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Objective: The coronary artery dimensions have important diagnostic and therapeutic implications in
management of coronary artery disease (CAD). There is paucity of data on the coronary artery size in the
Indian population as measured by intravascular ultrasound (IVUS).
Methods: A total of 303 patients with acute coronary syndrome (ACS) undergoing percutaneous coronary
intervention (PCI) with intravascular ultrasound underwent analysis along with quantitative coronary
angiography (QCA). Of the 492 proximal coronary segments; 221 relating to left main (LM), 164 to left
anterior descending artery (LAD), 45 to left circumflex artery (LCX), and 62 to right coronary artery (RCA)
were considered.
Results: Patient's mean age was 53.37 ± 3.5 years; men 80%; hypertension 35% and diabetes 24.8%. On
IVUS, mean minimal lumen diameter as compared to QCA in LM (4.60 mm versus 4.50 mm, p < 0.001),
LAD (3.71 mm versus 3.45 mm, p < 0.001), LCX (3.55 mm versus 3.16 mm, p < 0.001) and RCA (3.85 mm
versus 3.27 mm, p < 0.001) were significantly larger. Lumen and external elastic membrane (EEM) cross-
sectional area (CSA) were larger in males as compared to females with statistical significance for lumen
CSA in LM (p ¼ 0.04); RCA (p ¼ 0.02) and EEM CSA in LM (p ¼ 0.03); RCA (p ¼ 0.006) but no significance
for adjusted body surface area (BSA). In multivariate models, BSA and age were independent predictors of
LM and LAD diameters and areas, but age was an independent predictor indexed to BSA.
Conclusion: The coronary artery dimensions by IVUS are significantly larger than QCA. No gender dif-
ference in coronary artery size. Age was an independent predictor of coronary artery size in left main and
LAD. The coronary artery size may not be a risk factor for acute coronary syndrome.
© 2019 Cardiological Society of India. Published by Elsevier B.V. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Cardiovascular diseases (CVDs) are the leading cause of mor-
tality in India. A quarter of all mortality is attributable to CVD, with
ischemic heart disease being the predominant cause.1The coronary
artery size in the general population is variable with multiple fac-
tors playing a crucial role such as age, gender, body habitus, genetic,
environmental and life style. The outcomes after percutaneous
coronary interventions (PCIs) and coronary artery bypass graft
Government Medical College
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surgery (CABG) are mainly determined by the coronary artery size.
Intravascular ultrasound (IVUS) is the most widely used intra-
coronary imaging tool for the quantitative assessment of coronary
artery disease, which yields more accurate measurements of vessel
geometry and lesion severity than conventional quantitative cor-
onary angiography (QCA).2 There are no data on the size of normal
coronary arteries in the Indian population as measured using IVUS.
The primary aim of this study was to determine the coronary artery
dimensions by intravascular ultrasound and influence of age,
gender, body surface area, diabetes, and hypertension on coronary
artery size.
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2. Methods

This is a single-center observational study.
2.1. Objectives

1. To determine the normal dimensions of disease-free coronary
artery segments by using intravascular ultrasound.

2. To assess the effect of age, gender, body surface area, diabetes,
and hypertension on coronary artery size.
2.2. Study population

This was a single-center observational study carried out in the
Department of Cardiology of a tertiary care hospital in North India.
From June 2016 to Feb 2019, a total of 303 patients with acute
coronary syndrome, who underwent coronary angiography fol-
lowed by percutaneous coronary intervention with intravascular
ultrasound guidance and had proximal disease-free coronary artery
segments or minimal atheroma (<20% cross-sectional narrowing to
nullify the remodeling effect) were included. Patients with
deranged renal function, tortuous coronary vessels precluding IVUS
examination, past history of PCI or CABG, and refusal of consent
were excluded. All participants provided a written informed con-
sent and study approved by the institutional ethics committee. All
procedures were conducted in accordance with principles outlined
in the Declaration of Helsinki.
2.3. PCI procedure

