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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.  
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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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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
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(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).  
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 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) 

 

Figure 1.2. (A) Epicardial coronary arteries and (B) microvascular circulation (Taken from 

reference [8]. 
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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 IVUS 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 
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[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 II 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]. 
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In the FAME II 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 
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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.   
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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 iFR (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 II Europe-Japan, and FAVOR II 

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, 0.88ï0.97]) in detecting FFRÒ0.80. 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 angiographyïbased methods. However, compared with QFR, the amount of supporting 

evidence is still limited and based on observational, single-center experience. 
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FFR-Angio 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-Imaging Based Methods vs Intravascular UltrasoundïDerived 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 IVUS-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 TomographyïDerived 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 TomographyïDerived FFR ((FFRCT) 

 Computed tomography derived FFR (FFRCT) is a non-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 III 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%ï15% 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-imagingïderived 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 40ï70%) 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 óeye-balingô 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]. IVUS yields 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 

plaque morphology. Likewise, spectral analysis of ultrasound has enabled the development of 

virtual histology IVUS (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 

ɛ m, which is much higher than the 150-200 ɛm 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 plaque 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 ï 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 plaque 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). 
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 Mal -Apposition (Top image) 

                        

                  Tissue Protrusion (Bottom image)                                 

Figure 1.4:  IVUS 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 IVUS 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]).  

 

 

 

 

 

 

 

 

 

 

 

 

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.  

 

Parameters 

measured 

IVUS OCT 

Axial Resolution 100 ï 200 µm 15 ï 20 µm 

Beam Width 200 ï 300 mm 20 ï 40 mm 

Frame Rate 30 frames/s 100 frames/s 

Pullback Speed 0.5 - 1 mm/s 20 mm/s 

Max. Scan Dia. 15 mm 10 mm 

Tissue Penetration 10 mm 1.0 - 2.0 mm 

Lines per Frame 256 500 

Lateral Sampling (3 

mm Artery) 

225 µm 19 µm 

Blood Clearing Not Required Required 
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Table 1.2: Advantages and disadvantages of IVUS and OCT modality applications (Adapted from 

reference [58]).  

Modalities Advantages Disadvantages 

IVUS High tissue penetration 

Good imaging of fiber, 

calcium 

Plaque burden 

LMCA 

No flush required. 

Large installed base 

Outcomes data 

Operator Experience 

Cost 

Slow 

Inferior resolution 

Difficult to resolve lipid 

thrombus, stents, 

dissections. 

Apposition 

Dissection 

Calcium shadowing 

Virtual histology reliability 

OCT High resolution 

< 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 

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 (IVI) 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, plaque 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 IVI 

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, IVI 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 IVI 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 II 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 T1DM 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 

ɛg/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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Figure Legend: 
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(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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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.    



35 

 

 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 operatorôs 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. To discuss 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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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 patientôs 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/ldx049.  (Impact Factor: 3.045 and 

18 citations). 
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4. Parviz, Y., P., Khady N.F., and Ziad A.A (2016). Using sound adviceðintravascular 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 Iqbal, 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/EIJ-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 III 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. 
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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 ñzero-contrastò 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 
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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/ldx049.  (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 

(IVI). 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 IVI 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 adviceð

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 (IVUS) 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 IVUS is highly recommended in cases of left main coronary dissection 

to determine both the etiology and the extent of dissection and treatment plan. The routine use of 

IVUS is encouraged in clinical medicine to provide 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 plaque 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 
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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 



49 

 

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 Iqbal, 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 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. 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/EIJ-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 Ò0.80 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 III 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 µg and 

0.86 (95% confidence interval, 0.79-0.94; p<.05) for 240 µg adenosine. Pd/Pa(N); pÒ0.8 had 100% 

positive predictive value. Pd/ Pa(N); pÓ0.94 provided 100% negative predictive value with a high 

sensitivity (p>92%). Optimal diagnostic accuracy of Pd/Pa(N) was achieved for values Ò0.84. The 

Pearsonôs correlation between Pd/Pa(N) and FFR varied between 0.89 for 24 Õg adenosine and 

0.77 for 240 µg (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 technique 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 Ò0.8, there is no need for adenosine injection. When Pd/Pa(N) is Ó0.94, 

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. Iqbal, 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. Iqbal, 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: 685ï691, (16.10.1002/ejhf.88. (Impact Factor 15.534 and 

24 citations). 

