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ORIGINAL RESEARCH

Intravascular Imaging–Guided Versus 
Angiography- Guided Percutaneous 
Coronary Intervention: A Systematic Review 
and Meta- Analysis of Randomized Trials
Jayakumar Sreenivasan , MD, MSc; Rohin K. Reddy , MBBS, BSc; Yasser Jamil , MD;  
Aaqib Malik , MD, MPH; Daniel Chamie , MD, PhD; James P. Howard , MB, BChir, PhD;  
Michael G. Nanna , MD, MHS; Gary S. Mintz , MD; Akiko Maehara , MD; Ziad A. Ali , MD, DPhil; 
Jeffrey W. Moses , MD; Shao- Liang Chen , MD; Alaide Chieffo , MD; Antonio Colombo , MD; 
Martin B. Leon, MD; Alexandra J. Lansky , MD; Yousif Ahmad , MRCP, PhD

BACKGROUND: Despite the initial evidence supporting the utility of intravascular imaging to guide percutaneous coronary inter-
vention (PCI), adoption remains low. Recent new trial data have become available. An updated study- level meta- analysis com-
paring intravascular imaging to angiography to guide PCI was performed. This study aimed to evaluate the clinical outcomes 
of intravascular imaging–guided PCI compared with angiography- guided PCI.

METHODS AND RESULTS: A random- effects meta- analysis was performed on the basis of the intention- to- treat principle. The 
primary outcomes were major adverse cardiac events, cardiac death, and all- cause death. Mixed- effects meta- regression 
was performed to investigate the impact of complex PCI on the primary outcomes. A total of 16 trials with 7814 patients were 
included. The weighted mean follow- up duration was 28.8 months. Intravascular imaging led to a lower risk of major adverse 
cardiac events (relative risk [RR], 0.67 [95% CI, 0.55–0.82]; P<0.001), cardiac death (RR, 0.49 [95% CI, 0.34–0.71]; P<0.001), 
stent thrombosis (RR, 0.63 [95% CI, 0.40–0.99]; P=0.046), target- lesion revascularization (RR, 0.67 [95% CI, 0.49–0.91]; 
P=0.01), and target- vessel revascularization (RR, 0.60 [95% CI, 0.45–0.80]; P<0.001). In complex lesion subsets, the point 
estimate for imaging- guided PCI compared with angiography- guided PCI for all- cause death was a RR of 0.75 (95% CI, 
0.55–1.02; P=0.07).

CONCLUSIONS: In patients undergoing PCI, intravascular imaging is associated with reductions in major adverse cardiac events, 
cardiac death, stent thrombosis, target- lesion revascularization, and target- vessel revascularization. The magnitude of benefit 
is large and consistent across all included studies. There may also be benefits in all- cause death, particularly in complex le-
sion subsets. These results support the use of intravascular imaging as standard of care and updates of clinical guidelines.

Key Words: intravascular ultrasound ■ meta- analysis ■ optical coherence tomography ■ percutaneous coronary intervention

Intravascular ultrasound (IVUS) and optical coher-
ence tomography (OCT) are adjunctive tools for the 
guidance and optimization of percutaneous coro-

nary intervention (PCI). These intravascular imaging 

modalities allow for assessment of plaque characteris-
tics and accurate vessel sizing during PCI, thereby lead-
ing to the implantation of larger stents with increased 
minimal stent areas, preventing major malapposition, 

Correspondence to: Yousif Ahmad, MRCP, PhD, Yale School of Medicine, Yale University, 135 College Street, Suite 101, New Haven, CT 06510.  
Email: yousif.ahmad@yale.edu

This manuscript was sent to Amgad Mentias, MD, Associate Editor, for review by expert referees, editorial decision, and final disposition.

Supplemental Material is available at https:// www. ahajo urnals. org/ doi/ suppl/  10. 1161/ JAHA. 123. 031111

For Sources of Funding and Disclosures, see page 14.

© 2024 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative 
Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use 
is non-commercial and no modifications or adaptations are made. 

JAHA is available at: www.ahajournals.org/journal/jaha

https://orcid.org/0000-0003-2065-4119
https://orcid.org/0000-0002-4726-157X
https://orcid.org/0009-0008-5853-4538
https://orcid.org/0000-0002-4865-8114
https://orcid.org/0000-0003-3258-2458
https://orcid.org/0000-0002-9989-6331
https://orcid.org/0000-0001-5745-1636
https://orcid.org/0000-0003-3296-8705
https://orcid.org/0000-0002-1910-8447
https://orcid.org/0000-0002-2482-3197
https://orcid.org/0000-0002-8842-7919
https://orcid.org/0000-0003-3219-5941
https://orcid.org/0000-0002-3505-9112
https://orcid.org/0000-0002-2940-2455
https://orcid.org/0000-0001-8002-7497
https://orcid.org/0000-0002-1364-8055
mailto:
mailto:yousif.ahmad@yale.edu
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.123.031111
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha


