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ABSTRACT 

Objective: To assess the Minimal Luminal Area of the left main coronary artery in cardiac patients having un-obstructed 
coronary arteries. 
Study Design: Analytical, cross-sectional study. 
Place and Duration of Study: Armed Forces Institute of Cardiology/National Institute of Heart Diseases Rawalpindi Pakistan, 
from April-Sep 2023. 
Methodology: Total eighty six individuals with low risk pre-test probability for Coronary artery disease (via CAD consortium 
calculator) underwent a CT angiogram and their Left Main Coronary Artery Minimal Luminal Area was calculated using 
dedicated software over a 2-month period. Approval from the Ethical Review Board was sought. Sampling was done by using 
non-probability consecutive sampling. Student t-test was applied to find the mean difference of LM-MLA between factors 
such as diabetes mellitus, hypertension, gender, and smoking status with Minimal Luminal Area. Pearson correlation was 
applied to find correlation between Left Main Coronary Artery Minimal Luminal with age, BMI, BSA, and LV-mass. p<0.05 
was taken as statistically significant. 
Results: Out of total n=86 individuals, 67(77.9%) were males and 19(22.1%) were females with average age of 45.78±11.40 
years. The mean Minimal Luminal Area of study sample was 12.07±4.17mm2 with males having a mean Minimal Luminal 
Area of 12.79±4.31mm2 and females having a mean MLA of 9.50±2.26mm2. It was noted that an increased LV mass leads to an 
increase in LM-MLA (r=0.579, p < 0.001).  
Conclusion: Variety of factors influence the Left Main Coronary Artery Minimal Luminal which means local guidelines would 
have to be set up to dictate treatment threshold in patients with Left Main Stem diseases. There is a requirement for further 
studies with larger sample sizes to get the average dimensions of Left Main Coronary Artery Minimal Luminal through which 
clinicians can establish recommendations when to intervene in patients having Left Main Stem disease. 
Keywords: CT coronary angiogram, Left main coronary artery, Minimal luminal area. 
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INTRODUCTION 

Left main stem disease is associated with 
significant morbidity and mortality with mortality rate 
approaching as high as 15% as per a recent study 
conducted in Pakistan.1 Despite carrying such a high 
morbidity and mortality in the country, left main stem 
disease evaluation remains a dilemma as the angio-
graphic assessment of left main disease remains 
inadequate. Therefore, it is necessary to address it 
appropriately either via medical treatment or with 
invasive strategy. Current practice states the cut-off 
value for critical left main coronary luminal area as 
less than 6mm2 necessitating invasive management 
either via coronary artery bypass graft or Per-
cutaneous Coronary Intervention (PCI).2 The 

European bifurcation club (EBC) has set the cut-off            
as being less than 6mm.2,3 However, this cutoff carries 
a caveat as this is based on European population. 
Numerous studies have shown that the LM-MLA 
varies with different populations. In a study 
conducted in India, the MLA was calculated to be 
17mm.2,4 A study conducted by Skowronski J et al., 
compared LMCA MLA in Polish and Asians, showed 
that Polish had larger vessels compared to Asians.5 
Based on these numbers, it would suggest that the 
6mm2 cutoff set by the EBC would not be appropriate 
for every individual and found to have a diseased left 
main coronary. Therefore, it is necessary to conduct 
studies based on region, so local guidelines can be set 
up to help solve this problem. In Pakistan, a recent 
study showed that around 37% of the respondents had 
left main stem disease thereby necessitating the need 
to establish local guidelines.6 

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by-nc/4.0/), which permits 

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

 

Correspondence: Dr Zohair Aziz, Department of Adult Cardiology 
AFIC/NIHD, Rawalpindi, Pakistan 

Original Article  Open Access 

A
D

U
L

T
 C

A
R

D
IO

L
O

G
Y

 

mailto:drzohair.afic@gmail.com


Determination of Left Main Coronary Artery Luminal Area 

Pak Armed Forces Med J 2024; 74(Suppl-1): S28 

Traditionally, LMCA-MLA is quantified using 
Intravascular Ultrasound (IVUS) during a coronary 
angiogram, but studies have shown that CT angio-
graphy can deliver comparable results to IVUS while 
also being non-invasive and minimizing the risk to the 
individual.7 