All patients were given 325 mg aspirin, clopidogrel 300 mg or
prasugrel 60 mg along with intravenous doses of unfractionated
heparin titrated to achieve therapeutic range activated clotting
time prior to percutaneous coronary intervention procedure. IVUS
pull back was taken using a 20-MHz, 2.9 French, Eagle Eye® Plat-
inum RX digital IVUS catheter (Eagle Eye, Philips Volcano, San
Diego, CA, USA). All patients were administered 200 mcg of intra-
coronary nitroglycerine, and IVUS pull back was taken starting
15 mm distal to the lesion till the aorto-ostial junction using an
automatic pull back at a speed of 0.5 mm/s before any balloon
dilatation. PCI was performed as per standard procedure.
2.4. Angiographic analysis

Coronary angiography was performed in all patients at a frame
rate of 15/sec. Standard angiographic views were obtained and all
captured angiographic images were analyzed offline. The arteries
measured were the proximal left main (LM), left anterior
descending (LAD), and left circumflex (LCX) in the right anterior
oblique (RAO) 30� projection, and for the right coronary artery
(RCA) left anterior oblique (LAO) 60� projection. The proximal
coronary artery segments were considered: (1) proximal LAD
segment before the first septal, (2) the proximal LCX segment
before the obtuse marginal (OM), (3) the proximal RCA segment
before the first right ventricular branch. A computer-assisted,
automatic contour detection using software Medis Q Angio® XA
7.3 (Medis medical imaging systems, Leiden, the Netherlands), was
performed. The outer diameter of the contrast filled catheter served
as the calibration standard. Quantitative coronary angiography was
carried out in end-diastole when coronary artery segment was
contrast filled, uniformly distended and free of tortuosity or
overlap.
2.5. Gray-scale IVUS analysis

The IVUS images of all the patients were recorded and stored on
a DVD-ROM for offline analysis, which was performed by two in-
dependent observers (SK and RK) whowere unaware of the patient
details or coronary angiograms. A consensus was obtained if there
was discordance in the analyses by repeated off line readings.
Quantitative and qualitative IVUS analyses were performed in
accordance with the American College of Cardiology Clinical Expert
Consensus Document on Standards for Acquisition, Measurement
and Reporting of Intravascular Ultrasound Studies.3 All the IVUS
analysis was done using a validated and computerized INDEC’s
Echo plaque 4.3.12J software (INDEC Medical systems, Inc., Santa
Clara, CA, USA). After automatic border detection for the lumen and
media-adventitia interface by the software, manually correction
and confirmation done, to obtain the results calculated and dis-
played automatically. Lumen cross sections were measured in the
disease-free or minimal atheroma segments within 10e15 mm
from the ostium before any side branch. After measuring the
external elastic membrane (EEM) and lumen cross-sectional areas
(CSAs), plaque and media (P&M) CSA was calculated as EEM minus
lumen CSA. Plaque burden was estimated as plaque and media CSA
divided by EEM CSA multiplied by 100.

2.6. Statistical analysis

All the statistical analysis was done using SPSS version 22.0
(SPSS, Inc., Chicago, Illinois). Categorical data were presented as
percentages (%) and frequencies, and Chi-squared test or Fisher's
Exact test was used as appropriate. Distribution of the continuous
variables was analyzed by KolmogroveSmirnov test and presented
as mean with standard deviation if normally distributed and me-
dian with 25th and 75th percentiles when skewed distribution.
Correlations were estimated by Pearson correlation coefficient.
Univariate analysis was performed to find association of categorical
variables between the two study groups using either Chi-squared
test or Fisher's Exact test as appropriate. Continuous variables were
compared in the groups by independent t test when normally
distributed and Mann Whitney U test with skewed distribution. A
stepwise multiple linear regression analysis was done to determine
whether age, body surface area, gender, diabetes, or hypertension
was independently associated with coronary size. As body size is a
confounding variable for coronary size, multiple regression analysis
was again performed with the dependent variables in each model,
corrected for BSA. A p value < 0.05 was considered statistically
significant.

