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Abstract
Objective: To investigate the optimal percutaneous coronary intervention (PCI) strategy in 
patients with ST-segment elevation myocardial infarction (STEMI) and multivessel coronary 
artery disease.
Methods: Trials that randomized patients with STEMI and multivessel coronary artery disease 
to immediate multivessel PCI, staged multivessel PCI, or culprit-only PCI and prospective 
observational studies that investigated all-cause death were included. Random effect risk 
ratio (RR) and 95% confidence interval (CI) were calculated.
Results: A total of 13 randomized trials with 7627 patients and 21 prospective observational 
studies with 60311 patients were included. In the pairwise and network meta-analysis based 
on randomized trials, immediate or staged multivessel PCI was associated with a lower 
risk of long-term major adverse cardiac events (MACE; RR: 0.58; 95% CI: 0.45 to 0.74) than 
culprit-only PCI, which was mainly due to lower risks of myocardial infarction (RR: 0.67; 95% 
CI: 0.51 to 0.88) and revascularization (RR: 0.38; 95% CI: 0.28 to 0.51), without any significant 
difference in all-cause death (RR: 0.85; 95% CI: 0.69 to 1.04; I2 = 0.0%). However, short-term 
outcomes were deficient in randomized trials. The results from real-world prospective 
observational studies suggested that staged multivessel PCI reduced long-term all-cause 
death (RR: 0.53; 95% CI: 0.39 to 0.71; I2 = 15.6%), whereas immediate multivessel PCI 
increased short-term all-cause death (RR: 1.58; 95% CI: 1.22 to 2.05; I2 = 43.8%) relative to 
culprit-only PCI.
Conclusion: For patients in randomized trials, multivessel PCI in an immediate or staged 
procedure was preferred due to improvements in long-term outcomes. As a supplement, 
the results in real-world patients derived from prospective observational studies suggested 
that staged multivessel PCI was superior to immediate multivessel PCI. Therefore, staged 
multivessel PCI may be the optimal PCI strategy for patients with STEMI and multivessel 
coronary artery disease.
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Introduction
Primary percutaneous coronary intervention 
(PCI) remains the cornerstone for the treatment 
of patients with ST-elevation myocardial infarc-
tion (STEMI) when performed in a timely  
manner.1 In patients diagnosed with STEMI, it 
is estimated that approximately 40–65% exhibit 
multivessel coronary artery disease and are asso-
ciated with worse short- and long-term mortality 
and morbidity than subjects with single-vessel 
disease.2 Three different revascularization strat-
egies are available for the treatment of multives-
sel coronary artery disease at the time of primary 
PCI: (1) immediate multivessel PCI (MV-PCI), 
in which the infarct-related artery (IRA) and 
non-IRA are treated during the index procedure; 
(2) staged MV-PCI strategy, in which the IRA is 
treated at the index procedure followed by a 
planned PCI of the non-IRA at a later time 
within 1 month; and (3) culprit-only PCI 
(CO-PCI) strategy, in which the only treated 
vessel is the IRA. The results based on earlier 
observational studies demonstrated that an 
immediate MV-PCI strategy was associated with 
worse short-term outcomes than a CO-PCI 
strategy.3,4 However, recent randomized trials 
including the PRAMI (Preventive Angioplasty  
in Myocardial Infarction),5 CvLPRIT (Complete 
Versus Lesion-Only Primary PCI Trial),6 
DANAMI-3-PRIMULTI (Third Danish Study 
of Optimal Acute Treatment of Patients with 
ST-segment Elevation Myocardial Infarction: 
Primary PCI in Multivessel Disease),7 
COMPARE-ACUTE (Comparison Between FFR  
Guided Revascularization Versus Conventional 
Strategy in Acute STEMI Patients With 
Multivessel Coronary Artery Disease),8 and 
COMPLETE (Complete vs Culprit-only 
Revascularization to Treat Multi-vessel Disease 
After Early PCI for STEMI) trials9 as well as 
meta-analyses10,11 all demonstrated that imme-
diate or staged MV-PCI was superior to CO-PCI 
in reducing the risks of long-term revasculariza-
tion, cardiac death and myocardial infarction in 
the absence of short-term outcomes. Therefore, 
the utility and strategy of MV-PCI in patients 
with STEMI and multivessel coronary artery 
disease remain difficult to perform in real-world 
practice in China.12 Meanwhile, differences exist 
with regard to the guidance [angiography or 
fractional flow reserve (FFR)] of non-IRA revas-
cularization. Thus, we sought to conduct a com-
prehensive pairwise and network meta-analysis 