 

13. Parviz, Y., Iqbal, 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. Iqbal, 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 
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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 costïbenefit 

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 costïbenefit analyses are also warranted. 

  

Manuscript 12. Iqbal, 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: 685ï691, (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 (LVSD) 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-PCI-treated 

AMI patients with LVSD. The results show that eplerenone has minimal effect upon reducing PCI-

related adverse events in the PCI-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 PCI-treated and non-PCI-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., Iqbal, 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 LVSD. 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., Iqbal, 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, 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).  

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 Candidateôs 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 ischemiaïreperfusion 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., Iqbal, 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 ñone size fits allò 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 (ī0.25 Ñ 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 



63 

 

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 plaque 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 patientôs 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/ldx049.  (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 adviceð

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 Iqbal, 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/EIJ-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 
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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 III 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. Iqbal, 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. Iqbal, 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: 685ï691, (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., Iqbal, 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., Iqbal, 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 diffi culty involving diagnosis and treatment. 
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CHAPTER 4 

GENERAL DISCUSSION 
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4.1. Introduction  

Cardiovascular diseases (CVDs) are a leading 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 

Ó30Á 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 Grüntzig 

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].   

 

 

 



80 

 

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)-IVUS, 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-



82 

 

LMCA lesions is the parameter that best correlates with physiology since the reported IVUS MLA 

cutoff thresholds range from 2.1 to 4.4 mm2. 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 ñmost commonò cutoff is approximately 3.0 mm2. 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 ñcorrectedò 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 plaque 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 mm2 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 mm2 treated with revascularization [33,35].  A study by Jasti et al. [36] in Western 

patients indicated that an IVUS MLA <6 mm2 in the LMCA is best correlated with an FFR <0.80. 

Likewise, a study in Korean patients suggested that 4.8 mm2 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 MI 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 IVUS 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-IVUS 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 ñunder-deploymentò 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 MI.   

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 MI 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 ïMI 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 IVUs 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 IVUS 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 plaque 

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 techniques 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 89ï

90% and 97ï100%, 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 plaque 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 µm) 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]).   
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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 µm) 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 (IVUS) and optical coherence tomography (OCT) may also provide additional insights 

into the impact of calcification on coronary artery disease. 

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

and understanding in the area 

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

CAD. They focused mainly on diagnosis using intracoronary imaging and physiology, novel 
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surgical intervention to detect various plaque 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 (IVUS)-guided interventions can reduce 

the amount of contrast and its associated risk of CIN.  The study described a step-by-step ñzero-

contrastò 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 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 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-PCI-treated AMI patients with LVSD. The results show 

that eplerenone has minimal effect in reducing PCI-related adverse events in the PCI-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 ischemiaïreperfusion 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 ñone size fits allò 

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.  

  

 

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. It is 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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Curriculum Vitae:     Dr YASIR PARVIZ (July 2023) 

 

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

FACC, FRCP, MSc 

                                           

Mobile and Email address:  +971509698579 

dr1yasir@hotmail.com /yasir.parviz@gmail.com 

 

Personal Data: 

Name: Yasir Parviz   

D.O.B: 04.05.1979     

Address: Home (Permanent),137 Bockinglane, Sheffield, UK S8 7BN  

Nationality: British                                                                             

       

 

  

Certifications

 
Certificate of Completion of 

Training (CCT)                       

   

Cardiology 31/07/2015     

Certificate of Completion of 

Training (CCT)  

   

Internal 

Medicine 

31/07/2015 

      

Fellowships                                                              

 
       

08/2016 -

09/2017                         

Interventional 

Research 

Fellow 

Columbia University Medical Centre.  

New York. Presbyterian Hospital. USA     

01/2015-

12/ 2015                      

Interventional 

Fellow 

The University of Western Ontario.   

London Health Sciences Centre. Canada                                                                                              

08/2011-

01/2015                             

 

Interventional 

Fellow 

The Sheffield Hallam University.   

Sheffield Teaching Hospital. South 

Yorkshire. U. K 

mailto:dr1yasir@hotmail.com
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Scholarships and  

Awards  

 

  

         

 
 

Gulf PCR-GIM 2017 Best Clinical Case Award 

Best Performing Clinician  

Academic Awards Year 1997-2002 

  

Scholarships awarded by the 

University of Peshawar, for 

standing in ñFirst Threeò in all 

the Professional examinations.          

