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Abstract

Introduction: Acute coronary syndromes (ACS), particularly those affecting the left main coronary
artery (LMCA), are associated with high morbidity and mortality. The objective of the present study
was to investigate long-term outcomes in patients who underwent percutaneous coronary intervention
(PCI) for ACS affecting the LMCA compared to those with non-LMCA involvement.

Methods: This interventional study was conducted at the Department of Cardiology of M.H. Shamorita
Medical College Hospital in Dhaka, Bangladesh, from January 2023 to June 2024, including a number of
101 patients with ACS who underwent PCI (51 in LMCA group and 50 in non-LMCA group). Follow-up
assessment was done at 3rd, 6th, and 12th months, focusing on major adverse cardiovascular
events (MACE) as the primary endpoint and persistent symptoms, repeat revascularization and stent
thrombosis as secondary endpoints

Results: The mean age of LMCA and non-LMCA group was 56 and 54 years, respectively, with higher
female proportion in LMCA group. The patients in LMCA group presented with more complex lesions,
with a mean SYNTAX score of 23.6. The MACE rate was notably higher in the LMCA group at 6%,
compared to 2% in the non-LMCA group (p=0.013). Myocardial infarction (MI) occurred in 4% of the
LMCA group, with no events in the non-LMCA group. Persistent symptoms and repeat revascularization
were also more prevalent in the LMCA group (6% and 4%, respectively, p-value <0.05).

Conclusions: Patients with ACS involving the LMCA experienced higher rates of adverse outcomes,
particularly MI and repeat revascularization, following PCI compared to non-LMCA cases.

Keywords: Acute coronary syndromes (ACS), Left main coronary artery (LMCA), Percutaneous

coronary intervention (PCl), Major adverse cardiovascular events (MACE), Cardiac death

Introduction

Acute coronary syndrome (ACS) represents a
spectrum of cardiovascular conditions such as ST-
segment elevation myocardial infarction (STEMI), non-
ST-elevation myocardial infarction (NSTEMI), and
unstable angina characterized by a sudden
compromise in blood flow to the heart due to blockage
or narrowing of coronary arteries secondary to ruptured

J Inv Clin Cardiol 2024; 6(2): 35-42

atherosclerotic plaque and thrombus formation.”
Among the coronary arteries, the left main coronary
artery (LMCA) supplies a significant area of left
ventricle through left anterior descending (LAD) and
circumflex arteries.2 Hence, occlusion of the LMCA
often leads to more extensive myocardial infarctions,
causing severe ischemia and left ventricular
dysfunction. As a result, ACS involving the LMCA
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typically carries a worse prognosis than ACS involving
non-LMCA coronary arteries and accounts for a
significant proportion of fatal cardiac events.3

The high mortality in LMCA-related ACS is primarily
attributed to the rapid deterioration of cardiac function,
leading to multisystem organ failure if left untreated.
Immediate and effective intervention is paramount in
managing these cases. Historically, surgical
revascularization through coronary artery bypass
grafting (CABG) was the mainstay treatment for LMCA
disease.* However, with the advancement of
percutaneous coronary intervention (PCl), this less
invasive approach has become a viable and
increasingly preferred option for many patients,
especially in the acute setting of ACS.5

Current clinical guidelines for the management of ACS,
including both ST-elevation myocardial infarction
(STEMI) and non-ST-elevation ACS, recommend
emergency revascularization through primary PCl,
particularly for patients presenting with cardiogenic
shock.8 In fact, PCI has become the main modality of
reperfusion therapy in ACS, offering rapid restoration
of coronary blood flow and reducing myocardial
damage. The benefit of PCl in patients with cardiogenic
shock is clear—emergency coronary reperfusion
through this method is supported by robust evidence
as a lifesaving intervention.”

