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Objectives: This updated meta-analysis aimed to consolidate clinical evidence comparing the
clinical outcomes of intravascular ultrasound (IVUS)-guided LMCA stenting versus
conventional angiography-guided LMCA stenting.

Methodology: We included “randomized controlled trials” and “observational studies”
published in peer-reviewed English language journals that compared the clinical outcomes of
LMCA revascularization using “drug-eluting stents (DES)” via “IVUS-guided” versus
“angiography-guided” stenting. The primary outcome of interest was “major adverse
cardiovascular events (MACE)”, while secondary outcome variables included “all-cause
mortality”, “myocardial infarction (MI)”, “target vessel/lesion revascularization (TVR/TLR)”,
and “stent thrombosis (ST)”. Risk ratios (RRs) for each outcome variable were calculated using
the “Mantel-Haenszel method”.

Results: The analysis included nine studies involving a total of 5,344 patients, with 2,282
undergoing “IVUS-guided” LMCA stenting and 3,062 undergoing “angiography-guided”
LMCA stenting. “IVUS-guided” LMCA stenting showed a significant reduction in the risk of
MACE compared to “angiography-guided” LMCA stenting, with a RR of 0.46 [95% CI: 0.27 -
0.79]. However, a high level of heterogeneity (12=94%; p<0.01) was observed among the
included studies. Additionally, “IVUS-guided” LMCA stenting was associated with significant
reductions in all-cause mortality, MI, and ST, with RRs 0f 0.38 [0.21 - 0.66], 0.45 [0.26 - 0.77],
and 0.24 [0.10 - 0.57], respectively. There was no statistically significant difference in
TVR/TLR between “IVUS-guided” and “angiography-guided” LMCA stenting, with an RR of
0.64 [0.27 - 1.51].

Conclusion: “IVUS-guided” LMCA revascularization using DES was associated with a lower
risk of MACE, death, MI, and ST compared to conventional “angiography-guided” LMCA
stenting.
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INTRODUCTION

Among the different types of obstructive “coronary
artery disease (CAD)”, significant “left main coronary
artery (LMCA)” disease stands out as the most high-
risk subset of lesions, associated with poorer clinical
outcomes as compared to the non-LMCA lesions.! For
many years, “coronary artery bypass grafting
(CABG)” has been the established standard of care for
LMCA stenosis. However, due to notable
advancements in device technology, the availability of
improved antithrombotic therapy, and increased
expertise of operators, “percutaneous coronary
intervention (PCI)” has emerged as a viable alternative

technique for a significant number of patients.’*
Randomized clinical trials (RCTs) comparing PCI
with “drug-eluting stents (DES)” and CABG have
influenced the “2017 US appropriate use criteria” and
“2018 European Guidelines”, which recommend PCI
as an appropriate alternative to CABG for patients
with low-to-intermediate anatomical complexity
LMCA diseases.5®

Despite the rapid expansion of LMCA PCI in real-
world clinical practice supported by compelling
evidence, intervention for this high-risk anatomical
lesion remains challenging, with several unresolved
technical challenges to overcome.” Precise pre-PClI
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anatomical assessment, including lesion morphology,
vessel size and diameter, and carina delineation, as
well as post-PCI evaluation encompassing adequate
stent expansion and apposition, assessment of side
branches and carina, and identification of edge
dissections, are crucial to ensuring the long-term
durability and optimizing procedural outcomes of
LMCA PCI. Consequently, there has been an
increased utilization of intracoronary imaging as an
adjunctive tool during PCL.”® Unlike angiography,
which underestimates lesion length, vessel size, and
the degree of calcification, intravascular imaging, such
as “intravascular ultrasound (IVUS)” and “optical
coherence tomography (OCT)”, provides more
detailed information about the vascular lumen and
wall, thus guiding the intervention therapy.®® As a
result, intravascular imaging is becoming more widely
used in PCI compared to angiography.?

However, LMCA lesions were either excluded or
underrepresented in most of the aforementioned trials.
Nevertheless, a meta-analysis of a limited number of
clinical trials and observational data has demonstrated
better clinical outcomes for “IVUS-guided” LMCA
stenting compared to conventional “angiography-
guided” LMCA stenting.’** With the emergence of
newer clinical evidence regarding the effect of “IVUS-
guided” LMCA stenting, it is essential to synthesize
the available clinical evidence to assist clinicians in
making better-informed clinical decisions. Thus, the
aim of this updated meta-analysis was to consolidate
the clinical evidence, including trials and
observational studies, regarding the effect of “IVUS-
guided” LMCA stenting versus conventional
“angiography-guided” LMCA stenting on clinical
outcomes.

