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Abstract
Background  Percutaneous coronary intervention (PCI) has become one of the most commonly performed 
interventional life-saving procedures worldwide. Intravascular Imaging (intravascular ultrasound (IVUS) and 
optical coherence tomography (OCT)) have initially evolved to guide PCI compared with angiography. However, 
this technology is not universally employed in all PCI procedures, and there is ongoing controversy regarding its 
additional benefits to patient outcomes. We aim to estimate the efficacy and safety of imaging modalities during PCI, 
allowing pre-, per, and post-intervention assessment of coronary vascularization.

Methods  A systematic review and Bayesian network meta-analysis of randomized controlled trials (RCTs), which 
were retrieved from PubMed, WOS, SCOPUS, EMBASE, and CENTRAL through September 2023. We used R, version 
4.2.0. Effect sizes will be presented as odds ratios with accompanying 95% credible intervals. PROSPERO ID: 
CRD42024507821.

Results  Our study, encompassing 36 RCTs with a total of 17,572 patients, revelead that compared to conventional 
angiography, IVUS significantly reduced the risk of major adverse cardiovascular events (MACE) (OR: 0.71 [95% CrI: 0.56 
to 0.87]) but not OCT (OR: 0.91 [95% CrI: 0.62 to 1.39]), IVUS and OCT significantly reduced the risk of cardiac death 
(OR: 0.50 [95% CrI: 0.33 to 0.76]) and (OR: 0.55 [95% CrI: 0.31 to 0.98]), respectively, IVUS significantly reduced the risk 
of target vessel-related revascularization (OR: 0.60 [95% CrI: 0.48 to 0.75]) but not OCT (OR: 0.86 [95% CrI: 0.60 to 1.19]), 
IVUS and OCT significantly reduced the risk of stent thrombosis (OR: 0.50 [95% CrI: 0.28 to 0.92]) and (OR: 0.48 [95% 
CrI: 0.22 to 0.98]), respectively, IVUS significantly reduced the risk of re-stenosis (OR: 0.65 [95% CrI: 0.46 to 0.88]) but 
not OCT (OR: 0.55 [95% CrI: 0.15 to 1.99]), neither IVUS (OR: 0.97 [95% CrI: 0.71 to 1.38]) nor OCT (OR: 0.75 [95% CrI: 0.49 
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Introduction
Percutaneous coronary intervention (PCI) has become 
one of the most commonly performed interventional 
life-saving procedures worldwide. It is now the domi-
nant method for coronary revascularization, allowing 
pre-, per, and post-interventional assessment of coro-
nary vascularization [1]. Yet, it has a few disadvantages in 
efficacy, such as the 2D aspect of the angiographic views 
and the inability to precisely measure the stenosis due to 
the X-ray source, the image intensifier, and the chemical 
properties of the cinefilm [2, 3]. Moreover, it is exposed 
to several safety risks related to its radiologically invasive 
nature and the chemotoxic or anaphylactoid effects of the 
iodinated contrast product [4].

Two primary modalities are currently being evalu-
ated as adjunctive tools for PCI, including intravascular 
ultrasound (IVUS) and optical coherence tomography 
(OCT). IVUS has the advantage of providing detailed 
guidance on PCI at the pre-interventional time by char-
acterizing the nature of the atherosclerotic plaque and 
the mechanism of stenosis along with thrombotic plaque 
morphology, lesion length, and reference vessel diam-
eter. Moreover, it has a post-interventional advantage by 
assessing coronary stent implantation results, including 
minimal stent area and expansion [5]. These benefits had 
clinical implications as the use of IVUS guidance during 
PCI was correlated with a significant reduction in the 
risk of 3-year target lesion failure, medium-term mortal-
ity, and target vessel revascularization [6, 7]. Addition-
ally, registry-based data revealed reduced flow-impairing 
coronary dissection rates among patients undergoing 
PCI with IVUS on an elective basis [8]. On the other 
hand, OCT produces a more sophisticated visualization 
of the coronary artery wall and microstructures via near-
infrared light to produce high-definition, cross-sectional 
3D volumetric images [9]. It has a shorter wavelength 
compared to IVUS (1.3  μm vs. ~ 40  μm at 40  MHz), 
which allows greater axial resolution (10–20  μm versus 
50–150  μm) [9]. Indeed, real-world data showed that 
OCT optimized PCI outcomes, particularly during the 
complex left main and bifurcation lesions [10]. It further 

revealed reduced risks of major adverse cardiovascular 
events (MACE), myocardial infarction, or repeat revas-
cularization when PCI is assisted by OCT [11].

However, the superiority of OCT-guided PCI or IVUS 
to angiography-guided PCI remains uncertain, especially 
with continuously updated evidence. In this systematic 
review and meta-analysis, we examined the available data 
from randomized controlled trials (RCTs), comparing 
the efficacy and safety of PCI directed by OCT, IVUS, or 
angiography.

Methodology
Protocol registration
We prospectively registered this network meta-analysis 
in the International Prospective Register of Systematic 
Reviews (PROSPERO) under ID: CRD42024507821. We 
conducted this network meta-analysis in accordance with 
the PRISMA and PRISMA NMA statement guidelines 
for systematic reviews and meta-analysis [12, 13] and the 
Cochrane Handbook for Systematic Reviews and Meta-
Analysis guidelines [14].

Data sources & search strategy
We systematically searched the following databases: Web 
of Science, SCOPUS, EMBASE, PubMed, and Cochrane 
Central Register of Controlled Trials (CENTRAL) up to 
September 2023. The detailed search strategy and results 
are shown in (Table S1).