LMCA-MLA has been noted to be influenced by a 
variety of factors such as diabetes, hypertension, LV 
mass and gender.8 The purpose of this study was to 
assess the LM-MLA in a subset of patients presenting 
to a tertiary care hospital with suspected coronary 
artery disease with the goal to conduct local research 
on how and when to best approach left main coronary 
artery disease and also to assess which anthropometric 
parameters have an effect on the MLA if at all. The aim 
of this study was to assess the minimal luminal area 
(MLA) of the LMCA in cardiac patients having un-
obstructed coronary arteries. 

METHODOLOGY 

Our study was conducted at Armed Forces 
Institute of Cardiology/National Institute of Heart 
Disease, Rawalpindi Pakistan, from April to 
September 2023. It was an Analytical Cross-sectional 
study done after formal approval from Institutional 
Ethical Review Board (IERB) (Ltr# 
9/2/R&D/2023/246) and there were no ethical issues. 
Patients were informed and consent was taken. Non-
probability consecutive sampling technique was used 
to collect data. 

Sample size of n=84 was calculated by using 
5.79% prevalence of patients with atypical chest pain 
and normal ECG undergoing CT-angiography with 
normal coronaries. Confidence level of 95% and 
margin of error of 5% was kept.9 However, total n=86 
patients were enrolled in this study. 

Inclusion criteria: Individuals enrolled in the study 
were those who presented to the hospital with 
complaints of chest pain with low probability of 
coronary artery disease as calculated by CAD con-
sortium calculator. Patients with history of syn-cope, 
exertion dyspnea and abnormal ECG changes but not 
overtly suggestive of MI were included in the study. 

Exclusion criteria: Any individual who previously 
had a history of coronary artery disease ,chronic 
kidney disease as well as those with rhe-umatic heart 
disease were excluded from the study. 

Prior to testing the individuals, a brief clinical 
history was taken with emphasis on history of chest 
pain, shortness of breath, family history for heart 

disease and any co-morbidities predisposing to 
coronary artery disease. Total of n=303 individuals 
were included in the study who presented with 
atypical chest pain with normal ECG findings. They 
were under suspicion of having coronary artery 
disease so proceeded for CT-angiography. The 
patient’s height and weight were documented prior to 
CT Angio from which BMI and body surface area 
were calculated.  

2D-echocardiography was done in the enrolled 
respondents to evaluate ejection fraction, LV mass, 
and exclude any valvular diseases. CT-angio-graphy 
of 217 patients showed coronary artery disease and 
were excluded from the study sample. While n=86 
individuals were enrolled in study who had a low to 
moderate probability of having coronary artery 
disease as designated by CAD consortium score 
calculator. A 64-slice scanner was used to assess the 
Cross-sectional luminal area of the left main coronary 
artery. Prior to the procedure, if the heart rate of the 
subject was greater than 70/beats per minute then a 
beta blocker was given to control the heart rate. For 
cardiac imaging, an inspiratory breath hold was 
performed and 80mL of iodinated non-ionic contrast 
agent injection was administered at 5mL/second 
followed by a saline flush. The MLA was measured 
using dedicated software. The luminal area was 
measured manually from images perpendicular to the 
arterial axis.10 2D echocardiography was used to assess 
LV mass in all participants of the study. The LV mass 
was calculated using the Devereux formula11 which is 
as follows: 

0.8{1.04[(LVEDD + IVSd + PWd]3 − LVEDD3)]} + 0.6 

LVEDD: Left ventricular End-diastolic Dimension; 
IVSd: Inter-ventricular Septal Thickness at End-
diastole; PWd: Posterior Wall thickness at end-
diastole. 