of randomized trials to assess the relative merits 
of different PCI strategies in patients with 
STEMI and multivessel coronary artery disease, 
and subgroups were designed based on the guid-
ance of revascularization (angiography or FFR) 
and MV-PCI strategy (Immediate, staged or 
mixed). Moreover, considering that many early 
deaths occur within several days after STEMI13 
and that short-term outcomes were not reported 
in randomized trials, we resorted to prospective 
observational studies to investigate short-term 
(in-hospitalization or within 30 days) and long-
term all-cause death (⩾6 months) among differ-
ent PCI revascularization strategies.

Methods

Data sources
This study was performed in accordance with  
the Preferred Reporting Items for Systematic 
Reviews and Meta-analyses (PRISMA) state-
ment for pairwise and network meta-analysis.14,15 
An electronic search of PubMed, Web of Science, 
the Cochrane Library, ClinicalTrials.gov, and 
Google Scholar along with major conference  
proceedings was conducted using the Medical 
Subject Heading and the keyword search terms 
‘percutaneous coronary intervention(MESH)’, 
‘myocardial infarction(MESH)’, ‘PCI’, ‘angiog-
raphy’, ‘STEMI’, ‘multivessel’, ‘non-IRA’, ‘cul-
prit-only’, ‘staged’, ‘immediate’, ‘simultaneous’, 
‘incomplete’ and ‘complete revascularization’ 
from inception through November 2020 with no 
language restriction. In addition, we searched the 
presentations at major cardiovascular scientific 
sessions and the bibliographies of original trials, 
meta-analyses, and review articles to find other 
eligible studies. This meta-analysis was registered 
at the PROSPERO international prospective reg-
ister of systematic reviews (CRD42020218552). 
We obtained summary data from published stud-
ies, which has been approved by the institutional 
review committee in their respective studies. 
Therefore, no further sanction was required for 
our meta-analysis.

Selection criteria
We only included randomized trials and prospec-
tive observational studies (observational studies 
must investigate all-cause death) that compared 
any combination of CO-PCI, immediate MV-PCI 
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or staged MV-PCI in patients with STEMI and 
multivessel coronary artery disease. Studies 
focused on patients diagnosed with cardiogenic 
shock or chronic total occlusion (CTO) were 
excluded to ensure similar baseline characteris-
tics. The quality of the included randomized trials 
was evaluated using Review Manager 5.3.

Data extraction
Two independent authors (M.-J.H. and J.-S.T.) 
extracted information regarding the study design, 
interventions performed, number and characteris-
tics of patients enrolled, definition of multivessel 
coronary artery disease, inclusion and exclusion 
criteria, clinical outcomes, follow-up duration and 
baseline characteristics of the included patients. 
Any discrepancies were resolved by consensus 
with third-party adjudication (X.-J.G.).

Outcomes
In analyses based on randomized trials, the pri-
mary outcomes were major adverse cardiac events 
(MACE), all-cause death, myocardial infarction 
and revascularization. We preferentially utilized 
data from the longest available follow-up as long-
term outcomes. Secondary outcomes defined as 
cardiac death, angina, heart failure and rehospi-
talization together with safety outcomes defined 
as major bleeding, renal failure and stroke were 
also investigated. In prospective observational 
studies, short- and long-term all-cause death were 
investigated.