METHODOLOGY

The PRISMA (“Preferred Reporting Items for
Systematic Reviews and Meta-Analyses”) guidelines
are adopted for the reporting of this meta-analysis.*

Sources: The literature search was performed by two
independent investigators. The search engines,
electronic libraries, and databases included Google
Scholar, Web of Science, PubMed/MEDLINE,
Cochrane Library, and EMBASE.

Search Strategy: The search string consisted of mesh
and a combination of pre-specified terms that
included; “left main,” “left main coronary artery,”

“LMCA,” “left main coronary disease,” “left main
lesion,” “left main coronary stenosis,” “stenting,”
“stent placement,” “stent deployment,” “percutaneous

coronary intervention,” “PCL” “angiography,”
“angiography-guided,” “ultrasonography,”

“intravascular ultrasound,” “intravascular ultrasound-
guided,” “IVUS,” and “IVUS-guided”. The
computerized search was limited to the publication
year from January 2000 to May 2023. Further,
references list of earlier meta-analyses regarding
IVUS- versus “angiography-guided” PCI were also
relieved for the potential data specific to the LMCA
stenting.

Study Selection Criteria: We included both
“randomized controlled trials” and “observational
studies”, with or without adjustment, original articles
published in peer-reviewed English language journals
met the inclusion criteria of LMCA stenting via
“IVUS-guided” PCI versus ‘“angiography-guided”
PCI and reported the clinical outcome of at least 12-
month follow-up. Studies with either bare-metal stent
or a mix of bare-metal stent and drug-eluting stent
(DES) without separate reporting for DES were
excluded. Studies without the head-to-head
comparison of “IVUS-guided” and “angiography-
guided” LMCA stenting, case reports/series, or meta-
analysis were also excluded. Conference
papers/abstracts or manuscripts with inaccessible full
text or reporting deficiencies limiting the extractability
of data regarding target clinical outcomes were
excluded.

The outcome of interest: The primary outcome of
interest was; "major adverse cardiovascular events
(MACE)" and the secondary outcome variables
included; "all-cause mortality," "myocardial infarction
(MI),”  “target  vessel/lesion  revascularization
(TVR/TLR),” and “‘stent thrombosis (either definite or
probable)”.

Assessment of Quality: Selected studies and trials
were assessed for methodological quality by two
independent investigators. The observational studies
were assigned a quality score ranging from 0 to 9 using
the Newcastle-Ottawa scale (NOS), with higher
ratings indicating better quality and a score of >6
considered as good quality.’®* The methodological
quality of clinical trials was assessed using Jadad
scoring, ranging from 0 to 5, with a score of >3
considered as good quality.*

Statistical Analysis: The Mantel-Haenszel method
was used to compute the relative risk (RR) and
“corresponding 95% confidence interval (CI)” to
compare “IVUS-guided” LMCA stenting versus
conventional “angiography-guided” LMCA stenting
for the risk of “MACE,” “all-cause mortality,”
“myocardial  infarction,”  “target vessel/lesion
revascularization,” and “stent  thrombosis”.
Heterogeneity among the studies was assessed with
the help of Higgins' and Thompson's 12 statistics and
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Cochran's Q statistic. With the evidence of
heterogeneity, the random effect model was applied.
The meta-analysis was performed with the help of an
open source software, R version 4.3.1, and packages
"meta" and "metasens” were used.

RESULTS

Search queries on electronic databases with predefined
search strings returned a total of 1487 results, out of
which 631 were duplicate results; hence, a total of 856
cases were screened for relevance based on inclusion
criteria, and finally, nine articles were included for
quantitative synthesis and meta-analysis. A flowchart
was created to illustrate the study selection process,
including the number of records identified, records
screened, full-text articles assessed for eligibility, and
final studies included in the analysis (Figure 1).

Among the selected articles, two were randomized
clinical trials,'®*° while the remaining seven studies
were observational studies with or without
adjustment.” %25 The study population for most of the
articles was patients with unprotected LMCA diseases
revascularized with DES,"162325 except for one study
that included non-complex LMCA diseases treated
with a single stent technique.?*

The nine included studies comprise 5344 patients,
with 2282 with “IVUS-guided” LMCA stenting and
3062 with “angiography-guided” LMCA stenting. The
follow-up duration of the nine studies ranges from 1
year to 10 years. The quantitative synthesis of clinical
characteristics for the included studies is summarized
in Table 1.