J Am Heart Assoc. 2024;13:e031111. DOI: 10.1161/JAHA.123.031111 2

Sreenivasan et al Intravascular Imaging–Guided Versus Angio- Guided PCI

identifying optimal landing zones for stents and allow-
ing for correction of significant edge dissection.1 These 
factors have translated into improved clinical outcomes 
in randomized controlled trials (RCTs), predominantly 
by reducing major adverse cardiac events (MACEs), 
target- vessel failure, and target- lesion revascularization 
(TLR).2–5 European guidelines currently recommend 
IVUS as a class IIa (level of evidence B) recommenda-
tion in selected patients to optimize stent implantation 
and the treatment of unprotected left main lesions.6 
American guidelines similarly provide a class IIa (level 
of evidence B) recommendation that IVUS can be use-
ful for procedural guidance, particularly in cases of left 
main or complex coronary stenting, and that OCT is a 
reasonable alternative to IVUS except in ostial left main 
disease.7

CLINICAL PERSPECTIVE

What Is New?
• In this contemporary updated meta- analysis of 

all randomized clinical trials, intravascular imag-
ing–guided percutaneous coronary intervention 
(PCI) compared with angiography- guided PCI 
conferred a 33% reduction in major adverse 
cardiac events, 51% reduction in cardiac death, 
37% reduction in stent thrombosis, 33% reduc-
tion in target- lesion revascularization, and 40% 
reduction in target- vessel revascularization.

• In complex lesion subsets, the point esti-
mate for imaging- guided PCI compared with 
angiography- guided PCI for all- cause death 
was a relative risk of 0.75 (95% CI, 0.55–1.02; 
P=0.07).

What Are the Clinical Implications?
• Intravascular imaging guidance significantly im-

proves clinical outcomes following PCI, and in-
travascular imaging should be considered for all 
PCIs, especially for complex lesion subsets.

• Currently ongoing and future clinical trials on 
intravascular imaging–guided PCI may add 
further evidence in terms of long- term out-
comes and reductions in all- cause death and 
could lead to strengthening of clinical guideline 
recommendations.

Nonstandard Abbreviations and Acronyms

ILUMIEN IV Optical 
Coherence 
Tomography 
(OCT) Guided 
Coronary Stent 
Implantation 
Compared to 
Angiography: A 
Multicenter 
Randomized Trial 
in PCI

IMPROVE Impact on 
Revascularization 
Outcomes of 
Intravascular 
Ultrasound- 
Guided 
Treatment of 
Complex Lesions 
and Economic 
Impact Trial

MACEs major adverse 
cardiac events

OCTOBER European Trial 
on Optical 
Coherence 
Tomography 
Optimized 
Bifurcation Event 
Reduction
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RENOVATE- COMPLEX- PCI Randomized 
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of Intravascular 
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Clinical 
Outcomes After 
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Intervention

TLR target- lesion 
revascularization

TVR target- vessel 
revascularization

ULTIMATE Intravascular 
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Guided Drug 
Eluting Stents 
Implantation in 
“All- Comers” 
Coronary Lesions
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Despite this, adoption of intravascular imaging to 
guide PCI remains low.8–10 This may in part reflect 
skepticism regarding the benefit of intravascular im-
aging on harder clinical end points such as death, 
and in part be a reflection of the modest endorse-
ment from guidelines.11 Other potential reasons for 
low adoption of intravascular imaging include lack of 
education and training for operators; perceived addi-
tional procedural time; additional procedural costs; 
and, depending on the specific health care systems, 
lack of linkage to reimbursement and perceived low 
reimbursement.

The majority of RCTs comparing intravascular 
imaging- guided PCI to angiography- guided PCI have 
a relatively small sample size and are therefore under-
powered to detect differences in clinically important 
but low- frequency events such as death. Prior meta- 
analyses have focused on either IVUS or OCT sepa-
rately compared with angiography or have included 
observational studies with their attendant limitations 
when comparing therapeutic strategies1,11–15 or not 
included the most recently published RCTs in their 
analyses.16–18 There have been additional recent RCT 
data, with the publication of 1 large new trial and ad-
ditional follow- up from previously published trials.2,4,5 
We therefore sought to perform an updated systematic 
review and study- level meta- analysis to incorporate 
the totality of randomized clinical trials, with a focus on 
complex lesion subsets.

METHODS
The authors declare that all data used for the analy-
ses included in this study are available within the ar-
ticle and the supplemental files. Any additional data 
not presented in this manuscript is available from the 
corresponding author upon reasonable request. The 
analysis was registered with the international pro-
spective register of systematic reviews (PROSPERO) 
(CRD42023409668) and reported in accordance with 
the Preferred Reporting Items for Systematic Reviews 
and Meta- Analyses guidance.19 Institutional review 
board approval and informed patient consent for study 
participation were not required, as this study is a sys-
tematic review and meta- analysis of previously pub-
lished publicly available data in indexed databases.