Statistical analysis
Raw, unadjusted data from the included rand-
omized trials and prospective observational stud-
ies were extracted. Random-effects models of 
DerSimonian and Laird were used to construct 
the summary estimated risk ratio (RR) and the 
corresponding 95% confidence interval (CI). 
Statistical heterogeneity was examined using the 
I2 statistic, with I2 being considered substantial 
when it was >50%.16 Begg’s method and funnel 
plot were used to estimate publication bias.17 
Sensitivity analysis was performed using a leave-
one-out analysis to assess whether the pooled 
results were influenced by a single trial. All analy-
ses for the pairwise meta-analysis were performed 
using STATA software version 14 (STATA 
Corporation, College Station, Texas). Meanwhile, 

network meta-analysis was carried out using the 
‘network’ command in STATA software.18 We 
performed trial sequential analysis (TSA) to assess 
the reliability and conclusiveness of the present 
evidence, anticipating a 25% RR reduction  
for efficacy outcomes, α = 5%, 1 − β = 80%.19 
TSA was conducted using TSA software, version 
0.9 beta (Copenhagen Trial Unit, Copenhagen, 
Denmark).

Results

Search process, study characteristics and 
quality assessment
Our initial search yielded 5286 articles. 
Ultimately, 13 randomized trials enrolling 7627 
patients and 21 prospective observational stud-
ies enrolling 60311 patients met our inclusion 
criteria. Figure 1 reports how the eligible studies 
were identified. Table 1 reports the characteris-
tics of the included randomized trials. Overall, 
two trials5,20 compared immediate MV-PCI with 
CO-PCI, four trials6,8,21,22 compared mixed 
MV-PCI (either immediate or staged) with 
CO-PCI, five trials7,9,23–25 compared staged 
MV-PCI with CO-PCI and two trials26,27 com-
pared staged MV-PCI with immediate MV-PCI. 
Meanwhile, in three trials,7,8,23 non-IRA was 
revascularized with the guidance of FFR. Table 
2 summarizes the baseline characteristics of the 
included patients. The patients were more likely 
to be old males with a history of hypertension 
and diabetes. Over time, more drug-eluting 
stents (DES) were adopted. Figure 2(a)–(d) and 
Figure 2(e) and (f) report the evidence of the 
included randomized trials and prospective 
observational studies, respectively. Figure 2(g) 
summarizes the measures of study quality. The 
characteristics of the included prospective obser-
vational studies are shown in Supplementary 
Table 1.

Pairwise meta-analysis of MACE, myocardial 
infarction and revascularization based on 
randomized trials
Compared with CO-PCI, MV-PCI was associ-
ated with lower risks of long-term MACE (RR: 
0.58; 95% CI: 0.45 to 0.74; I2 = 57.0%), myocar-
dial infarction (RR: 0.67; 95% CI: 0.51 to 0.88; 
I2 = 18.8%) and revascularization (RR: 0.38; 95% 
CI: 0.28 to 0.51; I2 = 63.5%) (Supplementary 
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Figures 1–3), which were not influenced by the 
strategy (immediate, staged or mixed) or the 
guidance of MV-PCI.

Pairwise meta-analysis of all-cause death 
based on randomized trials and prospective 
observational studies, respectively
Analyses based on randomized trials revealed that 
the risk of all-cause death was similar between 
MV-PCI and CO-PCI (RR: 0.85; 95% CI: 0.69 
to 1.04; I2 = 0.0%) (Figure 3). However, analyses 
based on prospective observational studies sug-
gested that compared with CO-PCI, immediate 
MV-PCI increased the risk of short-term all-
cause death (RR: 1.58; 95% CI: 1.22 to 2.05; 
I2 = 43.8%), whereas the risk of long-term 

all-cause death (RR: 1.15; 95% CI: 0.83 to 1.58; 
I2 = 91.6%) was similar (Figure 4(a)). The risk of 
short-term all-cause death (RR: 0.29; 95% CI: 
0.03 to 2.58; I2 = 62.0%) was similar between 
staged MV-PCI and CO-PCI, yet staged MV-PCI 
decreased the risk of long-term all-cause death 
(RR: 0.53; 95% CI: 0.39 to 0.71; I2 = 15.6%) 
(Figure 4(b)). Immediate MV-PCI increased the 
risks of both short-term (RR: 3.11; 95% CI: 2.11 
to 4.57; I2 = 0%) and long-term all-cause death 
(RR: 2.24; 95% CI: 1.37 to 3.66; I2 = 80.1%) 
compared with staged MV-PCI (Figure 4(c)).