3. Results

A total of 303 patients were examined, out of which 244 were
males and 59were females. Of the 492 proximal coronary segments
analyzed include, LMCA (221 sites), proximal LAD (164 sites),
proximal LCX (45 sites), and proximal RCA segments (62 sites). The
mean age of the patients was 53.37 ± 3.5 years (range 22e90 years).
The baseline clinical characteristics of the patients are outlined in
Table 1.

The mean diameter of vessels as assessed by IVUS was largest in
left main, followed by proximal RCA, proximal LAD, and proximal
LCX. There was a strong concordance between IVUS versus quan-
titative coronary angiography minimal lumen diameter (QCA MLD)
in the LM, LAD, LCX, and RCA, separately (Table 2). The IVUS
determined coronary artery diameter when indexed to body sur-
face area of left main, proximal LAD, proximal LCX and proximal
RCAwere 2.64 ± 0.40 mm/m2, 2.15 ± 0.35 mm/m2, 2.05 ± 0.30 mm/
m2 and 2.20 ± 0.36 mm/m2 respectively (Table 2).



Table 1
Baseline characteristics of the patients.

Parameter Total (n ¼ 303) Males (n ¼ 244) Females (n ¼ 59)

Age (years) 53.4 ± 3.5 52.6 ± 11.5 56.36 ± 12.1
Height (cm) 163.5 ± 8.38 165.7 ± 7.2 154.5 ± 6.7
Weight (kg) 68.26 ± 11.60 69.2 ± 11.3 64.3 ± 12.1
BMI (kg/m2) 25.56 ± 4.15 25.23 ± 4.02 26.9 ± 4.5
BSA (m2) 1.76 ± 0.17 1.78 ± 0.16 1.66 ± 0.17
Diabetes, n (%) 75 (24.8%) 51 (20.9%) 24 (40.7%)
Hypertension, n (%) 106 (35%) 71 (29%) 35 (59%)
Current Smokers, n (%) 104 (34.3%) 102 (41.8%) 2 (3.4%)
Current Alcoholics, n (%) 83 (27.4%) 83 (34%) 0
Hemoglobin (mg/dL) 13.04 ± 2.07 13.43 ± 1.99 11.34 ± 1.45
Creatinine (mg/dL) 1.05 ± 0.26 1.05 ± 0.24 1.07 ± 0.33
TC (mg/dL) 154.95 ± 51.95 154.47 ± 48.34 157.33 ± 63.84
TG (mg/dL) 137.6 ± 61.05 134.86 ± 59.83 151.02 ± 65.79
LDL (mg/dL) 95.19 ± 48.50 95.30 ± 44.63 94.68 ± 63.68
HDL (mg/dL) 40.17 ± 14.49 39.49 ± 13.34 43.26 ± 18.74

All values are presented as Mean ± SD or number (%).
BMI¼Body mass index, BSA¼Body surface area, TC ¼ Total cholesterol, TG ¼ Triglycerides, HDL¼High density lipoprotein, LDL ¼ Low density lipoprotein.

Table 2
Comparison of MLD by IVUS and QCA.

Dimension MLD by IVUS MLD by QCA R-value p-value

Unadjusted MLD (mm)
Left Main 4.60 ± 0.69 4.50 ± 0.79 0.332 <0.001
pLAD 3.71 ± 0.60 3.45 ± 0.63 0.479 <0.001
pLCX 3.55 ± 0.56 3.16 ± 0.47 0.302 <0.001
pRCA 3.85 ± 0.62 3.27 ± 0.56 0.649 <0.001
Adjusted to BSA, MLD (mm/m2)
Left Main 2.64 ± 0.40 2.53 ± 0.57 0.376 <0.001
pLAD 2.15 ± 0.35 1.94 ± 0.48 0.253 0.016
pLCX 2.05 ± 0.30 1.72 ± 0.22 0.278 0.17
pRCA 2.20 ± 0.36 1.86 ± 0.32 0.749 <0.001

All values are presented as Mean ± SD.
MLD ¼ Minimal lumen diameter, IVUS ¼ intravascular ultrasound,
QCA ¼ quantitative coronary angiography, BSA ¼ body surface area.
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On IVUS, males had larger coronary artery diameter as
compared to females (Fig A1). In females, the diameters were
smaller thanmales in LM by 0.18mm, in LAD by 0.08mm, in LCX by
0.27 mm, and in RCA by 0.40 mm. However, it was statistically
significant only in RCA. When the coronary artery size was indexed
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Fig A1. Coronary artery diameter by IVUS (mm
to the BSA, there was no statistically significant difference except in
LCX (Fig A2).

