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and meta-analysis

Ahmed M. Khairy'?, Abdelrahman H. Hafez'?"®, Ahmed Elshahat?*3, Ahmed Emara®3, Hadeel Aboueisha®*,
Mohamed Ismael Fahmy?°, Ahmed Abdelaziz>* and Ibrahim Yasseen'

Abstract

Background The ideal revascularization approach for ostial left anterior descending coronary artery (L.A.D.) lesions
continues to be a matter of debate. Two primary stenting strategies are often contemplated for managing these
lesions: focal ostial stenting (FO.S.) and the provisional strategy, alternatively termed cross-over stenting (C.O.S.) from
the LM to the LAD. artery.

Aim Our objective is to assess the efficacy of C.O.S. vs. FO.S. techniques in patients with ostial L. A.D. lesions who
underwent percutaneous coronary intervention (PC.1.).

Methods \We systematically searched five electronic databases to identify relevant studies. The data was pooled as
odds ratio (O.R.) with its 95% confidence interval (C.l.) using the DerSimonian-Laird random effect model in STATA 17
MP. Significance was determined by a p-value >0.05 between intervention subgroups.

Results Nine articles with a total of 1492 patients were included in the meta-analysis. The pooled O.R. for Major
Adverse Cardiovascular Events (MACE) was 0.88 (95% C.I. [0.39, 1.99], P=0.76), indicating comparable rates between
FO.S. and C.OS. For all-cause death, the O.R. was 1.46 (95% C.I. [0.53, 4.02], P=0.46), with no significant differences
between the compared techniques. Cardiovascular death showed no preference between treatments (O.R.=0.99, 95%
C.1.[0.30, 3.31], P=0.99), and similarly for myocardial infarction (O.R.=0.74, 95% C.I. [0.38, 1.44], P=0.37).

Conclusion Our meta-analysis comparing C.O.S. and FOS. for LAD. lesions revealed similar efficacy in clinical and
angiographic outcomes.
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Introduction

The presence of atherosclerotic plaque distribution in the
coronary tree poses significant challenges, particularly
in cases involving disease of the left anterior descend-
ing coronary artery (L.A.D.) [1]. Although ostial L.A.D.
disease may initially appear as straightforward Medina
0.1.0 lesions on angiography, accurately assessing the
extent of distal left main (LM) involvement in these cases
is often difficult. Research using intravascular ultrasound
(IVUS) has shown that isolated ostial L.A.D. disease is
considerably less prevalent than suggested by conven-
tional angiography findings [2]. Recent optical coherence
tomography (OCT) studies have further supported these
findings [3].

According to the latest consensus document released
by the European Bifurcation Club, the ideal revascular-
ization approach for ostial L.A.D. lesions continues to be
a matter of debate [4]. Two primary stenting strategies
are often contemplated for managing bifurcation lesions
like this: focal ostial stenting (F.O.S.) and the provisional
strategy, alternatively termed cross-over stenting (C.O.S.)
from the LM to the L.A.D. artery. Precisely identifying
the optimal landing zone for stent placement in the ostial
lesion of the L.A.D. artery poses a challenge, primarily
due to the unpredictable involvement of the LM artery.
Consequently, although the C.O.S. is generally presumed
to provide benefits over the F.O.S., the current body of
literature on both techniques remains relatively limited.

Despite several small-scale studies, there is a lack of
comprehensive evaluation regarding major cardiovascu-
lar and cerebral events, as well as non-ischemic events,
such as fatal ventricular arrhythmias, in this particular
group of patients [5-11]. Moreover, the current litera-
ture on isolated ostial L.A.D. disease presents conflict-
ing results. While some researchers support the F.O.S.
strategy, others contend that the clinical outcomes of
the C.O.S. are more favorable [7-11]. Hence, this study
marks the inaugural meta-analysis conducted to compare
the efficacy of C.O.S. and F.O.S. techniques in patients
with ostial L.A.D. lesions who underwent percutaneous
coronary intervention (P.C.L).

Methods

We carried out this study in strict accordance with the
Cochrane Handbook of Systematic Reviews and Meta-
Analysis rules [12]. PRISMA statement guidelines were
followed while reporting this study [13].

Inclusion criteria

Randomized controlled trials (RCTs) or observational
studies that satisfied our PICO criteria were included. (P)
population: patients with ostial L.A.D. stenosis. (I) inter-
vention: C.O.S from LM artery to L.A.D. artery. (C) com-
parator: F.O.S. (O) outcomes: Our primary outcome was
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major adverse cardiac events (MACE). Our secondary
ones were all-cause death, cardiovascular death, myocar-
dial infarction (MI), stroke, target lesion revasculariza-
tion (TLR), target vessel revascularization (TVR), stent
thrombosis, restenosis, and coronary artery bypass graft-
ing (CABG).