Meta-regression based on randomized trials
The publication year of the study, age, sex, 
hypertension, diabetes, radial access, DES and 

Figure 1. PRISMA flow of the study search.
CTO, chronic total occlusion; PRISMA, Preferred Reporting Items for Systematic reviews and Meta-Analyses.
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administration of glycoprotein IIb/IIIa inhibitor 
were not associated with long-term MACE,  
all-cause death, myocardial infarction or revas-
cularization results. However, there was a trend 
that the prevalence of three-vessel disease was 
positively associated with MACE (p = 0.086) 
(Supplementary Table 2).

Pairwise meta-analysis of secondary  
and safety outcomes based on randomized 
trials
Compared with CO-PCI, MV-PCI (immediate 
or staged) was associated with lower risks of long-
term cardiac death (RR: 0.73; 95% CI: 0.54 to 
0.98; I2 = 6.6%), angina (RR: 0.49; 95% CI: 0.39 
to 0.61; I2 = 0.0%) and rehospitalization (RR: 
0.44; 95% CI: 0.29 to 0.66; I2 = 4.9%). The risk 
of long-term heart failure was similar between 
MV-PCI and CO-PCI (Supplementary Figure 4).  
Safety outcomes including major bleeding, renal 
failure and stroke were also similar between 

MV-PCI and CO-PCI (Supplementary Figure 5).  
The results of the sensitivity analyses were con-
sistent with the main analyses (Supplementary 
Figure 6). There was no evidence of publication 
bias (Supplementary Figures 7).

TSA results of randomized trials
Regarding MACE, myocardial infarction and 
revascularization, the cumulative z-curve crossed 
both the conventional boundary (p = 0.05) and 
the trial sequential boundary, indicating that 
compared with CO-PCI, MV-PCI reduced the 
risks of long-term MACE, myocardial infarction 
and revascularization by 25% with firm evidence 
(Figure 5). However, regarding all-cause death, 
the cumulative z-curve crossed the futility 
boundary, indicating that MV-PCI failed to 
reduce the risk of long-term all-cause death by 
25% compared with CO-PCI. The TSA results 
for secondary and safety outcomes are shown in 
Supplementary Figures 8 and 9, respectively.

Figure 2. Network evidence and risk of bias of included studies. Network evidence plot for primary outcome 
of randomized trials (a–d), all-cause death of prospective observational studies (e and f), and risk of bias of 
included randomized trials (g).
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Table 2. Baseline characteristics of included patients in randomized trials.