Lumen and EEM cross-sectional areas were larger in males in
comparison to females and achieved statistically significance in
both left main and RCA. However, there was no statistical signifi-
cance for adjusted BSA (Table 3).

On multiple linear regression analyses, the body surface area
was an independent predictor of MLD in all vessels except RCA, and
age was significant in both LM and LAD. However, analyses were
performed for indexed MLD, as body size was a potential con-
founding variable, age was an independent predictor for LM
(b¼ 0.269, 95% confidence interval [CI] 0.004e0.015 and p < 0.001),
and LAD (b ¼ 0.234, 95% CI 0.001e0.012 and p ¼ 0.01). Similar to
findings with diameters, body surface area was also an indepen-
dent predictor for external elastic membrane cross-sectional area
(EEM CSA), except in RCA and age, was statistically significant in
both LM and LAD. When analysis performed for indexed EEM CSA,
age was an independent predictor for LM (b ¼ 0.255, 95%
CI0.03e0.12 and p¼ 0.001) and LAD (b¼ 0.30, 95% CI 0.03e0.10 and
p ¼ 0.001), and hypertension was an independent predictor in LAD
(b ¼ 0.208, 95% CI 0.13e2.1 and p ¼ 0.027) (Table 4). In case of LCX
and RCA, no independent predictors were found for luminal
pLCX pRCA

Female

p=0.37 p=0.03

), without reference to body surface area.
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Fig A2. Coronary artery diameter by IVUS (mm) indexed to body surface area.

S. Reddy et al. / Indian Heart Journal 71 (2019) 412e417 415
diameters and EEM CSA. Neither gender nor diabetes indepen-
dently correlated with any of the measured arterial areas (Table S1-
S3, Supplementary data).
4. Discussion

The key findings of this study are as follows: (1) intravascular
ultrasound (IVUS)-measured coronary artery dimensions are
significantly larger than those measured by quantitative coronary
angiography (QCA); (2) minimal luminal diameters and EEM cross
sectional areas are larger in males; (3) no gender difference in
lumen and EEM cross sectional areas when adjusted to BSA; and (4)
age was an independent predictor of coronary artery size and area
in LM and LAD.

The absolute size of coronary artery segments does matter
during interventional or surgical procedures. Majority of the lesions
in acute coronary syndromes involve the proximal segments of the
Table 3
Comparison of Lumen and EEM Cross sectional area by IVUS.

Dimension Males (n ¼ 244) Females (n ¼ 59) p-value

Unadjusted Lumen CSA (mm2)
Left Main 20.03 ± 5.93 18.41 ± 3.83 0.04
pLAD 12.79 ± 4.08 12.15 ± 3.84 0.39
pLCX 11.68 ± 3.78 12.74 ± 1.33 0.59
pRCA 13.96 ± 4.29 11.19 ± 3.07 0.02
Adjusted to BSA, Lumen CSA (mm2/m2)
Left Main 11.37 ± 3.14 11.55 ± 2.61 0.80
pLAD 7.36 ± 2.15 7.69 ± 2.32 0.50
pLCX 6.69 ± 2.06 7.97 ± 0.81 0.23
pRCA 7.82 ± 2.60 6.95 ± 1.89 0.27
Unadjusted EEM CSA (mm2)
Left Main 25.11 ± 6.43 23.16 ± 4.42 0.03
pLAD 16.98 ± 4.87 15.94 ± 4.76 0.25
pLCX 15.56 ± 5.07 17.01 ± 2.89 0.58
pRCA 18.44 ± 4.79 14.66 ± 3.29 0.006
Adjusted to BSA, EEM CSA (mm2/m2)
Left Main 14.22 ± 3.47 14.26 ± 2.93 0.95
pLAD 9.77 ± 2.55 10.13 ± 2.67 0.53
pLCX 8.91 ± 2.85 10.60 ± 1.29 0.26
pRCA 10.18 ± 2.92 9.14 ± 2.03 0.24

