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Highlights

®  Significant LMS disease is a critical form of CAD and represents in around 5-7%.

® |nthe recent era of technical improvement and new generation of drug eluting stents, PCI becomes a satisfactory alternative

to bypass surgery.

® PClis a safe and feasible strategy for Unprotected LMS disease management with negligible immediate and rare short- and

long-term complications.

®  Although two stent strategy predominates, single stent strategy carries lower MACCE outcome.
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ABSTRACT

Introduction: To identify the safety and long-term outcomes of percutaneous coronary
intervention (PCI) using drug-eluting stents for unprotected left main coronary artery
disease (ULMCAD) and to compare outcomes between provisional single-stent and double-
stent techniques.

Methods: In this observational study, patients diagnosed with ULMCAD who underwent
PCI were enrolled. Clinical data, angiographic characteristics, and outcomes at 1 and 3
years-including cardiac admission, cardiac death, target lesion revascularization (TLR), and
major adverse cardiac and cerebrovascular events (MACCE)-were collected and analyzed
at Al-Najaf Cardiac Center.

Results: Between January 2014 and January 2017, 500 patients were included in the
study. Mean (SD) age was 65 (11) years, 364 patients (72.8%) were male, and hypertension
was the most common risk factor, occurring in 353 patients (70.5%). Distal left main lesions
were predominant, occurring in 425 patients (84.9%), and the double-stenting technique
was used in 356 cases (71.3%). Procedural success was 100%, with no in-hospital mortality
or major complications. At 1-year follow-up, cardiac death was recorded in 4 patients
(0.8%), TLR in 8 patients (1.6%), and MACCE in 16 patients (3.1%). At 3-year follow-up,
cardiac death increased to 8 patients (1.6%), TLR to 20 patients (4.4%), and MACCE to 41
patients (8.2%). Patients treated with a provisional single stent had significantly lower rates
of cardiac hospital admission and MACCE compared with double stenting (1 [0.7%] vs 32
[9%]; P=.0403 and 3 [2.1%)] vs 70 [20%]; P=.0054, respectively).

Conclusion: PCI with drug-eluting stents for ULMCAD was safe and effective, with
favorable long-term outcomes in patients who were unfit for surgery or refused surgery. The
provisional single-stent technique demonstrated better clinical outcomes than the double-
stent approach.

Keywords: Left Main Coronary Artery Disease; Percutaneous Coronary Intervention; Drug-
Eluting Stents
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Introduction

eft main coronary artery disease

(LMCAD) is one of the most critical

forms of CAD because of the

extensive myocardial territory at

risk. In patients with left-dominant
coronary circulation, the left main stem (LMS)
supplies approximately 84% of the left ventricular
myocardium.! Consequently, significant stenosis
in the LMS poses a substantial threat to
myocardial perfusion and often leads to severe
clinical outcomes. Coronary angiographic studies
have reported that 5% to 7% of patients have
significant LMS disease.? Without
revascularization, prognosis is poor. Indeed, 3-
year mortality in medically managed patients with
significant LMS disease can reach as high as
50%.3

Coronary artery bypass grafting (CABG) has
historically been the gold standard for treating
LMCAD. Multiple studies have confirmed the
survival benefit of CABG over medical therapy
alone.*” Nonetheless, percutaneous coronary
intervention (PCIl) was initially reserved for
patients considered high risk or inoperable. With
the advent of the drug-eluting stent (DES),
improved procedural techniques, and enhanced
adjunctive pharmacotherapy, PCI has emerged as
a feasible and increasingly accepted alternative in
selected cases of LMCAD.®

The LMS originates from the aortic root and
typically bifurcates into the left anterior descending
(LAD) and left circumflex (LCx) arteries.
Angiographic studies in healthy individuals show
the average diameter of the LMS to be 4.5 (0.5)
mm in males and 3.9 (0.4) mm in females.® The
length of the LMS is highly variable, ranging from
2 mm to 40 mm.2® A short LMS has been
associated with congenital conditions such as
bicuspid aortic valve.'' Anatomical variants of the
LMS are clinically relevant, particularly during
revascularization planning. In approximately two-
thirds of individuals, the LMS bifurcates into the
LAD and LCx arteries, whereas the remaining third
exhibits a trifurcation pattern with the additional
presence of a ramus intermedius branch.?