The “IVUS-guided” LMCA stenting significantly
reduces the risk of MACE as compared to
“angiography-guided” LMCA stenting with a risk

IVUS Angiography

ratio (RR) of 0.46 [95% CI: 0.27 — 0.79]. However, a
high heterogeneity (12=94%; p<0.01) was observed
among the included studies, as presented in Figure 2.

Literature searched through electronic databases (N=1,487)
* PubMed =806
= Web of Science = 654
= Cochrane library = 27

Duplicate literature
removed (N=631)

C )

Excluded based on abstract
(N=82)

Literature screened (N=856)

Excluded based on title
(N=757)

Literature screened (N=17)

(

Conference paper/abstract (N=1)

C

Figure 1: Study selection flow chart

)

Outcome not reported separately
for drug eluting stent (N=2)
QOutcome not reported separately

for left main lesion (N=3)

Full text not accessible (N=2)

Studies included in meta-analysis (N=9)

Similarly, “IVUS-guided” LMCA stenting was
observed to be associated with a significant reduction
in all-cause mortality, MI, and stent thrombosis with
RR of 0.38 [0.21 - 0.66], 0.45 [0.26 — 0.77], and 0.24
[0.10 — 0.57], respectively. TVR/TLR was not
statistically ~ significant  between IVUS- and
angiography-guided LMCA stenting with an RR of
0.64 [0.27 — 1.51] (Figure 3)

Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
Agostoni P et al. (2005) 2 34 7 24 020 [0.05,089] 7.0%
de la Torre Hernandez JM et al. (2014) 59 505 81 505 | | 0.73 [053;1.00] 139%
Gao XF et al. (2014) 50 679 188 337 - 0.13 [0.10;0.18] 14.0%
Tan Q et al. (2015) 8 62 17 61 —=—] 046 [022:099] 11.3%
Kim YH et al. (2017) 26 74 32 122 S 1.34 [0.87,2.06] 13.3%
TianJ et al. (2017) 50 1186 101 713 h 0.30 [021,041] 13.8%
Liu XM et al. (2019) 21 169 37 167 e 0.56 [0.34:0.92] 13.0%
Kang DY et al. (2021) 46 208 63 208 — 0.73 [0.53.1.01] 13.8%
Random effects model 2917 2137 —_— 0.46 [0.27; 0.79] 100.0%
Prediction interval ~ [0.07; 3.08]
Heterogeneity: 1% = 94%, 1> = 0.5244, p < 0.01 f f f !
0.1 051 2 10
Favours WUS Favours Angiography

Figure 2: Forest plot for major adverse cardiovascular events

IVUS=""intravascular ultrasound”, RR="risk ratio”, CI="confidence interval”
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A — All cause mortality
IVUS Angiography

Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
Park SJ et al. (2009) 7 145 23 145 0.30 [0.13;0.69] 126%
de la Torre Hernandez JM et al. (2014) 37 505 66 505 N 056 [0.38;0.82] 158%
Gao XF etal. (2014) 6 679 42 337 —— 0.07 [0.03;017] 12.3%
TanQetal. (2015) 2 62 3 61 066 [0.11;379] 65%
Kim YH et al. (2017) 9 74 16 122 —— 093 [0.43;199] 13.0%
Tian J et al. (2017) 21 1186 46 713 —. 0.27 [0.17;0.46] 149%
Liu XM et al. (2019) 3 169 10 167 0.30 [0.08;1.06] 9.1%
Kang DY et al. (2021) 38 208 58 208 = 066 [0.46;094] 159%
Random effects model 3028 2258 - 0.38 [0.21; 0.66] 100.0%
Prediction interval ——— [0.06; 2.41]
| I e e—

Heterogeneity: 1% = 78%, t° = 0.4908, p < 0.01
01 051 2 10
Favours IVUS  Favours Angiography

B — Myocardial infarction

Park SJ et al. (2009) 20 145 39 145 —a— 0.51 [0.31;0.83] 17.0%
de la Torre Hernandez JM et al. (2014) 23 505 33 505 0.70 [0.42;1.17] 16.7%
Gao XF etal. (2014) 38 679 117 337 - 0.16 [0.11;0.23] 183%
TanQetal. (2015) 1 62 2 61 049 [0.05;529] 4.0%
Kim YH et al. (2017) 4 74 7 122 — & 094 [0.29;3.11] 10.0%
Tian J etal. (2017) 37 1186 79 713 - 0.28 [0.19;0.41] 18.0%
Liu XM et al. (2019) 19 169 23 167 0.82 [0.46;1.44] 16.1%
Random effects model 2820 2050 - 0.45 [0.26; 0.77] 100.0%
Prediction interval f—l | [0.08; 2.53]

