.‘ifLI.rIL‘I‘.i.HrI.q There is an ongoing debate
surrounding the reltdonship between lemgth of storape of
RBCs and outcomes of trnsfused patients, '™

Several recent random ized controled trials did not detect
a difference m outcomes between patients transfused with
fresh and older stored blood." ™" However, with so
muany variables that may affect dinical outcomes, these
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