We excluded reviews, conference abstracts, and foreign
language studies.

Literature search and screening

PubMed, Scopus, Web of Science, Embase, and Cochrane
Library were systematically searched from inception till
February 2024 utilizing a group of keywords related to
cross-over stenting focal ostial stenting, and left ante-
rior descending artery. Our detailed search strategy
was (Ostial O.R. Ostium) AND (Cross-over stent) O.R
(Left main Cross)) AND ((left anterior descending) O.R.
L.AD).

Two independent reviewers screened retrieved articles
in two phases, first, by title and abstract screening using
Rayyan web [14]. Second, the full text of eligible studies
was retrieved for full-text screening using Google Sheets.
A discussion with a third author addressed any apparent
disagreements.

Data collection

Data were collected independently by two matched
authors utilizing pre-designed Google Sheets. The fol-
lowing data were collected: Summary characteristics
of the included studies such as study design, country,
recruitment time, total number of patients, and baseline
characteristics of the population of the included studies.
Any apparent conflicts were resolved through a discus-
sion with a third author.

Quality assessment

Newcastle-Ottawa-Scale (NOS) was utilized in evaluat-
ing the risk of bias for observational studies [15]. NOS
assesses the risk of bias through three main domains:
selection of the cohorts, comparability between the two
cohorts, and outcome assessment and adequacy. Two
blinded reviewers assessed the risk of bias, and a discus-
sion with a third author addressed any apparent conflicts.

Statistical analysis

Dichotomous outcomes were pooled as Odds ratio (O.R.)
with their 95% confidence interval (C.1.). The DerSimo-
nian-Laird random effect model was utilized in pooling
the outcomes. Heterogeneity was assessed using the Chi-
square test and I-square test. Significant heterogeneity
was considered if the Chi-square p-value was less than
0.1 or I-square more than 50%. The Galbraith plot was
constructed to explore the specific source of heterogene-
ity if present among the included studies in the primary
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outcome. All the analysis was performed using Stata BE
version 18 for Windows.

Certainty assessment

To assess the evidence robustness, we conducted a leave-
one-out test in multiple scenarios, excluding one study in
each scenario to ensure that the pooled effect size for the
primary outcome was not dependent on any individual
study.

Publication bias

To evaluate the publication bias among included studies
for the primary outcome, the DOI plot model was exe-
cuted to assess the correlation between effect size and
standard error [16].
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Results

Search results

Our primary search retrieved 1245 articles. 494 were
removed as duplicates using Endnote (Clarivate Analyt-
ics, PA, USA). 751 studies were evaluated in the title and
abstract screening phase. We also manually screened the
references of included studies for any potential included
studies. Finally, 9 articles were included in our study.
Figure 1 shows the PRISMA flow diagram for the study
selection process.

Characteristics of included studies

Nine articles with a total of 1492 patients, of them 604
patients in the C.O.S group and 888 patients in the F.O.S
group, were included in the meta-analysis [6-8, 10,

[ Identification of studies via databases and registers ]
§ Records identified from: Records removed before
"{E" PubMed (n = 361) screening:
= Cochrane (n = 30) —————» Duplicate records removed (n
c Scopus (n=497) = 494)
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\ 4
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(n =751) (n=721)
\ 4
Reports sought for retrieval. Reports not retrieved.
2 (n = 30) (n=0)
s
)
g
5 \ 4
Report luded: (n=21):
Reports assessed for eligibility. eports excluded: (n=21)
(n =30) Reasons for exclusion:
Conference abstract: (n=7)
Review articles: (n=8)
Protocol: (n=6)
v
3
E Studies included in review: (n=9)
© Studies included in Meta-
= analysis: (n=9)

Fig. 1 Prisma flow diagram of the study selection process
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11, 17-20]. All the included were observational stud-
ies. They were conducted in different countries such as
Japan, Italy, Turkey, Taiwan, China, and Canada. All the
included studies reported the outcomes of interest at
long-term follow-up period. Detailed summarization of
the included studies is illustrated in Table 1. The mean
age of participants ranged from 53 to 73 years. Detailed
characteristics of the population of the included studies
are presented in Table 2.

