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ABSTRACT
Background  The efficacy of intravascular imaging (IVI) 
guidance for percutaneous coronary intervention (PCI) 
represents a contemporary hot topic. PCI in patients with 
bifurcation coronary lesions and unprotected left main 
lesions offers specific challenges that, theoretically, may 
particularly benefit from IVI.
Objective  To compare the clinical outcomes between 
IVI and angiography guidance for PCI in bifurcation and 
unprotected left main lesions.
Methods  Randomised clinical trials (RCTs) comparing IVI 
(with either intravascular ultrasound or optical coherence 
tomography) with angiography to guide PCI in patients 
with bifurcation and unprotected left main lesions were 
searched in PubMed and Cochrane Central Register 
of Controlled Trials. Two investigators independently 
extracted study data. Risk ratios (RRs) were calculated 
using the random-effects model with inverse variance 
weighting and the 95% CIs with the modified Knapp-
Hartung-Sidik-Jonkman method. The primary outcome 
was target vessel failure (TVF).
Results  A total of seven RCTs were included, collecting 
data on 2494 patients in the analysis for bifurcation 
lesions and 1107 patients in the analysis for unprotected 
left main lesions. The mean follow-up duration ranged 
from 12 to 36 months. Compared with angiography 
guidance, IVI guidance significantly reduced TVF both in 
bifurcation lesions (RR 0.70, 95% CI 0.53 to 0.92) and 
unprotected left main lesions (RR 0.55, 95% CI 0.36 to 
0.84). The number needed to treat to prevent one TVF with 
IVI was 27 in bifurcation lesions PCI and 11 in unprotected 
left main PCI.
Conclusion  In patients undergoing PCI on bifurcation and 
unprotected left main lesions, IVI guidance significantly 
reduces the risk of TVF compared with angiography 
guidance.
PROSPERO registration number  CRD42024580321.

INTRODUCTION
Percutaneous coronary intervention (PCI) 
has historically been guided by angiography, 
which lacks information about lesion charac-
terisation and stent expansion/apposition. 

Intravascular imaging (IVI) devices such as 
intravascular ultrasonography (IVUS) and 
optical coherence tomography (OCT) offer 
a detailed assessment of coronary anatomy 
and stent results, which could be incorpo-
rated into the PCI planning and optimisation 
process.1 A recent randomised controlled trial 
(RCT) demonstrated comparable efficacy of 
OCT and IVUS guidance, thus supporting 
their comparable clinical efficacy.2 To date, 
IVI guidance has been implemented in 
clinical practice in many centres, proving 
its technical feasibility.3 However, the true 
clinical impact of IVI is still uncertain since 
large-scale RCTs provided conflicting results 
on the benefit of IVI-guided PCI compared 
with angiography-guided PCI. Of note, the 
heterogeneous benefit of IVI guidance might 
depend on the specific technical challenges 
offered by PCI in different patient/lesion 
subsets. In this regard, PCIs on bifurcation 
or unprotected left main lesions present 
specific anatomical features, offer multiple 
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procedural technical options and are associated with a 
recognised risk of procedural complications and adverse 
clinical outcomes.4 5 On this background, we performed 
a meta-analysis of RCTs comparing IVI and angiography 
guidance for PCI in bifurcation and unprotected left 
main lesions.

METHODS
This systematic review and meta-analysis was carried 
out in accordance with guidelines from the Cochrane 
Collaboration and Preferred Reporting Items for System-
atic reviews and Meta-Analyses (online supplemental 
table 1).6 The protocol was registered in PROSPERO 
(CRD42024580321).

Search strategy
We searched PubMed and CENTRAL for keywords 
related to PCI, IVI, IVUS and OCT from inception to 3 
September 2024. The full search strategy is available in 
online supplemental table 2.

Study Selection
We included RCTs comparing IVI and angiography guid-
ance for PCI in patients with bifurcation and unprotected 
left main lesions. Non-randomised studies and studies 
that did not report clinical outcomes were excluded. 
We applied no restrictions on study language, follow-up 
duration or publication date. Two investigators (A.Z. and 
L.C.) independently screened all records retrieved and 
examined titles and abstracts for eligibility. They assessed 
potentially suitable articles for inclusion by inspecting 
full text and supplementary material. Discrepancies were 
resolved by collegial discussion.

Data extraction and quality assessment
Two investigators (A.Z. and L.C.) extracted data on study 
design and features, patients’ baseline characteristics 
and outcomes. When different follow-up durations were 
reported for the same trial, the longest was included in 
the analysis.

The same two investigators independently assessed risk 
of bias using the Cochrane Risk of Bias Tool, composed 
of the following 5 domains: randomisation process, devi-
ations from intended interventions, missing outcome 
data, measurement of the outcome and selection of 
the reported result. The outcome was trial-defined 
target vessel failure (TVF), which commonly included 
the combination of cardiac death, non-fatal myocardial 
infarction and target vessel revascularisation as defined 
by the individual study protocols.

Statistical analysis
Risk ratios (RRs) were calculated using the random-effects 
model with inverse variance weighting and the 95% CIs 
with the modified Knapp-Hartung-Sidik-Jonkman method 
with ad hoc variance correction suggested by the Institute 
for Quality and Efficiency in Health Care.7 Heterogeneity 
between studies was assessed by the Cochran Q test and 

consistency by Higgins-Thompson I2. The potential pres-
ence of publication bias was assessed by visual inspection 
of funnel plots and using Egger’s test. A sensitivity anal-
ysis for the bifurcation subgroup including only trials 
assessing true (ie, bifurcation with lesion in both main 
and side branches) and double-stenting bifurcations was 
performed. Statistical analysis was performed using R (R 
Foundation).

Role of the funding source
None.

