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ABSTRACT

Introduction: It is essential to know the coronary dimensions which has diagnostic
and therapeutic implications in management, especially during interventions such as
selection of the appropriate size of the balloon, stent, and the need for stenting etc.
As under or oversized, under or over expanded stents are well documented risk
factors for stent thrombosis, re-stenosis and procedure related complications. So, the
awareness of normative data can serve to mitigate the same. There is paucity of
normative data on the dimension of coronary arteries in Indians as measured by

intravascular ultrasound (IVUS).

Aim: This study is designed to (a) generate normative data for dimensions of the
coronary arteries of non-diseased left main(LMCA), ostio-proximal left anterior
descending(LAD), and ostio-proximal left circumflex artery(LCX) in patients by
using IVUS and Quantitative coronary angiography(QCA) in same patients and
correlate between the IVUS and QCA,; (b) to generate normative data for dimension
of normal coronary artery from computed tomographic coronary angiography(CT
CAGQG) and its co-relation with IVUS and QCA; and (c) to compare and correlate the
measured LMCA diameter by IVUS, QCA and CT CAG with calculated LMCA

diameter from Murray’s law, Finet’s law and Huo-Kassab’s law.

Methods: This is an observational study conducted at SCTIMST, Trivandrum after

Institutional Ethics Committee clearance included studies from May 2009-July 2022;



enrolled total of 31 patients who underwent IVUS guided PCI of the left coronary
system including complete pullbacks of a LMCA, LAD and LCX for their clinical
indications along with QCA; and also enrolled 36 patients in CT CAG group with
low pretest probability for coronary artery disease (CAD) who found to have no

proximal coronary artery disease in all vessels.

Results: In IVUS group mean age was 55.75+10.9 years, mean BSA 1.71+0.11m?
and males 80.65%. In CT CAG group patient mean age of 53.83+£9.6 years, mean
BSA 1.72+0.14n? and males 41.67%. Analysis of baseline characteristics revealed,
BMI was higher in CT CAG group compared to IVUS group with statistically
significant difference (27.08 + 5.34kg/n? vs 24.63 + 2.54 kg/n?, p= 0.009). IVUS
group had statistically significant higher prevalence of hypertension (58.1% vs
19.4%, p=<0.001), smoking (58.1% vs 5.6 %, p=<0.001), and dyslipidemia (61.3%
Vs 36.1%, p=<0.001), compared to CT CAG group. Males had higher mean height
(p=<0.001 vs 0.004) and BSA (p=0.011 vs 0.017) compared to females in CT CAG
group and IVUS/QCA group with statistical significance. Males had higher smoking
percentage (72%) in IVUS/QCA group with statistically significant difference
(p=0.001). CT CAG group revealed that females had statistically significant more
ST-T changes as compared to males (57.1% vs 13.3%, p= 0.008). The IVUS
measured mean vessel (EEM) diameter of LMCA 4.35+0.67mm, ostio-proximal

LAD 3.60+0.69mm and ostio-proximal LCX 3.21+0.74mm; when indexed to BSA



are 2.57+0.48 mm/n?, 2.17+0.54 mm/m?, and 1.84+0.47mm/m? respectively. The

QCA measured mean

lumen diameter of LMCA 4.18+0.70mm, LAD 3.44+0.38mm, LCX 3.20+0.55mm,
and when indexed to BSA are 2.45+ 0.47 mm/n?, 2.03+ 0.45 mm/n?, and 1.89+0.38
mm/m’ respectively. The CT CAG measured mean axial diameter of LMCA is
4.34+0.75mm,  ostio-proximal LAD  3.65+0.54mm,  ostio-proximal LCX
3.3£0.69mm, and ostio-proximal RCA 3.62+0.77mm and when indexed to BSA are
2.53+0.42mm/n?, 2.13+0.35 mm/n?, 1.92+0.41mm/m? and  2.11+0.42mm/nv¥
respectively. The family history of CAD in IVUS study and gender in CT CAG are
independent predictor for artery size and area for LMCA. However no independent
predictors identified for artery size and area in QCA study. The IVUS and QCA
analysis showed no difference in coronary artery diameters between males and
females even after indexing to BSA; and showed moderate linear correlation between
IVUS and QCA. In CT CAG analysis males had statistically significant larger
coronary artery diameter as compared to females, but when the coronary artery size
was indexed to the BSA, there was no statistically significant difference except in
LMCA. CTCAG study and QCA study analysis showed higher calculated LMCA
diameter using Murray’s, Finet’'s and Huo- Kassab’s Law, with excellent linear
correlation with CT CAG and moderate linear correlation with QCA for measured
and calculated LMCA diameter. The Bland-Altman plot showed LMCA size

calculation by Murray’s methods had good agreement with measured values,

xviii



whereas Finet’s law and Huo-Kassab’s Law calculated LMCA size had no good
agreement with measured value in both CT CAG and QCA group. However, these
laws could not be tested in IVUS group as only one patient had pullback study from
both LAD and LCX. The coronary artery dimensions are smaller compared to

western population in our study population.

Conclusion: The IVUS and QCA measured coronary artery dimensions are similar
between males and females, even after indexing to BSA. CT CAG showed males had
statistically significant larger coronary artery sizes; however, when indexed to the
BSA, there was no statistically significant difference for LAD and LCX except for
LMCA. The gender and family history of CAD are independent predictor of
coronary artery size and area for LMCA in CT CAG and IVUS study respectively.
The CTCAG and QCA comparison showed higher calculated LMCA diameter by
Murray’s, Finet’s and Huo-Kassab’s Law, with excellent linear correlation for CT
CAG and moderate linear correlation for QCA, for measured and calculated LMCA
diameter. The coronary artery dimensions are smaller in our study population

compared to western population.

Keywords: Intravascular ultrasound, quantitative coronary angiogram, computed
tomographic coronary angiography, left main coronary artery, left anterior

descending artery, left circumflex Artery, and right Coronary Artery.
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1 INTRODUCTION

Ischemic heart disease is the dominant cause accounting for around one quarter of
deaths attributable to the cardiovascular diseases (CVD) which are the leading causes
of mortality in India (1). In general population, coronary vessel size is variable with
numerous factors playing important role such age, gender, habitus, genetics and
environmental (2,3). The outcome after the coronary revascularization i.e.,
percutaneous transluminal coronary intervention (PCI) and coronary artery bypass
graft (CABG) are mainly determined by the coronary artery size. Coronary luminal
angiography is the most widely employed for determining the coronary artery sizes,
However, the derived two-dimensional lumenogram cannot characterize the arterial
wall, and thus evaluate vessel sizes and plagque characteristics, nor directly assess the
stent implantation results. Three major anatomic factors impair angiographic left
main evaluation. being aortic cusp opacification or “streaming” of contrast, which
may obscure the ostium, the short length of the vessel that may leave no normal
segment for comparison, and concealment of the distal left main artery by bifurcation
or ftrifurcation. Intravascular ultrasound (IVUS) can aid in overcoming these
confounding factors and is the most widely used intracoronary imaging tool for the
guantitative assessment of coronary artery disease (CAD), which yields more
accurate measurement of wvessel geometry and lesion severity than conventional
quantitative coronary angiogram (QCA) (4,5,6,7). Assessment of lumen dimensions

affects many therapeutic decisions and represents an important application for 1VUS.
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Intracoronary imaging provides valuable incremental information that can be used

clinically to

optimize stent implantation and minimize stent-related problems. Pre-procedural
measurement of lumen and wvessel dimensions and lesion characterization can
facilitate accurate stent sizing and guidance of the stenting strategy. Post-procedural
imaging provides strut-level evaluation of the stent result and guides optimization
measures. There is mounting evidence from observational studies, randomized
controlled trials, and meta-analyses that intravascular imaging guidance by IVUS not
only enhances the acute procedural result, but also improves clinical outcomes. The
knowledge of normal dimensions of coronary artery can aid interventional
cardiologist in stent size selection especially when diffusely diseased coronaries are
encountered. As under or oversized, under or over expanded stents are well
documented risk factors for stent thrombosis, re-stenosis and procedure related
complications. So, the awareness of normative data can serve to mitigate the same.
There is paucity of data on normal diameter of coronary artery in Indian population

as measured by IVUS.
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2 LITERATURE REVIEW

Ischemic heart disease is the leading cause of mortality due to cardiovascular
diseases.it is recognized that coronary artery stenosis can manifest as chest pain. The
CASS study has shown the risk of myocardial infarction (MI) is 2% over 3 years
with a coronary artery stenosis of less than 50%, 7% for a stenosis of 50%-70%, 8%
for a stenosis of 70%-90%, and 15% for a stenosis of greater than 90% (8). Whereas,
as per other studies 80% of all Mls reported in lesions with stenosis less than 50%
(9,10). This discrepancy may be because many have a large number of
angiographically “insignificant” lesions, but only a few "significant” stenoses. It is
possible that the culprit lesion might have started out as "msignificant” even though
the more significant stenosis is more likely to lead to an ACS, Second, IVUS and
physiologic lesion assessment studies have questioned the ability of angiography to

define the critical stenosis (11).