Certificate of Merit Year 2002   Awarded for the best 

performance in internal 

medicine during the year 2002.              

Academic Excellence Award  

  

The 2nd Best graduate of the 

year 2002, by Ayub Medical 

College.     

  

Career Plan

 

My career aim is to work in a cardiology centre, where I can continue to build on my 

experience and skills in the field of interventional cardiology. My goal is to excel in the 

challenging field of cardiology that would enable me to continue to improve my clinical 

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

 
Professional Registration

 

The Society for Cardiac Angiography and Interventions 

Royal College of Physicians, London UK  

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

British Society of Cardiology, UK                                                                              

The College of Physicians and Surgeons of Ontario (CPSO)                                                                                                                         

The Canadian Medical Protective Association                     

Medical Defence Unit   

 

         

Professional Experience

 

      

Nov 2022- Present Clemenceau Medical Centre Hospital   

Consultant Interventional Cardiologist 

June 2021-Nov 2022 Kings College Hospital-Dubai-London  

Consultant Interventional Cardiologist  

Dubai 

Dec 2017- June 2021 Director cardiac catheter labs 

Consultant Interventional Cardiologist  

Canadian Specialist Hospital  

Dubai  

UAE 

October 2017      -   December2017        Sherwood Hospitals NHs Trust                                                                                      

Consultant Interventional Cardiologist 
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August 2016 - Sep2017         

 

Imaging and Physiology Fellow                                                                                             

New York Presbyterian Hospital & Columbia 

University Medical Centre. USA 

January 2016- July 2016     

 

Consultant Interventional Cardiologist. 

Northern Lincolnshire and Goole NHS 

Foundation Trust.UK 

January 2015- January 2016              Advanced Interventional Fellow                                              

London Health Sciences Centre. Canada 

August 2013- December 2014              Advanced interventional Fellow                                                

UK (Health Education Yorkshire and the 

Humber). Sheffield teaching Hospitals NHS 

Trust 

August 2011- August 2013                          Specialist registrar Cardiology (Health 

Education Yorkshire and the Humber). 

Sheffield teaching Hospitals NHS Trust 

August 2010 - August 2011                  Specialist registrar Cardiology                                                                                                           

(Health Education Yorkshire and the 

Humber).Chesterfield Royal Hospital NHS 

Trust 

January2009-August 2010                     Specialist registrar Cardiology (LAT) (Health 

Education Yorkshire and the Humber). Leeds 

General Infirmary 
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March 2008 ïDecember 2008 

   

Registrar in Cardiology University Hospitals of 

Morecambe Bay 

August 2007 ïMarch 2008  

                  

Clinical Registrar in Cardiology                                                                                                                         

Heart of England NHS Trust 

August 2006-August 2007  

          

Registrar in Cardiology (Rotation) University 

Hospitals of Leicester NHS Trust 

August 2005-August 2006  

   

Senior House Officer, Critical Care.  

Good Hope Hospital. NHS Trust 

November 2004 ïAugust 2005 

   

Senior House Officer, Medicine Birmingham 

Heartlands Hospital 

February 2004 ïNovember 2004     

                   

Clinical attachment Medicine        Birmingham 

Heartlands Hospital 

January 2003 ïJanuary 2004    House Officer, Medicine Reading Hospital, 

Peshawar Pakistan 
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Cath Lab Skills:  

I have working experience as consultant interventional cardiologist as well as an 

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

¶ I am fully trained in coronary angioplasty and have now been the first operator in over 

5000PCIs.   

¶ Radial-based approach (same day discharge) for Cardiac Cath procedures  

¶ Emergency interventions for heart attack 

¶ Multi -vessel disease management in patients where Bypass is turned down or 

declined.  

¶ Interventions of vein graft cases and failures of CABG 

¶ Intravascular lithotripsy or Shockwave therapy. 

¶ Orbital atherectomy for severe calcification in coronary artery 

¶ Rotational Atherectomy for complex disease  

¶ Treatments for stent failures.   

¶ Chronic total occlusions  

¶ Right Heart catheterization.  