Trial/first 
author year

Group Age, years Male,  
%

Hypertension, 
%

Diabetes, 
%

Three-vessel 
diseases, %

Radial 
approach, %

DES, 
%

GpIIb/IIIa 
inhibitors, %

HELP AMI20

2004
CO-PCI 65.3 ± 7.4 84.6 58.8 41.2 47.1 NA NA 82.4

 Immediate 
MV-PCI

63.5 ± 12.4 88.2 36.5 11.5 30.8 NA NA 75.0

 Staged 
MV-PCI

NA NA NA NA NA NA NA NA

Politi et al.21 CO-PCI 66.5 ± 13.2 76.2 59.5 23.8 25.0 NA 11.9 NA

 Immediate 
MV-PCI

64.5 ± 11.7 76.9 49.2 13.8 29.2 NA  7.7 NA

 Staged 
MV-PCI

64.1 ± 11.1 80.0 64.6 18.5 44.6 NA  9.2 NA

Maamoun 
et al.26

CO-PCI NA NA NA NA NA NA NA NA

 Immediate 
MV-PCI

54.52 ± 10.3 95.2 38.1 40.5 26.2 NA 35.7 NA

 Staged 
MV-PCI

52.33 ± 7.1 88.9 33.3 55.6 22.2 NA 31.7 NA

Ghani et al.23 CO-PCI 61 ± 11 80.5 42.5  5.0 19.5 NA 17.1 46.3

 Immediate 
MV-PCI

NA NA NA NA NA NA NA NA

 Staged 
MV-PCI

62 ± 10 80.0 26.3 6.3 25.0 NA 22.5 45.0

PRAMI5

2013
CO-PCI 62 81 40 21 33 NA 58 76

 Immediate 
MV-PCI

62 76 40 15 39 NA 63 76

 Staged 
MV-PCI

NA NA NA NA NA NA NA NA

Roman  
et al.27

CO-PCI NA NA NA NA NA NA NA NA

 Immediate 
MV-PCI

58.6 ± 11 69.6 95.6 26.1 43.5 43.5 NA NA

 Staged 
MV-PCI

58.9 ± 10.4 58.1 86 20.9 46.5 53.5 NA NA

DANAMI-3-
PRIMULTI7

2015

CO-PCI 63 81 47 13 32 NA 93 23

 Immediate 
MV-PCI

NA NA NA NA NA NA NA NA

 Staged 
MV-PCI

64 80 41 9 31 NA 95 20

 (Continued)
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Trial/first 
author year

Group Age, years Male,  
%

Hypertension, 
%

Diabetes, 
%

Three-vessel 
diseases, %

Radial 
approach, %

DES, 
%

GpIIb/IIIa 
inhibitors, %

CvLPRIT6

2015a
CO-PCI 65.3 ± 11.9 76.7 36.4 14.3 24.7 72.9 90.7 31.7

 Immediate 
MV-PCI

64.6 ± 11.2 85.3 36.6 12.9 20.7 76.7 95.9 31.7

 Staged 
MV-PCI

NA NA NA NA NA NA NA NA

Zhang  
et al.24

CO-PCI 61.88 ± 11.71 67.1 61.0 35.2 NA NA 100 38.0

 Immediate 
MV-PCI

NA NA NA NA NA NA NA NA

 Staged 
MV-PCI

62.25 ± 9.96 60.9 64.2 36.7 NA NA 100 35.3

PRAGUE 1325

2015
CO-PCI NA NA NA NA NA NA NA NA

 Immediate 
MV-PCI

NA NA NA NA NA NA NA NA

 Staged 
MV-PCI

NA NA NA NA NA NA NA NA

Hamza 
et al.22,a

CO-PCI 52.2 ± 10.6 86 36 100 34 46 NA 34

 Immediate 
MV-PCI

56.4 ± 11.5 82 26 100 28 42 NA 38

 Staged 
MV-PCI

NA NA NA NA NA NA NA NA

Compare-
Acute8

2017a

CO-PCI 61 ± 10 76.3 47.8 15.9 32.9 NA NA NA

 Immediate 
MV-PCI

62 ± 10 79 46.1 14.6 30.8 NA NA NA

 Staged 
MV-PCI

NA NA NA NA NA NA NA NA

COMPLETE9

2019
CO-PCI 62.4 ± 10.7 79.1 50.7 19.9 22.9 80.7 NA NA

 Immediate 
MV-PCI

NA NA NA NA NA NA NA NA

 Staged 
MV-PCI

61.6 ± 10.7 80.5 48.7 19.1 23.9 80.8 NA NA

AMI, acute myocardial infarction; Compare-Acute, Comparison Between FFR Guided Revascularization Versus Conventional Strategy in Acute 
STEMI Patients With Multivessel Coronary Artery Disease; COMPLETE, Complete vs Culprit-only Revascularization to Treat Multi-vessel Disease 
After Early PCI for STEMI; CO-PCI, culprit-only percutaneous coronary intervention; CvLPRIT, Complete Versus Lesion-Only Primary PCI Trial; 
DANAMI-3-PRIMULTI, Third Danish Study of Optimal Acute Treatment of Patients with ST-segment Elevation Myocardial Infarction: Primary PCI in 
Multivessel Disease; DES, drug-eluting stents; HELP AMI, HEpacoat for cuLPrit or multivessel stenting for Acute Myocardial Infarction; MV-PCI, 
multivessel percutaneous coronary intervention; PRAMI, Preventive Angioplasty in Myocardial Infarction.
aMV-PCI was performed either immediately or staged and results were mixed, and the results were shown in the group that included more patients.