Quantitative coronary analysis (QCA):

Coronary angiography (CAG) has traditionally been the gold standard for invasive
assessment of coronary artery disease (CAD) (12). However, CAG is essentially a
luminogram which provides only a two-dimensional image of the wvessel with

significant inter and intra-observer variability depending upon the angulation of the
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frame frozen for analysis. Visual interpretation of CAG most widely used for clinical
diagnosis and treatment of CAD. However, the need for an accurate, unbiased,
objective assessment of severity of stenosis and coronary size led to the development
of QCA. It is well known that visual interpretation of angiography overestimates
lesion severity prior to percutaneous transluminal coronary angioplasty and
underestimates lesion severity after the procedure as compared to QCA (13,14).
QCA is a reproducible technique that can be used during or, after the procedure, or at

a core laboratory. as a result, these techniques have been used in most
Limitations of QCA:

QCA is a lumenogram and has numerous limitations. Angiography usually
underestimates lesion sewverity, especially with a 51- 75% histopathologic cross-
sectional area narrowing (15, 16) and with multivessel involvement (17). An
explanation for the discrepancy between pathologic and angiographic findings is
compensatory dilation of the arterial wall as a result of accumulation of
atherosclerotic plaque (the Glagov phenomenon). An absolute interpolated by the
system. The contrast filled catheter, used as a scaling device, allows absolute
measurements. It measures vessel dimensions independent of contour and luminal
shape and requires homogeneous complete opacification of the lumen. It is less

reliable in calcified vessels.

Intravascular Ultrasound (IVUS):

IVUS vyields in vivo tomographic transmural images of coronary vessels. A catheter
incorporating a miniature transducer which emits high frequency ultrasound (usually

in the range of 20 to 50 MHz) and the ultrasonic reflections are electronically
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converted to cross sectional images as the transducer is moved through the artery.

The

unique ability is it provide direct visualization of the atherosclerotic plaque on the
vessel wall (18,19,20). The echo reflectivity may be used as a surrogate to
characterize its underlying histology and hence pathophysiological mechanism,
causing coronary narrowing. It provides precise measurements of both lumen and
total vessel CSA, representing a major breakthrough in understanding of coronary
artery disease. The pathologic observations that atherosclerosis is commonly present
in angiographic, apparently normal, reference segments is confirmed from IVUS
studies (19). Von Birgelen et al. has demonstrated that plaque progression was
associated with a significantly increased risk of clinical events as predicted by
established risk-scoring systems (21). In addition, IVUS had shown that stents are
often insufficiently deployed despite an apparently satisfying angiographic result,
necessitating high-pressure balloon to achieve complete stent expansion (22). IVUS,
is the current standard for the evaluation of optimum stent deployment. Qualitative
and quantitative IVUS analyses are usually performed according to the American
College of Cardiology Clinical Expert Consensus Document on Standards for
Acquisition, Measurement and Reporting of Intravascular Ultrasound Studies (23).
Planimetry of the leading edge of the blood-intima acoustic interface quantifies
Lumen CSA. The outer external elastic membrane [EEM] CSA is identified as the

interface between media and adventitia. Atheroma-CSA is obtained as the difference
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between EEM-CSA and lumen-CSA. However, IVUS is expensive, time consuming,

requires exchange of the balloon for the IVUS catheter (24).

Comparison of IVUS versus QCA:

Multiple studies comparing coronary angiography and IVUS have consistently
shown disparities between the presence, location, distribution, composition, and
severity of coronary artery atherosclerosis (18-19,25-28). There are systematic
differences between IVUS and QCA in the measurement of reference and lesion
lumen dimensions. In patients with intermediate lesions QCA correlates poorly with
IVUS. Alfonso et al found a moderate correlation between both techniques at sites
which were angiographically normal, but contained plague on IVUS. However, the
correlation deteriorated in complex lesions or following intervention (18). De
Scheerder compared 1IVUS and QCA for luminal diameters in normal and moderately
diseased coronary vessels; the correlation was excellent (r= 0.92, p <0.0001) in
normal coronary vessels by CAG, but only moderate for mild stenosis (r=0.467, p <
0.001) (27). Abizaid et al noted that, IVUS reference segment are consistently larger
than QCA with an average difference of 0.5 mm though not predictable (29).
Hoffmann et al concluded that IVUS measured reference lumen dimensions were
consistently larger than those measured by QCA (30). Fernandes et al study in
Intermediate Coronary Lesions showed a significant underestimation of the reference
segment luminal diameter by QCA as compared to IVUS. Linear regression analysis
showed a weak correlation between the two methods for the assessment of reference

segment luminal diameter (r = 0.4; p < 0.001) (31). The explanation for observed
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discordance between IVUS and QCA measurement may be because of elliptical
angulation of the IVUS catheter within the vessel may have led to overestimation of
reference luminal dimensions by IVUS; and introduction of the ultrasound catheter
itseff may have resulted in tracking back of dissection flaps, with a resultant larger
lumen during IVUS examinations postintervention compared with contrast
angiography. Sometimes QCA may vield larger dimension than IVUS which may be
caused by extraluminal contrast within fissures, cracks, and dissection as seen around

the true lumen (32).

Many studies have shown that angiographic normal left main (LM) may harbor
significant atheroma burden with or without luminal stenosis. QCA assessment of
left main may underestimate LM reference diameter and stenosis. Hermiller et al,
Yamagishi and Gerber showed that, IVUS detected plaque in angiographically
normal LM arteries (33-35). Yamagishi and Gerber showed that there was no
correlation between QCA and IVUS percent area stenosis, in patients with
angiographic disease. Similarly, Riccardi et al in 107 patients with angiographically
normal LM found 30% area stenosis by IVUS. They concluded that angiographically
silent, LM disease detected by IVUS is an independent predictor of cardiac events
and may serve as a marker for future events (36). Abizaid et al correlated IVUS and
QCA in normal and intermediate LM lesion (<50%). The QCA reference diameter
3.91 + 0.76 mm, correlated moderately with IVUS diameter of 4.25 + 0.78 mm, r =
0.492, p = 0.0001. The lesion site MLD by QCA correlated less well with IVUS (37).
Sano et al evaluated patients with angiographically intermediate LM by IVUS. MLA
by IVUS <6.0 mm2 was applied as the criterion for a significant LM stenosis

because it correlates with a fractional flow reserve <0.75 (38). The discrepancy
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between angiography and necropsy or IVUS appear to be because of diffuse
atherosclerotic involvement resulting in lack of a normal reference segment; a short

LMCA makes identification

of a normal reference segment difficult; and positive remodeling to preserve lumen

size as shown by Glagov et al (39).
Computed tomographic coronary angiography:

Coronary artery disease is the leading cause of mortality and morbidity. There is a
large amount of evidence vyielded by invasive and non-invasive modalities on
diseased coronary arteries, but few reports on normal coronary arteries. Invasive
intracoronary imaging offers superior resolution compared to computed tomography
coronary angiography (CT CAG), but are rarely performed in subjects with normal
coronary angiography. Moreover, there are good correlations between measurements
provided by intravascular ultrasound and CT CAG (40-44). Not only does CT CAG
yields excellent coronary vessel images with high accuracy for detecting CAD (45),
and better outcomes for stable chest pain patients than stress testing (46), also
identify plaque components and high-risk plaque features (47). Low attenuation
plagque on CCTA correlates closely with the necrotic core on IVUS, positive
remodeling and spotty calcification to a lesser degree, are associated with the
development of ACS (48). CT CAG is indicated as a first line in low-intermediate
risk acute chest pain patients, and a majority of stable chest pain evaluations by New

AHA/ACC, United Kingdom and European guidelines. As CT CAG can evaluate
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both the coronary wall and lumen, seems better tool to evaluate the dimensions in

truly normal coronary artery.

The normal caliber of major coronary artery is 4.5£0.5 for Left main coronary artery
(LMCA), 3.7£0.4mm for left anterior descending artery (LAD), 3.4+£0.6 mm for a
non-dominant vs 4.2+0.6 mm for a dominant left circumflex artery (LCX), 3.9+0.6
mm for a dominant vs 2.8£0.5 mm for a nondominant right coronary artery (RCA)
(49). Lip GY et al, found that Indo-Asians as a whole have generally smaller
coronary arteries than Caucasians by coronary angiogram study (50). Imad Ghanem
Shukri et al, reported the diameter of the coronary arteries were larger in males than
females for LMCA, proximal LAD, LCX and RCA. Proximal RCA also was larger
among male but statistically was nonsignificant. The diameter of the coronary
arteries in Kurdish population were similar to Caucasians and white but greater than
that of Indians (51). Raut BK et al, found out males had statistically significant larger
coronary artery diameters by QCA as compared to females but there was no
difference after indexing to body surface area (BSA) (52). Cheemalpati Sai Krishna
et al, revealed the dimensions of branches in the left coronary system by QCA were
less and those of the distal circumflex, and the proximal and distal LAD coronary
arteries were significantly greater than those of Indo-Asians living in the United
Kingdom and the native Caucasians but the dimensions of the RCA were

significantly greater in Indians (53). Manjappa Mahadevappa et al shown normal
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proximal coronary artery diameters in adults from India as assessed by computed
tomography angiography (CT CAG) indexed to BSA are similar to that reported in
western population (54). Elangovan C et al, found small coronary size in females

after correction for BSA (55). Dhall et al,

reported that the autopsy series data in humans found smaller coronary artery sizes in
female (56). Venkateshwaran S et al, found out that left main reference segment-
lumen and external elastic membrane (EEM) diameter in Indians is lesser than that of
western population (57). The coronary artery dimensions have important diagnostic
and therapeutic implications in management of CAD. Assessment of lumen
dimensions affects many therapeutic decisions and represents an important
application for IVUS. There is paucity of data on normal diameter of coronary artery
in Indian population as measured by IVUS. With this background we designed this
study with hypothesis that the coronary artery dimensions are same as with western
population if indexed to BSA and the calculated diameter of LMCA using Murray’s
law, Finet’s law and Huo-Kassab’s law corelates with measured LMCA diameter. In
this study our primary aim is to generate data for dimensions of the coronary artery
segments of non-diseased LMCA, ostio-proximal LAD, and ostio-proximal LCX in
patients with CAD by using IVUS and QCA in same patient and co-relate the
findings between the IVUS and QCA; and also to document the normal coronary
artery diameters of LMCA, ostio-proximal LAD, and ostio-proximal LCX in patients

with low pre-test probabilty for CAD referred for CT CAG, to evaluate for the
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presence of CAD and its co-relation with IVUS and QCA. We also attempt to co-

relate the measured LMCA diameter by IVUS, QCA and CT CAG with calculated

LMCA diameter from Murray’s law, Finet’s law And Huo-Kassab’s law (box 1).

