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Abstract
Background: There is a scarcity of data regarding the normal size of the left main stem coronary artery 
(LMS) in the Indian population; further data are needed to help determine the optimal device size during 
percutaneous coronary intervention (PCI).
Aims: The aim of our study was to determine the normal size of the LMS and to calculate the mean plaque 
burden (PB) in the left main arteries which are angiographically normal or insignificantly diseased, using 
intravascular ultrasound (IVUS). We hoped to establish a correlation between LMS size and body surface 
area (BSA).
Methods: We collected demographic and coronary artery data from 140 patients who underwent IVUS-
guided PCI in the left anterior descending and circumflex arteries over a 2-year period from 2019 to 2020, 
where a pullback sequence of the LMS was available. The reference and luminal vessel diameters, the ref-
erence and luminal vessel areas and the mean plaque burden (PB) were obtained. Regression analysis was 
used to develop a correlation between BSA and LMS diameter.
Results: The IVUS-determined mean reference diameter of the LMS was 5.53±0.63  mm and the mean 
luminal diameter was 4.62±0.65 mm. The mean reference vessel area was 24.79±5.5 mm2 and the lumi-
nal vessel area was 17.19±4.89  mm2. The mean PB was found to be 29.21% in patients with an angio-
graphically normal left main and 32.29% in patients with angiographically insignificant left main stenosis. 
A linear correlation was noted between the left main reference and luminal vessel diameters; the correlation 
equations derived were 3.57+1.01 BSA and 2.95+0.87 BSA, respectively.
Conclusions: The mean reference and luminal diameters of LMS in the Indian population are on par with 
the size of LMS in other ethnicities. The vessel compensates for up to 40% PB with vessel remodelling. 
Hence, a PB of 40% is a good landing zone for stent deployment.
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Abbreviations
BSA	 body surface area
IVUS	 intravascular ultrasound
LA	 luminal vessel area
LD	 luminal diameter
LMS	 left main stem coronary artery
PB	 plaque burden
PCI	 percutaneous coronary intervention
RA	 reference vessel area
RD	 reference diameter

Introduction
When coronary angiography is used to assess for coronary artery 
disease, it is limited by the fact that it is a luminogram and is often 
dependent on specific angles of the recordings of angiographic 
sequences1. Intravascular ultrasound (IVUS) on the other hand, 
by virtue of providing a  cross-sectional analysis, is better poised 
to offer more accurate and reproducible measurements of vessel 
and lumen diameters2. Assessment of these coronary dimensions is 
essential in determining the optimal device size to be used during 
percutaneous coronary intervention (PCI).

Left main coronary artery disease is a  high-risk lesion subset 
and most recent studies have favoured coronary artery bypass 
grafting as the treatment of choice3,4. With the increasing under-
standing of anatomy and the increasing accuracy of dimension 
measurements, it is possible that outcomes of left main PCI can 
be optimised, as has been shown in various IVUS-guided studies5.

In this study, we aim to describe the characteristics of angiograph-
ically normal and insignificantly obstructed left main stem coronary 
arteries (LMS) using IVUS guidance on a  mixed Indian population. 
The characteristics studied included reference diameter, luminal diame-
ter, reference vessel area (RA), luminal area (LA) and calculated plaque 
burden. We also aim to show the degree of atherosclerotic involvement 
in what is perceived as an angiographically normal left main artery. 
This, we believe, will help define landing zones for future PCI.

Editorial, see page 69

Methods
This is a single-centre observational study and data were extracted 
from 198 consecutive patients who underwent PCI for left ante-
rior descending (LAD), circumflex, or any of the left coronary 
branches excluding the left main artery, for which an IVUS pull-
back sequence of the LMS was available.

OBJECTIVES
1.	�To determine reference vessel and luminal dimensions of the 

left main stem artery using IVUS in a subgroup of patients with 
either a normal LMS or one with insignificant disease as deter-
mined by coronary angiography

2.	�To define the extent of atherosclerotic involvement in the left 
main stem occurring without luminal compromise and to assess 
its dimensions with respect to age, gender, body surface area, 
diabetes mellitus, hypertension and other variables.

STUDY POPULATION
This retrospective observational study is from a single centre involv-
ing 198 consecutive patients who underwent IVUS-guided PCI in the 
left anterior descending and/or the left circumflex artery or any of the 
left coronary branches over a 2-year period from 2019 to 2020, where 
a pullback sequence was available of the left main stem artery on 
IVUS. Patients with angiographically-assessed left main stem artery 
stenosis >30% were excluded from the study. As a result, the IVUS-
guided analysis was performed on 140 patients after exclusion. We 
defined angiographically normal vessels as those with no evidence 
of any diameter change across the length of the left main artery in 
2 angiographic views. Lesions with angiographically insignificant 
obstruction were described as those with at most a 30% reduction 
in diameter of the left main in at least 1 worst angiographic view.