Search Strategy
We performed a systematic search of the MEDLINE, 
Embase, and Cochrane databases from incep-
tion through March 2023 for RCTs assessing out-
comes after IVUS or OCT- guided PCI compared with 
angiography- guided PCI. We also manually searched 
the bibliographies of previous meta- analyses, re-
views, and selected studies to identify additional 

eligible trials, and reviewed conference abstracts from 
Transcatheter Cardiovascular Therapeutics, EuroPCR, 
American College of Cardiology, European Society of 
Cardiology, and American Heart Association meetings. 
The searches were performed by 2 independent in-
vestigators (J.S. and A.M.). Further full- text review was 
conducted by 3 independent investigators (J.S., A.M., 
and Y.J.) for the final assessment and inclusion of the 
studies that satisfy the inclusion and exclusion criteria. 
Any disputes or concerns were resolved by consen-
sus and discussion with the senior author (Y.A.). Our 
search strings and the detailed search strategy with 
commands are provided in Table S1.

Inclusion Criteria, Data Extraction, and 
Risk- of- Bias Assessment
We included only RCTs comparing intravascular im-
aging–guided PCI versus angiography- guided PCI 
for this meta- analysis. We included trials that com-
pared IVUS- guided or OCT- guided PCI separately or 
in combination, with angiography alone as the refer-
ence standard, and reported at least 1 of the main out-
comes as detailed below. We did not exclude any trials 
on the basis of sample size or duration of follow- up. We 
excluded trials involving implantation of bioresorbable 
stents or bare metal stents. Observational studies were 
also not included in the present analysis. We did not 
include studies comparing only IVUS- guided PCI with 
OCT- guided PCI.

Two investigators (J.S. and A.M.) independently ex-
tracted the clinical outcomes data and resolved any 
conflicts in consultation with a third independent in-
vestigator (Y.A.). The data on baseline characteristics 
of study participants; study characteristics; and study 
outcomes, including crude estimates, risk estimates, 
sample size, and follow- up were extracted directly 
from the published articles, supplemental files, and 
subsequent publications, including post hoc analyses, 
patient- level meta- analyses, and subgroup analyses. 
The end points at the maximum available follow- up pe-
riod were extracted, adhering to the intention- to- treat 
principle if available for all included trials. The principal 
investigators of each trial were contacted to provide ad-
ditional relevant data not reported in the publications.

Risk of bias was evaluated by 2 independent inves-
tigators (J.S. and A.M.) using the Cochrane Risk of Bias 
Tool for the following domains: (1) random sequence 
generation; (2) allocation concealment; (3) blinding of 
participants and personnel; (4) blinding of outcome as-
sessment; (5) incomplete outcome data; (6) selective 
outcome reporting; and (7) other bias. The potential 
source of bias in each domain was judged high or low 
on the basis of the study characteristics as outlined 
in the Cochrane Handbook for Systematic Reviews of 
Interventions.20 Certainty of evidence was assessed 
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with the Grading of Recommendations, Assessment, 
Development, and Evaluations system.21

Outcomes
The prespecified main outcomes of interest were 
MACEs, cardiac death, and all- cause death. Most of 
the included trials defined MACE as a composite of 
cardiac death, myocardial infarction (MI), and repeat 
revascularization. Other clinical outcomes of interest 
were MI, target- vessel revascularization (TVR), TLR, 
target- vessel MI, periprocedural MI, stent thrombosis, 
and target- vessel failure. The outcomes were defined 
as per the individual study definitions of each outcome 
and are summarized in Table S2. Composite outcomes 
were assessed only if reported by the individual trials 
(ie, composite rates were not obtained by summing of 
individual components).

Statistical Analysis
Outcomes were assessed on an intention- to- treat 
basis. Random- effects meta- analyses were performed 
using the restricted maximum likelihood estimator. 
Outcomes were assessed as relative risks (RRs) and 
absolute risk reductions at the last follow- up available 
for each constituent trial. The number needed to treat 
to prevent 1 event was calculated for each outcome as 
the reciprocal of the absolute risk reductions.22 The I2 
statistic was used to assess heterogeneity.22 However, 
as the I2 statistic measures the percentage of the vari-
ability in effect estimates that is due to heterogeneity 
rather than sampling error, it may be considered to 
be an indirect measure of heterogeneity.23 To directly 
quantify the presence of interstudy heterogeneity, we 
also performed Cochrane’s Q test, and provide Q 
statistics calculated as the weighted sum of squared 
differences between individual study effects and the 
pooled effect across studies. Sensitivity analyses were 
performed with a fixed- effect model, and a jackknife 
sensitivity analysis was also performed excluding each 
trial in turn for the main outcomes. We also performed 
sensitivity analyses using the Fisher exact test for all 
main outcomes. Publication bias was assessed with 
funnel plots.