Box 1: Aim of the study:

(@) To generate normative data for dimensions of the coronary arteries of non-
diseased left main (LMCA), ostio-proximal left anterior descending (LAD),
and ostio-proximal left circumflex artery (LCX) in patients by using 1VUS
and Quantitative coronary angiography (QCA) in same patients and correlate
between the IVUS and QCA

(b) To generate normative data for dimension of normal coronary artery from
computed tomographic coronary angiography (CT CAG) and its co-relation
with 1IVUS and QCA.

(c) To compare and correlate the measured LMCA diameter by IVUS, QCA
and CT CAG with calculated LMCA diameter from Murray’s law, Finet’s
law And Huo-Kassab’s law.
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3 METHODOLOGY

This is an observational study conducted at SCTIMST, Trivandrum, after
Institutional Ethics Committee clearance included studies from May 2009-July 2022.
All the consecutive cohort of patients who underwent IVUS guided PCI of the left
coronary system including complete pullbacks of a LMCA, LAD and LCX for their
clinical indications fulfilling inclusion criteria ie., patients with CAD, who
underwent CAG followed by PCI under IVUS guidance and had proximal disease-
free coronary artery segments or minimal atheroma (<20% cross-sectional narrowing
to nullify the remodeling effect), included if IVUS images from the LMCA, LAD
and LCX available. Both CAG and IVUS study were used to identify normal
segments of coronary artery A sample size of 30 for IVUS study group and 30 for
CTCAG group was determined. The exclusion criteria were those with disease in
LMCA, proximal LAD as well as proximal LCX; non visibility of transition from
aorta to LMCA ostium in IVUS; tortuous coronary vessels precluding IVUS
examination; and past history of PCI or CABG of study vessels. IVUS examinations

confined to RCA or graft vessels were also excluded.

Computed tomographic coronary angiography (CT CAG):
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The patients aged above 18 years who had all proximal coronaries normal, in CT
CAG done at SCTIMST, ISIR department during Apr 2012 to Jul 2022 were enrolled
as CT CAG group. The collection of baseline data was done from hospital records
and electronic medical records using consecutive sampling method. CT CAG was

done

under supervision of radiologist using 256 slice helical scanner Brilliance ICT with
retrospective ECG gating as per protocol. Two ml per kg of non-ionic, water-soluble
lohexol (350mg/ml) injection, at 5-6ml/sec followed by saline 50cc, 5ml per second
administered. No adverse reactions to contrast were noted in any of the subjects.
ECG gated CT CAG was done at a resting heart rate of 60 to 70bpm as per the
guidelines (84-87). If the heart rate was more than 80bpm, it was pharmacologically
controlled using 50mg of oral Metoprolol 1 hour before/ Ivabradine 15mg by mouth
1 hour before the scanning. In patients who had a history of reactive airway disease
or known sensitivity to Metoprolol, 5-10mg of intravenous Diltiazem was used to
control the rate. The images were acquired as per the standard guidelines. The
measurements for LMCA caliber were taken at the mid segment in three-dimensional
multiplanar reformat images to obtain true axial vessel. Similarly for LAD, LCX, and
RCA the measurements were taken at 5mm from their origin using the same
methodology. The dominance of the coronary circulation was noted by the origin of

Posterior Descending
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Artery (PDA), posterolateral branch (PLB)) and the wessel crossing crux. Any
anomalies in origin, ectasia, spontaneous dissection was noted and such patients were
excluded from the study. None of the CT CAG patients underwent IVUS study. All
the measurements for epicardial coronary arteries from wall to wall were taken at the
end diastole with magnified source image in axial plane using standard DICOM
viewer software provided with the machine. The three-dimensional multiplanar

reformat

images were used to obtain true axial vessel diameters. Maximal diameters of the
vessel and diameter of vessel perpendicular to maximal diameter of vessel were
taken and averaged to obtain respective vessel diameter. Thirty-six patients aged

above 18

years who had all the proximal coronaries normal in CT CAG done at SCTIMST
ISIR department were included in CT CAG group. The coronary artery images of CT
CAG with methods of measurement are depicted in Figure 1, 2, 3, and 4 for LMCA,

LAD, LCX and RCA respectively.
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Figure 1. CT CAG: The images and method of measurement of LMCA

Figure 3. CT CAG: The images and method of measurement of LCX
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Figure 4. CT CAG: The images and method of measurement of RCA

Coronary Angiography, QCA, and IVUS:

A total 31 patients who underwent both angiography and IVUS examinations during
PCI were enrolled in this study. Detailed retrospective review of medical records,
coronary angiogram and IVUS study was made with standardized forms.
Angiographic images were recorded at 15 frames/sec. IVUS pullback scans were
performed at operator discretion, by manual pullback with a 20 MHz transducer
catheter and 2.2 F imaging sheath (Volcano s5, Volcano Corporation, USA).
Standard angiographic views (the right anterior obligue (RAO) 30-degree projection
or antero-posterior (AP) caudal view or the left anterior oblique (LAO) caudal view

whichever demarcated the left main bifurcation for LMCA LAD, and LCX the best)

Sree Chitra Tirunal Institute for Medical Sciences and Technology, Trivandrum 35



were obtained. The proximal coronary artery segments evaluated are (a) proximal
LAD segment before the first septal, (b) the proximal LCX segment before the first
obtuse marginal (OM). The decision to intervene on a lesion is frequently made in
the coronary catheterization laboratory based on the visual estimation of the lesion's
severity. CAD with 70% stenotic lesion on visual quantification are considered to be
hemodynamically significant and advised intervention. The IVUS examination
starting 15 mm distal to the lesion till the aorto-ostial junction using a manual pull
back was done before any balloon dilatation. PCI, if necessary, was performed as per
standard procedure after IVUS. The normal vessel segments of interest were
identified and measured on QCA and IVUS images and all images analyzed offline

as discussed below.

(@) Quantitative coronary angiography (QCA):

The QCA analysis was performed offline using standard commercial software on
workstation. All analyses were performed during the ECG-gated end-diastolic frame.
A computer-assisted automatic contour detection using software was performed. The
outer diameter of the contrast filled catheter served as the calibration standard.
Angiographic views with the least foreshortening and yielding the best depiction
were used. The edge detection correction was performed if required manually. Figure
5 shows QCA analysis which included calibration of contrast filled catheter,
measurement LMCA, LAD, and LCX dimensions with display of maximum

diameter, minimum diameter, mean diameter and length of assessed artery segment.
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(c) Measurement of LAD |(d) Measurement of LCX

Figure 5. QCA analysis: calibration of contrast filled catheter (panel a),
measurement LMCA in RAO caudal view (panel b), LAD in RAO caudal view

(panel c), and LCX in RAO caudal view (panel d).

(b) Intravascular ultrasound:

A coronary segment was considered as diseased if the plaque burden by IVUS was >
40%. Left main Ostium was defined as the first frame of proximal border of coronary
vessel which contained a 360° luminal border. Distal LMCA was defined as the
frame immediately proximal to the carina in which vessel has circular or oval shape.

Distal LMCA was defined as the frame immediately proximal to the carina in which
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vessel had circular or oval shape (that imaged the full circumference of LMCA

before an

asymmetric lumen indicating the start of the bifurcation). Shaft of LMCA was
defined as the segment between ostium and distal LMCA. The proximal LAD was
defined as segment from ostium till before the first septal and the proximal LCX was
segment from ostium till before the first obtuse marginal (OM). Lumen cross
sections were measured in the disease-free or minimal atheroma segments from the
ostium before any side branch. The edge detection correction was performed if
required manually. The IVUS images were recorded and stored on a DVD-ROM for
offline analysis. Quantitative analysis was performed in accordance with the ACC
Clinical Expert Consensus Document on Standards for Acquisition, Measurement
and Reporting of IVUS Studies (5). IVUS analysis was done using a validated and
computerized software. After automatic border detection for the lumen and media-
adventitia interface by the software, manually correction and confirmation were
done, to obtain the results measured and displayed automatically. Validation of
cross-sectional measurements of EEM, stent, lumen and plaque plus media (P+M)
CSAs by IVUS have been previously reported (5). The term EEM i.e., media-

adventitia border, which is a reproducible measure of the total arterial CSA. Since
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media thickness cannot be measured accurately, percentage Plague + Media (P+M)
was used as a measure of atherosclerotic plaque burden. The following dimensions
were assessed in coronary artery segments of disease free left main coronary artery,
ostio-proximal LAD, and ostio-proximal LCX in patients; 1) MLD (mm); 2) EEM

diameter (mm); 3) lumen

CSA (mm2); 4) EEM CSA (mm2); 5) P+M CSA (mm2) and 6) plaque burden (%).

The IVUS measured dimensions as shown in the figure 6.