Table 2. (Continued)
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Network meta-analysis of randomized trials
The mixed treatment model showed that 
MV-PCI in an immediate or staged procedure 
was associated with lower risks of long-term 
MACE, myocardial infarction and revasculariza-
tion than CO-PCI. However, there was no 

significant difference between immediate and 
staged MV-PCI regarding MACE, myocardial 
infarction and revascularization. The risk of long-
term all-cause death was similar between any 
combination of the three different revasculariza-
tion strategies (Figure 6(a)). CO-PCI showed the 

Figure 3. Pairwise meta-analysis of long-term all-cause death based on randomized trials.
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Figure 4. (Continued)
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Figure 4. Pairwise meta-analysis of all-cause death based on prospective observational studies. (a) Immediate 
MV-PCI vs Culprit-only PCI, (b) Staged MV-PCI vs Culprit-only PCI, and (c) Immediate MV-PCI vs Staged MV-PCI.

Figure 5. Results of the TSA for the risks of long-term primary outcomes based on randomized trials.  
(a) MACE, (b) All-cause death, (c) Myocardial infarction, and (d) Revascularization.
TSA, trial sequential analysis.
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highest cumulative probability for increasing the 
risks of long-term MACE, all-cause death, myo-
cardial infarction and revascularization, followed 
by staged and immediate MV-PCI strategies 

(Figure 6(b)–(e)). The contribution, loop consist-
ency, comparison-adjusted and predictive interval 
plots for network meta-analysis are shown in 
Supplementary Figures 10–13, respectively.

Figure 6. Forest plot and cumulative probability rankings for the network meta-analysis. Forest plot for the 
network meta-analysis (a) and cumulative probability rankings (b–e) for long-term primary outcomes based on 
randomized trials.

https://journals.sagepub.com/home/taj


M-J Hu, J-S Tan et al.

journals.sagepub.com/home/taj 15

Discussion
In the meta-analysis based on randomized trials, 
we demonstrated that MV-PCI (immediate or 
staged) was associated with a 42% lower risk for 
long-term MACE, which was mainly due to a 
33% lower risk for myocardial infarction and a 
62% lower risk for revascularization. The results 
above were consistent with the network meta-
analysis. However, real-world prospective obser-
vational studies suggested that staged MV-PCI 
decreased both short- and long-term all-cause 
death, whereas immediate MV-PCI increased the 
risk of short-term all-cause death relative to 
CO-PCI.

Our results are consistent with previous meta-
analyses of randomized trials suggesting that 
MV-PCI was associated with reduced MACE.28–30 
However, these analyses focused on comparing 
pooled MV-PCI with CO-PCI rather than explor-
ing the relative benefit from immediate MV-PCI 
versus staged MV-PCI. This comparison is sig-
nificant, as immediate MV-PCI is different from 
staged MV-PCI from both technical and patho-
physiological perspectives.31,32 Moreover, imme-
diate and staged MV-PCI strategies have some 
individual advantages and disadvantages.33 In  
our pairwise and network meta-analysis of rand-
omized trials, we did not find that the timing of 
MV-PCI (immediate or staged) had an impact on 
long-term clinical outcomes, which means there 
was a consistent treatment effect for MV-PCI 
versus CO-PCI, regardless of the timing when 
MV-PCI was achieved. Meanwhile, the largest 
randomized trial in the field at present, the 
COMPLETE trial,34 showed that the benefit of 
MV-PCI over CO-PCI was consistent irrespec-
tive of the timing of non-IRA intervention (index 
hospitalization or after hospital discharge). 
Therefore, achieving MV-PCI, rather than its 
timing, is the most important determinant of 
long-term clinical outcomes according to the 
results of randomized trials.