Eligibility criteria
We included RCTs with the following PICO criteria: 
population (P): Patients undergoing PCI; intervention (I): 
IVUS or OCT; control (C): coronary angiography; and 
outcomes (O): primary outcomes: major adverse cardio-
vascular events (MACE), while our secondary outcomes 
included: all-cause mortality, cardiac death, target vessel 
failure, target lesion failure, myocardial infarction, any 
revascularization, target vessel revascularization, stent 
thrombosis, CABG, and restenosis. Single-arm, observa-
tional studies, abstracts, and non-randomized trials were 
excluded.

to 1.22]) were associated with statistically significant reductions in all-cause mortality, neither IVUS (OR: 0.70 [95% CrI: 
0.45 to 1.32]) nor OCT (OR: 0.81 [95% CrI: 0.47 to 1.59]) were associated with statistically significant reductions in target 
vessel failure, neither IVUS (OR: 0.88 [95% CrI: 0.43 to 2.44]) nor OCT (OR: 0.81 [95% CrI: 0.37 to 2.04]) were associated 
with statistically significant reductions in target lesion failure, and neither IVUS (OR: 0.82 [95% CrI: 0.60 to 1.06]) nor 
OCT (OR: 0.84 [95% CrI: 0.59 to 1.19]) were associated with statistically significant reductions in myocardial infarction.

Conclusion  Intravascular imaging-guided, including IVUS and OCT, improved the postinterventional outcomes of 
PCI, notably suggesting their advantage over traditional angiography with no significant difference between IVUS and 
OCT.

Keywords  Intravascular ultrasound, Optical coherence tomography, Angiography, Coronary artery disease, 
Percutaneous coronary intervention
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Study selection
After duplicates removal using Covidence software, six 
investigators (U.K., M.T., H.E., M.M.E., M.E., and A.K.E.) 
independently assessed the titles and abstracts of the 
retrieved records. Then, they screened the full texts in 
accordance with the previously mentioned eligibility cri-
teria. Any disagreements were resolved via discussion.

Data extraction
Using an Excel sheet, six reviewers (U.K., M.T., H.E., 
M.M.E., M.E., and A.K.E.) independently extracted sum-
mary characteristics of the included studies (study design, 
countries, total participants, intervention details (IVUS, 
OCT, and coronary angiography), MACE definition, fol-
low-up period, and primary outcome), patients baseline 
characteristics (number of patients in each group, mean 
of age, male percentage, body mass index (BMI), left ven-
tricular ejection fraction (LVEF), and comorbidities), and 
efficacy sheet (MACE, all-cause mortality, cardiac death, 
target vessel failure, target lesion failure, myocardial 
infarction, any revascularization, target vessel revascu-
larization, stent thrombosis, CABG, and restenosis). Any 
disagreements were resolved through discussion.

Risk of bias and certainty of evidence
Using the revised Cochrane collaboration’s tool for 
assessing the risk of bias in randomized trials (ROB 2) 
[15], six reviewers (U.K., M.T., H.E., M.M.E., M.E., and 
A.K.E.) independently assessed the included RCTs for 
risk of bias in domains that include the randomization 
process, deviations from intended interventions, missing 
outcome data, measurement of the outcome, selection of 
the reported result, and overall bias. Any disagreements 
were resolved via discussion.

Statistical analysis
We conducted a Bayesian network meta-analysis using 
the “bnma” package on R, version 4.2.0. We will use a 
random-effects model to account for between-study 
variation in treatment effects for outcomes reported by 
a sufficient number of studies. We primarily described 
heterogeneity using tau, an absolute measure that repre-
sents the standard deviation of treatment effects across 
studies. Effect sizes were presented as odds ratios with 
accompanying 95% credible intervals. A league table was 
constructed to compare all treatments, and the Surface 
Under the Cumulative Ranking Area (SUCRA) provides 
a single-number summary. Additionally, we performed a 
frequentist sensitivity analysis to ensure that the robust-
ness of our findings was not sensitive to the statistical 
framework adopted. This analysis was performed using 
both random-effects and fixed-effect models to ensure 
that our findings were robust to the approach to hetero-
geneity. Funnel plots were used to assess publication bias. 

When the number of studies permitted (minimum of 10), 
we formally assessed funnel plot asymmetry using Egg-
er’s test (a linear regression test of asymmetry).

Results
Search results and study selection
Our search strategy resulted in 6,411 records from the 
previously mentioned databases. After removing dupli-
cates, 4,405 records were included in the title and abstract 
screening, followed by 137 records in full-text screening. 
Finally, 41 publications (36 main records of the RCTs and 
five follow-up papers of some of the included RCTs) were 
included in our network meta-analysis (Fig. 1).

Characteristics of included studies
Forty-one records (36 RCTs) were included [16–56], with 
17,572 patients included, of whom 6,523 patients were in 
the IVUS group, 4,157 patients in the OCT group, and 
6,892 patients in the coronary angiography group. A total 
of 21 RCTs compared IVUS with angiography [16, 18, 
19, 22–24, 28–30, 33, 35–37, 40, 42–44, 46, 47, 49–52, 
54–56], 12 RCTs compared OCT with angiography [16, 
17, 21, 25, 26, 28, 31, 34, 38, 39, 48, 50, 53], and six RCTs 
compared IVUS with OCT [16, 20, 27, 28, 32, 41, 50]. 
Summary RCTs characteristics and baseline characteris-
tics of the participants are shown in (Tables 1 and 2).

Risk of bias and certainty of evidence
ROB 2.0 assessment showed that 15 RCTs had an over-
all low risk of bias; however, 21 RCTs had some con-
cerns due to concerns about the randomization process, 
deviations from the interventions, and selection of the 
reported results (Fig. 2).

Primary outcome: MACE
Pooling 22 RCTs [16, 18, 19, 21–26, 28–32, 35, 39, 40, 
43, 46, 47, 49, 50, 52, 54, 56], compared to conventional 
angiography, IVUS significantly reduced the risk of 
MACE (OR: 0.71 [95% CrI: 0.56 to 0.87]). Although rates 
of MACE were numerically lower with OCT compared 
to conventional angiography, this did not reach statisti-
cal significance (OR: 0.91 [95% CrI: 0.62 to 1.39]) (Fig. 3; 
Table  3). Based on the SUCRA analysis, IVUS had the 
highest probability of reducing revascularization (94.1%), 
followed by OCT (40.2%) and angiography (15.7%) 
(Fig. 4).

Secondary outcomes
All-cause mortality
Pooling 26 RCTs [16–21, 24, 26–30, 32, 33, 36–43, 47, 48, 
50, 51, 53–56], neither IVUS (OR: 0.97 [95% CrI: 0.71 to 
1.38]) nor OCT (OR: 0.75 [95% CrI: 0.49 to 1.22]) were 
associated with statistically significant reductions in all-
cause mortality compared to conventional angiography 
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(Fig.  3; Table  3). Based on the SUCRA analysis, OCT 
had the highest probability of reducing all-cause mortal-
ity (87.9%), followed by IVUS (36.5%) and angiography 
(25.6%) (Fig. 4).