Patients undergoing PCI for LMCA disease often face
more complex interventions due to the anatomical and
clinical challenges associated with the artery. The
bifurcation of the LMCA into the LAD and circumflex
arteries introduces technical difficulties, which can
complicate stenting and increase the likelihood of
restenosis or stent thrombosis.® Furthermore, LMCA
lesions are often more calcified and diffuse, requiring
advanced PCI techniques, such as rotational
atherectomy or intravascular imaging guidance.®®
These complexities make PCI for LMCA disease a
high-risk procedure, and concerns remain about long-
term complications such as repeat revascularization,
restenosis, and mortality.®

However, there is scarcity of evidence regarding the
long-term outcomes of PCI in patients with ACS
involving LMCA in comparison to non-LMCA,
particularly in the context of a resource-constrained
setting like in Bangladesh. The objective of the present
study was to investigate the long-term outcomes in
patients undergoing PClI for ACS affecting the LMCA
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compared to those with ACS affecting non-LMCA.
Methods

Study design and setting

The present one was an interventional study conducted
in the Department of Cardiology of M. H. Samorita
Medical College and Hospital, a tertiary care hospital
situated in Dhaka, Bangladesh from January 2023 to
June 2024.

Participants

All patients admitted to the study hospital during the
specified time period with a diagnosis of ACS, including
STEMI, NSTEMI, and unstable angina, constituted
the population for the present study. From this
population, participants were selected based on
predetermined inclusion and exclusion criteria and
divided into two distinct groups. The first group
comprised patients diagnosed with ACS with
suspected culprit lesion involving the LMCA who
underwent PCI. The second group included those
diagnosed with ACS and suspected culprit lesion in
coronary arteries other than the LMCA (non-LMCA)
and also underwent PCI. Patients who did not undergo
PCI were excluded from the study, either because
they did not meet the PCI eligibility criteria or declined
consent for the procedure. In total, 101 patients were
included in the study, with 51 in the LMCA group and
50 in the non-LMCA group. A convenience sampling
method was employed, in accordance with the
inclusion and exclusion criteria, to select participants
for the study.

Study procedure

Upon admission, all patients with ACS were screened
for eligibility to undergo PCI. Those who met the criteria
and consented to the procedure were recruited into
the study after providing written informed consent. Prior
to PCI, patients were given aspirin (300-325 mg) at
least two hours before the procedure, followed by a
maintenance dose of 75 mg daily indefinitely. Aloading
dose of an ADP antagonist (clopidogrel, prasugrel, or
ticagrelor) was also mandatory, with continued therapy
for at least one year after PCI. Statin pre-loading, either
80 mg of atorvastatin or 40 mg of rosuvastatin, was
administered to minimize periprocedural myocardial
injury. Unfractionated heparin was preferred for
anticoagulation, though Bivalirudin or low molecular
weight heparin were acceptable alternatives. PCl was
performed according to standard protocols.3 All PCI
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were done by single operator. In left main group, if the
patient also had disease in the left anterior descending
(LAD) or left circumflex (LCX) arteries, these were
treated first, from distal to proximal, unless the left
main coronary artery (LMCA) stenosis exceeded 90%
or the patient’s clinical condition was unstable, in
which case the LMCA was treated first. Critical LMCA
lesions were addressed with balloon angioplasty and
subsequent stenting to ensure patient safety. Lesion
preparation, particularly in heavily calcified vessels,
included pre-dilatation with compliant or scoring
balloons. For distal LMCA bifurcation lesions, a
provisional stenting approach was preferred, where
one stent was initially deployed and, if needed, a
second stent was added using techniques like T-
stenting. Upfront two stent strategy such as mini-
crush, T and small protrusion (TAP) and V-stenting
were planned in some patients based on anatomy of
bifurcation. Following any two-stent procedure, kissing
balloon inflation was done to ensure optimal stent
expansion and vessel patency. After PCI, patients were
prescribed aspirin at 75 mg daily indefinitely for
secondary prevention of coronary artery disease, and
either clopidogrel or prasugrel or ticagrelor was
continued for at least one year to prevent stent
thrombosis.?