Occasionally, the LAD and LCx may arise
independently from the aorta, resulting in the
absence of a defined LMS. This is the most

common anomaly and is often associated with
aortic valve disease in adults, although it occurs in
less than 1% of the population.®'* Other rare
anomalies include the origin of the LAD or LCx
from the right coronary artery or from a
noncoronary  sinus.!* The prevalence of
atherosclerotic LMS disease increases with age
and symptom severity. In men older than 65 years
presenting with New York Heart Association
(NYHA) functional class I, Ill, and IV angina, the
reported prevalence is approximately 11%, 13%,
and 9%, respectively.!®> Nonatherosclerotic causes
of LMCAD are rare: tertiary syphilis accounts for 1
case per 100 000.'¢ Takayasu arteritis for 2 to 3
cases per million's, and spontaneous coronary
artery dissection remains an exceptionally rare
event.t’

There is a strong association between LMCAD
and extracoronary vascular disease, particularly
carotid artery stenosis. Studies have shown that
carotid artery disease is present in 40% of patients
with LMCAD, compared with 5% in those with
single-vessel coronary disease.'®° This finding
highlights the systemic nature of atherosclerosis
and the importance of comprehensive
cardiovascular risk assessment.

Several scoring systems are drawn upon to
predict outcomes in patients with LMS disease
undergoing either PCI or CABG. The SYNTAX
score is an anatomy-based tool that stratifies
patients based on lesion complexity. In the
SYNTAX trial, low scores generally included
patients with ostial LMS lesions and single-vessel
disease involving the LMS, whereas high scores
reflected multivessel disease including LMS
involvement.20:21

A meaningful appraisal of LMS lesions is
essential to appropriate therapeutic strategies,
and intravascular ultrasound (IVUS), fractional
flow reserve (FFR), or optical coherence
tomography (OCT) may assist this process. IVUS
provides information on vessel wall structure; FFR
provides pressure-flow data; and OCT provides
high-resolution images and may be useful for
identifying stent-related problems. Management
has advanced from balloon angioplasty for LMS
disease, which was associated with high
restenosis rates and mortality. Bare-metal stent
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reduced acute complications but did not eliminate
restenosis; drug-eluting stents have improved
outcomes. Current options include a provisional
single-stent (SS) T-stenting approach, which is
evidence-based practice for the majority of less
complex cases and is associated with better long-
term outcomes, or double-stent (DS) techniques,
which depend on bifurcation angles and lesion
morphology.??%5

The present study aimed to evaluate the safety
and clinical outcomes at 1- and 3-year follow-up
after PCI for LMCAD at Al-Najaf Cardiac Center,
with a comparative analysis of provisional SS vs
DS techniques.

Methods
Study Design and Population

This observational study included patients with
ULMCAD who wunderwent PCI with DES
implantation at Al-Najaf Cardiac Center between
January 2014 and January 2017. Only patients
with recorded 1- and 3-year follow-up and known
outcomes were included in the study.

Inclusion criteria were as follows: patients
diagnosed with LMCAD involving 1, 2, or 3
vessels, presenting with stable angina, unstable
angina, non—Q wave myocardial infarction, or Q
wave myocardial infarction; patients with silent
ischemia diagnosed by noninvasive tests such as
treadmill test or dobutamine stress
echocardiography; and patients who refused
CABG despite surgical recommendation.

Exclusion criteria were as follows: presence of
significant comorbidities including advanced renal
failure, malignancy, or bleeding tendency;
noncompliance with prescribed medications; and
history of CABG.

Data Collection

Clinical data, hospital admissions, procedural
details, and outcomes were collected from hospital
records at Al-Najaf Cardiac Center. Follow-up
information regarding clinical status was obtained

through outpatient clinic visits, telephone
interviews, or communication with referring
physicians.

PCI

All patients received pretreatment with aspirin
(300 mg) and clopidogrel (600 mg), followed by
intravenous heparin (100-150 IU/kg) during the
procedure. Arterial access was predominantly via
the transfemoral route; transradial access was
used selectively. Sheaths ranged from 6F to 8F,
with guiding catheters of 6F or 7F. Predilation was
performed using balloon inflation at pressures
exceeding 15 atm to achieve adequate lumen
diameter and facilitate stent deployment.
Rotational atherectomy (Rotablator) guided by
IVUS was employed in 2 patients with heavily
calcified lesions. Stents were deployed at high
pressures (>15 atm). Following sheath removal,
patients were monitored for 24 hours after the
procedure.

Follow-up

Patients were followed up at 1 year and 3 years
after PCI to assess MACCE outcomes, including
cardiac and noncardiac death, myocardial
infarction, stroke, and repeat revascularization.
Long-term survival data were collected via clinic
visits, telephone interviews, or through referring
physicians.