Risk of bias

The quality of included studies ranged from good to fair
quality, according to NOS. All studies showed a good rep-
resentation of the community and outcome assessment.
Only two studies demonstrated fair quality due to unex-
plained issues related to the comparability of the cohorts.
(Kishi 2011, Sung 2009). Table 3 shows the detailed risk
of bias for included studies.

Study outcomes

MACE

MACE was reported in five studies with an incidence rate
of 14.7% (31/210) in the COS group and 18.2% (78/428).
The pooled O.R. showed comparable MACE rates
between C.0.S. and FO.S. (O.R.=0.88, 95%C.I. [0.39,
1.98], P=0.75). Pooled studies showed significant hetero-
geneity (P=0.04, I*=61.10%), as illustrated in Fig. 2.

The leave-one-test was conducted, and it demonstrated
that no single study has a disproportional effect on the
pooled effect estimate, as illustrated in Fig. 3.

We also tested the heterogeneity by conducting a
Galbraith test, and it showed that Soylu et al. [8] study
located outside 95% of the regression, indicating its het-
erogeneity from the other studies, as illustrated in Fig. 4.

Further sensitivity analysis was conducted and its
showed that upon excluding Soylu et al. [8] study the
pooled studies were homogenous (P=0.31, I?=15.97%)
and the pooled effect estimate did not differ significantly
(OR. = 0.65, 95% C.I [0.36 to 1.17], P=0.15), as illus-
trated in Supplementary Fig. 1.

The DOI plot was carried out, and by inspection, no
asymmetry was identified with an LFK index of 0.06,
which indicated the absence of any potential publication
bias, as illustrated in Supplementary Fig. 2.

All-cause mortality

Five studies reported the all-cause mortality in our
study. The pooled O.R. did not prefer either C.O.S. or
E.O.S. regarding the all-cause mortality rates (O.R.=1.46,
95%C.1. [0.54, 3.93], P=0.45). Pooled studies were het-
erogeneous (P=0.04, I =59.69%) as illustrated in Fig. 5.
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Cardiovascular mortality

The pooled O.R. did not show any preference for either
C.0S. or EOS. (O.R.=1.05 95% C.I.=0.37, 3.03),
P=0.93). Pooled studies showed significant homogeneity
(P=0.29, I>=19.97%), as illustrated in Fig. 6.

Myocardial infarction

The pooled O.R. did not prefer either C.O.S. or F.O.S.
(O.R.=0.74, 95% C.1.=0.38, 1.44), P=0.37). Pooled stud-
ies showed significant homogeneity (P=0.52, I?=0%), as
illustrated in Fig. 7.

Stroke
The overall O.R. favored neither (O.R.=0.70, 95%
C.I1.=0.31, 1.57), P=0.38). Pooled studies showed sig-
nificant homogeneity (P=0.75, I*=0%), as illustrated in
Fig. 8.

Stent thrombosis

The overall O.R. didn’t prefer either C.O.S. or FO.S.
(O.R.=0.98, 95% C.1.=0.29, 3.28), P=0.98). Pooled stud-
ies showed significant homogeneity (P=0.90, I?=0%), as
illustrated in Fig. 9.

TVR

The overall O.R. did not prefer either C.O.S. or FO.S.
(O.R.=0.64, 95% C.1.=0.26, 1.54), P=0.32). Pooled studies
showed significant homogeneity (P=0.19, I>=30.65%), as
illustrated in Supplementary Fig. 3.

TLR

Eight studies reported the TLR. The pooled O.R. didn't
significantly prefer either C.O.S. or EO.S. (O.R.=0.67,
95% C.I. [0.39, 1.15], P=0.14). Pooled results were
homogenous (P=0.26, I*=20.82%), as illustrated in Sup-
plementary Fig. 4.

Restenosis

The overall O.R. did not prefer either C.O.S. or FO.S.
(O.R.=0.25, 95% C.1.=0.06, 1.11), P=0.07). Pooled stud-
ies showed significant homogeneity (P=0.52, I?=0%), as
illustrated in Supplementary Fig. 5.

CABG

The overall O.R. did not prefer either C.O.S. or FO.S.
(O.R.=0.25, 95% C.1.=0.06, 1.11), P=0.52). Pooled stud-
ies showed significant homogeneity (P=0.52, I?=0%), as
illustrated in Supplementary Fig. 6.

