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Staged Versus Immediate Complete Vessel 
Revascularization in Patients Presenting with ST-Segment 
Elevation Myocardial Infarction: A Systematic Review and 
Meta-Analysis

ABSTRACT

INTRODUCTION 
In patients presenting with acute coronary syndrome (ACS) ST-
segment elevation myocardial infarction (STEMI), percutaneous 
coronary intervention (PCI) is the preferred modality of 
reperfusion. However, these patients may also have multivessel 
coronary artery disease (CAD) on coronary angiography, 
which is associated with a higher risk of mortality. Current 
guidelines recommend complete revascularization in STEMI 
patients with multivessel CAD; however, this poses a high risk 
of major acute cardiovascular events (MACE).  Other available 
reperfusion strategies include staged vessel revascularization. 
This meta-analysis aimed to determine whether staged vessel 
revascularization can be a better mode of reperfusion strategy in 
patients with STEMI with multivessel CAD.

METHODS
A comprehensive search of randomized controlled trials (RCT) 
was conducted with the use of staged versus immediate 
complete vessel revascularization in patients with STEMI. 
Outcome measures used to assess the effectiveness of these 
techniques were all-cause mortality, MACE, target vessel 
revascularization, and stent thrombosis. The analyses were 
performed using a fixed effect analysis model using the Mantel-
Haenszel statistical method via Review Manager V5.4.

RESULTS
Five studies were included in the meta-analysis with 1,483 
subjects analyzed. There was a 27% lower risk of all-cause 
mortality (RR 0.73 [95% CI: 0.42-1.29]), 8% lower risk for 
MACE (RR 0.92 [95% CI: 0.60-1.39]) and in target vessel 
revascularization (RR 0.92 [95% CI: 0.53-1.63]), and a 29% 
decreased risk for stent thrombosis of staged revascularization 
versus immediate complete revascularization (RR 0.71 [95% CI: 
0.28-1.83])

CONCLUSION
Staged and immediate complete vessel revascularization are 
the treatment strategies recommended for hemodynamically 
stable STEMI patients. The meta-analysis showed better clinical 
outcomes in the staged vessel revascularization than in immediate 
complete revascularization in terms of all-cause mortality, MACE, 
target vessel revascularization, and stent thrombosis. This study 
suggests that staged vessel revascularization is a preferable 
type of revascularization in patients presenting with STEMI with 
multivessel CAD. 
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INTRODUCTION 

Acute coronary syndrome (ACS) is a spectrum of condition 
that includes clinical presentation of anginal chest pain with 
or without changes on 12-lead electrocardiogram (ECG) and 
with or without increase in cardiac troponin (cTn) levels.1 
Patients presenting with suspected ACS may be classified as 
acute myocardial infarction (AMI) or unstable angina (UA). The 
diagnosis of AMI is based on cTn release and is made based on 
the fourth universal definition of myocardial infarction (MI).2 The 
spectrum of ACS encompasses ST-segment elevation myocardial 
infarction (STEMI), non ST segment elevation myocardial 
infarction (NSTEMI), and UA, these high-risk manifestations of 
coronary atherosclerosis are important in order to assess for 
invasive strategy involving cardiac catheterization and prompt 
revascularization of the viable myocardium at risk for necrosis.3 
Of all the types of ACS, STEMI remains the highest burden 
and remains a major health burden in the United States with 
approximately 750,000 cases annually.4 Locally, the incidence of 
coronary artery disease among hospitalized Filipinos is 17.5% 
with an estimated mortality of STEMI of 8.2%.5, 6 Proper triage 
and high index of suspicion is vital in early recognition of this 
cardiac emergency.7

Percutaneous coronary intervention (PCI) is the preferred 
modality for coronary reperfusion. Patients with a working 
diagnosis of STEMI should be triage for immediate reperfusion 
therapy within 120 minutes of the ECG-based diagnosis.1 
However, these patients may also have multivessel coronary 
artery disease (CAD) on coronary angiography, which is 
associated with a higher risk of mortality.8 The 2021 American 
College of Cardiology (ACC)/American Heart Association (AHA) 
and Society for Cardiovascular Angiography and Interventions 
(SCAI) Guideline for Coronary Artery Revascularization 
recommends staged PCI in hemodynamically stable patients 
with STEMI and multivessel disease after successful primary 
PCI [Class of Recommendation (COR) 1; Level of Evidence 
(LOE) A]. In addition, there is weak recommendation (COR 2bl 
LOE B-R) regarding PCI of a non-infarct artery stenosis at the 
time of primary PCI to reduce cardiac event rates in selected 
hemodynamically stable patients with STEMI and low-complexity 
multivessel disease.9 A recent pairwise and network meta-
analysis by Cui et al. (2022) also stated that both immediate 
and staged complete revascularization were associated with a 
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reduction of cardiovascular death or MI compared with culprit-
only PCI.10 Recently, the European Society of Cardiology (ESC) 
updated the Guidelines for the management of acute coronary 
syndromes in 2023, wherein there is a strong recommendation 
(COR 1; LOE A) that complete revascularization is recommended 
during index PCI or staged revascularization within 45 days 
of STEMI.1 Controversies arose regarding which is a better 
treatment strategy, to perform immediate vessel revascularization 
or staged revascularization within the 45 day period. A new 
investigator-initiated trial supported the complete multivessel 
PCI. This is an open-label randomized controlled trial by 
Stahli et al. (2023), in the MULTISTARS AMI, which showed 
that on hemodynamically stable STEMI with multivessel CAD, 
immediate complete multivessel PCI was noninferior to staged 
multivessel PCI (RR 0.52 [95% CI, 0.38-0.72]) in terms of 
all-cause mortality, non-fatal MI, stroke, unplanned ischemia-
driven revascularization, or hospitalization for heart failure.11 
However, there are some reports stating that the incidence of 
major adverse cardiovascular events (MACE) was higher in 
immediate complete multivessel PCI compared to culprit only 
revascularization.12 To date, several meta-analyses  like Bainey 
et al.,13 and Li et al.14 have compared complete and staged 
PCI with culprit only revascularization, but there was no direct 
comparison of complete and staged PCI treatment strategies 
in a series of randomized controlled trials. In addition, the 
recommendations from both the AHA/ACC/SCAI and the ESC 
endorse both treatment strategies, advocating for both staged 
and immediate complete revascularization. However, neither set 
of guidelines explicitly asserts the superiority of one approach 
over the other. Therefore, the team decided to proceed with this 
meta-analysis.