All Values are presented as Mean ± SD.
EEM-external elastic membrane, IVUS ¼ intravascular ultrasound, CSA ¼ cross
sectional area, BSA ¼ body surface area.
coronary arteries and jeopardize significant amount of
myocardium.4e6 The knowledge of the dimensions helps in choice
of devices and stents during the coronary interventions. Smaller
arteries tend to decrease the atheroma burden required to develop
significant obstructive coronary lesions and further potentiates
technical challenges during surgical or interventional procedures.7

Coronary angiogram is an established method for assessing the
extent and severity of disease but has several limitations.8 Multiple
studies have shown a considerable variability in the visual inter-
pretation of cine-angiograms.9e11 QCA involves computerized
analysis of digital images and automatic edge detection algorithms,
but the validity of this angiographic quantification is also ques-
tionable.10e12 Various discrepancies have been observed between
coronary angiograms and findings on postmortem examinations.13

One of the main advantages of IVUS imaging is its ability to pre-
cisely define the vessel dimensions and areas.

The coronary artery size is highly variable in the normal popu-
lation.14,15 Genetic factors, age, gender, body weight, body surface
Table 4
Multiple linear regression models predicting EEM CSA, indexed for BSA.

Characteristic b p-value

LM model
Age 0.255 0.001
Gender �0.047 0.54
Diabetes �0.029 0.70
Hypertension 0.096 0.21

LAD model
Age 0.300 0.001
Gender �0.093 0.33
Diabetes �0.018 0.84
Hypertension 0.208 0.03

LCX model
Age 0.136 0.47
Gender 0.122 0.56
Diabetes 0.107 0.60
Hypertension �0.019 0.92

RCA model
Age 0.204 0.19
Gender �0.140 0.38
Diabetes �0.116 0.45
Hypertension �0.112 0.48

BSA¼Body surface area, LM ¼ Left main coronary artery, LAD ¼ Left anterior
descending artery, LCX ¼ Left circumflex artery, RCA ¼ Right coronary artery.
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area, weight of the heart, ethnicity, race and environmental factors,
have all been correlated with the coronary artery size.15e21 Smaller
coronary artery size has been reported in Indians as compared to
the western counterparts.21,22 This has been attributed to the body
habitus and relatively smaller body surface area.22 Raut et al.,
observed similar findings, where in coronary artery diameters were
larger in Caucasians as compared to Indians, but no difference after
correction for BSA.23 Our QCA findings are comparable and sub-
stantiated by a study in similar population contradicting the
traditional belief of Indians having smaller coronaries.24 The vessel
diameters in this study by IVUS were significantly larger than di-
mensions obtained by QCA.

Previous studies from Indian subcontinent by QCA found that
males had statistical significant larger coronary artery diameters as
compared to females but there was no difference after indexing to
BSA.23,25 However, Elangovan et al found small coronary size in
females after correction for BSA.26 Autopsy series data in humans
found smaller coronary artery size in females.27 In patients un-
dergoing CABG, females had smaller coronary artery diameter and
was associated with increased mortality.28 In the present study by
IVUS, males had larger coronary artery dimensions as compared to
females but after indexing to BSA there was no statistical significant
difference except in left circumflex artery. This finding is probably
due small sample size of LCX in females. Our study negates the
general belief that women have smaller coronary size.