VL2: (PAUSED)

Figure 6. The depiction of IVUS measured dimensions. Mean luminal diameter;

MLD = 4.3mm, lumen cross sectional area = 13.5mm?, plaque burden = 38%
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Statistical analysis:

Data was analyzed using IBM SPSS statistics version 28.0 software. The continuous
variables expressed were expressed in mean or median or range, with standard
deviation as appropriate and categorical data was expressed in percentages. The
vessel diameter (EEM to EEM) by IVUS was compared to CT CAG axial vessel
diameters and mean luminal diameter by IVUS was compared to reference lumen

diameter by

QCA using student 't' test. The relations between IVUS and QCA, IVUS and CT-
CAG dimensions were analyzed with use of the Pearson’s correlation and linear
regression analysis. Multiple linear regression analysis was done to determine
whether age, BSA, sex, diabetes, hypertension, smoking and family history of CAD
was independently associated with coronary dimension. Body size being a
confounding variable for coronary size, multiple regression analysis was again
performed with the dependent variables in each model indexed for BSA. A value of p

< 0.05 is considered to be statistically significant.
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4 RESULTS

A total of 31 patients in IVUS /QCA group were eligible for analysis, of which 25
males and 6 were females. The proximal coronary segments analyzed includes, 31
LMCA, 15 proximal LAD, and 5 proximal LCX. A total of 36 patients in CT CAG
group were eligible for analysis, of which 21 females and 15 were males. The
proximal coronary segments analyzed includes, 31 LMCA, 31 proximal LAD, and
31 proximal LCX and 31 proximal RCA. The baseline demographic characters are as

shown in Tablel for CT CAG group and IVVUS group.

Baseline characteristics:

The IVUS group had mean age of 55.75+10.9years, mean height of 163.74+7.9 kg,
mean weight of 65.84+6.28kg, mean body mass index of 24.63+2.54kg/m?, mean
BSA of 1.71+0.11m? and males were 80.65%. The CT CAG group had mean age of

53.83+£9.6years, mean height of 160.5£8.79 kg, mean weight of 69.38+10.94kg,
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mean body mass index of 27.08+5.34kg/m?, mean BSA of 1.72+0.14m? and males
were 41.67%. The baseline demographic characters of CT CAG group and for
IVUS/QCA group shown in Table 1. The CT CAG group had hypertension in 44.4%,
Diabetes in 19.4%, dyslipidemia in 36.1%, smoking in 5.6% and family history of
CAD in 22.2%. IVUS/QCA group had hypertension in 58.1%, Diabetes in 41.9%,
dyslipidemia in 61.3%, smoking in 58.1% and family history of CAD in 19.4%.
Males had higher mean height (p=<0.001 vs 0.004) and BSA (p=0.011 vs 0.017)

compared to females

in CT CAG group and IVUS/QCA group with statistical significance. Males had
higher smoking percentage (72%) in IVUS/QCA group with statistically significant
difference  (p=0.001). Chronic stable angina (32.25%) was the predominant
presentation in IVUS/QCA group. Anginal equivalents (36.1%) was the
predominant presentation in CT CAG group. The ST-T changes on ECG were noted
in 71% and 38.9% of patients in IVUS/QCA and CT CAG group respectively. The
mean LVEF was 65+9% and 61+12% in CT CAG and IVUS/QCA group
respectively. Regional wall motion abnormality was present in 38.7% in IVUS group
and 5.6% of CT CAG group. There was no statistically significant difference
observed for mode of presentation, LVEF, RWMA and on ECG changes between
male and female in IVUS/QCA group. CT CAG group showed similar results except
ECG changes where female had statistically significant more ST-T changes as

compared to males (57.1% vs 13.3%, p= 0.008).

Table 1. Baseline demographic characters of CT CAG group and IVVUS group
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Parameter CT CAG group | IVUS group P value
Mean + SD Mean = SD
Total number 36 31
Age (years) 53.83+9.6 55.75+10.9 0.21
Height (cm) 160.50 £+ 8.79 163.74+7.9 0.059
Weight (kg) 69.38 + 10.94 65.84 + 6.28 0.051
BMI (kg/m ) 27.08 + 5.34 24.63 + 2.54 0.009
BSA (m‘) 1.72 £0.14 1.71 +0.11 0.396
Diabetes, n (%) 16 (44.4%) 13 (41.9%) 0.418
Hypertension, n (%) | 7 (19.4%) 18 (58.1%) <0.001
Smokers, n (%) 2 (5.6 %) 18 (58.1%) <0.001
Dyslipidemia (%) 13 (36.1%) 19 (61.3%) 0.002
Family history of 8 (22.2% 0.389
; AD'?’n % )ry (22.2%) 6 (19.4%)

Analysis of baseline characteristics revealed, BMI was higher in CT CAG group
compared to IVUS group with statistical significance (27.08+5.34kg/m? vs 24.63+
2.54 kg/m?, p= 0.009). IVUS group had statistically significant higher prevalence of
hypertension (58.1% vs 19.4%, p=<0.001), smoking (58.1% vs 5.6 %, p=<0.001),

and dyslipidemia (61.3% vs 36.1%, p=<0.001), compared to CT CAG group.

CT CAG analysis:

The CT CAG measured mean axial diameter of LMCA was 4.34+0.75mm, ostio-
proximal LAD 3.65+0.54mm, ostio-proximal LCX 3.3+0.69mm, and ostio-proximal
RCA 3.62+0.78mm and when adjusted to BSA values were 2.53+0.42mm/n?, 2.13+

0.35mm/n?, 1.92+0.41mm/m? and 2.11+0.42mm/n? respectively (Table 2).

Table 2. Axial diameter of coronary vessels by CT CAG.
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CT CAG Axial diameters Axial diameters (indexed to
(mm) BSA) (mm/m)

LMCA 4.34+0.75 2.53+0.42

Ostio-proximal LAD | 3.65+0.54 2.13+£0.35

Ostio-proximal LCX | 3.3+0.69 1.92+0.41

Ostio-proximal RCA | 3.62+0.78 2.11+0.42

CT CAG showed males had larger coronary artery diameter as compared to females
(Fig 7). In females, the mean diameters were smaller than males in LMCA by
0.87mm, in ostio-proximal LAD by 0.38mm, in ostio-proximal LCX by 0.53mm, and
in ostio-proximal RCA by 0.53 mm with statistical significance. When the coronary

artery size was indexed to the BSA, there was no statistically significant difference

except in LMCA (Fig 8).
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Figure 7. Coronary artery diameter by CT CAG (mm) without indexing to body
surface area.

Figure 8. Coronary artery diameter by CT CAG (mm/m?) indexed to body
surface area.

On multiple linear regression analysis revealed gender was independent predictor for
axial diameter (B=-0.671, p=0.012) and axial CSA (B= -4.575, p=0.016), when
analysis was performed for indexed axial CSA (B=-2.084, p=0.049) gender remained
independent predictor for LMCA model in CT CAG group (Table 3). For ostio-
proximal LAD, ostio-proximal LCX and ostio-proximal RCA, no independent
predictor was found for axial diameter, indexed axial diameters, axial CSA and

indexed axial CSA. Neither age, diabetes, hypertension, dyslipidemia, smoking, nor
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family history of CAD are independently correlated with any of the arterial measured

dimensions.

Table 3. Multiple linear regression predicting axial CSA, indexed for BSA.

Characteristics | B | p-value
LMCA model

Age -0.016 0.809
Gender -2.084 0.049
Hypertension 1 0.402
Diabetes -1.073 0.368
Dyslipidemia -1.001 0.357
Smoking 3.381 0.155
Family history of CAD 0.831 0.504
LAD model

Age -0.06 0.223
Gender -0.383 0.615
Hypertension 0.588 0.507
Diabetes -0.551 0.533
Dyslipidemia -0.036 0.964
Smoking 0.337 0.847
Family history of CAD 0.608 0.512
LCX model

Age -0.017 0.75
Gender -0.714 0.389
Hypertension 0.091 0.924
Diabetes -0.753 0.432
Dyslipidemia 0.631 0.469
Smoking 1.928 0.31
Family history of CAD 0.283 0.777
RCA model

Age -0.017 0.75
Gender -0.714 0.389
Hypertension 0.091 0.924
Diabetes -0.753 0.432
Dyslipidemia 0.631 0.469
Smoking 1.928 0.31
Family history of CAD 0.283 0.777

Gender based comparison of axial vessel CSA in CT CAG group showed males had
statistically significant larger axial CSA compared to females and when indexed
CSA to BSA only LMCA showed larger diameter with statistical significance (Table

4)

Table 4. Comparison of axial vessel cross sectional area by CT CAG.
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Dimensions: CT | Males(N=15) Females(N=21) P Value
CAG

Unindexed axial vessel CSA (mm?)

LMCA 18.87 £ 5.6 12.67 £3.71 <0.001
(L)Aftg"prox'ma' 12.07 + 3.87 9.71+2.4 0.030
Ostio-proximal

LCX 10.55 £ 3.62 7.74 £3.17 0.019
Ostio-proximal

RCA 129+ 7.77 9.19+23 0.046
Indexed to BSA, axial vessel CSA (mm?*/m°?)

LMCA 10.63+3.31 7.56 £ 2.04 0.002
CI_)/itg'prOX'ma' 6.81 +2.32 5.84 + 1.48 0.136
Ostio-proximal

LCX 595+ 2.16 4.64+191 0.063
Ostio-proximal

RCA 7.17+4.17 552+1.38 0.098

The prevalence of dominance of the epicardial coronary system pattern revealed
77.8% right dominance,16.7% left dominance and 5.6% codominance pattern in CT
CAG group. The mean LMCA length was 11.88+4.53mm, LMCA length more than

10mm seen in 61.1% and less than 10 mm in 38.9% of the CT CAG group.

IVUS analysis:

The 1VUS measured mean lumen diameter (MLD) of LMCA 4.08+0.67mm, ostio-

proximal LAD 3.31+0.70mm and ostio-proximal LCX 3.04+0.96mm and when
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indexed to BSA are 2.40+0.45mm/n?, 1.99+0.53mm/n?, and 1.77+0.58 mm/n?

respectively (Table 5).

Table 5. MLD of coronary vessels by IVUS.