Follow-Up

All patients were closely monitored following their PCI,
with follow-up evaluations scheduled at 3 months, 6
months, and 12 months after the procedure. These
follow-up assessments were conducted either through
in-person clinic visits or via telephone interviews,
depending on the patient’s circumstances and clinical
needs. Data regarding symptoms like persistent
angina and shortness of breath or dyspnea as well as
other outcome variables were collected.

Endpoints

The primary endpoint of the present study was
occurrence of major adverse cardiovascular events
(MACE). MACE was defined as a composite of
myocardial infarction (Ml), stroke, and sudden cardiac
death.'% Additionally, persistent angina, persistent
shortness of breath or dyspnea, requirement of target
vessel revascularization and stent thrombosis were
considered as secondary endpoints of the present
study.

Statistical Analysis

The statistical analysis was performed using IBM
SPSS software. Appropriate statistical tests were
carried out to assess the differences in baseline
characteristics and outcomes between the LMCA and
non-LMCA groups. Continuous variables were
expressed as mean with standard deviation (SD) and
compared using either the Student’s t-test or the
Wilcoxon rank test, depending on the distribution of
the data. Categorical variables were expressed as
percentages and compared using the chi-squared test
or Fisher’s exact test. For all statistical analyses, a
two-sided p-value of <0.05 was considered to indicate
statistical significance.

Results

The average age was 56 years for the LMCA group
and 54 years for the non-LMCA group. Notably, the
LMCA group had a higher prevalence of female patients
(31% vs. 14%) and comorbidities, including
hypertension (76% vs. 54%) and family history of
coronary artery disease (27% vs. 4%) (Table 1).

Among the groups, STEMI was more prevalent in the
non-LMCA group (24% vs. 16%), while unstable angina
was more common in the LMCA group (55% vs. 42%).
The mean SYNTAX score was significantly higher in
the LMCA group (23.6 vs. 7.8). Higher number of
patients in the LMCA group had multiple-vessel
disease (39% vs. 22%), and lesions were more likely
to be classified as type B (53% vs. 16%). The
proportion of patients with severe calcification was
notably higher in the LMCA group (49% vs. 20%).
However, left ventricular ejection fraction (LVEF) and
serum creatinine levels did not significantly differ
between groups (Table 2).

The choice of access route significantly differed
between the groups, with femoral access used in
47% of LMCA patients versus only 8% in non-LMCA
patients. The majority of patients with multivessel
disease in both groups underwent procedures
without staged interventions. In terms of procedural
strategy, most patients received a single stent
strategy (82% for LMCA vs. 94% for non-LMCA).
When double stents were considered for bifurcation
lesion, several techniques of stenting were utilized,
including mini crush (7.84% for LMCA), T and small
protrusion (TAP) (5.88% for LMCA vs. 3.00% for
non-LMCA), and V-stenting (1.96% for LMCA), but
no significant differences were observed in their
application (Table 3).
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Table-I
Baseline characteristics of the patients (n = 101)
Characteristics LMCA, n =51 Non-LMCA, n=50 p-value
Age 56.06 (11.23) 54.14 (10.58) 0.069
Age group
<60 27 (52.94) 30(60.00) 0.078
>60 24 (47.06) 20 (40.00)
Sex
Female 16 (31.37) 7 (14.00) 0.014
Male 35(68.63) 43 (86.00)
Comorbidities
Type 2 diabetes mellitus 29 (56.86) 23(46.00) 0.061
Hypertension 39(76.47) 27 (54.00) 0.026
Dyslipidemia 8(15.69) 5(10.00) 0.102
Chronic kidney disease 7(13.73) 4(8.00) 0.045
Chronic respiratory diseases 3(5.88) 4(8.00) 0.095
Family history of coronary artery disease 14 (27.45) 2(4.00) 0.003
Smoking tobacco 4(8.00) 0(0.00) 0.193
Smokless tobacco consumption 2(4.00) 0(0.00) 0.392
Previous history of PCI 5(9.80) 1(2.00) 0.001
Left ventricular failure 8(16.67) 4 (8.00) 0.024
Table-lI
Clinical presentations of the patients (n = 101)