Cardiac death
Pooling 22 RCTs [16–19, 21–23, 25, 27–30, 32, 33, 35, 
39, 41, 46, 47, 49–53, 55, 56], compared to conventional 
angiography, IVUS significantly reduced the risk of car-
diac death (OR: 0.50 [95% CrI: 0.33 to 0.76]), as did OCT 
(OR: 0.55 [95% CrI: 0.31 to 0.98]) (Fig. 3; Table 3). Based 
on the SUCRA analysis, IVUS had the highest probabil-
ity of reducing cardiac death (80.4%), followed by OCT 
(68.4%) and angiography (1.1%) (Fig. 4).

Target vessel failure
Target-vessel failure was defined as death from cardiac 
causes, target-vessel myocardial infarction, or ischemia-
driven target-vessel revascularization. Upon pooling six 
RCTs [16, 17, 27, 28, 32, 33, 51, 55], neither IVUS (OR: 
0.70 [95% CrI: 0.45 to 1.32]) nor OCT (OR: 0.81 [95% CrI: 
0.47 to 1.59]) was associated with statistically significant 
reductions in target vessel failure compared to conven-
tional angiography (Fig. 3; Table 3). Based on the SUCRA 
analysis, IVUS had the highest probability of reducing 
target vessel failure (80.7%), followed by OCT (55.0%) 
and angiography (14.3%) (Fig. 4).

Fig. 1  PRISMA flow chart of the screening process
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Study Study 
design

Country Total 
participants

Intervention Control MACE 
definition

Stent 
type

Primary 
outcome

Follow-up 
duration

Ali et al. 2016, 
Ali et al. 2021 
(ILUMIEN 
III)[16, 17]

Prospec-
tive, multi-
center, 
single-
blind, RCT

USA, 
Belgium, 
Germany, 
Italy, Japan, 
Nether-
lands, 
Spain, and 
UK

450 OCT-guided 
PCI and IVUS-
guided PCI

Angiogra-
phy-guid-
ed PCI

Composite 
of death, MI, 
stent throm-
bosis, or repeat 
revascularisation

DES Final minimum 
stent area (MSA)

One year.

Ali et al. 2023 
(ILUMIEN 
IV)[18]

Prospec-
tive, multi-
center, 
single-
blind, RCT

Australia, 
Belgium, 
Canada, 
Denmark, 
France, 
Germany, 
Hong Kong, 
India, Italy, 
Japan, 
Nether-
lands, New 
Zealand, 
Portugal, 
Singapore, 
Spain, Swe-
den, Swit-
zerland, 
Taiwan, UK, 
USA

2487 OCT-guided 
PCI

Angiogra-
phy-guid-
ed PCI

NA DES Target-vessel 
failure

Two years

Antonsen 
et al. 2015 
(OCTACS)[19]

Prospec-
tive, 
single-
center, 
RCT

Denmark 100 OCT-guided 
PCI

Angiogra-
phy-guid-
ed PCI

NA DES Assess the 
percentage of 
uncovered struts 
and the pres-
ence of acute 
malapposition

Six months.

Chamié et 
al. 2021 (The 
iSIGHT)[20]

Prospec-
tive, 
single-
center, 
RCT

Brazil 150 OCT-guided 
PCI and IVUS-
guided PCI

Angiogra-
phy-guid-
ed PCI

Composite of 
cardiac death, 
nonfatal MI, and 
target lesion 
revascularization.

DES The non-
inferiority of 
postprocedure 
stent expan-
sion, defined 
as minimum 
stent area (MSA) 
divided by the 
average lumen 
area of the distal 
and proximal 
references

Two years

Chieffo et al. 
2013 (AVIO)[21]

Prospec-
tive, multi-
center, 
RCT

UK 284 IVUS-guided 
PCI

Angiogra-
phy-guid-
ed PCI

Composite 
of any MI, 
cardiac death, 
and target vessel 
revascularization 
(TVR).

DES Post-procedural 
in-lesion mini-
mum lumen 
diameter (MLD) 
was evalu-
ated using core 
laboratory quan-
titative coronary 
angiography 
(QCA).

Two years

Fallesen 
et al. 2022 
(HONEST)[22]

Prospec-
tive, 
single-
center, 
RCT

Denmark 75 OCT-guided 
PCI

Angiogra-
phy-guid-
ed PCI

NA BVS Rate of in-
scaffold late 
lumen loss (LLL) 
at six months

Six months.

Table 1  Summary characteristics of the included RCTs
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Study Study 
design

Country Total 
participants

Intervention Control MACE 
definition

Stent 
type

Primary 
outcome

Follow-up 
duration

Frey et al. 2000 
(SIPS)[23]

Prospec-
tive, 
single-
center, 
RCT

Germany 269 ICUS-Guided 
Group

Angio-
Guided 
Group

Composite of all 
revascularization 
procedures (re-
PTCA and CABG), 
myocardial 
infarction, and 
deaths

BMS 6-month angio-
graphic minimal 
lumen diameter 
(MLD)

Two years

Zhang et al. 
2018, Gao et 
al. 2021 (ULTI-
MATE)[24, 56]

Prospec-
tive, multi-
center, 
RCT

China 1448 IVUS-guided 
PCI

Angiogra-
phy-guid-
ed PCI

NA DES Occurrence of 
TVF at three 
years after 
the index 
procedure, 
which included 
cardiac death, 
target vessel 
MI (TVMI), and 
clinically driven 
target vessel 
revascularization 
(TVR)

Three years

Gaster et al. 
2003 and 
2009[25, 26]

Prospec-
tive, 
single-
center, 
RCT

Denmark 108 IVUS-guided 
PCI

Angiogra-
phy-guid-
ed PCI

Composite 
of death, Q 
wave AMI, or 
revascularisation 
procedures.

BMS MACE rate 2.5 years 
(0.6–3.8 
years, 25th 
and 75th 
centiles).