¶ Pulmonary hypertension, evaluation, and assessment.   

 

Expertise in the field of intracoronary imaging and physiology: 

I have received dedicated training in coronary imaging and physiology from Columbia Medical 

Center and Cardiovascular Research Foundation (CRF).  

I have developed the skills in the cutting-edge technology that in turn facilitates a better 

understanding of the mechanisms of coronary artery disease, coronary imaging, and physiology. I 

have gained competence in technical aspects of various imaging and coronary physiology 

techniques. These skills have consolidated my training, education and techniques in the field of 

coronary intervention and helping in future innovation and my research aspirations.  

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

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

 I have a particular interest in cardiovascular assessment of patients with chronic kidney disease. I 

have established the clinic database for cardiovascular assessment of patients undergoing renal, 

liver and pancreas transplant at Presbyterian Hospital, Columbia University Medical Centre, New 

York. This has helped us understand the cardiovascular outcomes in these complex cohort.  I have 

pioneered the use of zero contrast and ultra-low contrast PCI (ULPCI)  in high complex 

intervention using the IVUS co-registration/tri-registration technology (Philips) for patients with 

advanced kidney disease and low eGFR. I have helped in establishing the ULPCI program in the 

region.   

I have Masters in the field of chronic kidney disease and cardiovascular implications from 

university of central Lancashire. UK.  

 Microvascular assessment: I have wide experience in performing and interpretation of coronary 

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

Complex coronary intervention: Extensive experience in performing advanced complex PCI 

including high risk and surgical turndown patients using rotational atherectomy, orbital 

atherectomy, shockwave lithotripsy, rota-tripsy technique, intracoronary imaging (IVUS/OCT), 

intra-coronary physiology and mechanical hemodynamic support.   

Expertise in Renal Interventions: 

I have dedicated training in the field of renal interventions and have particular interest in the renal 

denervationôs therapy for treatment of hypertension.  

Certification in Cardiac CT:  

I have particular interest in cardiac CT and have attended dedicated training to gain expertise in 

the field.  

 

Clinical Skills     

Working as a consultant interventional cardiologist, I have full understanding of running a private 

clinic-based practise.  

I have been actively practising cardiology in private setting for more than 5 years and have daily 

clinic appointments of patients requiring expertise in the field of cardiovascular medicine.  

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

supervise the registrar and junior doctors in organising the ward rounds.  

On call Commitments     

I have experience of being on-call for regional cardiology centre as well as for district general 

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

patient satisfaction. 

    

Practical Skills

 

   Invasive cardiology         

Procedure                          

Number, N= 

                        

Competence,  

            Level 

3=independent  

PCI     5000 Level 3 

Coronary 

Angiogram 

 >3800 Level 3 

Intravascular imaging 

(IVUS, OCT) 

    400 Level 3 

Intracoronary 

physiology 

(FFR/IFR)                                                                                                    

Level 3 

    500 Level 3 

Rotational 

atherectomy 

     30 Level 3 

Right Heart 

catheterization 

  >200 Level 3 

Temporary Pacing >100 Level 3 
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Permanent 

Pacemaker 

>100 Level 3 

Reveal Devices >30 Level 3 

Peri cardiocentesis >20 Level 3 

Course  Training 

Provider 

Duration Date 

Completed 

Canadian 

Cardiovascular 

Society Fellows 

Course (CCC) 

CCC Toronto 2days 22/10/2015 

Cardiovascular 

Research 

Foundation 

(CRF) Course  

CRF USA 3days 22/05/2015 

Trans Pennine 

PCI 2012. 

Queens 

Hotel, Leeds 

2 days     

06/07/2012 

East Midlands 

ACS Day 

Derby Royal 

Hospital 

1 day     13 

/06/2012 

Cath lab 

complications 

course 

Derby Royal 

Hospital 

1 day     

04/07/2012 

Bristol PCI 

course  

Bristol Royal 

Infirmary 

2 days     

04/09/2011 

Radial master 

class  

University 

Hospital of 

Staffordshire 

1 day     

16/10/2012 
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Interventional 

traineesô course  

Leeds 3 days      

29/10/10  

British 

cardiovascular 

Interventional 

society meeting 

Manchester 1 day         

07/05/2010 

Coronary 

angiogram and 

PCI     

Manchester 

Royal 

Infirmary 

2 days      

26/07/2009 

BCS training 

Days  

London 1day         

06/12/2010 

BCS training 

Days  

Manchester 1 day         

06/06/2010 

ESC Congress          Munich, 

Germany 

5days         

03/09/2008 

BCS Annual 

Scientific 

Conference  

Manchester, 

UK 

2 days         

04/06/208 

IMPACT     

Course 

Hull Royal 

Infirmary 

2days         27/09/ 

2005 

Clinical 

Radiology 

Course          

Good Hope 

Hospital. 