IVUS MLD (mm) MLD (indexed to BSA)
2
(mm/m)
LMCA 4.08+0.67 2.40+0.45
Ostio-proximal LAD | 3.31+0.70 1.99+0.53
Ostio-proximal LCX | 3.04+0.96 1.77+0.58

The IVUS measured mean vessel (EEM) diameter of LMCA 4.35+0.67mm, ostio-
proximal LAD 3.60+0.69mm and ostio-proximal LCX 3.21+ 0.74 mm; when
indexed to BSA values are 2.57+0.48mm/n?, 2.17+0.54mm/m?, and 1.84+0.47

mm/m’ respectively (Table 6).

Table 6. Vessel (EEM) diameters of coronary vessel by IVUS.

IVUS Vessel (EEM) diameters | Vessel (EEM) diameters
(mm) (indexed to BSA)
(mm/m’)
LMCA 4.35+0.67 2.57+0.48
Ostio-proximal LAD 3.60£0.69 2.17£0.54
Ostio-proximal LCX 3.21+0.74 1.84+0.47

The mean lumen diameter and vessel diameter as assessed by IVUS was largest in
LMCA, followed by ostio-proximal LAD, and ostio-proximal LCX. Both lumen
CSA and EEM CSA showed no statistically significant difference between male and

female for LMCA, ostio-proximal LAD, ostio-proximal LCX by IVUS (Table 7).

Table 7. Comparison of Lumen and EEM Cross sectional area by 1VUS.
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Dimensions: Males(N=25) Females(N=6) P Value
IVUS

Unadjusted Lumen CSA (mm?)

LMCA 13.56 £ 4.18 12.99 £ 5.45 0.284
(L)Aftg"prox'ma' 8.55 + 3.09 9.76 £ 5 0.588
Ostio-proximal

LCX 4.86 + 0.48 13.5 14.671
Adjusted to BSA, Lumen CSA (mm“/m?)

LMCA 7.96 £2.72 8.42 £ 3.6 0.346
Ostio-proximal

LAD 4,98 +1.83 6.5+ 3.53 1.118
Ostio-proximal

LCX 2.82+04 7.94 10.382
Unadjusted EEM CSA (mm®)

LMCA 15.3+4.76 14.87 £4.94 0.198
Ostio-proximal

LAD 10.01 £3.43 11.53 + 5.27 0.679
Ostio-proximal

LCX 6.65+1.31 15.54 6.058
Adjusted to BSA, EEM CSA (mm*/m*?)

LMCA 8.86 + 2.83 9.46 + 3.67 0.443
Ostio-Proximal

LAD 5.84 £ 2.07 7.46 £3.94 1.061
Ostio-proximal

LCX 3.76 £0.76 9.14 6.357

Multiple linear regression analysis in IVUS study group showed family history of
CAD was independently associated with lumen diameter (f= -0.419, p=0.033) and
lumen CSA (B= -0.44, p=0.022), and lumen area indexed to BSA (= -0.44, p=0.025)
for LMCA model. The average plaque burden (%) detected in IVUS group was
12.08+7.4 in LMCA, 15.77+6.0 in Ostio-Proximal LAD and 18.15+7.2 in ostio-

proximal LCX.LMCA length could not be measured as all the IVUS procedure was

done by manual pullback.

QCA analysis:
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QCA measured mean lumen diameter of LMCA 4.18+0.70mm, LAD 3.44+0.38mm,
LCX 3.20+0.55mm, and when indexed to BSA are 2.45+0.47mm/n?, 2.03+0.45

mm/m?, and 1.89+0.38mm/n’ respectively (Table 8).

Table 8. MLD of coronary vessel by QCA.

QCA MLD (mm) MLD (indexed to BSA) (mm/m )
LMCA 4.18+0.70 2.45:0.47
Ostio-proximal LAD 3.44+0.38 2.03+0.45
Ostio-proximal LCX 3.20£0.55 1.89+0.38

The mean diameter as assessed by QCA was largest in LMCA, followed by ostio-
proximal LAD, and ostio-proximal LCX. Lumen CSA showed no statistically
significant difference between male and female for LMCA, ostio-proximal LAD,

ostio-proximal LCX by QCA (Table 9).

Table 9. Comparison of Lumen CSA by QCA

Dimensions: QCA | Males(N=25) | Females(N=6) | PValue
Unadjusted Lumen CSA (mm°)

LMCA 13.81 + 4.7 1512 +4.32 0.545
Ostio-proximal LAD 9.24 £3.35 10.79 + 2.09 0.295
Ostio-proximal LCX 8.36 +3.19 7.93 £1.46 0.748
Adjusted to BSA, Lumen CSA (mm°/nv’)

LMCA 8.09 +2.88 9.08 +2.80 0.454
Ostio-proximal LAD 5.48 +2.27 6.44 +1.28 0.335
Ostio-proximal LCX 4.93 +2.06 4.69 +0.58 0.782

Multiple linear regression analysis in QCA group could not identify any independent
predictors for measured dimensions for LMCA, ostio-proximal LAD, and ostio-
proximal LCX. The prevalence of dominance of the epicardial coronary pattern

revealed 64.86% right dominance and 22.58% left dominance pattern in QCA/IVUS
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group. The mean LMCA length was 11.85+£3.19mm, LMCA length more than 10mm

seen in 80.65% and less than 10 mm in 19.35% by QCA.

Comparison between studies:

IVUS versus QCA comparison: mean lumen diameter

There is no statistically significant difference between MLD measured by IVUS and
QCA for both unindexed and indexed to BSA diameters. However, there was an
excellent linear correlation between IVUS and QCA for mean lumen diameter for

LMCA, Ostio-Proximal LAD, and Ostio-Proximal LCX (Table 10).

Table 10. Comparison of MLD by IVUS and QCA.

Dimensions MLD by IVUS MLD by QCA R -Value P -Value

Unindexed MLD (mm)

LMCA 4,08 +£0.67 4,18+0.70 0.95 0.55
Ostio-proximal 3.31+£0.70 3.44+0.38 0.99 0.34
LAD

Ostio-proximal 3.04+0.96 3.20+0.55 0.99 0.39
LCX

Indexed to BSA, MLD (mm/m®?)

LMCA 2.40+0.45 2.45+0.47 0.95 0.64
Ostio-proximal 1.9940.53 2.03+0.45 0.99 0.71
LAD

Ostio-proximal 1.77+0.58 1.89+0.38 0.99 0.31
LCX

IVUS versus CT CAG comparison: mean vessel diameter

There is no statistically significant difference between vessel diameter measured by

IVUS and by CT CAG for both unindexed and indexed to BSA diameters. However,
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there was an excellent correlation between IVUS and CT CAG for vessel diameter

for LMCA, Ostio-Proximal LAD, and Ostio-Proximal LCX (Table 11).

Table 11. Comparison of EEM diameter by IVUS and axial vessel diameter by
CT CAG.

Dimensions EEM diameter | Axial diameter | T -Value P -Value
1IVUS QCA

Unindexed diameters (mm)

LMCA 4.35+0.67 4.34+ 0.75 0.019 0.985
Ostio-proximal | 3.60%0.69 3.65%+ 0.54 0.276 0.784
LAD
Ostio-proximal | 3.21+0.74 3.3+ 0.69 0.260 0.796
LCX

Indexed to BSA, diameters (mm/m*)

LMCA 2.57+£0.48 2.53£0.42 0.407 0.686
Ostio-proximal | 2.17+0.54 2.13+0.35 0.262 0.795
LAD
Ostio-proximal | 1.84+ 0.47 1.92+0.41 0.441 0.662
LCX

Analysis of correlation of measured diameter of LMCA with calculated
diameter of LMCA using Murray’slaw, Finet’s law and Huo-Kassab’s
law:
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CT CAG showed higher calculated LMCA diameter by Murray’s, Finet’s law and
Huo-Kassab’s Law when correlated to measured LMCA diameter, however linear
strong correlation between measured and calculated LMCA diameter was noted

(Table 12).

Table 12. CT CAG comparison and correlation of calculated and measured

LMCA diameters.
Calculated Measuredaxial | R- value P-
CT CAG axial LM CA LMCA value
diameter (mm) | diameter (mm)
Murray’s law 4.34+ 0.75
4.43+0.67 0.763 <0.001
Finet’s law 4.34+ 0.75
4.71+0.73 0.752 <0.001
Huo—Kassab’s law 4,34+ 0.75
4.74+0.72 0.761 <0.001

The Bland-Altman plot for CT CAG showed the mean bias +SD between Measured
LMCA and the LMCA assessed by Murray’s law in Figure 9 (a) as -0.085+ 0.50mm,
and the limits of agreement were —1.07 and 0.90mm. The average of the differences

is —0.085mm. The data suggest that on average LMCA assessed by Murray’s law
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measures 0.085 units more than the actual measurements as mean difference is
nonzero. However, the differences were very close to zero the Murray’s methods has
good agreement with measured values.

Bland-Altman Plot LMCA calculated
by Murray's law with Measured LMCA
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Figure 9(a) Bland-Altman plot for CT CAG analysis of correlation of measured

diameter of LM CA with calculated diameter of LM CA using Murray’s law,

The Bland-Altman plot for CT CAG showed the mean bias +SD between Measured
LMCA and the LMCA assessed by Finet’s law in Figure 9 (b) as -0.367+0.524, and
the limits of agreement were —1.40 and 0.66. The average of the differences is

—0.367 units. The data suggest that on average LMCA assessed by Finet’s law
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measures 0.367 units more than the actual measurements as mean difference is

nonzero. However, the differences were not close to zero. The Finet’s methods had

no good agreement with measured values.
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Figure 9(b) Bland-Altman plot for CT CAG analysis of correlation of measured

diameter of LM CA with calculated diameter of LM CA using Finet’s law,

The Bland-Altman plot for CT CAG showed the mean bias £SD between Measured

LMCA and the LMCA assessed by Huo-Kassab’s law in Figure 9 (c) as -0.392 +

0.513, and the lmits of agreement were —1.40 and 0.61. The average of the

differences is —0.392 units. The data suggest that on average LMCA assessed by
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Huo-Kassab’s law measures 0.392 units more than the actual measurements as mean
difference is nonzero. However, the differences were not close to zero. Huo-Kassab’s

law had no good agreement with measured values.