We performed prespecified subgroup analyses 
of patients undergoing PCI of a complex lesion. The 
complex lesion subgroup was defined as any of the 
following: (1) unprotected left main PCI; (2) bifurcation 
PCI; (3) chronic total occlusion PCI; (4) PCI involving 
long lesions (>28 mm); (4) multivessel PCI involving at 
least 2 major epicardial coronary arteries being treated 
at the same time; (5) PCI involving the use of multiple 
stents (≥3); (6) PCI of in- stent restenosis; or (7) PCI of a 
severely calcified stenosis or ostial stenosis of a major 
epicardial coronary artery. This definition was primarily 
based on that used in the RENOVATE- COMPLEX- PCI 

(Randomized Controlled Trial of Intravascular Imaging 
Guided Versus Angiography- Guidance on Clinical 
Outcomes After Complex Percutaneous Coronary 
Intervention) trial except for stent length, as most 
other trials defined a long stenosis as >28 mm in 
length.4 An additional, stricter definition complex PCI 
was also used as a sensitivity analysis including left 
main lesions, chronic total occlusions, and the com-
plex PCI subgroup from the ULTIMATE (Intravascular 
Ultrasound Guided Drug Eluting Stents Implantation in 
“All- Comers” Coronary Lesions) trial (multivessel dis-
ease, bifurcation with 2 stents implanted, moderate or 
greater calcification, chronic total occlusion, >3 stents 
implanted, and total stent length >90 mm).

We also performed subgroup analyses based on 
the type of imaging modality used (IVUS or OCT), 
type of clinical presentation (acute coronary syndrome 
versus stable coronary artery disease) and follow- up 
duration of RCTs (short- term follow- up, <1 year; inter-
mediate follow- up, at least 1 year but <3 years; long- 
term follow- up, at least 3 years). Interactions between 
subgroups were assessed with meta- regression 
using a mixed- effects model,24 with the subgroup 
characteristic as a moderator and the individual trial 
as a random effect.25 Mean values are expressed as 
mean±SD unless otherwise stated. Significance test-
ing was performed at the 2- tailed 5% significance 
level. The statistical programming environment R with 
the metafor package was used for all statistical anal-
yses (R Foundation for Statistical Computing, Vienna, 
Austria).24,26

RESULTS
The Preferred Reporting Items for Systematic Reviews 
and Meta- Analyses flow diagram depicts the process 
of study selection (Figure S1). A total of 16 RCTs (7814 
participants [imaging group, 4307; angiography group, 
3507]; mean age, 64.3±2.4 years; men, 73.7±2.6%) 
were included.2,4,5,27–39 The weighted mean follow- up 
duration was 28.8 months (range, 6 months to 5 years). 
Among the study population, 6026 participants un-
derwent PCI of complex lesion subsets. Among the 
included trials, 9 trials exclusively used IVUS, 4 trials 
exclusively used OCT, and 3 trials used both IVUS 
and OCT for imaging- guided PCI compared with 
angiography- alone–guided PCI. The baseline charac-
teristics of the study population of individual studies 
are summarized in Table 1. The procedural character-
istics of each trial are reported separately in Table S3. 
The study inclusion and exclusion criteria are listed 
in Table  S4. The risk- of- bias assessment is summa-
rized in Table S5. All included RCTs had a low risk of 
bias, and hence, the overall body of evidence was 
judged to have a low risk of bias. Direct assessment 
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of heterogeneity across the primary analyses with 
Cochrane’s Q test did not reveal any significant hetero-
geneity, providing evidence to support the assumption 
that the true treatment effect of intravascular imaging 
in PCI is similar across trials and observed variations 
are likely due to chance. There was no evidence of 
publication bias (Figure  S2). Previously unpublished 
additional data regarding all- cause death obtained di-
rectly from principal investigators are summarized in 
Table S6. The study definitions for optimal intravascular 
imaging–guided stent implantation and the percentage 
success rate of achieving optimal stent implantation in 
each included trial are summarized in Table  S7. The 
findings with assessment of certainty of evidence for 
each outcome are summarized in Table 2.

Major Adverse Cardiac Events
Across all patients, intravascular imaging–guided PCI 
conferred a lower risk of MACEs as compared with 
angiography- guided PCI (RR, 0.67 [95% CI, 0.55–
0.82]; P<0.001; Figure 1). Heterogeneity was I2=7.7%. 
In patients who underwent complex PCI, intravascular 
imaging–guided PCI conferred a lower risk of MACEs 
as compared with angiography- guided PCI (RR, 0.61 
[95% CI, 0.49–0.74]; P<0.001; Figure S3). There was no 
important heterogeneity (I2=0.0%), with no differences 
in patients undergoing noncomplex PCI (Figure  S3). 
Meta- regression identified a significant association 
between complex PCI and MACEs (Pinteraction=0.03; 
Tables S8 and S9).