1 day         

14/08/2005                  

ALS Course  

  

 

Leeds 

General 

infirmary 

2days         

22/04/2014          
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Non ïclinical courses:     

 

Academic Experience: 

 

 

        

 Presentations:             

A case of chest pain. Role of 

intracoronary imaging and 

physiology to diagnose anomalous 

coronary artery 

Gulf PCR ïGIM 2017 

Role of intracoronary imaging and 

physiology in cardiac catheter lab 

Dr Panjwani Centre for Molecular 

Medicine and Drug Research, 

Karachi,  

(Invited Lecture) 

Feasibility, Safety, and Outcomes 

of Chronic Total Occlusion 

TCT 2017, Denver 

Agent for change, 

Collaborating for 

quality 

Kings Fund 

London 

1 day 10/11/2010 

Research skills 

&evidence-based 

medicine  

Yorkshire 

Deanery 

4 

days 

10/12/2009 

Evidence -based 

medicine  

Yorkshire 

Deanery 

1 day 08/12/2009 

Teaching and 

Presentation Skills 

Course  

Yorkshire 

Deanery 

3days 14/11/2009 
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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 

TCT 2017, Denver 

Revascularisation with 

Percutaneous coronary artery 

intervention 

does not affect androgen status in 

males with chronic stable. 

angina pectoris 

CCC Oct 2015, Toronto Canada 

Transfusion of stored RBCS have 

adverse impact on endothelial 

function 

CCC Oct 2015, Toronto Canada                                                                                                     

The effect of fresh versus old blood 

transfusion 

on endothelial function 

ESC 2015, London UK 

Myocardial protection: new 

strategies 

The University of Western Ontario. 

Clinical Presentation: Dyspnoea & 

Oedema 

Yorkshire deanery regional 

teaching         

Non-Invasive Investigation of 

Coronary Disease 

Yorkshire deanery regional 

teaching         

Blood Pressure control &Stroke 

prevention 

National GP Forum      

 

Herpes zoster Presentation for 

BHIVA  

14th annual conference Belfast 
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Infective Endocarditis ï Diagnosis 

& Management 

Leicester General Hospital     

Stroke in young patients ï 

Diagnosis and management 

Birmingham Heartlands Hospital 

Phaeochromocytoma ï Diagnosis & 

Management 

Chesterfield Royal Hospital 

Hyperthyroidism     and 

Cardiovascular diseases 

Chesterfield Royal Hospital 

 

Invited speaker Faculty:  

I 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: 

 

ü I have a strong inclination towards research, as I 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. 

ü I 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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ü I was an investigator and collaborator of various studies at Columbia University Medical 

Centre. 

ü ORACLE  (Comparison of Orbital versus Rotational Atherectomy Effects on Coronary 

Microcirculation in Percutaneous Coronary Intervention) (Protocol-noAAAQ9267). 

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

ü SIEMENS-FFR study (Protocol-noAAAQ6857). 

ü PERFORM (Pressure Wire compared to microcatheter-based sensing technology for the 

evaluation of Coronary fractional flow reserve Measurements) (Protocol- noAAAQ1712). 

ü ACIST FFR (Protocol-noAAAQ2057). 

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

ü During my fellowship at London Health Sciences Centre, I build on to my research strengths 

and worked on ñThe effect of fresh versus old blood transfusion on endothelial Functionò. 

ü I 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 I 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. 

ü Worked in collaboration with world leading experts Bertram Pitt and Faiez Zannad about 

Mineralocorticoid Antagonism (MRA). 

ü Worked in LIGHT  institute in Leeds, on the project of "First reported adherence vs non-

adherence investigation (RANI 1)". 

ü 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.ò STH Project Reference Number: STH 14219. Involved in various other research 

projects leading to peer-reviewed publications. 