Gil et al. 2007 
(DIPOL)[27]

Prospec-
tive, multi-
center, 
RCT

Poland 259 IVUS-guided 
PCI

Angiogra-
phy-guid-
ed PCI

Composite of 
death, myocardi-
al infarction, and 
repeat coronary 
revasculariza-
tion [RCR]) that 
occurred at six 
months.

BMS MACE rate Six months.

Habara et al. 
2012[28]

Prospec-
tive, 
single-
center, 
RCT

Japan 70 IVUS-guided 
PCI

OCT-guid-
ed PCI

NA DES 
and 
BMS

Stent expansion 
was analyzed by 
IVUS.

NA

Holm et 
al. 2023 
(OCTOBER)[29]

Prospec-
tive, multi-
center, 
RCT

Denmark 1201 OCT-guided 
PCI

Angiogra-
phy-guid-
ed PCI

Composite of 
death from a 
cardiac cause, 
target-lesion 
myocar-
dial infarction, or 
ischemia-driven 
target-lesion 
revasculariza-
tion at a median 
follow-up of 2 
years.

DES MACE rate Two years

Hong et al. 
2015 and 2020 
(The IVUS-
XPL)[30, 31]

Prospec-
tive, multi-
center, 
RCT

Korea 1400 IVUS-guided 
PCI

Angiogra-
phy-guid-
ed PCI

Composite of 
cardiac death, 
target lesion-
related myocar-
dial infarction, or 
ischemia-driven 
target lesion 
revascularization 
at one year

DES MACE rate Five years

Table 1  (continued) 
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Study Study 
design

Country Total 
participants

Intervention Control MACE 
definition

Stent 
type

Primary 
outcome

Follow-up 
duration

Jakabcin et al. 
2010 (HOME 
DES IVUS)[32]

Prospec-
tive, 
single-
center, 
RCT

Czech 210 IVUS-guided 
PCI

Angiogra-
phy-guid-
ed PCI

Composite of 
death, myocardi-
al infarction (MI), 
and target lesion 
revascularization 
(TLR)

DES NA 18 months.

Jia et al. 2022 
(EROSION 
III)[33]

Prospec-
tive, multi-
center, 
RCT

China 226 OCT-guided 
PCI

Angiogra-
phy-guid-
ed PCI

Composite of 
cardiac death, 
Recurrent MI, 
TLR, malignant
arrhythmia, 
unstable 
angina-induced 
rehospitalization, 
and stroke;

BVS Patient-level rate 
of stent implan-
tation, cardiac 
death, recur-
rent MI, TLR, 
and unstable 
angina-induced 
rehospitaliza-
tion within one 
month.

One year

Kala et al. 2018 
(ROBUST)[34]

Prospec-
tive, multi-
center, 
RCT

Czech 201 OCT-guided 
PCI

Angiogra-
phy-guid-
ed PCI

Composite of 
death,
myocardial 
infarction [MI], 
and target lesion 
revascularization 
[TLR]

DES MACE rate Nine 
months

Kang et 
al. 2023 
(OCTIVUS)[35]

Prospec-
tive, multi-
center, 
RCT

Korea 2008 IVUS-guided 
PCI

OCT-guid-
ed PCI

NA DES Target-vessel 
failure (a com-
posite of death 
from cardiac 
causes, target-
vessel myocar-
dial infarction, or 
ischemia-driven 
target-vessel 
revascularization)

One year

Kim et al. 2013 
(RESET)[36]

Prospec-
tive, multi-
center, 
RCT

Korea 543 IVUS-guided 
PCI

Angiogra-
phy-guid-
ed PCI

Composite of 
cardiovascular 
death, myocar-
dial infarction,
target vessel 
revascularization, 
or stent throm-
bosis at one 
year following 
intervention

DES MACE rate One year

Kim et al. 2015 
(CTO-IVUS)[37]

Prospec-
tive, multi-
center, 
RCT

Korea 402 IVUS-guided 
PCI

Angiogra-
phy-guid-
ed PCI

Composite of 
cardiac death, 
myocar-
dial infarction, 
or target-vessel 
revascularization,
respectively. 
After 12-month 
follow-up

DES Cardiac death. One year

Kim et al. 
2015[38]

Prospec-
tive, 
single-
center, 
RCT

Korea 101 OCT-guided 
PCI

Angiogra-
phy-guid-
ed PCI

Composite of 
cardiac death, 
nonfatal myocar-
dial infarction, or 
patients requir-
ing target lesion 
revascularization.

DES the percentage 
of uncovered 
struts in
the 6-month 
follow-up OCT 
assessments.

One year

Table 1  (continued) 
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Study Study 
design

Country Total 
participants

Intervention Control MACE 
definition

Stent 
type

Primary 
outcome

Follow-up 
duration

Kubo et 
al. 2017 
(OPINION)[39]

Prospec-
tive, multi-
center, 
RCT

Japan 817 IVUS-guided 
PCI

OCT-guid-
ed PCI

Composite of 
cardiac death, 
myocardial
infarction, or 
ischemia-driven 
target lesion 
revascularization

DES Target vessel 
failure

One year

Lee et al. 
2020[40]

Prospec-
tive, multi-
center, 
RCT

Korea 176 OCT-guided 
PCI

Angiogra-
phy-guid-
ed PCI

NA DES minimal scaffold 
area < 5 mm2, 
residual area 
stenosis > 20%, 
percent ISA 
struts > 5%, 
major edge dis-
section, or scaf-
fold disruption.

NA

Lee et al. 2023 
(RENOVATE-
COMPLEX-
PCI)[41]

Prospec-
tive, multi-
center, 
RCT

Korea 1639 IVUS-guided 
PCI

Angiogra-
phy-guid-
ed PCI

NA DES Target vessel 
failure

Two years.

Liu et al. 
2018[42]

Prospec-
tive, 
single-
center, 
RCT

China 336 IVUS-guided 
PCI

Angiogra-
phy-guid-
ed PCI

Composite of 
cardiac death, 
myocardial 
infarction (MI), 
and target vessel 
revascularization 
(TVR).

DES MACE rate One year

Mariani et al. 
2014, Mariani 
et al. 2015 
(MOZART)[43, 
44]

Prospec-
tive, 
single-
center, 
RCT

Brazil 83 IVUS-guided 
PCI

Angiogra-
phy-guid-
ed PCI

NA DES the total volume 
contrast, Cardio-
vascular events
agent used dur-
ing PCI.