Statistical Analysis

Data analysis was performed using SPSS,
version 23.0 (IBM Corp). Continuous variables are
presented as mean (SD), whereas categorical
variables are expressed as frequency and
percentage. Comparisons between groups were
performed using the x2 test for categorical data
and the student t test or analysis of variance
(ANOVA) for continuous variables. A P value of

less than .05 was considered statistically
significant.
Results
Demographic and Clinical

Characteristics

A total of 500 patients with ULMCAD were
included. Most patients were men (72.8%), and
hypertension was the predominant risk factor
(70.5%). Clinical presentations were almost
equally divided between stable angina (51.2%)
and unstable angina (47.3%) (Table 1).
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Angiographic and Procedural

Characteristics

The transfemoral approach was used in 473
cases (94.6%). Distal LMS involvement was
predominantin 425 cases (84.9%), with bifurcation
lesions in 407 cases (81.4%). The DS technique
with final kissing balloon inflation was the most
frequently used PCI technigue in 356 cases
(71.3%) (Table 2).

Procedural Success and

Complications

Procedural success was 100%, with no immediate
periprocedural complications or deaths (Table 3).

Clinical Follow-up Outcomes

No MACCE events occurred at hospital
discharge. At 1-year and 3-year follow-up, MACCE
rates were 16 (3.1%) and 41 (8.2%), respectively
(Table 4).

Comparison Between DS and

Provisional SS

DS was significantly associated with higher
rates of cardiac hospital admission and MACCE
compared with provisional SS, with rates of 1
(0.7%) vs 32 (9%) (P=.0403) and 3 (2.1%) vs 70
(20%) (P=0054), respectively (Table 5).

Table 1. Baseline Demographic and Clinical Characteristics (n=500)

Variables N (%)
Age (year) (mean £ SD) 65+11
Sex Male 364 (72.8)
Female 136 (27.2)
Diabetes Mellitus 151 (30.2)
Hypertension 353 (70.5)
Smoking 326 (65.1)
Family History of CAD 113 (22.5)
COPD 60 (12.0)
Peripheral Artery Disease 10 (1.9)
Stroke 4(0.8)
Stable Angina 256 (51.2)
Unstable Angina 237 (47.3)
Clinical Presentation Myocardial Infarction 8 (1.5)
Renal Impairment 12 (2.3)
Previous CABG 0(0)
Table 2. Angiographic and Procedural Data (n=500)
Variables N (%)
. Radial 27 (5.4
Access Site Femoral 473 294.23)
Ostial and Body LMS 76 (15.1)
Lesion Location Distal LMS 425 (84.9)
Bifurcation 407 (81.4)
Trifurcation 17 (3.5)
Isolated LMS 31(6.2)
Disease Extent LMS + 1 Vessel D?sease 101 (20.2)
LMS + 2 Vessel Disease 128 (25.6)
LMS + 3 Vessel Disease 240 (48.1)
Predilation 345 (69.0)
Treatment Details Direct Stenting 151 (30.2)
Rotational Atherectomy 4(0.8)
. Provisional Single Stent 144 (28.7)
PCI Technique Double Stenting 356 (71.3)
Drug-Eluting Stent (DES 500 (100
Stent Type Barge Metalg Stent (1(3MS)) 0 EO) )
One 82 (16.3)
Two 243 (48.5
Number of Stents Implanted Three 151 530.2;
Four 25 (5.0)
Nominal Stent Diameter (mm) (mean + SD) 35+05
Total Stent Length (mm) (mean £ SD) 22.6+18.4
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Table 3. Procedural Success and Complications

Variables N (%)
Procedural Success 500 (100)
Cardiogenic Shock 0(0)
Vascular Perforation 0 (0)
LMCA Dissection 0(0)
Abrupt Closure 0 (0)
Tamponade 0 (0)
Aortic Dissection 0 (0)
Emergent CABG 0 (0)
Death During Procedure 0 (0)
Other Complications 0(0)