Discussion

Our study compared clinical outcomes between C.O.S.
and F.O.S. in several studies. MACE rates were simi-
lar between C.O.S. and F.O.S. All-cause death rates also
did not significantly differ between C.O.S. and F.O.S.
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Table 3 Risk of bias on the included studies
New Castle Ottawa scale assessment (NOS)
Study Cohort studies
ID Selection Comparability Outcome Qual-
Representa- Selection  Ascer- Demonstration that Comparability Assess- Was follow-up Adequacy ity
tivenessof  of the non- tain- outcome of interest of cohortsbased mentof longenough  of follow- >¢°r¢
the exposed exposed mentof  was not present atthe onthedesignor outcome foroutcomes up of
cohort cohort exposure start of the study analysis to occur cohorts
Guner ¥ * * ** * * * Good
2023 (8)
Elkha-  * * * ** * * * Good
teeb (8)
2022
2022 (8)
2021 (7)
Rigatelli * * * ** * * * Good
2019 (8)
Yama-  * * * * * * * Good
moto (7)
2018
Kishi * * * * * * Fair
2011 (6)
Capran- * * * ** * * * Good
zano (8)
2010
Sung * * * * * * Fair
2009 (6)
CcOos FOS Odds ratio Weight
Study Event Total Event Total with 95% CI (%)
Elkhateeb 2022 6 25 29 150 —F 1.24[047, 3.29] 2257
Rigatelli 2019 2 36 8 38 | 0.26[0.05, 1.33] 14.40
Soylu 2022 11 41 4 56 —l——3.76[1.12, 12.64] 19.16
Yamamoto 2018 5 30 10 46 —— 0.77[0.24, 2.47] 19.78
Yang 2021 7 78 27 138 —l— 0.46[0.19, 1.10] 24.09
Overall s 0.88[0.39, 1.98]
Heterogeneity: 1° = 0.51, I” = 61.10%, H’ = 2.57
Test of 6 = 6;: Q(4) = 10.28, p = 0.04
Testof 6=0:z=-0.31,p=0.75
1716 1/4 1 4
Favors COS  Favors FOS

Randome-effects DerSimonian—Laird model

Fig. 2 Forest plot of MACE indicating that COS and FOS are comparable regarding MACE rates. Abbreviations: COS: Cross-over stenting, FOS: Focal ostial

stenting, MACE: Major adverse cardiovascular events

Cardiovascular death, myocardial infarction, stroke, stent
thrombosis, TVR, restenosis, and CABG rates did not
significantly differ between the two stenting methods.
Additionally, for TLR, the pooled O.R. did not signifi-
cantly favor either technique.

The term “high event risk” in patients with established
coronary artery disease includes the presence of three-
vessel disease with proximal stenosis, LM disease, or

severe proximal L.A.D. artery disease [21]. Likewise, the
latest guidelines from the European Society of Cardiology
(ESC) recommend physiological assessment of coronary
stenosis within the range of 70-90% and propose revas-
cularization without physiological evaluation in cases of
critical stenosis (>90%) [21]. In their 2021 study, Shin et
al. revealed a correlation between the severity of coro-
nary atherosclerosis and target vessel failure subsequent
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Odds ratio
Omitted study with 95% ClI p-value
Elkhateeb 2022 ° 0.79[0.27, 2.28] 0.665
Rigatelli 2019 . 1.07[0.46, 2.52] 0.873
Soylu 2022 . 0.65[0.36, 1.17] 0.151
Yamamoto 2018 0.90[0.32, 2.56] 0.848
Yang 2021 ° 1.08 [ 0.42, 2.79] 0.879
0.5 1 2
Random-effects DerSimonian—Laird model
Fig. 3 Leave-one-out test plot showing that no single study has a significant effect on the pooled effect esmate
Galbraith plot
® Soylu 2022
2 -
’—g:
S 4
2
©
& ® Elkhateeb 2022 95% CI
:§ 0 ® Studies
e —— Regression line
§ ® Yamamoto 2018 No effect
o
©
N ® Rigatelli 2019 o Yang 2021
-2
0 5 1 1.5 2 2.5

Precision (1/se))
se;: estimated o

Fig. 4 Galbraith plot showing that one study (Soylu 2022) present outside the 95% Cl precision area of the regression line indicating its possible hetero-

geneity from the other studies

COs FOS Odds ratio Weight
Study Event Total Event Total with 95% CI (%)
Capranzano 2010 1 67 1 95 ‘ 1.42[0.09, 23.07] 9.39
Elkhateeb 2022 5 25 14 150 —— 1 2.14[0.71, 6.47] 25.34
Glner 2023 3 78 21 151 —il— 0.28[0.08, 0.96] 23.42
Kishi 2011 24 225 8 194 - 2.59[1.14, 5.89] 29.50
Soylu 2022 3 41 56 i 4.10[0.41, 40.82] 12.35
Overall - 1.46[0.54, 3.93]
Heterogeneity: 1 = 0.69, I’ = 59.69%, H' = 2.48
Test of 6i = 6;: Q(4) = 9.92, p = 0.04
Testof 6=0:z2=0.75,p=0.45
0.1125 OT5 é é 3|2
Favors COS  Favors FOS