Bland-Altman Plot LMCA calculated
by HUO KASSAB with Measured LMCA
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Figure 9(c) Bland-Altman plot for CT CAG analysis of correlation of measured

diameter of LM CA with calculated diameter of LMCA using Huo-Kassab’s law,

The TVUS measured LMCA correlation to Murray’s law, Finet’s law and Huo-
Kassab’s Law could not be done because study had only one sample having pullback

of both LAD and LCX into LMCA.
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The QCA analysis showed higher calculated LMCA diameter by three above laws

with moderate linear correlation for Murray’s Law and Finet’s and Huo-Kassab’s

law for measured and calculated LMCA diameter (Table 13).

Table 13. QCA comparison and correlation of calculated and measured LM CA

diameters.

Calculated axial | Measured axial R-value P-value
QCA LMCA diameter | LMCA diameter

(mm) (mm)
Murray’s law

4.15+ 0.7 4.18+0.70 0.578 0.001
Finet’s law

445 +0.7 4.18+0.70 0.576 0.001
Huo—Kassab’s law

443 +0.7 4.18+0.70 0.579 0.001

The Bland-Altman plot for QCA showed the mean bias +SD between Measured

LMCA and the LMCA assessed by Murray’s law in Figurel0(a) as -0.034+0.61,

and the limits of agreement were —1.24 and 1.17. The average of the differences is
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—0.034 units. The data suggest that on average LMCA assessed by Murray’s law
measures 0.034 units more than the actual measurements as mean difference is
nonzero. However, the differences were very close to zero. The Murray’s methods

had good agreement with measured values.

Bland-Altman Plot of LMCA calculated
by Murray's Law with Measured LMCA
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Figure 10(a): Bland-Altman plot for QCA analysis of correlation of measured

diameter of LMCA with calculated diameter of LM CA using Murray’s law

The Bland-Altman plot for QCA showed the mean bias + SD between Measured

LMCA and the LMCA assessed by Finet’s law Figurel10(b) as -0.334+0.636, and
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the limits of agreement were —1.58 and 0.913. The average of the differences is
—0.334 units. The data suggest that on average LMCA assessed by Murray’s law
measures 0.334 units more than the actual measurements as mean difference is
nonzero. However, the differences were not close to zero. The Finet’s methods had
no good agreement with measured values.

Bland-Altman Plot of LMCA calculated
by Finet’s Law with Measured LMCA
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Figure 10(b): Bland-Altman plot for QCA analysis of correlation of measured

diameter of LM CA with calculated diameter of LM CA using Finet’s law

The Bland-Altman plot for QCA showed the mean bias +SD between Measured
LMCA and the LMCA assessed by Huo-Kassab’s law Figure10(c) as -0.332+ 0.636,

and the limits of agreement were —1.578 and 0.914. The average of the differences is
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—0.332 units. The data suggest that on average LMCA assessed by Huo-Kassab’s law
measures 0.332 units more than the actual measurements as mean difference is
nonzero. However, the differences were not close to zero. Huo-Kassab’s law had no
good agreement with measured values.
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Figure 10(c) Bland-Altman plot for QCA analysis of correlation of measured

diameter of LM CA with calculated diameter of LM CA using Huo-Kassab’s law

CTCAG study comparison with Indian and western studies:
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The CT CAG results comparison of our study with a study by Mahadevappa M et al,
showed larger diameters for LMCA, LAD and LCX both unindexed and indexed to
BSA diameters and P K Goel et al study shown similar results comparable with our
study with minor variations (Table 14). The comparison with western data by
Jaroslaw Skowronski et al, a Poland study showed for unadjusted diameters Indians

has smaller size coronary arteries compared to western population (Table 15).

Table 14. CTCAG study comparison with Indian studies.

Parameters | Jayadeva institute Ourdata p- value
data(n=168) (N=36)
Unindexed | Indexed Unindexed Indexed Unindexed | Indexed
(mm) (mm/m?) (mm) (mm/m?)
LMCA 4.08+0.29 2.32+0.13 4.34+0.75 2.53+0.42 <0.01 <0.01
LAD 3.39+0.27 1.94+0.16 3.65+0.54 2.13+0.35 <0.01 <0.01
LCX 3.05+0.37 1.74+0.21 3.3+0.69 1.92+0.41 <0.01 <0.01
RCA 3.17+0.34 1.82+0.21 3.62+0.78 2.11+0.42 <0.01 <0.01

Table 15. CTCAG study comparison with western studies.

Parameters Poland study Our data (N=36) P -value
Skowronski Jetal | Unindexed(mm)
(n=201)
Unindexed(mm)
LMCA 5.1+0.7 4.34+0.75 <0.01
LAD 3.9+0.5 3.65+0.54 <0.01
LCX 3.6+0.7 3.3+0.69 <0.01
RCA 4.1+0.6 3.62+0.78 <0.01

IVUS study comparison with other Indian and western studies:
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The comparision with study by Reddy et al, our study population had smaller LMCA

and LCX diameters but LAD diameters were similar. P K Goel et al, SGPGI study

shown similar results comparable with our study with minor variations (Table 16).

The comparision with western data by Junbe Ge et al showed Indians has smaller

size coronary arteries compared to western population (Table 17).

Table 16. IVUS study comparison with other Indian studies.

PGI data (n=303) SGPGI data (n=220) Our data(n=31) p- value

Unindexed | Indexed Unindexed | Indexed | Unindexe | Indexed Unind | Indexe

(mm) (mm/m?) | (mm) (mm/m?) | d (mm) (mm/m?) | exed | d
LMCA | 4.66%0.69 2.64£0.40 | 4.33£0.32 2.30 4.35+0.67 | 2.57+£0.48 | 0.019 <0.001
LAD 3.71+0.60 2.15+0.35 | 3.61+0.21 2.13 3.60+0.69 [ 2.17+0.54 | 0.346 [ 0.061
LCX 3.55+£ 0.56 | 2.05+0.30 | 3.31+0.16 1.95 3.21£0.74 | 1.84%£0.47 | 0.002 <0.001

Table 17. IVUS study comparison with western studies.

Parameters Junbe Jo etal Our data (n=31)
Germany study Unindexed (mm)
(n=55), Unindexed (mm)

LMCA 4.76 4.35+£0.67

LAD 4.14 3.60+0.69

LCX - 3.21+0.74

QCA study comparison withother Indian and western studies:
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The comparision of our study with other Indian studies showed similar coronary

artery diameters with minor variation for LCX between the studies (Table 18). The
comparision with western data by J T Dodge et al showed our study population has
smaller size coronary arteries compared to western population for LMCA and LAD,

but LCX size remained similar to western population (Table 19).

Table 18. QCA study comparison with Indian studies.

Parameters | PGI SGPGI data | Narayan Our data | p-value
(N=303) | (N=220) Hrudayalaya | (N=36)
Unindexed Unindexed (mm) (n:229) Unindexed
(mm) Unindexed (mm) | (Mm)
LMCA 4.5+0.79 | 3.89+0.25 4.08 +0.44 4.18+0.70 | 0.999
LAD 3.7+0.4 3.36+ 0.28 3.27+£0.23 3.44+0.38 | 0.063
LCX 3.4+0.5 2.85+ 0.27 297 £0.37 | 3.20+0.55 | 0.001

Table 19. QCA study comparison with

western studies.

Parameters Washington study. | Our data p-value
J. T Dodge etal (N=36),
(n=83), Unindexed | unindexed
(mm) (mm)
LMCA 4.5+0.5 4.18+0.70 0.006
LAD 3.7+0.4 3.44+0.38 0.001
LCX 3.4+0.5 3.20+0.55 0.054
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5 DISCUSSION

The salient findings of this study are as follows: (a) IVUS and QCA measured
coronary artery dimensions were similar between males and females even after
indexing to BSA; (b) CT CAG showed statistically significant smaller coronary
artery sizes in females; when indexed to the BSA, there was no statistically
significant difference for LAD and LCX except for LMCA; (c) the gender and
family history of CAD were independent predictors of coronary artery size and area
in LMCA in CT CAG and IVUS study respectively; (d) comparison of CTCAG and
QCA showed the higher calculated LMCA diameter by Murray’s, Finet’s law and
Huo- Kassab’s Law, with excellent linear correlation by CT CAG and moderate
linear correlation by QCA for measured and calculated LMCA diameter; and (e) the
coronary artery dimensions were smaller in our study population compared to

western population.

The knowledge of actual size of coronary artery has prime importance during
interventional or surgical procedures. It is well known that bulk of the lesions in
acute coronary syndromes involve the ostio-proximal segments of the epicardial
coronary arteries and put significant amount of myocardium at risk (58-60). The
awareness of the dimensions aid in selection of balloons, devices and stents before
planning and during the coronary interventions. Epicardial arteries with smaller size
tend to decrease the atheroma burden required for significant obstructive coronary
lesions to develop and further augments technical challenges during intervention or
surgical procedures (61). Luminal angiogram is a well-established method for

assessment of the extent and severity of lesion but has its own several limitations
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(62). A considerable variability in the visual interpretation of cine-angiograms has
been established by multiple studies (63-65). Computer analysis of digital images
and automatic edge detection algorithms are used in QCA, but the validity of
quantification by this method is also questionable (64-66). Various discrepancies
have been noted between coronary angiogram and autopsy findings (67). In this
context, IVUS imaging has advantage of precisely defining the vessel size and areas.
Various studies have shown coronary dimensions are highly variable in normal
population (2,3). Age, gender, weight, BSA, mass of heart, genetic factors, race,
ethnic background, and environmental factors, have all been correlated with the
coronary artery size (3,49,68-72). Studies have reported smaller coronary artery
dimensions in Indians compared to the western population, (50, 73) which has been
attributed to the body size and relatively smaller BSA (35). Raut et al., observed
similar results, where in coronary artery sizes were larger in Caucasians as compared

to Indians, but no difference after indexing for BSA (52).