Characteristics LMCA, n=51 Non-LMCA, n=50 p-value
Diagnosis
STEMI 8(15.68) 12 (24.00) 0.032
NSTEMI 15(29.41) 17 (34.00)
UA 28 (54.90) 21 (42.00)
SYNTAX score 23.56 (7.08) 7.78(5.29) <0.001
Unprotected LMCA 51 (100.00) - -
Number of vessel involved

Single 30(60.78) 39(78.00) 0.017

Multiple 20(39.22) 11 (22.00)
Type of lesion (AHA/ACC classification)

A 4(7.84) 26 (52.00) 0.003

B 27 (52.94) 8(16.00)

C 20(39.22) 16 (32.00)
Pre-procedure TIMI flow

0 16 (31.37) 13(26.00) 0.321

1 31(60.78) 27 (54.00)

2 3(5.88) 8(16.00)

3 1(1.96) 2(4.00)
LVEF % 53.90 (11.02) 55.26 (9.71) 0.154
Severe calcificaion 25(49.02) 10(20.00) 0.027
Serum creatinine level 1.10(0.72) 1.00(0.22) 0.751
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Improved TIMI flow was achieved in 67% of the patients
with LMCA disease comparable to 64% of the patients
with non-LMCA disease (p = 0.467). However, total
revascularization was notably different; 45% of the
patients with LMCA disease achieved complete
revascularization, whereas a higher percentage of 68%
was reported in the non-LMCA group (p = 0.028)
(Figure 1).

The primary endpoint of the study, major adverse
cardiac events (MACE), occurred in 5.9% of LMCA

patients compared to 2% in the non-LMCA group (p =
0.013). Myocardial infarction was notably higher in

the LMCA group, occurring in 4% patients compared
to none in the non-LMCA group. Both groups reported
no event of stroke, and cardiac death was similar
between groups at 2%. Regarding secondary
endpoints, persistent angina was reported in 5.9% of
the patients with LMCA versus 4% in the non-LMCA
group. Persistent dyspnea was also comparable at
4% in both groups. Stent thrombosis occurred in 2%
of LMCA patients, while none were reported in the
non-LMCA group. Additionally, repeat revascularization
was significantly higher in the LMCA group, with 4%
compared to none in the non-LMCA group (Table 4).

Table-lll
Procedural characteristics of the patients (n = 101)
Characteristics LMCA, n=51 Non-LMCA, n=50 p-value
Route of procedure
Femoral 24 (47.06) 4(8.00) <0.001
Radial 27 (52.94) 46 (92.00)
Staged procedure
No 48(94.12) 44 (88.00) 0.372
yes 3(5.88) 6(12.00)
Type of procedure
Double stent Strategy 9(17.65) 3 (6.00) 0.034
Single stent strategy 42 (82.35) 47 (94.00)
Double stent Technique
Mini Crush 4(7.84) 0(0.00) 0.376
TAP 3(5.88) 3(6.00)
V-Stenting 1(1.96) 0(0.00)
Table-IV
12-month outcome of the patients (n = 101)
Endpoints LMCA, n = 51 Non-LMCA, n=50 p-value
Primary endpoints
MACE 3(5.88) 1(2.00) 0.013
Myocardial infarction 2(3.92) 0(0.00) 0.003
Stroke 0(0.00) 0(0.00) -
Cardiac death 1(1.96) 1(2.00) 0.752
Secondary endpoints
Persistent angina 3(5.88) 2(4.00) 0.082
Persistent dyspnea 2(3.92) 2(4.00) 0.854
Stent thrombosis 1(1.96) 0(0.00) 0.091
Repeat revascularization 2(3.92) 0(0.00) 0.042
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Figure 1: Procedural outcome of the patients (n =
101)

Discussion

Our study investigated the outcomes of PCl in patients
with ACS involving the LMCA compared to those with
ACS related to non-LMCA lesions, revealing variations
in morbidity and mortality associated with PCI
following LMCA-related ACS.