It is noteworthy that in our included randomized 
trials, patients were strictly selected, and those 
with high-risk conditions such as cardiogenic 
shock, left main coronary artery disease and CTO 
were excluded from 12 of the included 13 studies. 
Therefore, the included patients in randomized 
trials represented strictly selected patients with 
relatively low-risk profiles compared with patients 
from real-world scenarios, and caution is advised 

when extrapolating our findings to real-world 
populations. Meanwhile, short-term all-cause 
death within hospitalization or 30 days was not 
reported, and we are unable to exclude the pos-
sibility that the higher rates of long-term MACE 
and revascularization in the CO-PCI group could 
be a consequence of competing risks. After all, 
the pathological inflammatory process in STEMI 
involves not only the IRA but also the entire coro-
nary tree and can lead to the destabilization and 
rupture of multiple atherosclerotic plaques, 
resulting in a sharply increased risk of death.35 
Worse still, the dynamics of this specific inflam-
matory process are greatest in the first month 
after STEMI.36,37 If patients receive immediate 
MV-PCI, unforeseen periprocedural complica-
tions in the non-IRA region may be poorly toler-
ated due to the ‘double jeopardy’ of the IRA and 
non-IRA regions.31 Increased radiation exposure 
caused by prolonged procedure time38 and a 
higher risk of contrast-induced nephropathy trig-
gered by increased contrast load may further 
deteriorate patients’ condition.6 If patients in the 
immediate MV-PCI group were unable to toler-
ate the extremely prothrombotic and inflamma-
tory milieu39 and died early, they therefore did 
not survive long enough to develop MACE and 
revascularization in the long-term course. 
Correspondingly, the long-term risks of MACE 
and revascularization were lower in patients 
undergoing immediate MV-PCI than in those 
receiving CO-PCI. Based on our abovementioned 
discussion, investigating the short-term outcomes 
may provide more information about which one is 
better when considering immediate and staged 
MV-PCI. However, the short-term outcomes 
were unavailable in randomized trials. Therefore, 
we turned to real-world prospective observational 
studies for answers. Both short- and long-term 
follow-ups in prospective observational studies 
showed that immediate MV-PCI increased the 
risk of all-cause death when compared with staged 
MV-PCI. In addition, immediate MV-PCI para-
doxically increased the risk of short-term all-cause 
death compared with CO-PCI, which seems con-
trary to the results from randomized trials. The 
randomized CULPRIT-SHOCK trial40 was dedi-
cated to comparing immediate MV-PCI versus 
CO-PCI in high-risk patients with STEMI and 
multivessel coronary artery disease complicated 
by cardiogenic shock. The results showed that at 
30 days, the composite primary endpoint of all-
cause death or renal-replacement therapy was 
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45.9% in the CO-PCI arm versus 55.4% in the 
immediate MV-PCI arm (p = 0.01). All-cause 
death was higher in immediate MV-PCI than in 
CO-PCI (51.6% versus 43.3%, p = 0.03). 
Therefore, in high-risk patients with STEMI and 
multivessel coronary artery disease complicated 
by cardiogenic shock, CO-PCI instead of imme-
diate MV-PCI was advocated due to the reduced 
risk of short-term all-cause death. However, the 
rates of long-term (1-year) all-cause death (50.0% 
versus 56.9%; RR: 0.88; 95% CI: 0.76 to 1.01) 
and renal-replacement therapy (11.6% versus 
16.4%; RR: 0.71; 95% CI: 0.49 to 1.03) were 
similar between CO-PCI versus immediate 
MV-PCI, yet rehospitalization for heart failure 
(5.2% versus 1.2%; RR: 4.46; 95% CI: 1.53 to 
13.04) and revascularization (32.3% versus 9.4%; 
RR: 3.44; 95% CI, 2.39 to 4.95) occurred more 
frequently with CO-PCI.38 Based on long-term 
results from the CULPRIT-SHOCK trial, we 
may wrongly conclude that immediate MV-PCI 
was superior to CO-PCI because of the reduced 
risks of rehospitalization for heart failure and 
revascularization. It is thought-provoking that 
during short-term follow-up, immediate MV-PCI 
increased the risk of all-cause death. Therefore, 
based on results from real-world prospective 
observational studies and the CULPRIT-
SHOCK trial, a staged MV-PCI strategy may be 
the best option. Meanwhile, staged MV-PCI ena-
bles operators to have more time to appropriately 
evaluate the risks and benefits of additional revas-
cularization, perhaps resulting in better patient 
selection41 and avoiding the overestimation of ste-
nosis severity in the acute phase of STEMI.42 
However, because of the deficiency of randomized 
trials comparing immediate and staged MV-PCI 
directly, the benefits of staged MV-PCI should be 
evaluated in future randomized trials. Two ongo-
ing trials, MULTISTARS AMI (NCT03135275) 
and BioVasc (NCT03621501), which test the 
outcomes between immediate MV-PCI and 
staged MV-PCI, will help to further clarify the 
options of different MV-PCI strategies.