Heterogeneity: I° = 85%, v = 0.3779, p < 0.01
0.1 051 2 10

Favours IVUS  Favours Angiography
C — Target vessel/lesion revascularization

Park SJ et al. (2009) 10 145 14 145 —"'f— 0.71 [0.33; 1.56] 12.2%
de la Torre Hernandez JM et al. (2014) 39 505 32 505 = 122 [078; 1.91] 13.0%
Gao XF etal. (2014) 11 679 80 337 ——— 0.07 [0.04; 0.13] 12.6%
TanQetal. (2015) 5 62 12 61 — T 0.41 [0.15; 1.09] 11.5%
Kim YH et al. (2017) 3 74 10 122 —— 511 [266;, 9.81] 125%
Tian J et al. (2017) 43 1186 72 713 i 036 [0.25; 0.52] 13.2%
Liu XM et al. (2019) 7 169 15 167 —=t 046 [019; 1.10] 11.9%
Kang DY etal. (2021) 46 208 38 208 ==y 121 [0.82; 1.78] 13.1%
Random effects model 3028 2258 'C'T-L 0.64 [0.27; 1.51] 100.0%
Prediction interval [0.03; 14.76]

Heterogeneity: /2 = 94%, ©° = 1.4565, p < 0.01
01 051 2 10
Favours IVUS  Favours Angiography

D — Stent thrombosis

de la Torre Hernandez JM et al. (2014) 3 505 11 505 — 0.27 [0.08;097] 27.3%
Gao XF etal. (2014) 2 679 18 337 — =+ 0.06 [0.01;024] 231%
TanQetal (2015) 1 62 2 61 049 [005:529] 11.0%
Liu XM et al. (2019) 2 169 5 167 0.40 [0.08;201] 19.8%
Kang DY et al. (2021) 2 208 4 208 0.50 [0.09;2.70] 18.8%
Random effects model 1623 1278 - 0.24 [0.10; 0.57] 100.0%
Prediction interval — [0.03; 2.20]

Heterogeneity: 1° = 26%, ©° = 0.2860, p = 0.25
01 0512 10
Favours IVUS Favours Angiography

Figure 3: Forest plot for all-cause mortality (A), myocardial infarction (B), target vessel/lesion
revascularization (C), and stent thrombosis (D)
IVUS="intravascular ultrasound”, RR="risk ratio”, CI="confidence interval”
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Table 1: Distribution of patients’ medical history and clinical characteristics among included trial

Total Age (mean . .
§ | ew Patients Male vears) HTN Diabetes Smoking
'§ fa (—tu' 2 % S 3 S S ° I
2 z2|8|2¢| £ 8| £E|8 | £ |8 | |38 £|38|£|3¢8
S| °|cE| 5| =|5|=|5|=2|5|=|5|2]|¢58]¢:
n o O O o (@] (@]
Agostoni P
etal. oBS | 7 | 14 | 34 | 24 | 25 | 15 | 64 | 62 | 20 | 14 | 10 | 9 7 4
(2005)
ParkSlet | ops | o | 36 | 145 | 145 | 102 | 102 | 65 | 642 | 85 | 8 | 49 | 49 | 30 | 28
al. (2009)
de la Torre
?&rgﬁgfez OBS | 9 | 36 | 505 | 505 | 397 | 404 | 66.9 | 661 | 325 | 342 | 175 | 183 | 161 | 148
(2014)
GaoXFet | ogs | o | 12 | 679 | 337 | 526 | 274 | 671 | 66 | 489 | 244 | 232 | 100 | 230 | 111
al. (2014)
(Tza(;‘lg) etal- | per | 4v | 24 | 62 | 61 | 43 | 38 | 758 | 765 | 20 | 25 | 18 | 21 | 20 | 27
KimYHet | oss | 6 | 36 | 74 | 122 | 53 | 95 | 65 | 62 | 54 | 75 | 33 | 47 | 37 | 60
al. (2017)
232%“ a-logs | 8 | 36 | 1186 | 713 | 920 | 576 | 60 | 60 | 654 | 400 | 314 | 173 | 316 | 256
LuXMet | ger | 5« | 12 | 169 | 167 | 108 | 106 | 649 | 653 | 122 | 116 | 52 | 56 | 60 | 62
al. (2019)
Kang DY
etal. OBS | 9 | 120 | 208 | 208 | 152 | 156 | 645 | 646 | 100 | 107 | 69 | 70 | 48 | 54
(2021)