Cardiac Death
Across all patients, intravascular imaging–guided PCI 
conferred a lower risk of cardiac death compared with 
angiography- guided PCI (RR, 0.49 [95% CI, 0.34–0.71]; 

P<0.001; Figure 2). There was no important heterogene-
ity (I2=0.0%). In patients who underwent complex PCI, 
intravascular imaging–guided PCI conferred a lower risk 
of cardiac death compared with angiography- guided 
PCI (RR, 0.44 [95% CI, 0.28–0.68]; P<0.001; Figure S4). 
There was no important heterogeneity (I2=0.0%), with no 
significant differences among patients who underwent 
noncomplex PCI (Figure  S4). Meta- regression did not 
identify a significant association between complex PCI 
and cardiac death (Pinteraction=0.97; Tables S8 and S9).

All- Cause Death
Across all patients, the point estimate for all- cause 
death with intravascular imaging–guided PCI com-
pared with angiography- guided PCI was a RR of 0.81 
(95% CI, 0.61–1.07; P=0.14; Figure  3). There was no 
important heterogeneity (I2=0.0%). In patients who un-
derwent complex PCI, the point estimate for all- cause 
death with intravascular imaging–guided PCI com-
pared with angiography- guided PCI was a RR of 0.75 
(95% CI, 0.55–1.02; P=0.07; Figure S5). There was no 
important heterogeneity (I2=0.0%). Meta- regression did 
not identify a significant association between complex 
PCI and all- cause death (Pinteraction=0.32; Tables  S8 
and S9).

Myocardial Infarction
Across all patients, the point estimate for MI with in-
travascular imaging–guided PCI compared with 
angiography- guided PCI was a RR of 0.82 (95% CI, 
0.62–1.07; P=0.14; Figure 4). There was no important 
heterogeneity (I2=0.6%). In addition, the point estimate 
for spontaneous MI was a RR of 0.52 (95% CI, 0.27–
1.03; P=0.06) and for periprocedural MI was a RR of 
0.91 (95% CI, 0.55–1.53; P=0.73) when intravascular 

Table 2. Summary of Findings With Quality of Evidence

Outcomes
Relative effect,  
RR (95% CI)

Absolute effect, per 1000 patients

ARR, % (95% CI) NNT (95% CI)
Certainty of 
evidence* (GRADE)

IVI- guided 
PCI

Angiography- 
guided PCI Difference

MACEs 0.67 (0.55 to 0.82) 74 113 39 3.93 (2.27 to 5.59) 26 (18 to 45) High

Cardiac death 0.49, (0.34 to 0.71) 11 24 13 1.28 (0.65 to 1.91) 79 (53 to 155) High

All- cause death 0.81 (0.61 to 1.07) 24 29 5 0.50 (−0.26 to 1.25) 202 (80 to 382) Low due to 
imprecision

Myocardial 
infarction

0.82 (0.62 to 1.07) 38 49 11 1.15 (−0.05 to 2.35) 87 (43 to 1887) Low due to 
imprecision

TLR 0.67 (0.49 to 0.91) 32 54 22 2.20 (0.86 to 3.55) 46 (29 to 117) High

TVR 0.60, (0.45 to 0.80) 38 68 30 3.02 (1.53 to 4.52) 34 (23 to 66) High

Stent 
thrombosis

0.63 (0.40 to 0.99) 10 15 5 0.53 (0.003 to 1.05) 190 (96 to 34 199) Moderate due to 
imprecision

ARR indicates absolute risk reduction; GRADE, Grading of Recommendations, Assessment, Development, and Evaluations; IVI, intravascular imaging; MACEs, 
major adverse cardiac events; NNT, number needed to treat; PCI, percutaneous coronary intervention; RR, relative risk; TLR, target- lesion revascularization; 
and TVR, target- vessel revascularization.

*All the estimates are based on direct comparison of absolute event rates from randomized controlled trials with low overall risk of bias. The provided 
estimates had no important heterogeneity.
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imaging–guided PCI was compared with angiography- 
guided PCI. There was no important heterogeneity for 
spontaneous MI (I2=0.0%), however, for periprocedural 
MI (I2=40.9%; Table  S10). There were no differences 
in MI among patients who underwent complex PCI or 
noncomplex PCI (Figure S6). Meta- regression did not 
identify a significant association between complex PCI 
and MI (Pinteraction=0.63; Tables S8 and S9).