The size of normal left main artery in present study is compa-
rable to the western population.29,30 The mean left main minimal
luminal diameter was 4.60 ± 0.69 mm inmales and 4.50 ± 0.79 mm
in females, whereas in study by Kim et al.,29 it was in males
4.26 ± 0.55 mm and in females 3.92 ± 0.45 mm. In our study, the
lower limit of left main coronary diameter as per 2 SD below the
mean is 3.22 mm with a 95% CI 4.52e4.68. Multiple factors affect
the coronary artery size, and each systemic factor may not affect all
coronary arteries in a similar way.31e33 Kornowski et al. found no
gender difference after correcting for body surface area on IVUS but
the studywas limited by disease vessels at multiple locations.34 The
body surface area and gender were reported to be independent
predictors of left main coronary artery size.29 Sheifer et al. observed
gender difference in coronary size in LM and LAD.35 In contrary,
gender was not an independent predictor of coronary artery size in
our study. However, body surface area and age were independent
predictors of coronary artery size and area in LM and LAD. This
could be due to the fact that LM and LAD supply large area of the
myocardium. It has been known that ventricular mass strongly
predicts the size of coronaries.29,32,36,37 In the present study, hy-
pertension independently predicted the coronary artery area in
LAD. Hypertension causes left ventricular hypertrophy, which in-
creases the myocardial mass (weight). LAD subtends the left ven-
tricular wall, thereby causing larger diameters in this artery.

5. Study strengths and limitations

This is the first of its kind study to assess the coronary artery size
by intravascular ultrasound imaging in the Indian population. All
coronary artery segments were not analyzed in a single individual.
The proportion of females was less.

6. Conclusions

The coronary artery dimensions as assessed by intravascular
ultrasound are significantly larger than asmeasured by quantitative
coronary angiography. Body surface area was an independent
predictor of coronary artery size. Agewas an independent predictor
of coronary artery size and area in left main and LAD. Gender and
diabetes did not influence the coronary artery size. The coronary
artery size per se may not be a risk factor for acute coronary
syndrome.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Declaration of competing interest

All authors have none to declare.

Acknowledgements

We thank the secretarial assistance of Damanpreet Kaur and
Jeevan Lal.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.ihj.2019.10.005.

References

1. Prabhakaran D, Jeemon P, Roy A. Cardiovascular diseases in India: current
epidemiology and future directions. Circulation. 2016;133:1605e1620.

2. Takayama T, Hodgson JM. Prediction of the physiologic severity of coronary
lesions using 3D IVUS: validation by direct coronary pressure measurements.
Cathet Cardiovasc Interv. 2001;53:48e55.

3. Mintz GS, Nissen SE, Anderson WD, et al. American College of Cardiology
clinical Expert consensus document on standards for acquisition, measurement
and reporting of intravascular ultrasound studies (IVUS). A report of the
American College of Cardiology task force on clinical Expert consensus docu-
ments. J Am Coll Cardiol. 2001 Apr;37(5):1478e1492.

4. Fox B, James K, Morgan B, Seed A. Distribution of fatty and fibrous plaques in
young human coronary arteries. Atherosclerosis. 1982;41:337e347.

5. Hochman JS, Phillips WJ, Ruggieri D, Ryan SF. The distribution of atherosclerotic
lesions in the coronary arterial tree: relation to cardiac risk factors. Am Heart J.
1988;116:1217e1222.

6. Vieweg WV, Alpert JS, Johnson AD, et al. Distribution and severity of coronary
artery disease in 500 patients with angina pectoris. Cathet Cardiovasc Diagn.
1979;5:319e330.

7. Makaryus AN, Dhama B, Raince J, et al. Coronary artery diameter as a risk factor
for acute coronary syndromes in asian-Indians. Am J Cardiol. 2005;96:778e780.

8. Fisher LD, Judkins MP, Lesperance J, et al. Reproducibility of coronary arterio-
graphic reading in the coronary artery surgery study (CASS). Cathet Cardiovasc
Diagn. 1982;8:565e575.

9. Blankenhorn DH, Curry PJ. The accuracy of arteriography and ultrasound im-
aging for atherosclerosis measurement: a review. Arch Pathol Lab Med.
1982;106:483e490.

10. Galbraith JE, Murphy ML, Desoyza N. Coronary angiogram interpretation:
interobserver variability. J Am Med Assoc. 1981;240:2053e2056.

11. Zir LM, Miller SW, Dinsmore RE, Gilber JP, Harthorne JW. Interobserver vari-
ability in coronary angiography. Circulation. 1976;53:627e632.