ü To further enhance my skills, I have attended ñResearch skills &evidence-based medicineò 

course with Yorkshire deanery. Research skills Course, Code RES57- Nov 2009. Evidence- based 
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medicine 8th December 2009.    Research in Cardiology: Why, When Where and How. 27th April 

2012. Organised by BCIS Research & Development Committee.  

 

Publications: 

 

    

ü 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 Iqbal, Gregg W. Stone Ms. Cardiovasc Revas Med. 2018 Jun 

2. pii: S1553-8389(18)30243-4. doi: 10.1016/j.carrev.2018.05.021.   

ü 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: EIJ-D-18-00064. doi: 10.4244/EIJ-D-18-00064.  

ü 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.  J INVASIVE CARDIOL 2017;29(11): E163-E165.    

ü 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. 

ü 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. 

ü Using sound adviceðintravascular ultrasound as a diagnostic tool. Parviz Y, Fall KN, Ali ZA 

J Thorac Dis 2016. doi: 10.21037/jtd.2016.10.64 

https://www.ncbi.nlm.nih.gov/pubmed/29769168
https://www.ncbi.nlm.nih.gov/pubmed/29769168
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ü 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, Ian Chin-Yee, Shahar Lavi MD. Am Heart J. 2016 Aug: doi: 

10.1016/j.ahj.2016.05.021  

ü  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   

ü Comparison of P2Y12 inhibitors for mortality and stent thrombosis in patients with acute 

coronary syndromes: single centre study of 10,793 consecutive óreal-worldô patients. Rebecca 

Gosling, Momina Yazdani, Yasir Parviz, Ian R Hall, Ever D Grech, Julian P Gunn, Robert F 

Storey, Javaid Iqbal.  CPLA-2016-0433.R1 Jan 2017 Platelets. 

ü 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; DOI: 

ttp://dx.doi.org/10.1016/j.amjcard.2017.01.022 

ü 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. 

ü 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. 

ü Percutaneous brachial artery access for coronary artery procedures: Feasible and safe in the 

current era    Yasir Parviz, Rebecca Rowe, Sethumadhavan Vijayan, Javaid Iqbal, Allison C. 

Morton, EverD. Grech, Ian Hall, Julian Gunn.Doi: http://dx.doi.org/10.1016/j.carrev.2015.08.004 
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ü Repeat coronary angiography with previously normal arteries: a futile exercise? Rebecca 
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patient safety. Y Parviz, A Rothman, C J Cooke.    Volume 21 Issue 3 JulyïSeptember 2014 the 
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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, 
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Rathakrishnan MD, Tamim M. Nazif MD, Jeffrey W. Moses MD, Susheel Kodali MD, Dimitri 
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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 Iqbal,  
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ü ñInitial HIV diagnosis and management, does site influence partner notificationò? 
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ü An audit of morbidity and mortality in tertiary cardiology centre. 
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ü Incidence and predictors of stent thrombosis: a single centre study of 5,833 
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- Director of the cardiac Audit, interventional cardiology research and 
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ü Currently undertaking a post-graduation certificate in teaching and learning for the 
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Additional Skills:  
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ü Microsoft Word, Microsoft Excels and PowerPoint. 
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LIST OF SIXTEEN FULL PAPERS TO FORM PhD BY PUBLICATION AND 

CLASSIFIED INTO THREE CATAGORIES  
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Advanced Renal Failure. The Journal of Invasive Cardiology, 29: E163-E165, (Impact Factor 

1.07 and 6 citations).   
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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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6. Parviz, Y., Awan, K., Vijayan, S., Sultan, A., and Iqbal, J. (2017). Role Of Intra Coronary 
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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, 
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Matsumura, M., Maehara, A., Mintz, G., Stone, G., Shlofmitz, R., and Ali, Z. (2020). External 
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Imaging. 22(7):753-759. doi: 10.1093/ehjci/jeaa276 (Impact Factor: 6.875 and no citation). 
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B. MR antagonism and cardiovascular diseases (3 Papers) 

11. Iqbal, J., Parviz, Y., Pitt B, Newell-Price, J., Al-Mohammad, A., and Zannad, F. (2014). Selection 
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(Impact Factor of 15.534 and 52 citations). 
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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 
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