All procedures were performed in accordance with the norms 
of the hospital with due consent. Use of dual antiplatelet agents, 
intravenous unfractionated heparin and other adjunctive phar-
macological agents was as per guideline-based best practices. 
Activated clotting time was targeted between 250 to 300 seconds6. 
Prior to IVUS, all patients were given intracoronary 50 mg nitro-
glycerin aliquots for complete vasodilation.

IVUS was performed using the OPTICROSS 6 (40  MHz) or 
OPTICROSS HD (60 Mhz) (Boston Scientific) with automated 
pullbacks. All IVUS runs were obtained at 0.5 m/sec from a dis-
ease-free segment distally in the artery back to the proximal or 
ostial left main and back to the guiding catheter. All images were 
analysed with the Polaris Imaging System (Boston Scientific) and 
cross-checked with OsiriX software (Pixmeo).

DATA COLLECTION AND VARIABLE GENERATION
Demographic and coronary artery data for 140 patients were 
collected and the body surface area (BSA) of each patient was 
calculated.

We calculated the reference diameter (RD), luminal diameter 
(LD), RA, LA, and plaque burden (PB) for each patient, as shown 
in Figure 1.

To calculate reference diameters, two readings each of the prox-
imal reference diameter (PRd) and distal reference diameter (DRd) 
were collected as shown in Figure 1. An average of the readings 
was taken to give us the PRd and DRd. The reference diameter 
was then calculated by taking the average of the proximal and 
distal reference diameters for each patient. The same method was 
applied to calculate the mean luminal diameter, reference vessel 
area, luminal area and plaque burden. In patients with an LMS 
length of less than 10 mm, only distal diameters were obtained.

STATISTICAL ANALYSIS
Statistical analysis was conducted using the statistical software 
for data sciences, Stata 14 (StataCorp). Pearson’s correlation and 
simple linear regression were used to find the correlation between 
diameter and demographics and comorbidities. Descriptive anal-
ysis for all variables was reported as mean (standard deviation) 
for continuous variables and frequencies for categorical variables. 
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A  simple linear regression was used to study the relationship 
between vessel diameter and body surface area.

Results
IVUS pullbacks of 140 patients, including 114 males and 26 females, 
were examined and the characteristics and distribution of comorbid-
ities are shown in Table 1.

The IVUS-determined mean reference diameter of the left 
main artery was 5.53±0.63  mm and the mean luminal diam-
eter was 4.62±0.65  mm. The mean reference vessel area was 
24.79±5.5 mm2 and the luminal vessel area was 17.19±4.89 mm2. 
The distribution of the vessel diameters is shown in Figure 2.

A regression analysis performed to find the correlation between 
body mass index (BMI) and the diameters revealed a  p-value of 

Plaque burden

10 mm

Proximal LM
3-5 mm 
from ostium

Distal LM
3-5 mm 
from carina

A B

C D

Figure 1. Measurements and images taken for the study. A) Schematic representation of plaque burden and proximal and distal left main 
arteries. If the left main length was less than 10 mm, only the distal left main diameter was taken. Plaque burden was calculated as (RA- LA)/
RA*100. B) The left-hand image represents an angiographically insignificantly diseased left main artery showing a plaque from the 1 o’clock 
to 6 o’clock position. The right-hand image represents an angiographically normal left main artery. C) Diagrammatic representation of 
measurements taken for the study. The green and blue circles represent the RA and LA, respectively, and the green and blue lines represent the 
reference vessel diameter and lumen diameter, respectively. D) Left main image resolution in OPTICROSS 6 (40 MHz) (left) and OPTICROSS 
HD (60 MHz) (right). LA: luminal vessel area; LM: left main; RA: reference vessel area

Table 1. Distribution of demographics and comorbidities.

Total
RD 

(mm)
SD 

(mm)
p-value

LD 
(mm)

SD 
(mm)

p-value
RVA

(mm2)
SD 

(mm2)
p-value

LA 
(mm2)