Randome-effects DerSimonian—Laird model

Fig. 5 Forest plot of all-cause mortality showing a comparable all-cause mortality rates between the two approaches. Abbreviations: COS: cross-over

stenting, FOS: Focal ostial stenting
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Ccos FOS Odds ratio Weight
Study Event Total Event Total with 95% CI (%)
Kishi 2011 11 225 3 194 —— 3.16[0.87, 11.50] 39.83
Rigatelli 2019 1 36 4 38 —— 0.26[0.03, 2.47] 18.20
Sung 2009 0 24 0 20 - 0.84[0.02, 44.05] ©6.64
Yamamoto 2018 2 30 6 46 —il— 0.51[0.10, 2.70] 28.58
Yang 2021 0 78 0 138 = 1.76[0.03, 89.79] 6.75
Overall N _o 1.05[0.37, 3.03]
Heterogeneity: 1° = 0.30, I = 19.97%, H’ = 1.25
Test of 8 = 6;: Q(4) = 5.00, p =0.29
Testof 8 =0:z=0.09, p=0.93

Randome-effects DerSimonian—Laird model

Fig. 6 Forest plot of cardiovascular mortality showing a comparable cardiovascular mortality rates between the two approaches. Abbreviations: COS:

cross-over stenting, FOS: Focal ostial stenting

0.03125 0.25 2 16
Favors COS Favors FOS

COs FOS Odds ratio Weight
Study Event Total Event Total with 95% CI (%)
Glner 2023 4 78 13 151 :ﬁ— 0.60[0.19, 1.89] 33.70
Kishi 2011 4 225 6 194 — 0.57[0.16, 2.07] 27.39
Rigatelli 2019 2 36 5 38 i 0.42[0.08, 2.32] 15.48
Soylu 2022 5 41 2 56 L 3.41[0.63, 18.48] 15.73
Yamamoto 2018 0 30 0 46 - 1.52[0.03, 78.90] 2.88
Yang 2021 0 78 2 138 = 0.35[0.02, 7.44] 4.82
Overall > 0.74[0.38, 1.44]
Heterogeneity: T° = 0.00, I = 0.00%, H’ = 1.00
Test of 6 = 6;: Q(5) = 4.21, p =0.52
Testof 8 =0:z=-0.89, p=0.37

Randome-effects DerSimonian—Laird model

Fig. 7 Forest plot of myocardial infarction showing a comparable myocardial infarction rates between the two approaches. Abbreviations: COS: cross-

over stenting, FOS: Focal ostial stenting

0.03125 0.25 2 16
Favors COS Favors FOS

COS FOS Odds ratio Weight
Study Event Total Event Total with 95% ClI (%)
Gulner 2023 1 78 3 151 0.65[0.07, 6.31] 12.84
Kishi 2011 8 225 8 194 L 0.86[ 0.32, 2.34] 66.90
Rigatelli 2019 0 36 3 38 = 0.15[0.01, 3.02] 7.43
Yang 2021 1 78 3 138 0.59[0.06, 5.77] 12.83
Overall L 0.70[ 0.31, 1.57]

Heterogeneity: T = 0.00, I = 0.00%, H’ = 1.00
Test of 6 = 6 Q(3) = 1.20, p = 0.75
Testof 8 =0:z=-0.87,p=0.38

Random-effects DerSimonian—Laird model

Fig. 8 Forest plot of stroke showing a comparable stroke rates between the two approaches. Abbreviations: COS: cross-over stenting, FOS: Focal ostial

stenting

0.0078 0.0625 0.5 4
Favors COS Favors FOS
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COs FOS Odds ratio Weight
Study Event Total Event Total with 95% ClI (%)
Glner 2023 1 78 4 151 —— 0.48[0.05 4.40] 29.84
Kishi 2011 3 225 1 194 —— 2.59[0.27, 25.07] 28.21
Rigatelli 2019 0 36 1 38 L 0.35[0.01, 8.91] 13.93
Sung 2009 0 24 0 20 i 0.84[0.02, 44.05] 9.26
Yamamoto 2018 0 30 0 46 i 1.52[0.08, 78.90] 9.34
Yang 2021 0 78 0 138 i 1.76[0.08, 89.79] 942
Overall . 0.98[0.29, 3.28]
Heterogeneity: T° = 0.00, I” = 0.00%, H* = 1.00
Test of 6 = 8: Q(5) = 1.62, p = 0.90
Testof 8 =0:z=-0.03, p=0.98
0.0I15 0.]25 lll 6I4
Random-effects DerSimonian—Laird model Favors COS  Favors FOS