Table 4. Clinical Outcomes at Immediate, 1-Year and 3-Year Follow-Up

Outcome Immediate (n=500) 1 Years (n=500) 3 Years (n=500)
Cardiac Death 0 (0.0%) 4 (0.8%) 8 (1.6%)
Non-Cardiac Death 0 (0.0%) 2 (0.4%) 4 (0.8%)
Repeat Revascularization 0 (0.0%) 10 (2.0%) 28 (5.6%)
Target Lesion 0 (0.0%) 8 (1.6%) 20 (4.4%)
New Vessel 0 (0.0%) 2 (0.4%) 8 (1.6%)
Stroke 0 (0.0%) 0 (0.0%) 2 (0.4%)
MACCE 0 (0.0%) 16 (3.1%) 41 (8.2%)
Table 5. Clinical Outcomes by PCI Technique
Provisional Single ) ) )
Outcome Stenting Double Stenting Relative Risk b
(N=356) N (%) (95% ClI)
(N=144) N (%)
Cardiac Hospital Admission 1(0.7) 32 (9) 6.03 (1.3-44.8) 0.0403
Cardiac Death 0 (0) 12 (3.4) 5.2 (0.3-92.3) 0.0768
Target Lesion Revascularization 1(0.7) 27 (7.6) 5.6 (0.75-42.0) 0.0652
Stroke 0(0) 2 (0.6) 1.2 (0.05-26.3) 0.5
MACCE 3(2.1) 70 (20) 7.2 (1.7-29.0) 0.0054
Discussion significantly mediated by elastic recoil because

Results of percutaneous treatment for LMS
disease have evolved very favorably since DES
became available along with better balloon dilation
technigues and glycoprotein llb/llla inhibitors.?®
Earlier reports had documented a higher early
mortality with bare-metal stents because these
approached restenosis within the stent more
aggressively—in-stent restenosis. With DES, this
complication has been practically eliminated
because in-stent restenosis and target lesion
revascularization (TLR) rates have been
decreased.'2?7

The risk of subacute stent thrombosis with
current technology, including high-pressure
implantation, IVUS guidance, and dual antiplatelet
therapy, is currently considered to be close to 1%.
Restenosis  after balloon angioplasty is

this area has demonstrated a very high content of
elastic fibers in the aorto-ostial and proximal LMS
segments. Stenting builds the vessels and also
reduces restenosis, which is the problem of
recurrent narrowing that was initially resolved.*228

In the current study, we had 100% procedural
success with low in-hospital mortality and very few
periprocedural complications, which confirms that
contemporary PCI is safe for LMS disease. The
major clinical outcomes of cardiac death, TLR,
stroke, and MACCE were assessed at discharge,
12 months, and 3 years. Of 500 participants, there
were 9 deaths in the index cohort (6 cardiac), TLR
was between 1.6% and 4.4%, and MACCE rates
increased from 3.1% at 1 year to 8.2% at 3 years.
This finding essentially confirms what earlier
single-center studies have found: procedural
success can be achieved with good long-term
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outcomes.32, 33 For instance, both Chieffo et al?®
and Morice et al*° reported relatively low mortality
rates at follow-up (2.8% and 4.2%, respectively);
their participants had similar clinical and
angiographic characteristics. On the other hand,
high-volume studies such as those by Pavei et al®**
and Vaquerizo et al®*? had higher overall deaths
(10.1% and 9.3% at 2 years), possibly because of
selection bias and procedural techniques.

Our results showed that SS provisional is better
than DS in terms of clinical outcomes, which
explains why the rates of cardiac hospital
admission, cardiac death, TLR, and MACCE were
lower with SS techniques.®*** Factors contributing
to poorer outcomes with DS techniques include
increased procedural complexity leading to
lengthier procedure time, greater contrast and
radiation exposure, and risk of myocardial injury.
Other reasons DS has worse outcomes include
incomplete ostial coverage of the side branch,
increased metal layers, potential stent fractures,
and focal restenosis at the ostium.

Karrowni et al® reported better clinical results
for SS than DS in unprotected distal LMS disease,
with lower TLR (10.1% vs 24.7%) and MACCE
rates (20.1% vs 31.8%). Results from the BBC
ONE study®® were also in favor of provisional SS
over complex DS, with significant differences in
TLR and cardiac death rates (11.3% vs 3.2%). All
these findings contrast with those from the
CACTUS trial®’, which showed no statistically
significant difference between provisional and
crush DS techniques (15% vs 15.8% MACCE).
This means that this debate has been ongoing and
that there is a need for an individualized treatment
strategy.®’

Study Limitations

The present study was performed at a single
center (Al Najaf Cardiac Center); the results may,
therefore, not be generalizable. Moreover, not all
patients received full intravascular imaging with
either IVUS or OCT,; this would have provided
better lesion assessment. Not standardizing the
type of DES used may have also affected the
comparability of outcomes. In addition, a longer
follow-up period is needed to more accurately
assess the long-term efficacy and safety of the
intervention.

194

Conclusion

PCI for ULMCAD using DES has demonstrated
favorable long-term outcomes, few complications,
and is a good alternative for high-risk surgical
patients or those who refuse CABG. Among
currently available stenting strategies, the
provisional SS technique yields superior clinical
outcomes compared with DS approaches such as
T-stenting, TAP (T and small protrusion), or mini-
crush, with possible greater reductions in rates of
cardiac death, TLR, and MACCE.
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