Minimal luminal area (MLA) was defined as the 
smallest area through the center point of the lumen12, 
and left main minimal luminal area referred to the 
luminal area of the left main coronary artery,6 The 
LMCA arises from the mid-portion of the superior 
margin of the left aortic sinus of Valsalva. Typically, it 
runs leftward, superior, and anterior. It consists of 
three portions: the ostium, the portion of the left main 
arising from the aorta; the shaft or mid-portion; and 
the distal segment. It ends by bifurcating into the left 
anterior descending and circumflex artery. In 30% of 
cases, it may also give rise to a ramus intermedius 
vessel,13 un-obstructive coronary artery refers to an 
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artery with 0% visible stenosis as per the SCCT guid-
elines,14 and Cardiac computed tomography (CT) is a 
radiographic test that allows visualization of the heart 
as a whole and individualized cardiac structures.15  

Data analysis was done on Statistical Package for 
Social Sciences (SPSS) version 29:00. Quantitative 
variables were expressed as mean and standard 
deviations. Qualitative variables were expressed as 
percentages and frequencies. Student t-test was 
applied to find the mean difference of LMCA-MLA 
between factors such as diabetes mellitus, hyper-
tension, gender, and smoking status. Pearson corre-
lation was applied to find association between MLA 
and age, BMI, BSA, LV mass. p-value <0.05 was 
considered as statistically significant  

RESULTS 

Total (n=86) patients were enrolled in this study. 
The average age of the sample was 45.78±11.40 years 
with 67(77.9%) male patients and 19(22.1%) female 
patients. 34(39.5%) patients were diabetic and 16 
(18.6%) were hypertensive. The mean LV mass of the 
sample group was 174.97   ± 39.93g with males having a 
greater LV mass (193.5  ± 16.17g) than females (109.47   ±

27.55g). The mean body surface area was 1.79±0.13 m2. 
Also, patients who had valvular heart disease were ex-
cluded from the study as these would have changed 
the LV mass and therefore, would have confounded 
the results of the study. General characteristics of the 
study sample are shown in Table-I. 
 

Table-I: Demographics, Comorbids and LV Dimensions of Study 
Sample (n=86) 

Variables Mean±SD/Frequency (%) 

Age (years) 45.78±11.40 

Gender 
Male 67(77.9) 

Female 19(22.1) 

BMI (kg/m2) 26.79±4.17 

Body surface area (m2) 1.79±0.13 

Comorbids 

Diabetes Mellitus 34(39.5) 

Hypertension 16(18.6) 

Smokers 27(31.4) 

LV 
Dimensions 

LV mass in males 
(g) 

193.55±16.17 

LV mass in 
females (g) 

109.47±27.55 

Mean MLA (mm2) 12.07+4.17 

Table-II showed the mean LMCA-MLA was 
found to be 12.07±4.17mm2 with males having a    
mean MLA of 12.79±4.31mm2 and females having a 
mean MLA of 9.50±2.26mm2. The median MLA was 
found to be 11.90mm2. Table-II showed the association 
of MLA with comorbids hypertension, smoking status, 
diabetes, and gender.A significant association was 
found between MLA with diabetes and gender 
(p<0.001). No significant mean difference of MLA with 
HTN (p=0.35) and smoking status (p=0.13) was 
observed. 

Table-II: Association of MLA with gender and comorbids (n=86) 

Variables p-value 

Minimal 
luminal area 
(mm2) 
(Mean±SD) 

Male Female <0.001 

12.79±4.31 9.50±2.26  

Minimal 
luminal area 
(mm2) 
(Mean±SD) 

Diabetic Non-Diabetic <0.001 

15.13±4.18 10.06±2.71  

Minimal 
luminal area 
(mm2) 
(Mean±SD) 

Hypertensive 
Non-

Hypertensive 
0.35 

11.18±3.63 12.27±4.28  

Minimal 
luminal area 
(mm2) 
(Mean±SD) 

Smoker Non-Smoker 0.13 

13.06±4.22 11.61±4.10 
 

Table-III depicted moderate and statistically 
significant relationship between LV mass and MLA 
(r=0.579; p<0.001). No significant correlation was 
found between MLA with parameters such as age, 
body mass index (BMI), body surface area (BSA). Also 
noted in diabetics was an increase in LV mass (r=0.485, 
p<0.001).  