Another finding of our meta-analysis is the con-
sistent benefit of MV-PCI guided by angio-
graphy or FFR. Meanwhile, two ongoing trials, 
FLOWER-MI (NCT02943954) and FRAME-
AMI (NCT02715518), are comparing clinical 
outcomes following FFR-guided versus angiog-
raphy-guided PCI in the treatment of non-IRA 
stenosis.

Our meta-analysis included studies from 2004 to 
2019, and it is obvious that the use of DES 
increased with time in the included studies. 
Moreover, a study suggested that for STEMI 
patients receiving DES, a trend towards lower 
long-term mortality at 1 year was observed in 
comparison to the bare metal stent (BMS).43 
Therefore, meta-regression was performed to 
investigate whether the publication year and the 
percent of DES used may influence outcomes. 
However, the results indicated that publication 
year and DES did not exert effects on the asso-
ciation between the PCI strategy and clinical 
outcomes. In addition, during the past years, the 
recommendation for the PCI strategy for STEMI 
patients with multivessel coronary artery disease 
has changed oppositely. The 2013 American 
College of Cardiology Foundation/American 
Heart Association (ACCF/AHA) guidelines did 
not recommend the MV-PCI strategy for 
STEMI patients with multivessel coronary artery 
disease (Class III, Level B), mainly based on 
observational studies.44 In 2015, they upgraded 
the MV-PCI recommendation to Class IIb 
(Level B),45 which was similar to the European 
Society of Cardiology/European Association of 
Cardiothoracic Surgery (ESC/EACTS) guide-
line in 2015.46 With the publication of more 
well-designed randomized trials and meta-analy-
ses, the latest 2017 ESC guideline has upgraded 
MV-PCI to Class IIa (Level A).47 Therefore, 
recommendations are revised with the emer-
gence of randomized trials and meta-analyses, 
and further randomized trials are needed to 
establish a solid conclusion on the optimal PCI 
strategy for STEMI patients with multivessel 
coronary artery disease.

Study limitations
First, the PRAGUE 13 trial has not yet been 
published, and we were unable to obtain the 
baseline characteristics. Meanwhile, the number 
of patients in the COMPLETE trial was large 
(4041, 53.0%); therefore, the results of our 
meta-analysis could have been skewed towards 
biases within the COMPLETE trial. However, 
sensitivity analyses performed by excluding these 
studies yielded similar results to the main analy-
sis. Second, data are from different health care 
systems, different populations and different end-
point definitions, which might potentially 
increase the heterogeneity and impact the 
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outcomes. Moderate degrees of heterogeneity 
were observed in MACE, revascularization and 
heart failure in the pairwise meta-analysis. We 
attempted to mitigate this heterogeneity with 
several strategies, including using a random 
effects model and further subgroups of the 
MV-PCI strategy or the guidance of revasculari-
zation in our analysis. Third, although the 
included patients were all diagnosed with 
STEMI, yet the exclusion criteria were a little 
different, such as CTO, with some trials exclud-
ing CTO, yet others did not mention it. Finally, 
short-term outcomes were not reported in rand-
omized trials and we were unable to evaluate the 
relative merits during short-term follow-up 
based on randomized trials.

Conclusion
Based on randomized trials, our findings demon-
strated that MV-PCI in an immediate or staged 
procedure should be preferred for patients with 
STEMI and multivessel coronary artery disease 
compared with CO-PCI, which improved the 
long-term prognosis, but no data were reported 
on the short-term prognosis. As a supplement, 
the results in real-world patients derived from 
prospective observational studies suggested that 
staged MV-PCI was superior to immediate 
MV-PCI in the consideration of both short- and 
long-term all-cause death. Therefore, staged 
MV-PCI may be the optimal PCI strategy for 
patients with STEMI and multivessel coronary 
artery disease.
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