Our QCA study population had smaller size coronary arteries compared to western
population for LMCA and LAD, but LCX size remained similar to western
population. The diameter as measured by IVUS were significantly smaller than
diameters measured by QCA. There was an excellent linear correlation between
IVUS and QCA for measured mean lumen diameter for LMCA, ostio-proximal
LAD, and ostio-proximal LCX. These results are contrary to previous studies by S
Reddy et al (74) and P K Goel et al (75) both of which showed coronary artery
diameters when assessed by IVUS were significantly larger than the QCA.
Previously published studies from India, that assessed QCA showed that males had

statistically larger coronary
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dimension in comparision with females, but there was no difference after indexing to
BSA (50,52). However, Elangovan et al noted small coronary size in females after
correction for BSA (55). Postmortem examination study data in human revealed
smaller coronary vessel size in females (56). A CABG study, found that females had
smaller coronary vessel dimension and was associated with increased mortality (76).
The association of gender with coronary vessel diameter is consistent with prior
pathologic and angiographic studies. But our present study by IVUS and QCA
showed no difference in coronary artery diameters between males and females even
after indexing to BSA. This finding is probably due to smaller sample size of LCX in
females. Kornowski et al (77) also found no difference in vessel diameters between
the genders after indexing for BSA in his IVUS study, but this study was limited by
the selection of several different vessel locations that may not be completely free of
disease always. Our study negates the general belief that women have smaller
coronary size. The BSA and gender were reported to be independent predictors of
left main coronary artery size (78). Sheifer et al. observed gender difference in
coronary size in LMCA and LAD (79). Our study identified gender and family
history of CAD as independent predictors of coronary artery size in CT CAG and
IVUS study group respectively for LMCA, but body surface area and age were not
independent predictors of coronary artery size and area. Our study did not identify,
age, body surface area, hypertension, diabetes mellitus, smoking, and dyslipidemia as

independent predictors of coronary artery size and area.
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The size of coronary arteries are smaller in our study population compared to western
population (78,80). Abizaid et al study on western population showed Mean EEM
diameter at left main 5.44mm, as compared to 4.35mm in our study (37).
Venkateshwaran S et al, also found out that left main reference segment- lumen and
EEM diameter in Indians was lesser than that of western population (57). The
absolute diameter is lesser than the previously published studies in western

population, probably due to low BSA (50, 68).

The important concept to understand a bifurcation lesion is the relationship between
the sizes of these vessels. There are three formulas from which we can calculate size
of main vessel i.e., Murrey’s law (D proximal main vessel> = D Distal main vessel> + D side branch
vessel’), Finet’s Law (D proximal Vessel = 0.678% (D main Branch* D side Branch) and Huo—
Kassab’s Law (D proximal Vessel °= D Main Branch’ °+ D sige ranch’ ). Murrey’s law is
applicable in normal and diseased bifurcations, which was proved by the IVUS study
(81) But this law is not applicable in calcific lesions and in situations like acute
coronary syndrome (ACS). In these two conditions, the size of the vessel is to be
assessed by IVUS. Finet’s law is derived from the angiograms of normal bifurcation
by quantitative analysis (82). In this study we attempted to compare and correlate
calculated LMCA diameter by Murray’s, Finet’s and Huo-Kassab’s Law, versus
measured LMCA diameter by IVUS, QCA and CT CAG. CTCAG study and QCA
study analysis showed higher calculated LMCA diameter using these three laws with
excellent linear correlation by CT CAG and moderate linear correlation by QCA for
measured and calculated LMCA diameter. However, these laws could not be tested
in IVUS study as only one patient had pullback study from both LAD and LCX. The

Bland-Altman plot showed LMCA size calculation by Murray’s method has good
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agreement with measured values, whereas Finet’s law and Huo-Kassab’s Law
calculated LMCA size had no good agreement with measured LMCA size value in
both CT CAG and QCA group. When implementing this law in Kkissing balloon
technique, the cross-sectional area of both balloons together is larger than the cross-
sectional area of the proximal main vessel (MV). So, to prevent injury to the
proximal MV, moderate pressure inflation of two balloons is better as observed by
Niemela M et al (83). Our study supports these findings of Niemela M et al. So, it is
better to assess the size of the vessels by IVUS, than derive the value from these

lawvs.

Limitations of the study:

This was a single tertiary center study with smaller sample size. Females were
proportionately less in IVUS/QCA group. All coronary artery segments were not
analyzed in a single individual. The coronary sites compared by IVUS and QCA may
not have been exactly identical as IVUS analysis was done with manual pull-back.
Though it will not affect the area analysis, it would have guided us measuring the
length of wvessellesion and aided in acquiring dimension at identical region.
Landmarks such as side branches were used to identify the measurement region.
Only one sample included both LAD and LCX pull back which was insufficient to
calculate the correlation and statistical significance between measured LMCA
diameter and calculated LMCA based on Murray’s law, Finet’s law and Huo-
Kassab’s law for IVUS study group. Eccentricity of the vessel could also affect the

mean diameter assessment, when only orthogonal values are obtained.
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6 SUMMARY AND CONCLUSIONS

e The LMCA diameter as measured by IVUS is 4.35£0.67mm, QCA is 4.18+
0.70mm and by CT CAG is 4.34+0.75 mm.

e The LAD diameter as measured by IVUS is 3.60+£0.69mm, QCA is
3.44+0.38mm and by CT CAG is 3.65+£0.54mm.

e The LCX diameter as measured by IVUS is 3.21+0.74mm, QCA is LCX
3.20£0.55mm and by CT CAG is LCX 3.3+£0.69mm.

o RCA diameter as measured by CT CAG is 3.62+0.77mm.

e The IVUS and QCA measured coronary artery dimensions are similar between
males and females, even after indexing to BSA. Females had smaller indexed
LMCA diameters than males by CTCAG.

e Sex and family history of CAD are independent predictors of coronary artery
size and area for LMCA in CT CAG and IVUS study respectively.

e The calculated diameters for LMCA using the various formulae were higher
than the actually measured diameters.

e The coronary artery dimensions are smaller in our study population compared

to western population.
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APPENDIXD: PATIENT INFORMATIONSHEET (IN ENGLISH)

SREE CHITRA THIRUNAL INSTITUTE FOR MEDICAL SCIENCES AND TECHNOLOGY.
TRIVANDRUM: PATIENT INFORMATION SHEET
TITLE: EVALUATION OF DIMEMNSIONS OF LEFT MAIN COROMNARY ARTERY, OSTIO-PROXIMAL
LEFT ANMTERIOR DESCEMNDING ARTERY, AMD OSTIO-PROXIMAL LEFT CIRCUMFLEX ARTERY
BY INTRAVASCULAR ULTRASOUND IN INDIAM POPULATION

Name of Investigators:

DR DAYANAND KAMANAKERI, DR AJIT KUMAR WV K, DR SANGAY G.

Dear Patient/Parent

We welcome you and thank you for your interest in this research project

fitted "EVALUATION OF DIMENSIONS OF LEFT MAIN CORONARY ARTERY, OSTIO-PROXIMAL
LEFT ANTERIOR DESCEMNDING ARTERY, AND OSTIO-PROXIMAL LEFT CIRCUMFLEX ARTERY
BY INTRAVASCULAR ULTRASOUND IN INDIAN POPULATION". Before you participate in this
study, it is important for you to understand why this research is being camed out. This form will
provide you all the relevant details of this research. It will explain the nature, the purpose, the
benefits, the risks, the discomforts, the precautions and the

information about how this project will be carnied out. It is important that you read and
understand the contents of the form carefully. This form may contain certain scientific terms
and hence, if you have any doubts or if you want more information, you are free to ask the
study personnel or the contact person mentioned below before you give your consent and also
at any time during the entire course of the project.

WHAT IS INTRAVASCULAR ULTRASOUND?

Intravascular ultrasound (IVUS) is a medical imaging methodology using a specially designed catheter
with a miniaturized ultrasound probe attached to the lower end of the catheter. The upper end of the
catheter is attached to computerized ultrasound equipment. It allows the application of ultrasound
technology to see from inside blood vessels out through the surrounding blood column, visualizing the
inner wall of blood vessels in living individuals. The arteries of the heart are the most frequent imaging
target for IVUS. IVUS is used in the coronary arteries to determine the amount of fatty plaque built up at
any particular point in the arteries of the heart. Intravascular ultrasound provides a unique method to
study the regression or progression of atherosclerotic lesions inside. The progressive accumulation of
fatty plaque within the artery wall over decades is the setup for vulnerable plague which, in turn, leads
to heart attack and narrowing of the arteries of the heart. IVUS is of use to determine both plagque
volume within the wall of the artery and/or the degree of stenosis of the artery lumen. It can be
especially useful in situations in which angiographic imaging is considered unreliable where angiographic
images do not visualize lumen segments adequately, such as regions with multiple overlapping arterial
segments. It is also used to assess the effects of treatments of stenosis with or without stents, and the
results of medical therapy over time.

WHAT DOES THE PRESENT STUDY INVOLVE?

It involves collection of clinical and demographic data as per structured proforma, recorded CD
of angiography and IVUS.

HOW LONG DOES IT TAKE?

The IVUS study done will be after hospitalization as per clinical indication according to standard
guidelines. This may take up to 1 hours.

WHAT ARE THE RESPONSIBILITIES OF PARTICIPANTS?

Your decision to participate in this study is voluntary, your own personal choice. You may
choose not to continue at any time, for any reason, without notice.