SD 
(mm2)

p-value

Overall mean 140 5.53 0.63 4.62 0.65 24.79 5.50 17.19 4.89

Male 114 5.63 0.62
0.002

4.69 0.67
0.055

25.60 5.49
0.004

17.71 5.11
0.040

Female 26 5.12 0.52 4.35 0.52 21.36 4.32 15.05 3.42

Diabetes 54 5.53 0.77
0.962

4.74 0.74
0.158

25.15 6.82
0.640

18.21 5.80
0.111

Non-diabetes 86 5.53 0.53 4.55 0.58 24.57 4.59 16.54 4.14

Hypertensive 107 5.54 0.64
0.747

4.63 0.66
0.974

24.83 5.67
0.899

17.22 5.03
0.940

Non-hypertensive 33 5.49 0.62 4.62 0.64 24.64 4.94 17.12 4.50

With family history 68 5.43 0.66
0.129

4.55 0.68
0.255

24.04 5.73
0.207

16.70 5.03
0.327

Without family history 72 5.64 0.59 4.70 0.61 25.56 5.22 17.71 4.75

Smoker 2 5.76 0.58
0.246

4.83 0.62
0.439

27.17 4.69
0.217

18.74 4.75
0.446

Non-smoker 138 5.50 0.64 4.61 0.66 24.53 5.59 17.06 4.93

Dyslipidaemia 25 5.12 0.75
0.17

4.21 0.73
0.173

21.11 6.31
0.104

14.46 5.33
0.171

No dyslipidaemia 115 5.60 0.63 4.69 0.65 25.53 5.31 17.72 4.89

Right dominant 109 5.48 0.62
0.108

4.59 0.63
0.194

24.21 5.42
0.042

16.92 4.73
0.191

Left dominant 31 5.75 0.63 4.79 0.66 27.31 5.29 18.50 5.13

LA: lumen area; LD: luminal diameter; RD: reference diameter; RVA: reference vessel area; SD: standard deviation
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0.212 for the reference diameter, 0.173 for the luminal diameter, 
0.211 for the reference vessel area and 0.222 for the luminal area. 
The p-values derived between the body surface area (BSA) and 
diameters were 0.026, 0.055, 0.035 and 0.037 for RD, LD, RA and 
LA, respectively. Hence the body surface area showed a  statisti-
cally significant correlation with the parameters.

The reference vessel diameter sizes ranged from 4.3 to 6.5 mm 
with only 3 patients having a  diameter greater than 6.5  mm and 
not a  single vessel with a diameter less than 4 mm. The luminal 
diameter ranged from 3.3 mm to 5.8 mm with only 2 patients hav-
ing a diameter greater than 6 mm.

The average diameter based on gender, comorbidities, smoking 
history, family history and dominance is shown in Table 1. Our 
results showed that the reference vessel diameter and the refer-
ence and luminal vessel areas are significantly smaller in females 
than in males (p-value=0.002, 0.004 and 0.04, respectively) 
(Figure 3). These parameters also showed a significant correlation 
with the body surface area (p-value=0.02, 0.03, 0.03, respectively) 
(Figure 4). In our present study the reference vessel area of the 
left main artery was significantly larger in left dominant as com-
pared to right dominant circulation. No other parameter showed 
any significant correlation. In regression analysis, we did not find 

any significant difference in the size of the left main artery rela-
tive to age.

The mean plaque burden was found to be 29.21% in patients 
with angiographically normal left main and 32.29% in patients 
with angiographically insignificant left main stenosis as depicted 
in Figure 5.
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A simple linear regression was used to develop a  model to 
elucidate the relationship between body surface area and vessel 
diameter. A one-unit increase in BSA leads to a 1.01 unit increase 

in reference vessel diameter and a  0.87 unit increase in luminal 
diameter.

Reference vessel diameter = 3.57+1.01 BSA
Luminal diameter = 2.95+0.87 BSA

The above formulae were tested for validation on 22 patients. 
The difference between interpreted and actual values averaged at 
approximately 0.54  mm for reference diameter and 0.24  mm for 
luminal diameter. This is shown in Figure 6.

Discussion
Our study found the mean reference vessel diameter of the left 
main stem in the Indian population to be 5.53±0.63 mm and the 
mean lumen diameter to be 4.62±0.65 mm. These absolute values 
are important parameters as they help identify the sizes needed for 
both stents and for the devices needed in the cath lab during coro-
nary intervention involving the left main artery. It is important to 
note that very few patients in our study had a diameter less than 
4 mm or greater than 6 mm. This observation is important in terms 
of the inventories of cath labs and will help cath labs with limited 
resources to economise.
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A comparison of our study with other studies is shown in 
Table 2. The diameter of the left main vessel was similar to the 
findings of Goel et al7 who used IVUS to determine left main 
diameter in an Indian population. However, ours is the first study 
to have used OPTICROSS 6 (40  MHz) and OPTICROSS HD 
(60 MHz), which we believe to be superior technologies as com-
pared to previous-generation IVUS and hence give a better under-
standing of the left main segment.