Target- Lesion Revascularization
Across all patients, intravascular imaging–guided 
PCI conferred a lower risk of TLR compared with 
angiography- guided PCI (RR, 0.67 [95% CI, 0.49–0.91]; 
P=0.01; Figure 5). There was no important heterogene-
ity (I2=0.0%). In patients who underwent complex PCI, 
intravascular imaging–guided PCI conferred a lower 
risk of TLR compared with angiography- guided PCI 
(RR, 0.61 [95% CI, 0.44–0.86]; P=0.005; Figure  S7). 
There was no important heterogeneity (I2=0.0%). 
There were no significant differences in TLR in pa-
tients who underwent noncomplex PCI (Figure  S7). 

Meta- regression did not identify a significant associ-
ation between complex PCI and TLR (Pinteraction=0.35; 
Tables S8 and S9).

Target- Vessel Revascularization
Across all patients, intravascular imaging–guided 
PCI conferred a lower risk of TVR compared with 
angiography- guided PCI (RR, 0.60 [95% CI, 0.45–0.80]; 
P<0.001; Figure 5). There was no important heteroge-
neity (I2=0.0%). In patients who underwent complex 
PCI, intravascular imaging–guided PCI conferred a 
lower risk of TVR compared with angiography- guided 
PCI (RR, 0.59 [95% CI, 0.45–0.79]; P<0.001; Figure S8). 
There was no important heterogeneity (I2=0.0%).

Stent Thrombosis
Among all patients, intravascular imaging–guided 
PCI conferred a lower risk of stent thrombosis (RR, 
0.63 [95% CI, 0.40–0.99]; P=0.046) compared with 
angiography- guided PCI. There was no important het-
erogeneity (I2=2.6%; Figure 6).

Figure 1. Outcomes for MACEs following intravascular imaging- guided PCI and angiography- guided PCI among all 
included patients.
AIR- CTO indicates angiographic and clinical comparisons of intravascular ultrasound-  versus angiography- guided drug- eluting stent 
implantation for patients with chronic total occlusion lesions; AVIO, angiography vs intravascular ultrasound optimization trial; CTO- IVUS, 
impact of intravascular ultrasound- guided chronic total occlusion intervention with drug- eluting stents; DOCTORS, optical coherence 
tomography to optimize results of percutaneous coronary intervention in patients with non- ST- elevation acute coronary syndrome; HOME 
DES IVUS, long- term health outcome and mortality evaluation after invasive coronary treatment using drug eluting stents with or without the 
intravascular ultrasound guidance trial; ILUMIEN III, OPTIMIZE PCI, optical coherence tomography compared with intravascular ultrasound 
and with angiography to guide coronary stent implantation; iSIGHT, optical coherence tomography versus intravascular ultrasound and 
angiography to guide percutaneous coronary interventions; IVUS- XPL, effect of intravascular ultrasound–guided vs angiography- guided 
everolimus- eluting stent implantation; MACEs indicates major adverse cardiac events; OCTACS, optical coherence tomography guided 
percutaneous coronary intervention with nobori stent implantation in patients with non- ST- segment- elevation myocardial infarction trial; 
PCI, percutaneous coronary intervention; RENOVATE- COMPLEX- PCI, randomized controlled trial of intravascular imaging guidance 
versus angiography- guidance on clinical outcomes after complex percutaneous coronary intervention; RESET, real safety and efficacy of a 
3- month dual antiplatelet therapy following zotarolimus- eluting stents implantation) trial; ROBUST, OCT guidance during stent implantation 
in primary PCI trial; and ULTIMATE, intravascular ultrasound guided drug- eluting stents implantation in “all- comers” coronary lesions.
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Other Secondary Outcomes
Among all patients, intravascular imaging–guided PCI 
conferred a lower risk of target- vessel failure (RR, 0.62 
[95% CI, 0.49–0.79]; P<0.001; I2=0.0%), target vessel 
MI (RR, 0.61 [95% CI, 0.42–0.89]; P=0.01; I2=0.0%), 
and clinical TLR (RR, 0.60 [95% CI, 0.44–0.82]; 
P=0.001; I2=0.0%) compared with angiography- guided 
PCI (Figure 4; Figure S9). There was no important het-
erogeneity for all these outcomes. The results for other 
secondary outcomes are provided in Table S10.

Subgroup Analyses
The forest plots for the meta- analyses of trials of 
IVUS and OCT considered separately are shown in 
Figures S10 through S17. The subgroup analysis with 
interaction testing based on the type of clinical presen-
tation and follow- up duration of RCTs are summarized 
in Tables S11 and S12. There was no significant inter-
action between type of presentation (acute coronary 
syndrome versus stable coronary artery disease) or 
follow- up duration for any of the assessed outcomes.