RESULTS
After screening the 2694 citations retrieved (online 
supplemental table 3), we identified seven trials for inclu-
sion (ILUMIEN IV,8 Liu et al,9 OCCUPI,10 OCTOBER,11 
RENOVATE-COMPLEX-PCI,12 Tan et al,13 ULTIMATE).14 
A total of 2494 patients from five trials were included in 
the analysis for bifurcation lesions, and a total of 1107 
patients from five trials were included in the analysis 
for unprotected left main lesions. The mean patient 
age ranged from 63 to 76 years and the rate of diabetic 
patients from 17% to 42%. The mean follow-up duration 
ranged from 12 to 36 months. The IVI device used was 
IVUS in three trials, OCT in three trials, and IVUS or 
OCT at the operators’ discretion in one trial. Bifurcation 
lesion definition was heterogeneous among studies, but 
the complex subset (‘true bifurcations’ or bifurcations 
deserving 2-stent techniques) was mainly targeted. TVF 
definition was similar across studies and mainly included 
a composite of cardiac death, myocardial infarction and 
target vessel/lesion revascularisation (table 1 and online 
supplemental table 4).

The risk-of-bias assessment is reported in online supple-
mental figure 1 showing an overall high quality of the 
studies collected (five out of seven studies being at low 
risk of bias, 1 study with some concerns, and 1 study only 
at high risk of bias).

The pooled results are shown in figure  1 and demon-
strated that, compared with angiography-guided PCI, 
IVI-guided PCI significantly reduced the risk of TVF in bifur-
cation lesions (RR 0.70, 95% CI 0.53 to 0.92) and unpro-
tected left main lesions (RR 0.55, 95% CI 0.36 to 0.84). This 
corresponds to a number needed to treat of 11 (95% CI 8 
to 32) patients to prevent one TVF in unprotected left main 
PCI and of 27 (95% CI 17 to 104) patients in bifurcation 
lesions PCI. Funnel plots and Egger’s tests suggested no 
evidence of publication bias or small study effect (online 
supplemental figure 2).

The sensitivity analysis including only trials assessing true 
and double-stenting bifurcation yielded similar results to the 
main analysis (online supplemental figure 3).

DISCUSSION
Coronary lesions located in bifurcated or unprotected left 
main arteries represent two subsets of complex lesions for 
which improved PCI efficacy is being sought. Bifurcation 
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Table 1  Key features of included RCTs

Trial (ref) Year Sample size
Intravascular 
imaging

Clinical 
presentation (%)

TVF definition
Follow-up 
(months)ACS CCS

ILUMIEN IV8 2023 2487
(83 double-stent 
bifurcation)

OCT pre- and post-
PCI

51.8 48.2 Composite of cardiac 
death, MI, and
ischaemia-driven TLR

24

Liu et al9 2019 336
(ULMCA)

IVUS pre- and post-
PCI

86.6 13.4 Composite of cardiac 
death, MI and TVR

12

OCCUPI10 2024 1604
(381 bifurcation, 229 
ULMCA)

OCT pre- and post-
PCI

49.3 50.7 Composite of cardiac 
death, MI, stent 
thrombosis or ischaemia-
driven TVR

12

OCTOBER11 2023 1201
(true bifurcation)

OCT pre- and post-
PCI

45.8 54.2 Composite of death from 
a cardiac cause,
target-lesion MI or 
ischaemia-driven TLR

24

RENOVATE-
COMPLEX-PCI12

2023 1639
(359 true bifurcation, 
192 ULMCA)

IVUS/OCT post-PCI 50.8 49.2 Composite of cardiac 
death, target-vessel MI 
and clinically driven TVR

25

Tan et al13 2015 123
(ULMCA)

IVUS pre- and post-
PCI

68 32 Composite of death from 
any cause, non-fatal MI 
or TLR

24

ULTIMATE14 2021 1448
(470 bifurcation)

IVUS pre- and post-
PCI

79 21 Composite of cardiac 
death, target-vessel MI 
and clinically driven TVR

36

ACS, acute coronary syndrome; CCS, chronic coronary syndrome; IVUS, intravascular ultrasound; MI, myocardial infarction; OCT, optical 
coherence tomography; PCI, percutaneous coronary intervention; RCT, randomised controlled trial; TLR, target lesion revascularisation; TVR, 
target vessel revascularisation; ULMCA, unprotected let main coronary artery.

Figure 1  Forest plot for the outcome of target vessel failure. Angio, angiography; IVI, intravascular imaging; RR, risk ratio; TVF, 
target vessel failure.
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lesions are characterised by a wide variation in anatomical 
presentations and atherosclerotic plaque distribution, which 
often translate into higher risk of achieving suboptimal PCI 
results.15 Unprotected left main lesions, due to the peculiar 
anatomy of left main stem (short vessel with major bifur-
cation branches often involved by atherosclerosis) and the 
large amount of myocardium supplied, represent a specific 
environment in which PCI techniques must be tailored to 
provide the greatest likelihood of successful treatment.16 In 
particular, IVI guidance during bifurcation and unprotected 
left main PCI may help to select the most appropriate lesion 
preparation techniques and stent implantation strategy, thus 
limiting stent complications that are often angiographically 
invisible. Accordingly, these results support current experts’ 
recommendations in the field, prioritise the adoption of IVI 
guidance for PCI in bifurcation and unprotected left main 
lesions, and call for appropriate recommendations in inter-
national clinical guidance.

The main limitation of this study is the lack of individual-
patient data, which prevented us from assessing the potential 
differential impact of IVI guidance on various PCI tech-
niques and lesion characteristics. Furthermore, individual 
outcomes were not available and our analysis relied on the 
composite outcome of TVF, which, however, was similarly 
defined across trials.
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