Fig.9 Forest plot of stent thrombosis showing a comparable stent thrombosis rates between the two approaches. Abbreviations: COS: cross-over stent-

ing, FOS: Focal ostial stenting

to P.C.I. Their findings indicated that successful P.C.I.
resulted in a diminished risk of target vessel failure, par-
ticularly in cases of less severe and focal lesions [22].

The optimal management of ostial LAD lesions
remains a contentious issue within the medical field,
necessitating further research and expert consensus [1,
4]. A critical clinical decision arises in cases where the
disease extends from the LM to the LAD, involving the
choice between F.O.S. and C.O.S. Current guidelines gen-
erally recommend a single-stent strategy as the standard
approach for managing LM bifurcation lesions, includ-
ing those localized to the ostial LAD [1]. This recom-
mendation is supported by findings from the EBC MAIN
trial, which advocated for a provisional stenting strategy
over systematic dual stenting techniques [23]. However,
achieving optimal stent positioning at the ostium poses
significant challenges, particularly the risk of longitudi-
nal geographic miss. Misplacement of the stent—either
too distal, resulting in failure to cover the diseased
ostium, or too proximal, leading to free-floating struts in
front of the LCx ostium—can increase the risks of stent
thrombosis and in-stent restenosis. Even with precise
stenting, complications at the LAD ostium can arise,
including unintended damage to the LCx ostium due to
carina displacement or distortion. Additional procedural
challenges, such as plaque shifting (snow-plow phe-
nomenon), vascular spasm, and dissection, may further
exacerbate the complexity of managing these lesions [1].

Yamamoto et al. demonstrated that among acute coro-
nary syndrome patients with ostial L.A.D. lesions as the
culprit, clinical outcomes were comparable between the
strategies of F.O.S. and the C.O.S. Their study found no
significant differences in MACE, TLR, MI, or cardiac
death between the two techniques [7]. Their conclusion
also emphasized the feasibility and safety of the C.O.S.

from the LM to the L.A.D. artery in the management
of acute MI associated with ostial L.A.D. lesions [7]. In
a retrospective study with a mean follow-up duration
of 13+4.1 months, it was observed that patients with
ostial L.A.D. stenosis treated with the F.O.S. technique
had a higher composite outcome rate (19.6% vs. 8.9%;
P=0.040) compared to those treated with the C.O.S.
technique. This difference was primarily attributed to a
more frequent occurrence of target vessel revasculariza-
tion (17.4% vs. 7.7%; P=0.048) in the F.O.S. group [6].
The authors concluded that the use of the F.O.S. strategy
independently predicted poorer clinical outcomes, with a
HR of 2.561 with 95% C.I., 1.041-6.299; P=0.021 [6].
There is a lack of data regarding the long-term clini-
cal outcomes associated with C.O.S. or ostial stenting as
a PC.L strategy for ostial L.A.D. lesions. Rigatelli et al.
reported that major cardiovascular events, encompass-
ing death, MI, and stroke, as well as target vessel revas-
cularization (in-stent restenosis and stent thrombosis),
transpired at rates of 21.0% and 21% in the F.O.S. groups
compared to 10.1% and 5.6% in the C.O.S. group, respec-
tively (P=0.20 and P=0.04, respectively). These findings
were observed over a mean follow-up period of 49.7
months, indicating a favorable outcome for the C.O.S.
group. However, no significant differences were noted
in the incidence of acute MI, stroke, 4-year mortality,
stent thrombosis, and in-stent restenosis between the
two groups [19]. In a study evaluating the long-term out-
comes of ostial L.A.D. lesions, it was found that the rate
of MACE, including non-fatal MI, TLR, and all-cause
mortality, was higher in the C.O.S. group compared to
the F.O.S group (28.2% vs. 8.2%, P=0.013) [8]. However,
they did not observe statistical significance regarding
non-fatal MI, TLR, and all-cause mortality. Furthermore,
the j-Cypher Registry Investigators reported that the
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3-year clinical outcomes following the C.O.S. across
the LCx artery (n=225) did not significantly differ from
those after F.O.S. (n=194) concerning target lesion revas-
cularization (HR: 0.77; 95% C.I., 0.33 to 1.82; P=0.55)
and death/myocardial infarction (HR: 1.54; 95% C.I,
0.78 to 3.2; P=0.22). They concluded that utilizing the
C.O.S. with a one-stent approach could potentially serve
as a reasonable option for the treatment of ostial L.A.D.
lesions [18].