IVUS="intravascular ultrasound”, RCT="randomized controlled trial”

*Study methodological quality assessed using Jadad scoring
DISCUSSION

Percutaneous revascularization with drug-eluting
stents (DES) is an emerging approach for LMCA
patients, thanks to advancements in techniques and
devices. However, despite these advancements in real-
world clinical practice, intervention for this high-risk
anatomical lesion remains challenging, and
unresolved technical issues persist. Several studies
have presented compelling evidence supporting the
use of intravascular ultrasound (IVUS)-guided stent
placement for LMCA patients.” 1623 25 Therefore, our
updated meta-analysis, comprising nine studies,
consolidated the clinical evidence by comparing the
outcomes of “IVUS-guided” LMCA stenting versus
conventional “angiography-guided” LMCA stenting.

In the analysis involving 5,344 LMCA patients with
2,282 undergoing “IVUS-guided” PCI, “IVUS-
guided” PCI demonstrated a 54% reduction in major
adverse cardiovascular events (MACE), a 62%
decrease in the all-cause death rate, a 55% lower risk
of MI, and a 76% decrease in stent thrombosis
compared to conventional “angiography-guided” PCI.
However, no statistically significant difference was
observed in target vessel/lesion revascularization
(TVR/TLR) between the two approaches. It is
important to note that we observed high heterogeneity
among the studies, particularly in one study involving

patients with non-complex LMCA diseases, which
showed no significant differences between the two
approaches.?

Angiography is considered the gold standard modality
for assessing atherosclerosis in coronary arteries.
However, it has limitations due to its 2-dimensional
projection compared to the 3-dimensional projection
provided by intravascular ultrasound (IVUS).%
Secondly, the judgmental angiographic assessment of
disease severity has higher intra- and inter-observer
variability.'? IVUS offers more detail and granularity,
allowing  interventionists to  obtain  more
comprehensive information about lesion
characteristics and morphology. This enhanced
visualization enables them to make more informed
decisions regarding optimal stent implantation. By
providing a detailed and comprehensive view of the
vessel, IVUS assists in achieving better precision
during the intervention procedure.?® In addition to
unprotected left main disease, IVUS-guided stent
placement has been found to be associated with better
clinical outcomes for patients with complex coronary
lesions such as chronic total occlusions, long lesions,
bifurcations, and severe calcification. 2’2

The available data regarding the clinical benefits of
“IVUS-guided” stent placement, specifically in
patients with LMCA disease, is quite limited,
especially from randomized controlled trials (RCTS).
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To the best of our knowledge, only two RCTs were
conducted in single-center settings,’®*® and both
studies had relatively small sample sizes. Most of the
evidence in this area comes from observational studies
that have not been adjusted for potential confounding
factors. Therefore, it is important to acknowledge that
the findings may be influenced by differences in the
clinical characteristics of the two groups being
compared. Given the scarcity of RCT data and the
potential limitations of observational studies, further
research with larger sample sizes and controlled
settings is needed to provide more robust evidence on
the clinical benefits of “IVUS-guided” stent placement
in LMCA patients.

Several limitations of the present meta-analysis need
to be acknowledged. Firstly, it is essential to note that
this analysis was conducted at the study level rather
than the patient level. This distinction may limit the
assessment of various confounding factors that could
influence the outcomes. Secondly, out of the nine
included studies, seven were observational, which
introduced variability in the study population.
Additionally, MACE's definition and categorization
criteria may have needed to be more consistent across
the studies. Moreover, the varying lengths of follow-
up in the included studies can also be considered a
limitation of this analysis. These limitations should be
considered when interpreting the results and
considering the implications of the findings.

CONCLUSION

Based on the findings of this updated meta-analysis, it
can be concluded that the use of “IVUS-guided”
implantation of DES for LMCA patients shows
potential clinical value by reducing the risk of MACE,
all-cause mortality, MI, and ST compared to
conventional “angiography-guided” LMCA stenting.
However, it is important to note that there is high
heterogeneity among the studies included in this
analysis. Therefore, multicenter and large-scale
clinical trials are necessary to confirm the clinical
superiority of “IVUS-guided” PCI for LMCA patients.
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