One year

Meneveau 
et al. 2016 
(DOCTORS)[45]

Prospec-
tive, multi-
center, 
RCT

France 240 OCT-guided 
PCI

Angiogra-
phy-guid-
ed PCI

NA BMS/
DES

Fractional flow 
reserve (FFR)

Six months

Mudra et 
al. 2001 
(OPTICUS)[46]

Prospec-
tive, multi-
center, 
RCT

Germany, 
Spain, Swe-
den, Italy, 
Greece, 
France, 
Nether-
lands, 
United 
Kingdom, 
Belgium, 
and Israel

550 ICUS-guided 
PCI

Angiogra-
phy-guid-
ed PCI

Composite of 
death, myocar-
dial infarction, 
coronary bypass 
surgery, and re-
peat percutane-
ous intervention

BMS The incidence 
of angiographic 
restenosis 
(0.50% lumen 
diameter reduc-
tion), minimal 
lumen diameter, 
and percent di-
ameter stenosis 
after 6 months.

One year

Muramatsu 
et al. 2020 
(MISTIC-1)[47]

Prospec-
tive, multi-
center, 
RCT

Japan 109 IVUS-guided 
PCI

OCT-guid-
ed PCI

Composite of 
cardiovascular 
mortality, target-
vessel myocar-
dial infarction, or 
clinically driven 
target-lesion 
revascularization.

DES in-segment min-
imum lumen 
area assessed 
using OFDI at 
eight months 
and MACE rate

Three years

Table 1  (continued) 
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Study Study 
design

Country Total 
participants

Intervention Control MACE 
definition

Stent 
type

Primary 
outcome

Follow-up 
duration

Oemrawsingh 
et al. 2003 
(TULIP)[48]

Prospec-
tive, 
single-
center, 
RCT

Netherlands 150 IVUS-guided 
PCI

Angiogra-
phy-guid-
ed PCI

NA BMS 6-month 
minimal lumen 
diameter (MLD) 
and the com-
bined end point 
of death,
myocardial 
infarction, and 
target-lesion 
revascularization 
(TLR).

Six months

Russo et al. 
2009 (AVID)[49]

Prospec-
tive, multi-
center, 
RCT

USA 800 IVUS-guided 
PCI

Angiogra-
phy-guid-
ed PCI

NA BMS target lesion 
revasculariza-
tion at
12 months

One year

Schiele et al. 
1998 (The 
RESIST)[50]

Prospec-
tive, multi-
center, 
single-
blind, RCT

France 155 IVUS-guided 
PCI

Angiogra-
phy-guid-
ed PCI

NA BMS the 6-month 
restenosis rate, 
defined as 
0.50% narrow-
ing at the stent 
site or 5 mm 
proximal or dis-
tal to the stent, 
as assessed by 
QCA

Six months.

Schneider et 
al. 2021 (OPTI-
CO‑integration 
II)[51]

Prospec-
tive, 
single-
center, 
RCT

Germany 56 OCT-guided 
PCI

Angiogra-
phy-guid-
ed PCI

NA NA composite im-
aging endpoint, 
including major 
edge dissections 
and/or LGM 
as assessed by 
post-procedural 
OCT

NA

Tan et al. 
2015[52]

Prospec-
tive, 
single-
center, 
RCT

China 123 IVUS-guided 
PCI

Angiogra-
phy-guid-
ed PCI

Composite of 
death, non-
fatal myocardial 
infarction, and 
target lesion 
revascularization 
(TLR).

DES MACE rate Two years

Tian et al. 2015 
(AIR-CTO)[53]

Prospec-
tive, multi-
center, 
RCT

China 230 IVUS-guided 
PCI

Angiogra-
phy-guid-
ed PCI

NA DES late lumen 
loss (LLL) at 12 
months

Two years

Ueki et al. 
2020 (OPTICO 
BVS)[54]

Prospec-
tive, multi-
center, 
RCT

Switzerland 38 OCT-guided 
PCI

Angiogra-
phy-guid-
ed PCI

NA BVS in-scaffold 
minimal lumen 
area (MLA) at 
6-month

One year

Wang et al. 
2015[55]

Prospec-
tive, 
single-
center, 
RCT

China 80 IVUS-guided 
PCI

Angiogra-
phy-guid-
ed PCI

Composite of 
refractory myo-
cardial ischemia, 
second target 
vessel recon-
struction, new 
AMI, and cardiac 
death.

NA MACE rate One year

MACE: major adverse cardiovascular events, DES: drug-eluting stent, BVS: Bioresorbable vascular scaffold, BMS: Bare-metal stent, PCI: Percutaneous coronary 
intervention, IVUS: Intravascular ultrasound, OCT: Optical coherence tomography, NA: Not available

Table 1  (continued) 
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Target lesion failure
Target-lesion failure was defined as death from cardiac 
causes, target-vessel myocardial infarction, or ischemia-
driven target-lesion revascularization. Upon pooling four 
RCTs [16, 17, 27, 28, 51, 55], neither IVUS (OR: 0.88 [95% 
CrI: 0.43 to 2.44]) nor OCT (OR: 0.81 [95% CrI: 0.37 to 
2.04]) was associated with statistically significant reduc-
tions in target lesion failure compared to conventional 
angiography (Fig. 3; Table 3). Based on the SUCRA analy-
sis, OCT had the highest probability of reducing target 
lesion failure (66.4%), followed by IVUS (51.5%) and angi-
ography (32.1%) (Fig. 4).

Myocardial infarction
Pooling 27 RCTs [16–21, 24–30, 32, 33, 35–38, 40–43, 
46–50, 52, 56], compared to conventional angiography, 
neither IVUS (OR: 0.82 [95% CrI: 0.60 to 1.06]) nor OCT 
(OR: 0.84 [95% CrI: 0.59 to 1.19]) was associated with sta-
tistically significant reductions in myocardial infarction 
(Fig. 3; Table 3). Based on the SUCRA analysis, IVUS had 
the highest probability of reducing myocardial infarc-
tion (75.0%), followed by OCT (64.1%) and angiography 
(10.9%) (Fig. 4).