We found that the occurrence of MACE during the
one-year follow-up period after PCI, the primary
endpoint of our study, was markedly higher in patients
with LMCA disease compared to those with non-LMCA
lesions. In our operational definition, MACE included
MI, stroke, and sudden cardiac death. We observed
an increased rate of Ml in the LMCA group, though
incidence of stroke and mortality was comparable in
both groups. These findings align with existing
evidence highlighting the poor prognosis after PCI
associated with LMCA lesions.811.12 This poor
prognosis might be attributable to the extensive
myocardial territory at risk and the complex nature of
these lesions, which often involve multivessel disease
and more severe coronary artery pathology.'213 In
our study, we also observed that a higher proportion
of patients in the LMCA group had multiple artery
involvement and a higher SYNTAX score on admission,
indicating a more severe and complex presentation of
disease. Besides, the rate of successful total
revascularization was significantly lower in the LMCA
group (45%) compared to the non-LMCA group (68%)
in our study. Incomplete revascularization may be
associated with poorer outcomes and increased rates
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of MACE.14.15.16.17 The higher prevalence of
multivessel disease and severe calcification in the
LMCA group in our study could explain the challenges
faced in achieving complete revascularization, as
complex lesions often necessitate more intricate
procedural strategies and may be less amenable to
standard approaches followed in vulnerable and high
risk ACS patients.'® In terms of secondary outcomes,
persistent angina and dyspnea were reported at
comparable rates across both groups. However, the
presence of persistent symptoms after PCl may
indicate inadequate myocardial perfusion or
complications related to the procedure, particularly in
the LMCA group, where the risk of restenosis or stent
thrombosis may be heightened.!" This phenomenon
was also observed in our study participants, where
the incidence of stent thrombosis and repeat
revascularization was notably higher in the LMCA
group. These findings emphasize the importance of
meticulous procedural techniques and intensive post-
procedural monitoring and management as well as
long-term adherence to dual antiplatelet
therapy.19:20.21

Though, our study provided valuable insights into the
outcomes of PCI for LMCA versus non-LMCA disease,
it is important to recognize several limitations. First,
we conducted the study in a routine clinical practice
setting using convenience sampling, which resulted in
differences in baseline characteristics among the groups
that could affect the outcomes. Second, the relatively
small sample size from a single center may restrict
the generalizability of our results. Lastly, the follow-up
period was limited to 12 months, which may hinder our
ability to assess longer-term outcomes for the patients.
Moreover, multivessel disease in this setting requires
staged procedure which cannot always be possible
due to the socioeconomic condition of most patients
in Bangladesh. Considering the procedural aspect, it
is now preferred to use IVUS (Intra-vascular ultrasound)
in every cases of Left main PCl to assess the adequacy
of lesion preparation, measuring precise vessel size
and to ensure optimum expansion and apposition of
stents. However, in our country most patients cannot
bear the extra cost of IVUS in acute clinical settings
and we could not use it widely.

Future research involving larger, multicenter cohorts
is needed to validate our findings and investigate the
effects of various procedural techniques on long-term
outcomes.
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Conclusion

In conclusion, our study highlighted the comparative
outcome of PClin LMCA and non-LMCA related ACS.
We observed higher rates of major adverse
cardiovascular events, particularly myocardial
infarction, as well as requirement of repeat
revascularization after PCI in patients with ACS
involving the LMCA.

Abbreviation
ACS- Acute Coronary Syndrome

CABG- coronary artery bypass grafting

LAD- Left Anterior Descending

LCX- left circumflex

LMCA- Left Main Coronary Artery

LVEF- left ventricular ejection fraction

MACE- major adverse cardiovascular events
NSTEMI- Non-ST-Elevation Myocardial Infarction
PCI- Percutaneous Coronary Intervention

SD- Standard Deviation

STEMI- ST-Segment Elevation Myocardial Infarction
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