In 2016, Sheiban et al. published a study elucidating the
10-year outcomes of 284 patients who underwent P.C.I.
for LM bifurcation lesions. The study by Sheiban et al.
unveiled that provisional stenting was the predominant
strategy employed, and over 10 years, 21% of patients
underwent repeat P.C.I. In the Cox multivariate analy-
sis, P.C.I. to coronary vessels other than the LM emerged
as the sole independent predictor of MACE (HR: 2, 95%
C.I: 1.4 to 2.7), while the provisional strategy did not
exhibit independent predictive significance (HR: 0.8)
[24]. Furthermore, a study involving 175 ostial left ante-
rior descending (L.A.D.) lesions indicated that the C.O.S.
exhibited a numerically lower 5-year MACE rate com-
pared to FO.S. (19.3% vs. 25.9%). However, this differ-
ence did not reach statistical significance [10]. However,
none of the aforementioned studies demonstrated that
the provisional strategy is superior to F.O.S. in terms of
mortality outcomes.

Contrary to our findings and previously mentioned
studies, In Soylu et al, clinical outcomes differed
between the two techniques, with a significantly lower
rate of MACE in the FO.S group [8]. Their univariate
and multiple regression analyses indicated a significant
association between the C.O.S technique and MACE
[8]. This emphasizes the importance of considering fac-
tors beyond plaque stabilization, such as LM stenting and
appropriate post-dilation balloon selection. The study
highlights the potential limitations of stent diameter
selection in C.O.S., as stents with 3.0 mm and 3.5 mm
diameters may not adequately expand in patients with
large LM diameters, increasing the risk of restenosis and
thrombosis [8]. Insufficient post-dilation balloon selec-
tion may contribute to higher MACE rates in C.O.S. due
to inadequate stent apposition within the LM [8]. Thus,
they considered F.O.S. in scenarios where the distal LM
segment exhibits no lesions, the LM diameter is substan-
tial, and the anticipated maximal expansion capability of
the chosen stent may be inadequate for C.O.S [8].

However, it is important to note that Solyu et al. used
approximately five times more kissing balloon (KB) infla-
tion in C.O.S compared to F.O.S [8]. This increased KB
inflation may be attributed to factors such as larger stents
and post-dilation balloons used in C.O.S., which could
lead to plaque and carina shifting toward the LCx ostium
[8]. The findings should be noted that although C.O.S.
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theoretically intends to enhance plaque stabilization, it
might result in complications such as stent strut flotation
at the ostium of the LCx [8]. Despite concerns, routine
KB inflation post-stenting has not consistently demon-
strated clinical benefits, and it may increase the risk of
main-branch restenosis [8].

IVUS is one of the suggested approaches for identify-
ing crucial factors that either promote or hinder each
technique’s efficacy in the ostial L.A.D. lesions. Conven-
tional coronary angiography often underestimates the
severity of left main bifurcation atherosclerosis due to
its two-dimensional limitations [25]. Introducing intra-
vascular imaging tools before procedures, particularly
for ostial L.A.D. lesions, offers crucial insights, reduc-
ing procedural risks and long-term complications [26].
IVUS is recommended (Class II A) for assessing LM dis-
ease severity plaque extent, providing detailed informa-
tion on vessel size and distribution within the LM and its
branches [21]. IVUS enhances stent implantation optimi-
zation, detecting issues like under expansion or dissec-
tion not easily seen on angiography. Imaging factors like
plaque distribution and morphology guide strategy selec-
tion for LM bifurcation lesions, and IVUS confirms stent
placement and expansion [27]. Thus, incorporating IVUS
alongside conventional angiography improves the evalu-
ation and management of LM disease, enhancing clinical
outcomes in complex coronary interventions.

IVUS guidance in ostial lesions has an important role
to guide plaque debulking techniques. However, previous
literature when compared debulking vs. stenting directly,
it showed mixed findings [28-31]. In Kim et al., debulk-
ing prior to stenting achieved greater acute lumen gain
and increased the postprocedural minimal lumen diam-
eter [28]. However, the enhanced lumen gain with deb-
ulking did not translate into a lower restenosis rate due
to a tendency for greater late lumen loss. A similar pat-
tern was observed in the Stenting after Optimal Lesion
Debulking (SOLD) registry, where the acute lumen gain
achieved with debulking and stenting was associated with
proportional late lumen loss [31].