12. Arnett EN, Isner JM, Redwood DR, et al. Coronary artery narrowing in coronary
heart disease: comparison of cineangiographic and necropsy findings. Ann
Intern Med. 1979;91:350e356.

13. Grondin CM, Dyrda I, Pasternac A, Campeau L, Bourassa MG, Lesperance J.
Discrepancies between cineangiographic and post-mortem findings in patients
with coronary artery disease and recent myocardial revascularization. Circu-
lation. 1974;49:703e708.

14. Hermiller JB, Cusma JT, Spero LA, Fortin DF, Harding MB, Bashore TM. Quan-
titative and qualitative coronary angiographic analysis: review of methods,
utility, and limitations. Cathet Cardiovasc Diagn. 1992;25:110e131.

15. Restrepo C, Eggen DA, Guzman MA, Tejada C. Postmortem dimensions of the
coronary arteries in different geographic locations. Lab Investig. 1973;28:
244e251.

16. Dhawan J, Bray CL. Are Asian coronary arteries smaller than Caucasian? A study
on angiographic coronary artery size estimation during life. Int J Cardiol.
1995;49:267e269.

17. Hutchins GM, Bulkley BH, Miner MM, Boitnott JK. Correlation of age and heart
weight with tortuosity and caliber of normal human coronary arteries. Am
Heart J. 1977;94:196e202.

18. Wilsens SL, Plair CM, Henderson D. Size of the major epicardial coronary ar-
teries at necropsy: relation to age, weight and myocardial infarction. J Am Med
Assoc. 1966;198:1325e1329.

https://doi.org/10.1016/j.ihj.2019.10.005
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref1
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref1
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref1
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref2
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref2
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref2
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref2
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref3
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref3
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref3
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref3
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref3
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref3
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref4
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref4
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref4
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref5
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref5
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref5
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref5
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref6
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref6
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref6
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref6
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref7
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref7
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref7
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref8
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref8
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref8
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref8
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref9
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref9
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref9
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref9
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref10
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref10
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref10
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref11
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref11
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref11
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref12
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref12
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref12
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref12
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref13
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref13
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref13
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref13
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref13
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref14
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref14
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref14
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref14
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref15
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref15
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref15
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref15
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref16
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref16
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref16
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref16
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref17
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref17
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref17
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref17
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref18
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref18
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref18
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref18


S. Reddy et al. / Indian Heart Journal 71 (2019) 412e417 417
19. Dodge Jr TJ, Brown GB, Bolson EL, Dodge HT. Lumen diameter of Normal Hu-
man Coronary Arteries-Influence of age, sex, anatomic variation, and left
ventricular hypertrophy or dilation. Circulation. 1992;86:232e246.

20. Leung WH, Stadius ML, Alderman EL. Determinants of normal coronary artery
dimensions in humans. Circulation. 1991;84:2294e2305.

21. Dhawan J, Bray CL. Angiographic comparison of coronary artery disease be-
tween Asians and Caucasians. Postgrad Med J. 1994;70:625e630.

22. Lip GY, Rathore VS, Katira R, Watson RD, Singh SP. Do Indo-Asians have smaller
coronary arteries? Postgrad Med J. 1999;75:463e466.

23. Raut BK, Patil VN, Cherian G. Coronary artery dimensions in normal Indians.
Indian Heart J. 2017;69:512e514.

24. Mehrotra S, Mohammed S, Sharma Y. Evaluation of normal coronary artery
dimensions in Indian population-study from a northern Indian medical edu-
cation and research institute. Edorium J Cardiol. 2016;3:6e12.

25. Saikrishna C, Talwar S, Gulati G, Kumar AS. Normal coronary artery dimensions
in Indians. Indian J Thorac Cardiovasc Surg. 2006;22:159e164.

26. Elangovan C, Jaganathan V, Alageshan R. Clinical and anthropometric correla-
tion of normal Coronary artery dimensions. Indian Heart J. 2005;57:381e425.