Any revascularization
Any revascularization is defined as any repeat revascu-
larization (PCI or coronary artery bypass grafting). Upon 
Pooling 12 RCTs [16, 17, 19–21, 27, 28, 33, 35–37, 41, 
48, 54], neither IVUS (OR: 0.87 [95% CrI: 0.63 to 1.22]) 
nor OCT (OR: 0.92 [95% CrI: 0.67 to 1.28]) were asso-
ciated with statistically significant reductions in any 
revascularization compared to conventional angiography 
(Fig. 3; Table 3). Based on the SUCRA analysis, IVUS had 
the highest probability of reducing any revasculariza-
tion (70.6%), followed by OCT (54.4%) and angiography 
(25.0%) (Fig. 4).

Target-vessel-related revascularization
Target-vessel-revascularization was defined as a target 
vessel requiring any repeat revascularization (PCI or 
coronary artery bypass grafting). Upon pooling 18 RCTs 
[16–19, 21, 27–30, 32, 33, 35–38, 41, 47, 48, 51, 52, 55, 
56], compared to conventional angiography, IVUS sig-
nificantly reduced the risk of target-vessel-related revas-
cularization (OR: 0.60 [95% CrI: 0.48 to 0.75]). However, 
this was not seen with OCT (OR: 0.86 [95% CrI: 0.60 to 
1.19]) (Fig.  3; Table  3). Based on the SUCRA analysis, 
IVUS had the highest probability of reducing target-ves-
sel-related revascularization (98.1%), followed by OCT 
(42.6%) and angiography (9.3%) (Fig. 4).

CABG
CABG was defined as any repeat revascularization by 
coronary artery bypass grafting. Upon pooling nine RCTs St
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Fig. 2  Quality assessment of risk of bias in the included trials. The upper panel presents a schematic representation of risks (low = green, unclear = yellow, 
and high = red) for specific types of biases of each study in the review. The lower panel presents risks (low = green, unclear = yellow, and high = red) for the 
subtypes of biases of the combination of studies included in this review
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[18, 19, 21, 27, 35, 40, 43, 47, 51, 55, 56], neither IVUS 
(OR: 1.12 [95% CrI: 0.59 to 1.99]) nor OCT (OR: 0.60 
[95% CrI: 0.16 to 2.12]) were associated with statistically 
significant reductions in CABG operations compared to 
conventional angiography (Fig. 3; Table 3). Based on the 
SUCRA analysis, OCT had the highest probability of 
reducing CABG operations (80.3%), followed by angiog-
raphy (43.3%) and IVUS (26.5%) (Fig. 4).

Stent thrombosis
Pooling 24 RCTs [16, 17, 19, 21–24, 26–33, 35–39, 41, 43, 
46, 47, 50, 51, 53, 55], compared to conventional angiog-
raphy, IVUS significantly reduced the risk of stent throm-
bosis (OR: 0.50 [95% CrI: 0.28 to 0.92]), as did OCT (OR: 
0.48 [95% CrI: 0.22 to 0.98]) (Fig.  3and Table  3). Based 
on the SUCRA analysis, OCT had the highest probability 
of reducing stent thrombosis (75.8%), followed by IVUS 
(72.3%) and Angiography (1.9%) (Fig. 4).

Restenosis
Restenosis was defined as the percent diameter of ste-
nosis at follow-up at ≥ 50%, confirmed by angiography. 
Upon pooling 12 RCTs [18, 19, 26, 32, 41–44, 47, 52–54, 
56], compared to conventional angiography, IVUS sig-
nificantly reduced the risk of restenosis (OR: 0.65 [95% 
CrI: 0.46 to 0.88]). Although rates of restenosis were 
numerically lower with OCT compared to conventional 

angiography, this did not reach statistical significance 
(OR: 0.55 [95% CrI: 0.15 to 1.99]) (Fig.  3and Table  3). 
Based on the SUCRA analysis, OCT had the highest 
probability of reducing restenosis (71.3%), followed by 
IVUS (69.6%) and Angiography (9.0%) (Fig. 4).

Assessment of inconsistency and heterogeneity
Assessments of pairwise heterogeneity and inconsistency 
(assessed by comparing the direct and indirect estimates 
via a node-splitting approach) are shown in (Table S3). 
There was no inconsistency or heterogeneity across any 
of the assessed outcomes.

Sensitivity analysis and assessment of publication bias
Figures S1-S22 show the sensitivity frequentist analysis 
(under both random effects and a fixed effect). Figures 
S23-S33 show funnel plots used to assess publication 
bias.

Discussion
The available body of evidence supports the superiority 
of IVUS and, to a lesser degree, OCT over angiography as 
imaging modalities to assist percutaneous recanalization 
among patients with coronary artery disease. A decrease 
in MACE, target-vessel-related revascularization, stent 
thrombosis, and restenosis risks were noted with IVUS 
but not OCT-guided PCI. Moreover, IVUS and OCT 

Fig. 3  Forest plot of the clinical outcomes, OR: odds ratio, CI: confidence interval
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significantly reduced the risks of cardiac death and in-
stent thrombosis compared to angiography. In contrast, 
non-conventional modalities did not alter the suscepti-
bility to all-cause mortality, target vessel/lesion failure, 
myocardial infarction, revascularization, and CABG 
compared to conventional angiography. The evaluated 

data was consistent and homogenous. Our findings agree 
with previous meta-analyses that indicated a worse safety 
profile of stent implantation when performed with angi-
ography than with IVUS or OCT [57–60].