As shown in Table 2, we also found that the size of coronary 
vessels in the Indian population was on par with the size in other 
ethnicities. This is contrary to the previous understanding that 
Indians have a  smaller coronary vessel diameter. This finding of 
similarity to Western populations has a significant impact on our 
ability to apply the same criteria used in the West on the Indian 
population.

Another important aspect of our study was the correlation 
described between the coronary vessel diameter and body surface 
area. To the best of our knowledge, no other study has described 
a  correlation between body surface area and IVUS-determined 
size of the left main. This straight-line algorithm will help esti-
mate left main diameters in patients from centres where IVUS is 
not routinely used. We plan to test the above formula on a  larger 
number of patients in subsequent studies to test the validity of this 
algorithm.

Our study attempts to understand positive vascular remodelling 
in early atherosclerosis in the left main stem artery. The true ves-
sel size, as determined by the reference diameter, is larger than 
the luminal diameter because of early plaque accumulation with 
positive vascular remodelling. We observed that a plaque burden 
of 32%±7.6% could exist with a  well-preserved lumen area. We 
consider this important, as it helps to establish that a plaque bur-
den of less than 40% is a good landing zone while performing left 
main PCI, as the lumen in this group of patients is not yet uncom-
promised. To the best of our knowledge this is the first study to 
have calculated the plaque burden in an angiographically normal 
left main artery and a left main artery with insignificant stenosis.

It was our preliminary impression that the external elastic lam-
ina was better visualised using the OPTICROSS HD (60  MHz) 
IVUS as compared to OPTICROSS 6 (40  MHz) as shown in 
Figure 1D.

Unlike the findings of Mosseri et al8 we did not find any dif-
ference in the size of the LMS between those with or without dia-
betes mellitus and the sizes were also similar in patients with or 
without hypertension and dyslipidaemia. We could not find any 
significant difference between smokers and non-smokers, which 
is in contradiction with the findings of Fried et al9. Family history 
also does not have an impact on the size of the left main diameter. 
There was no change in the diameter of the left main artery rela-
tive to age.

Similar to the results of  Dhall et al10, we found artery sizes 
to be significantly smaller in females than males. As described in 
previous studies, this is possibly because of the smaller body sur-
face area of females as compared to males.

Limitations
Our study has certain limitations. Notably, a  limited number of 
females were included in the study. Moreover, it was a  single-
centre study that may not be representative of the population as 
a whole, and it included a limited number of patients overall. It is 
important to note that despite our best efforts, we could not visu-
alise the left main ostium in a third of the patients. A prospective 
study to validate our model based on the BSA of a larger number 
of patients is underway.

Conclusions
1.	�The mean reference and luminal diameters of the left main artery 

in the Indian population are 5.53±0.63 mm and 4.62±0.65 mm, 
respectively. This is on par with the size of the left main in other 
ethnicities.

2.	�The vessel compensates for up to 40% of plaque burden with 
vessel remodelling. Hence, a  plaque burden of 40% is a  good 
landing zone for stent deployment.

Table 2. List of references.

S. No. Author Population Number of patients IVUS QCA Reference LM diameter Luminal LM diameter

1 PK Goel et al7 Indian 220 IVUS- 4.33±0.32 mm
QCA- 3.89±0.25 mm

2 Reddy et al11 Indian 303 IVUS- 4.6 mm
QCA- 4.5 mm

3 Raut et al12 Indian 229 4.08±0.44 mm

4 JT Dodge Jr et al13 American 83 4.5±0.5 mm in right dominant
4.4±0.4 mm in left dominant

5 Ozan Turamanlar et al14 Turkey 77 4.59 mm in male
4.35 mm in female

6 Lip et al15 Caucasians 116 4.44 mm

7 Dlear Zindrau et al16 South Asian 53 4.6±0.9 mm

8 Punamiya K et al 
(Present study) Indian 198 5.53±0.63 mm 4.62±0.65 mm

IVUS: intravascular ultrasound; LM: left main artery; QCA: quantitative coronary angiography
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3.	�The quality of images obtained by OPTICROSS HD was supe-
rior to the image quality with OPTICROSS 6.

4.	�We derived a  linear correlation between body surface area and 
left main artery diameter. The equation can be used to estimate 
vessel size in cath labs where IVUS is not available.

Impact on daily practice
We believe our study could help in improving the selection of 
device sizes during PCI, and hence lead to improved outcomes. 
It will help cath labs with limited resources to economise and 
to streamline their inventories. Our study also sheds light on 
vessel remodelling and gives a better idea of landing zones for 
stents during PCI. The correlation equation derived in the study 
can be gainfully used in understanding left main and device 
sizes in cath labs where IVUS may not be regularly used. The 
understanding of positive vascular remodelling defines a good 
landing zone for deploying stents during PCI.
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