Table-III: Correlation Analysis Between MLA and Demographics 

(n=86) 

Pearson 
Correlation 

Age BMI BSA 
LV mass 
(grams) 

Correlation 
coefficient (r) 

-0.007 -0.143 0.102 0.579 

p-value 0.948 0.189 0.349 <0.001 

DISCUSSION 

The study showed that the LMCA-MLA was 
dependent on anthropometric parameters and LV 
structure. From the study, it was seen that LV mass 
was related to LMCA MLA. Diabetics also had a 
higher MLA than non-diabetics, however, this may be 
due to an associated higher LV mass. Also seen was 
that the MLA in males was greater than in females 
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which may be due to a greater LV mass being seen in 
males. It was seen that LM- MLA is influenced by a 
variety of different factors such as LV mass16, gender17, 
BSA18. As per the guidelines a LM-MLA of less than 
6mm2 is an indication for invasive management. 
However, this cut-off is based on European population 
and not applicable to other populations where the 
MLA may be different. Therefore, a baseline luminal 
area needs to be assessed before cut-offs can be set for 
any given population to facilitate intervention. From 
the study, it can be seen that the MLA in our 
population varies from individual to individual (range 
of MLA in this study being 5.7-25.5mm2) thus a single 
cut-off for MLA signifying significant LM disease may 
be troublesome.  

Routinely LM-MLA is usually calculated via 
IVUS to determine the severity of the lesion and 
dictate further treatment plan. In this study, we 
preferred CT angiography as the patients tested had    
a low probability of having coronary artery disease 
and also for patient safety with CT angiography being 
a less invasive test and therefore, lesser risk of 
complications being encountered. Studies have shown 
that LM-MLA estimation via CT angiography is 
comparable to IVUS7 so in the given scenario, CT 
angio seemed the most appropriate investigative tool.  

Patients enrolled in this study were those who 
had no evidence of valvular heart disease which may 
have led to an increased LV mass and therefore altered 
the results.  

The average MLA of the Left Main Stem (LMS) 
from this study was found to be 12.07±4.17 mm2 with 
males having a slightly larger mean MLA 
(12.79±4.31mm2) than females (9.50±2.26 mm2). This 
difference was comparable with another study where 
mean MLA was measured for the left main stem in 
normal population which averaged 16.2mm2 for males 
and 14.1mm2 for females19, the difference accounting 
possibly for the different demographic in which the 
study was conducted. A similar study was conducted 
in India where the mean MLA was calculated to be 
17mm2 whereas in Poland5, a study showed the mean 
MLA to be 21mm2 and 16.8mm2 in an Asian 
population. All these studies showed that the left main 
coronary artery MLA is not a static value and has 
interethnic variation highlighting all the more reason 
to conduct regional studies and setup guidelines tailor 
made for that demography for appropriate manage-
ment of disease involving the left main stem. 

 

LIMITATIONS OF STUDY 

The study was conducted at a single center therefore 
the results cannot be considered representative of the entire 
population. Also, the sample size taken was not large 
enough. A larger sample group would help improve 
accuracy and more clearly reflect the MLA of the population 
and also better show better correlations between MLA and 
anthropometric parameters. Only a small number of the 
study group was female so the MLA recorded may not 
accurately reflect the actual MLA of the local female 
population, a bigger sample size would help rectify this 
concern. Coronary artery disease has a high disease burden 
in Pakistan.20,21 Although there has been an increase in the 
number of health care facilities catering for coronary artery 
disease, there still remains room for improvement. Due to 
the large disease burden, a significant number of patients 
will inevitably present with disease involving the left main 
stem for which we have no local guidelines as to what is the 
target cut-off for and when to intervene. 

CONCLUSION 

We concluded that a variety of factors influence the      
LMCA-LMA which means local guidelines would have to be 
set up to dictate treatment threshold in patients with Left 
Main Stem diseases. There is a requirement for further 
studies with larger sample sizes to get the average 
dimensions of LMCA-MLA through which clinicians can 
establish recommendations when to intervene in patients 
having Left Main Stem disease. 
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