Another reason to involve intravascular imaging tech-
niques is to prevent free-floating stent struts in the dis-
tal LM. Optical coherence tomography (OCT) guidance
enables precise evaluation of ostial stent positioning and
facilitates management in cases of excessive protrusion
[32, 33]. Given the limitations of angiography in detect-
ing free-floating stent struts, OCT imaging should be
used instead for two key purposes: first, to accurately
evaluate the LAD stent position; and second, to verify
guidewire placement to avoid unintentional abluminal
wiring [32, 33].

Added to intravascular imaging, transcoronay pac-
ing one of the most techniques used to optimize difficult
stenting. It was initially introduced as a straightforward
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alternative for managing bradyarrhythmias encountered
during coronary balloon angioplasty. This approach was
subsequently complemented by left ventricular pacing
[34-36]. Over time, numerous additional applications
for transcoronary and left ventricular pacing have been
developed. These include the management of bradyar-
rhythmias associated with thrombectomy and rotational
atherectomy, the termination of ventricular tachycardia
during coronary angioplasty via transcoronary overdrive
pacing, the use of left ventricular guidewire pacing as an
alternative to transvenous temporary right ventricular
pacing during aortic balloon valvuloplasty, and its appli-
cation in transcatheter aortic valve implantation [34—36].
In the previous literature, the application of transcoro-
nary pacing to enhance and optimize stent positioning
during bifurcational and ostial left main stenting. Rapid
pacing minimized the pulsatile cardiac motion and cor-
onary blood flow thrust, enabling precise placement of
the stent. This technique proved beneficial again when it
became evident that a short stent was also required for
the side branch due to carinal shift [34—36].

To illustrate, our findings showed comparable out-
comes between F.O.S. and C.O.S. techniques. However,
F.O.S. may be contemplated to circumvent stenting of the
LM when anatomical conditions are favorable, such as a
rectangular angle between the L.A.D. and L.C.X. arter-
ies, clear visualization of side branch (SB) take-off, and
absence of LM disease. In alternative scenarios, employ-
ing C.O.S., which entails covering the affected ostial
L.A.D. or ostial L.C.X. along with the diseased portion
of LM, followed by proximal optimization technique
(POT) and eventual kissing, based on either provisional
or “inverted” provisional strategies, emerges as a prefer-
able course of action [4, 19].

To our knowledge, we are the first meta-analysis com-
paring C.O.S. vs. FO.S. in ostial L.A.D. lesions, pool-
ing data from nine studies encompassing 1492 patients.
However, it is imperative to acknowledge the limita-
tions inherent in our study. The retrospective observa-
tional design of the included studies inherently limits the
strength of the evidence and introduces potential biases
that must be carefully considered. Such biases can stem
from factors like incomplete or inconsistent data collec-
tion, reliance on pre-existing records, and the inability
to establish causal relationships due to the absence of
randomization. Additionally, confounding variables that
were not adequately controlled for in the original studies
may have influenced the results, further limiting the reli-
ability of the findings. These limitations emphasize the
need for caution when interpreting our results and high-
light that broad generalizations should be avoided.

Furthermore, the reliance on conventional angiogra-
phy for the identification of ostial L.A.D. lesions may
have influenced the accuracy of lesion classification and
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subsequent outcomes assessment. The underutilization
of IVUS, particularly in studies with low IVUS usage
despite its recognized benefits in guiding LM stenting,
represents a notable gap in our data (Table 1). Addition-
ally, the lack of comprehensive evaluation of stent brands
and procedural data such as physiological assessments
and three-dimensional quantitative coronary angiog-
raphy (3D-QCA) restricts the depth of insights gleaned
from our analysis.

Conclusion

In our meta-analysis comparing C.O.S. and F.O.S. for
lesions in the LAD artery, we observed similar efficacy in
both clinical and angiographic outcomes, particularly in
MACE, all-cause mortality, MI, and cardiovascular mor-
tality. These findings suggest that both C.O.S. and F.O.S.
may provide comparable benefits in the management of
LAD lesions. However, we recommend future research
endeavors to adopt prospective study designs with stan-
dardized protocols, encompassing a larger cohort of
patients to enhance the robustness and generalizability
of findings. Incorporating advanced imaging modalities
such as IVUS and OCT into clinical practice can facili-
tate more precise lesion assessment and optimize stent
selection and deployment strategies.
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