WHAT ARE THE EXPECTED RISKS FOR THE PARTICIPANTS?

The study invaolves collection of data from case records, pre and post procedure. There will be
no risks for the participants because of participation in the study. They will be managed
according to the hospital protocol. No specific intervention will be done. 24
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WHAT ARE THE EXPECTED BENEFITS OF THE RESEARCH TO THE PARTICIPANTS?
The participants are evaluated in detail for any cardiac cause for functional impairment. A follow
up examination and evaluation may be helpful in identification of any risk factors for poor
outcomes or functional deterioration. It may be helpful in detecting patients who require early
intervention or addition of medical therapy. The data derived from the study may be helpful in
planning appropriate timing and surgical strategies for patients with similar conditions in the
future.

WILL PARTICIPANTS BE COMPENSATED FOR PARTICIPATION IN THIS TRIAL?

You will not be paid for participation in the study.

WILL MY PARTICIPATION IN THIS STUDY BE KEPT CONFIDENTIAL?

All records of your study will be kept confidential. Your identity will not be

revealed in any publication or release of results. Study records will be kept indefinitely

for analysis and follow-up.

CAN | WITHDRAW FROM THE STUDY AT ANY TIME DURING THE STUDY PERIOD?

Yes, you can. Your decision will not affect your regular medical care.

IF THERE ARE ANY NEW FINDINGS / INFORMATION, WOULD | BE INFORMED?

Yes.

WHAT HAPPENS IN CASE OF A STUDY RELATED INJURY?

There will be no study related injury.

IS THERE ANY ALTERNATIVE TO THE TREATMENT MENTIONED?

Not applicable.

If you have any further questions, please ask: Dr. Dayanand Kamanakeri (Principal
investigator), Senior Resident, Department of Cardiology (Email: majdayanand®1@sctimst.ac.in
Ph No: 8277418242)

For any technical clarifications, please contact Dr Srinivas G, Member Secretary, IEC,
SCTIMST (Email: iec.mem.sec@sctimst.ac.in, Phone no. 0471-2524-689)

Farticipant's name Age: Y M Sex: M/F

| (Name of Participant/ Parent / Guardian) . aged
(in years) son/daughter of (Please tick
boxes).

[ ] Declare that | have read the above information provided to me regarding the study:
‘EVALUATION OF DIMENSIONS OF LEFT MAIN CORONARY ARTERY, OSTIO-PROXIMAL
LEFT ANTERIOR DESCENDING ARTERY, AND OSTIO-PROXIMAL LEFT CIRCUMFLEX ARTERY
BY INTRAVASCULAR ULTRASOUND IN INDIAN POPULATION" and have clarified any doubts
that | had.

[ 11 also understand that my participation in this study is entirely voluntary and that | am free to
withdraw permission to continue to participate at any time without affecting my usual treatment
or my legal rights.

[ ]I understand that the study staff and institutional ethics committee members may not need my
permission to look at my health records even if | withdraw from the trial. | agree to this access.

[ ]! understand that my identity may not be revealed in any information released to third parties
or published.

[ 11 voluntarily agree to take part in this study.

[ 11 received a copy of this signed consent form.

Name: Name & Signature of witness:
Signature: Relation to participant
Date: Date:

25
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| attest that the requirements for informed consent for the medical research project described in
this form have been satisfied. | have discussed the research project with the participant and
explained to him or her in nontechnical tefms all of the information contained in this informed
consent form, including any benefits and nsk that may reasonably be expected to occur. |
further certify that | encouraged the participant to ask questions and that all questions asked
were answered.

MName and Signature of Person obtaining consent:

Dr. Dayanand Kamanakeri,
Date: Senior resident, Dept. of Cardiology, SCTIMST.
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APPENDIX E: STUDY CONSENT FORM (INENGLISH)

IEC/Ver3/09

STUDY CONSENT FORM

TITLE OF THE STUDY: EVALUATION OF DIMENSIONS OF LEFT MAIN
CORONARY ARTERY, OSTIO-PROXIMAL LEFT ANTERIOR
DESCENDING ARTERY, AND OSTIO-PROXIMAL LEFT CIRCUMFLEX
ARTERY BY INTRAVASCULAR ULTRASOUND IN INDIAN POPULATION

Study number. all patients who undergo/underwent intravascular ultrasound guided
percutaneous intervention of the left coronary system including complete pullback of a LMCA,
LAD and LCX for their clinical indications will be included in the study.

Participant’s name: Date of Birth / Age (in years):

| , son/ daughter of

(Flease tick boxes).

[ ] Declare that | have read the above information provided to me regarding the study:
‘evaluation of dimensions of left main coronary artery, ostio-proximal left anterior
descending artery, and ostio-proximal left circumflex artery by intravascular ultrasound in
Indian population” and have clarified any doubts that | had.

[ 1! also understand that my participation in this study is entirely voluntary and that | am free to
withdraw permission to continue to participate at any time without affecting my usual treatment
or my legal rights.

[ 11 understand that the study staff and institutional ethics committee members may not need
my permission to look at my health records even if | withdraw from the trial. | agree to this
ACCess.

[ 11 understand that my identity may not be revealed in any information released to third
parties or published.

[ 1! voluntarily agree to take part in this study.

[ ]! received a copy of this signed consent form.

Mame: MName of withess:
Signature: Relation to participant
Date: Date:

| attest that the requirements for informed consent for the medical research project described in
this form has been satisfied. | have discussed the research project with the participant and
explained to him or her in nontechnical terms all of the information contained in this informed
consent form, including any risks and adverse reactions that may reasonably be expected to
occur. | further certify that | encouraged the participant to ask questions and that all questions
asked were answered.

Name and Signature of Person Obtaining Consent

Dr Dayanand Kamanakeri

Senior resident, Dept. of Cardiology SCTIMST

For any technical clarifications, please contact Dr Srinivas G Member Secretan_.r, IEC,
SCTIMST & Additional Professor, AMCHSS, SCTIMST (Email:iec.mem.sec@sctimst.ac.it
Phone no.0471-2524-689)
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APPENDIX E: PATIENT INFORMATIONSHEET (IN
MALAYALAM)
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APPENDIX F: STUDY CONSENT FORM (IN MALAY ALAM)
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APPENDIX G: PROFORMAFOR IVUS/QCAGROUP

IEC/Ver3/09
EVALUATION OF DIMENSIONS OF LEFT MAIN CORONARY ARTERY. OSTIO-
PROXIMAL LEFT ANTERIOR DESCENDING ARTERY. AND OSTIO-PROXIMAL
LEFT CIRCUMFLEX ARTERY BY INTRAVASCULAR ULTRASOUND IN INDIAN
POPULATION

PROFORMA: PATIENTS

Patient data:

1 Patient code: 2. Age: 3. Gender:
4. Address: 5. Contact no: 6. Date of study:
Cath no:

7. Weight: ko 8. Height: 9. BMI: kg'm?

10. BSA: m? 11 Hypertension: 12. Diabetes: yes/no
mimHg

13. Dyslipidemia: YES/NO 14, Smoking(current/Past) | 15. F/H/O CAD: YES/NO
YES/NO

16 Presentation: CSA, UA, NSTEML, STEMI | 17. Diagnosis: 18. Indications for IVUS:

19. Lipid profile: 20. ECG: 21 Echo findings:

QCA measurements:

Measurements LMCA OSTIOPROXIMAL OSTIOPROXIMAL
LAD LCX

MINIMAL  LUMEN
DIAMETER
REFERENCE LUMEN
DIAMETER

LENGTH
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IVUS measurements:

Dimensions LMCA 0S5TIO- 0STIO-
PROXIMAL PROXIMAL

OSTIAL SHAFT DISTAL LAD LCX

Maximum

Lumen

diameter(mm)

Minimum Lumen

diameter(mm)

Mean lumen
diameter{mm)

Lumen CSA

Maximum vessel
diameter (EEM
diameter) (mm)

Mnmmum  vessel
diameter (EEM
diameter) (mm)

Mean vessel
diameter (EEM
diameter) (mm)

EEM CSA (mm?)

Plaque and media
CSA (EEM CSA-
LUMEN CSA).
(mm)

Plaque  burden:
plaque and media
CSA /EEM CSA
x 100.
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APPENDIX G: PROFORMAFORCT CAG GROUP

EVALUATION OF DIMENSIONS OF LEFT MAIN CORONARY ARTERY, OSTIO-
PROXIMAL LEFT ANTERIOR DESCENDING ARTERY. AND OSTIO-PROXIMAL

El R UM \N
POPULATION
PROFORMA: CT CAG
+k Patient data:
1.Patient code: 2. Age: 3. Gender:
4. Address: 5. Contact no: 6. Date of study:
7. Weight: ke 8. Height: 9 BMI: ke/m?
10. BSA: m! 11 Hypertension: 12 Diabetes: ves/no
mmHg
13. Dyslipidenua: YES/NO 14.  Smoking(currentPast) | 15. FH'O CAD: YESNO
YES/NO
16 Presentation: C5A, UA NSTEML STEMI | 17. Diagnosis: 18. Indications for TVUS:
19, Lipsd profile: 20.ECG: 21 Echo findings:
CT CAG measurements:
Measurements LMCA OSTIOPROXIMAL OSTIOPROXIMAL
LAD LCX
AXIAL VESSEL
DIAMETER

Sree Chitra Tirunal Institute for Medical Sciences and Technology, Trivandrum 100



APPENDIXE - PLAGIARISMCHECKREPORT

egrammrly Report: Evaluation of dimension of laft main coronary artery.oetioproximal left antari

Evaluation of dimension of left main coronary
artery,ostioproximal left anterior descending
artery,and ostioproximal left circumflex artery by
intravascular ultrasound in Indian population

by Mitin Maik
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