27. Dhall U, Chaudhary S, Sirohiwal BL. Histomorphometric analysis of Coronary
arteries: sexual dimorphism. J Anat Soc India. 2003;52(2):144e146.

28. O'Connor NJ, Morton JR, Birkmeyer JD, Olmstead EM, O'Connor G. Effect of
coronary artery diameter in patients undergoing coronary bypass surgery:
northern New England Cardiovascular Disease Study Group. Circulation.
1996;93(4):652e655.

29. Kim SG, Apple S, Mintz GS, et al. The importance of gender on coronary artery
size: in-vivo assessment by intravascular ultrasound. Clin Cardiol. 2004;27:
291e294.
30. Ge J, Erbel R, Gerber T, et al. Intravascular ultrasound imaging of angiograph-
ically normal coronary arteries: a prospective study in vivo. Heart. 1994;71:
572e578.

31. Litovsky SH, Farb A, Burke AP, et al. Effect of age, race, body surface area, heart
weight and atherosclerosis on coronary artery dimensions in young males.
Atherosclerosis. 1996;123:243e250.

32. Roberts CS, Roberts WC. Cross-sectional area of proximal portions of the three
major epicardial coronary arteries in 98 necropsy patients with different cor-
onary events. Relationship to heart weight, age and sex. Circulation. 1980;62:
953.

33. Hort W, Lichti H, Kalbfleisch H, Kohler F, Frenzel H, Milzner-Schwarz U. The
size of human coronary arteries depending on the physiological and patho-
logical growth of the heart, the age, the size of the supplying areas and the
degree of coronary sclerosis. Virchows Arch. 1982;397:37.

34. Kornowski R, Lansky AJ, Mintz GS, et al. Comparison of men versus women in
cross-sectional area luminal narrowing, quantity of plaque, presence of calcium
in plaque, and lumen location in coronary arteries by intravascular ultrasound
in patients with stable angina pectoris. Am J Cardiol. 1997;79:1601e1605.

35. Sheifer SE, Canos MR, Weinfurt KP, et al. Sex differences in coronary artery size
assessed by intravascular ultrasound. Am Heart J. 2000;139:649e653.

36. O'Keefe JH, Owen RM, Bove AA. Influence of left ventricular mass on coronary
artery cross-sectional area. Am J Cardiol. 1987;59:1395e1397.

37. Gardin JM, Savage DD, Ware JH, Henry WL. Effect of age, sex, and body surface
area on echocardiographic left ventricular wall mass in normal subjects. Hy-
pertension. 1987;9(suppl II):II36eII39.

http://refhub.elsevier.com/S0019-4832(19)30445-6/sref19
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref19
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref19
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref19
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref20
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref20
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref20
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref21
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref21
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref21
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref22
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref22
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref22
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref23
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref23
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref23
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref24
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref24
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref24
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref24
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref25
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref25
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref25
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref26
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref26
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref26
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref27
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref27
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref27
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref28
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref28
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref28
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref28
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref28
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref29
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref29
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref29
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref29
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref30
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref30
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref30
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref30
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref31
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref31
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref31
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref31
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref32
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref32
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref32
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref32
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref33
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref33
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref33
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref33
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref34
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref34
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref34
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref34
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref34
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref35
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref35
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref35
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref36
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref36
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref36
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref37
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref37
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref37
http://refhub.elsevier.com/S0019-4832(19)30445-6/sref37

	Coronary artery size in North Indian population – Intravascular ultrasound-based study
	1. Introduction
	2. Methods
	2.1. Objectives
	2.2. Study population
	2.3. PCI procedure
	2.4. Angiographic analysis
	2.5. Gray-scale IVUS analysis
	2.6. Statistical analysis

	3. Results
	4. Discussion
	5. Study strengths and limitations
	6. Conclusions
	Funding
	Declaration of competing interest
	Acknowledgements
	Appendix A. Supplementary data
	References