IVUS and OCT appear to provide a safer procedure 
of percutaneous coronary angioplasty, likely due to 

Table 3  League table showing all possible comparisons in the network meta-analysis
Treatment Angiography IVUS OCT
MACE
Angiography --- 0.71 (0.56 to 0.87) 0.91 (0.62 to 1.39)
IVUS 1.42 (1.15 to 1.78) --- 1.28 (0.85 to 2.07)
OCT 1.10 (0.72 to 1.62) 0.78 (0.48 to 1.18) ---
All-cause mortality
Angiography --- 0.97 (0.71 to 1.38) 0.75 (0.49 to 1.22)
IVUS 1.03 (0.73 to 1.40) --- 0.77 (0.48 to 1.32)
OCT 1.34 (0.82 to 2.03) 1.30 (0.76 to 2.10) ---
Cardiac death
Angiography --- 0.50 (0.33 to 0.76) 0.55 (0.31 to 0.98)
IVUS 1.99 (1.32 to 3.03) --- 1.10 (0.57 to 2.15)
OCT 1.83 (1.02 to 3.18) 0.91 (0.46 to 1.74) ---
Target vessel failure
Angiography --- 0.70 (0.45 to 1.32) 0.81 (0.47 to 1.59)
IVUS 1.42 (0.75 to 2.20) --- 1.15 (0.58 to 2.15)
OCT 1.24 (0.63 to 2.14) 0.87 (0.47 to 1.72) ---
Target lesion failure
Angiography --- 0.88 (0.43 to 2.44) 0.81 (0.37 to 2.04)
IVUS 1.13 (0.41 to 2.33) --- 0.91 (0.32 to 2.19)
OCT 1.24 (0.49 to 2.74) 1.10 (0.46 to 3.11) ---
Myocardial infarction
Angiography --- 0.82 (0.60 to 1.06) 0.84 (0.59 to 1.19)
IVUS 1.23 (0.94 to 1.67) --- 1.03 (0.70 to 1.58)
OCT 1.19 (0.84 to 1.69) 0.97 (0.63 to 1.43) ---
Revascularization
Angiography --- 0.87 (0.63 to 1.22) 0.92 (0.67 to 1.28)
IVUS 1.14 (0.82 to 1.59) --- 1.06 (0.70 to 1.59)
OCT 1.08 (0.78 to 1.50) 0.95 (0.63 to 1.43) ---
Target-related revascularization
Angiography --- 0.60 (0.48 to 0.75) 0.86 (0.60 to 1.19)
IVUS 1.68 (1.33 to 2.09) --- 1.45 (0.96 to 2.09)
OCT 1.16 (0.84 to 1.68) 0.69 (0.48 to 1.04) ---
Stent thrombosis
Angiography --- 0.50 (0.28 to 0.92) 0.48 (0.22 to 0.98)
IVUS 2.00 (1.08 to 3.63) --- 0.96 (0.37 to 2.33)
OCT 2.08 (1.02 to 4.52) 1.04 (0.43 to 2.71) ---
CABG
Angiography --- 1.12 (0.59 to 1.99) 0.60 (0.16 to 2.12)
IVUS 0.89 (0.50 to 1.69) --- 0.53 (0.13 to 2.09)
OCT 1.68 (0.47 to 6.24) 1.88 (0.48 to 7.58) ---
Restenosis
Angiography --- 0.65 (0.46 to 0.88) 0.55 (0.15 to 1.99)
IVUS 1.53 (1.14 to 2.17) --- 0.84 (0.22 to 3.17)
OCT 1.83 (0.50 to 6.76) 1.19 (0.32 to 4.52) ---
IVUS: Intravascular ultrasound, OCT: Optical coherence tomography

Each cell shows the odds ratio and 95% credible interval comparing the intervention in the column heading versus the intervention in each row



Page 16 of 20Amin et al. BMC Cardiovascular Disorders          (2024) 24:483 

the overall greater radiological performance of these 
modalities compared to angiography, thereby allowing 
more successful, more refined, and less complicated pri-
mary intervention. In particular, the examined evidence 
showed that IVUS is superior to angiography in terms of 
lower risk of MACE. IVUS permits visualizing both the 
coronary lumen and vessel wall at the cross-sectional 
level, allows characterization of the type (nature, compo-
sition, and morphology) of the plaque, and clarifies the 
stent failure mechanism [61, 62]. At the same time, angi-
ography displays only the opacified luminal silhouette 
with minimum structural details. This limits the accurate 
peri-interventional assessment of the target lesion/vessel, 
notably exposing it to less effective and more risky stent 
implantation, ultimately exposing it to higher MACE 
incidence [61, 62].

We found that the risk of target-related revascular-
ization was lower in patients undergoing IVUS-guided 
PCI than in those managed with angiography-guided 
PCI. Target-related revascularization is one of the stan-
dardized clinically-driven endpoints used to assess the 
interventional modalities’ effectiveness in coronary inter-
vention trials [63]. It is a repeat percutaneous interven-
tion or bypass surgery of the target lesion/vessel due to 
clinically significant narrowing or other complications 
[63]. Among the predictors of target-related revascular-
ization are procedure- and lesion-related factors such as 
ostial location and use of rotablator [64]. Mainly, IVUS 
was found to be the advantageous modality during PCI 

of ostial coronary atherosclerotic plaques (i.e., aortic 
ostia and left anterior descending artery/left circumflex 
artery ostia) as such lesions prevent optimal coronary 
guide catheter intubation, which is required for contrast 
intake in both OCT and angiography [65]. Moreover, the 
ostium of the left main stem cannot be optimally visual-
ized when this artery is subject to diffuse atherosclero-
sis. This challenge can be overcome by withdrawing the 
guide catheter from the left main stem, which allows for 
visualization of the artery’s full length. IVUS is the best 
modality to achieve such a maneuver [65]. Furthermore, 
IVUS enhanced the safety of rotational atherectomy 
(rotablation) [66]. Hence, due to improvements in the 
deliverability and cross ability of IVUS catheters, they 
can now be used to obtain images of the calcified lesions 
before and after rotational atherectomy, which would 
help in the selection of the appropriate guidewire and 
burr size, ultimately, resulting in better outcomes [66]. 
The unique advantages of IVUS during ostial coronary 
lesions and rotablation would favor lesser susceptibility 
to target-related revascularization.