Figure 2. Outcomes for cardiac death following intravascular imaging–guided PCI and angiography- guided PCI among all 
included patients.
PCI indicates percutaneous coronary intervention.
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Figure 3. Outcomes for all- cause death following intravascular imaging–guided PCI and angiography- guided PCI among 
all included patients.
PCI indicates percutaneous coronary intervention.
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Sensitivity Analysis

A jackknife sensitivity analysis excluding each trial in 
turn for all primary end points revealed broadly con-
sistent results, as shown in Tables S13 through S18. 
Additional sensitivity analysis was performed using 
fixed effects for each of the main primary outcomes 
with consistent results similar to the primary analysis, 
as shown in Tables S19 through S23. The sensitivity 
analyses using the Fisher exact test yielded concord-
ant results for all outcomes (Tables S19 through S23). 
The additional analyses using the stricter definition of 
complex PCI (chronic total occlusions, left main PCI, 
and the complex PCI subgroup of ULTIMATE) demon-
strated results consistent with the main complex PCI 
subgroup analysis (Figures S18 through S24).

DISCUSSION
The present study represents the most contemporary 
systematic review and meta- analysis of intravascular 
imaging–guided PCI and incorporates the totality of 
the randomized data available with 16 included trials 
and 7814 patients. The principal findings of this study 
(summarized in Figure 7) are that an intravascular im-
aging–guided approach, as compared with using an-
giography alone, improves clinical outcomes, with a 
33% reduction in MACEs, 51% reduction in cardiac 
death, 37% reduction in stent thrombosis, 33% reduc-
tion in TLR, 40% reduction in TVR, and 39% reduction 
in target- vessel MI. The magnitude of these benefits 
is large, and statistical heterogeneity was absent or 
low for all analyses, indicating a consistency of effect 

Figure 4. Outcomes for MI (A) and target- vessel MI (B) following intravascular imaging–guided PCI and angiography- guided 
PCI among all included patients.
MI indicates myocardial infarction; and PCI, percutaneous coronary intervention.
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across studies. Meta- regression analysis did suggest 
a significant interaction between complex PCI and 
MACEs, indicating that complexity of PCI moderates 
the observed relationship between intravascular imag-
ing and MACEs and further reinforcing the increased 
clinical benefit of intravascular imaging in the most 
complex patients. We believe these findings are suf-
ficient to lead to changes in guideline recommenda-
tions with class I recommendations for an intravascular 
imaging–guided approach for PCI, especially for com-
plex lesion subsets.

Our analysis differs from prior published meta- 
analytic work in several ways.10,11–15,17,40 First, it includes 
newly available trial data with the publication of 1 new 
large trial and longer- term follow- up from 2 other trials. 

Second, we were able to obtain additional previously 
unpublished data from the principal investigators of 
some trials for certain outcomes and subgroups, en-
suring that this study is the most exhaustive and com-
plete representation of the existing trial data in the field 
(Table  S6). Third, we excluded observational stud-
ies, which are susceptible to bias in the form of both 
measured and unmeasured confounders. Fourth, we 
considered all trials of intravascular imaging together 
irrespective of the imaging modality, as we believe it is 
the use of an image- guided approach that will improve 
outcomes rather than the use of one imaging modal-
ity above another. Fifth, we specifically examined the 
most complex lesion subsets, for which it has been as-
sumed the benefit of intravascular imaging is greatest.

Figure 5. Outcomes for target lesion revascularization (A) and target- vessel revascularization (B) following intravascular 
imaging–guided PCI and angiography- guided PCI among all included patients.
PCI indicates percutaneous coronary intervention.
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Improved clinical outcomes with an intravascular 
imaging–guided approach are likely a result of implan-
tation of larger stents with greater final minimal stent 
areas achieved, as well as avoiding significant plaque 
burden at the edges of stents and untreated edge 
dissections. Clinical outcomes with an intravascular 

imaging–guided approach may be further improved 
with establishing criteria for an optimal stent result 
such as that used in the ULTIMATE trial, in which the 
clinical benefit was determined by achieving optimal 
stent expansion, defined as minimal stent area >90% 
distal reference luminal area or an overall minimal stent 

Figure 7. Summary of clinical outcomes for intravascular imaging–guided PCI versus angiography- guided PCI.
PCI indicates percutaneous coronary intervention.

Figure 6. Outcomes for stent thrombosis following intravascular imaging–guided PCI and angiography- guided PCI among 
all included patients.
PCI indicates percutaneous coronary intervention.
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area ≥5 mm2.2 Conversely, these clinical benefits were 
obviated if these criteria were not achieved. Further 
improvements in clinical outcomes with an imaging- 
guided approach could be achieved by establishment 
of key benchmarks for an optimal stent result by imag-
ing criteria.