We also observed a lower tendency to develop reste-
nosis among patients undergoing IVUS-guided PCI. 
Knowing that lesion-related risk factors of coronary 
restenosis include lesions at the ostial location, small 
target vessel, lesions with complex morphology, longer 
stented lesions, and length of the stenosis > 20 mm [67], 
the observed finding can be explained by the follow-
ing reasons: (i) As previously explained, IVUS can help 

Fig. 4  SUCRA analysis
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overcome the challenges of ostial lesions, which decrease 
the development of restenosis. (ii) The employment of 
IVUS-guided PCI improved postoperative outcomes of 
small-vessel coronary lesions; notably prolonging event-
free survival compared to angiography. That was remark-
ably related to coronary angiography’s higher tendency 
to mistakenly underestimate the real reference ves-
sel diameters in reference to IVUS [68]. (iii) Treatment 
with IVUS-guided PCI was lined with a lower long-term 
risk of cardiac death and adverse cardiac events among 
patients with complex coronary artery lesions compared 
with angiography-guided PCI [69]. The IVUS-associ-
ated optimization of stent deployment may explain that. 
Thus, the IVUS-guided PCI can result in adequate stent 
expansion and apposition and full lesion coverage, which 
is due to its potential to induce larger stent size, longer 
stent length, higher proportion of post-dilatation, and 
higher inflation pressures compared to angiography-
guided PCI [69]. (iv) IVUS can ameliorate the angio-
graphic and clinical results of stent implantation for long 
coronary artery stenosis, as shown in the TULIP study. 
This study’s authors argued that IVUS motivated the 
operators to stent atherosclerotic segments more exten-
sively than angiography in patients with similar stenosis 
lengths because of the information they received from 
the former modality [42]. Thus, angiography can fail to 
accurately identify the extent of atherosclerotic disease 
(underestimate it), resulting in less optimal lesion cover-
age. Meanwhile, IVUS defines the stenosis borders not 
as where significant disease begins or ends but as where 
compensatory vessel enlargement fails to preserve lumi-
nal dimensions [70], which would favor better stenting of 
large lesions and, thereby, lower restenosis likelihood.

Both IVUS and OCT reduced cardiac death in respect 
to angiography. Besides the interventional and imaging 
advantages of IVUS discussed above, OCT can produce 
high-resolution imaging (up to 10  μm), allowing real-
time observation of the coronary structures and lesions. 
Thus, it can accurately measure coronary luminal param-
eters, identify different tissue characteristics of arterial 
intima and atherosclerotic plaques, and detect preop-
eratively vulnerable plaques and inflammation presence 
[71]. These would refine the immediate effect of stent 
implantation, which would optimize the results of the 
stent implantation in terms of both effectiveness and 
safety [71], perhaps contributing to more reduced cardiac 
death than conventional angiography.

Another finding is that IVUS and OCT implementation 
was linked with lesser risks of stent thrombosis. The lat-
ter is another event favored by lesions at small target ves-
sels, complex lesions, those with higher lengths, or those 
at ostial sites or bifurcations [72]. Since IVUS can reduce 
the operative difficulties imposed by these lesions and 
allow their safer management compared to angiography 

(as previously discussed), it would reduce the likelihood 
of stent thrombosis. Likewise, it was demonstrated that 
PCI under OCT guidance improves clinical outcomes of 
patients with complex lesions and/or bifurcation lesions 
[21, 73, 74], which may translate to fewer stent thrombo-
sis events.

Study limitations
We acknowledge several limitations to the present study. 
First, most studies’ sample size was small, representing 
considerable methodological weakness. Second, patients’ 
selection and generalizability issues were reported in 
some of the included trials due to the exclusion of essen-
tial populations of patients that could benefit from PCI 
in real-world (e.g., those with cardiogenic shock in Wang 
et al. 2015 study and those with myocardial infarction in 
Tan et al. 2015 study). Third, the definition of our pri-
mary outcome (MACE) was heterogeneous across the 
RCTs and was not reported in some of them. Addition-
ally, the limited data available for each outcome within 
the MACE term made them inapplicable for analysis. 
Finally, a large proportion of the studies used a single-
center trial design, which is known to provide suboptimal 
data quality.

Implications for clinical practice
In the American Heart Association 2021 guidelines, the 
use of IVUS and OCT during PCI has received a Class IIa 
recommendation, which refers to the weight of evidence/
opinion in favor of usefulness/efficacy [75]. The guide-
lines suggest that IVUS provides useful guidance dur-
ing stent implantation, particularly in cases of left main 
or complex lesions, allowing the prevention of ischemic 
events. At the same time, OCT is recommended as an 
alternative to IVUS except in the ostial left main disease. 
Our findings support these guidelines by demonstrating 
the clear superiority of IVUS and the relative superiority 
of OCT to conventional angiography. Notably, IVUS and 
OCT represent promising modalities for enhancing PCI 
efficacy and safety. Hence, the diagnostic and therapeutic 
advantages of IVUS/OCT should drive a shift in cardiol-
ogy interventionists’ enthusiasm toward these modali-
ties, leaving conventional angiography as the alternative 
instead of the standard.

Nonetheless, the non-conventional imaging techniques 
have many obstacles that would prevent the angiography-
guided PCI era from continuing for longer than expected. 
One major obstacle is the accessibility issues, which 
would delay or even preclude the extensive generalizabil-
ity of IVUS/OCT devices due to high costs and reduced 
availability in the market. Moreover, like any innova-
tive procedure, interventionists’ lack of familiarity with 
IVUS/OCT may favor the more conventional option. 
However, this can be overcome through the active 
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training of interventionists and experience sharing in sci-
entific events and networks. Operative disadvantages also 
represent a key challenge that may antagonize the benefit 
of IVUS/OCT-guided coronary angioplasty. For instance, 
the currently commercialized IVUS imaging catheter has 
poor cross-ability for more severe stenosis or twisted 
angular lesions, low resolution, and suboptimal ability 
to assess small vascular structures [71]. Similarly, OCT 
increases the difficulty of PCI and limits its application 
in severe coronary ischemic diseases due to the necessity 
of blocking or removing the blood in the corresponding 
detection vessel [71]. These issues may be resolved with 
technology improvement and the acquisition of progres-
sive expertise.

Conclusion
In patients undergoing PCI, the current evidence shows 
that IVUS reduces the risks of MACE, target-vessel-
related revascularization, and restenosis compared to 
standard angiography. However, this is not the case for 
OCT. Also, IVUS and OCT appear to lower the suscep-
tibility to cardiac death and in-stent thrombosis in refer-
ence to angiography. This indicates that IVUS, followed 
by OCT, may be the privileged radiological technique for 
stent implantation whenever available. However, there is 
still a need for high-quality data to confirm the benefit 
and cost-effectiveness of these modalities in the context 
of coronary angioplasty.
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