The magnitude of benefit of an intravascular im-
aging–guided approach is large, with a one- third re-
duction in MACEs, one- third reduction in TLR, 40% 
reduction in stent thrombosis and TVR, and, most 
strikingly, a 50% reduction in cardiac death. By way 
of comparison, drug- eluting stents as compared with 
bare- metal stents were associated with a possible 
slight (but statistically nonsignificant) 11% reduction in 
cardiac death as compared with bare- metal stents in 
an individual patient meta- analysis of 20 RCTs.41 Drug- 
eluting stent use, as compared with bare- metal stents, 
is associated with 37% reductions in stent thrombosis 
and 45% reductions in TVR, which are findings similar 
to those observed with imaging- guided PCI as com-
pared with angiography- guided PCI. Drug- eluting stent 
use receives class I recommendations from guidelines. 
The clinical benefits of imaging guidance come with 
no downside or trade- off, aside from the cost of the 
imaging catheter and a small, insignificant increase in 
procedural time. Our analysis suggests that the benefit 
of intravascular imaging is greatest in complex lesion 
subsets, and in terms of economic implications and 
resource use, an initial focus on complex lesions might 
be most appropriate.

Our analysis suggests a potential benefit in terms 
of all- cause death, although this result was not statisti-
cally significant. Across all patients, the point estimate 
for all- cause death for intravascular imaging as com-
pared with angiography was a RR of 0.81 (95% CI, 
0.61–1.07; P=0.14), and for complex lesion subsets, the 
point estimate was a RR of 0.75 (95% CI, 0.55–1.02; 
P=0.07). We believe that a therapy that significantly 
reduces MACEs, cardiac death, stent thrombosis, 
TLR, TVR, and target- vessel MI to the extent that in-
travascular imaging does is very likely to lead to re-
ductions in all- cause death, but our present analysis is 
underpowered to demonstrate a statistically significant 
benefit. With the addition of new trials with increased 
patients and events, it is likely that the precision around 
the point estimates will increase and the reduction in 
death will become statistically significant. These new 
trials are forthcoming, including ILUMIEN IV (Optical 
Coherence Tomography [OCT] Guided Coronary Stent 
Implantation Compared to Angiography: A Multicenter 
Randomized Trial in PCI; NCT03507777), OCTOBER 
(European Trial on Optical Coherence Tomography 
Optimized Bifurcation Event Reduction; NCT03171311), 
IMPROVE (Impact on Revascularization Outcomes of 
Intravascular Ultrasound- Guided Treatment of Complex 
Lesions and Economic Impact Trial; NCT04221815), 

and OPTIMAL (Optimization of Left Main PCI With 
Intravascular Ultrasound Trial; NCT04111770).42–49

Limitations
This is a study- level meta- analysis, and individual pa-
tient data were not available to us. This prevents us 
from performing more granular subgroup analyses or 
assessing temporality of events with Kaplan–Meier 
plots and landmark analyses. Many trials did not re-
port hazard ratios, which are the most appropriate 
method for analyzing survival data and account for 
varying follow- up durations. To help overcome this, we 
also performed analyses at varying time early intervals. 
Definitions of clinical outcomes and subgroups are 
never entirely consistent across included trials, which is 
a problem common to all meta- analyses. This problem 
will only be overcome when trialists commit to stand-
ardizing end point definitions and subgroups across 
all trials to facilitate better synthesis of pooled data. 
However, statistical heterogeneity was absent or low 
for the majority of our meta- analyses. Follow- up dura-
tion of most trials was relatively short, limiting our ability 
to study the longer- term impact of intravascular imag-
ing when compared with angiography. We would ex-
pect longer- term follow- up to lead to accrual of events 
with subsequent increasing of precision and narrowing 
of CIs, but this cannot be studied from the available 
data. Randomization is the only way to avoid bias from 
measured and unmeasured confounders when as-
sessing an effect of therapy, and we therefore limited 
our analysis to randomized trials, which necessarily ex-
clude all patients who do not meet their narrow eligibility 
criteria and can limit generalizability. The larger RCTs in 
this analysis are primarily based on study populations 
from countries like China or South Korea, where adop-
tion of intravascular imaging is higher, and familiarity 
with image interpretation to guide intervention is likely 
to be present.2,4,5 This may somewhat limit generaliz-
ability of their results to other regions where adoption is 
lower. Our definition of complex PCI was based in large 
part on the recent RENOVATE- COMPLEX- PCI trial, but 
led to the majority of lesions in this study being clas-
sified as complex, which may not be representative of 
clinical practice in most settings. We also used an ad-
ditional, stricter definition of complex PCI to include left 
main lesions, chronic total occlusions, and the com-
plex PCI cohort from ULTIMATE, which demonstrated 
consistent results.

CONCLUSIONS
In patients undergoing PCI, intravascular imaging is as-
sociated with a significant reduction in MACE, cardiac 
death, stent thrombosis, TLR, and TVR. The magnitude 
of benefit is large and consistent across all included 
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studies. There may also be benefits in all- cause death, 
particularly in complex lesion subsets. These results 
support the use of intravascular imaging as the stand-
ard of care for all patients undergoing PCI, providing a 
compelling argument for upgraded guideline recom-
mendations that reflect the totality of contemporary 
randomized evidence.
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