Research Question

Among adult patients presenting with STEMI, how effective is 
staged vessel revascularization compared with complete vessel 
revascularization as the preferred invasive treatment strategy?

Objectives

The general objective of this meta-analysis was to determine the 
efficacy of staged vessel revascularization compared with that of 
complete vessel revascularization in STEMI in terms of composite 
endpoint outcomes of all-cause mortality and MACE. Clinical 
outcomes for the secondary endpoints included were target vessel 
revascularization and stent thrombosis.

MATERIALS AND METHODS

Information sources and search strategies for the 
identification of studies

Two independent reviewers (BD and AV) conducted a systematic 
search and evaluation of studies on the efficacy of staged vessel 
revascularization versus complete vessel revascularization in 
STEMI patients from inception up to September 2024 using the 
following scientific search engines: PubMed, Cochrane Library, 
Lancet, and Clinical Trials. Local search engines were also 
included: Herdin Plus and Acta Medica Philippina. The authors 
also sought unpublished trials and ongoing studies in national 
and international trial registers, specifically ClinicalTrials.gov, 
International Standard Randomised Controlled Trial Number 
(ISRCTN) Register, European Union (EU) Clinical Trials Register, 

and World Health Organization (WHO) International Clinical Trials 
Registry Platform (ICTRP), dissertation and thesis databases, 
conference abstracts and other grey literature sources in the 
relevant search. The comprehensive search was not restricted 
by any language or publication date filter. This meta-analysis 
was performed following the PRISMA (Preferred Reporting 
Items for Systematic Reviews and Meta-analyses) 2020 
statement.20 The search strategies used were “Percutaneous 
coronary intervention” OR “Staged Vessel Revascularization” 
OR “Complete Vessel Revascularization” AND ”STEMI”. Medical 
subject headings (MESH) term field search was added for 
“Percutaneous coronary intervention” and “Revascularization”. 
Search operators for truncation, wild card, and proximity 
searching were applied to each keyword to broaden the search. 
Please see Appendix A for a detailed search strategy.

Selection of studies

Two independent reviewers (BD and AV) independently 
performed a systematic process for selecting studies for 
inclusion in the review. All articles were uploaded in a systematic 
review application using “2022 Rayyan” where any duplicate 
records of the same report were removed. Abstracts and 
manuscript titles were examined to include only those that met 
the criteria for assessment. Studies were included if there was 
agreement among the two reviewers. During the study selection 
process, any discrepancies were resolved accordingly and 
consulted with a third expert investigator (RC).

Data collection

The review authors have planned the relevant data to be 
collected in this meta-analysis and systematic review. A data 
collection form was created, including the citation details, study 
design, total study duration, type and number of participants, 
study location, study inclusion and exclusion criteria, baseline 
patient characteristics, description of the intervention and 
control, relevant outcome of interest, and results. This data 
collection form guaranteed some consistency in data abstraction 
and was deemed necessary for comparing data.

Information sources and search strategies for the 
identification of studies

Studies that compared staged versus complete vessel 
revascularization in STEMI patients were selected. Studies 
were included if 1) subjects with acute STEMI presented within 
24 hours of symptom onset, 2) coronary anatomy suitable 
for complete percutaneous revascularization, 3) identifiable 
culprit lesion/artery, 4) coronary stenosis > 70% in at least two 
projections, 5) TIMI flow > 2 after revascularization of the culprit 
artery, 6) stable hemodynamic after revascularization of the 
culprit artery, and 7) subjects received dual antiplatelet therapy 
based on the guided treatment strategy. Studies that were 
excluded from the meta-analyses were unable to perform staged 
PCI after infarct related artery intervention, cardiogenic shock, 
unsustainability for PCI and the need for emergency CABG, and 
chronic total occlusion. Abstracts without full-text publication 
were also excluded from the selected studies. The study 
specifically looked into specific hemodynamically stable STEMI 
patients who underwent complete vessel revascularization and 
staged PCI on the same admission. There was no restriction 
on the language of reporting or the period. Published and 
unpublished randomized clinical trials were included, whether 
they were single-blinded, double-blinded, or unblinded. The 
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authors strictly followed the inclusion criteria and follow up date 
to minimize heterogeneity.

Assessment of risk of bias in the included studies

Two independent reviewers (BD and AV) critically appraised 
each trial using the “Risk of Bias 2 Cochrane review manager 
tool” for the randomized controlled trial.21 The domains include 
bias arising from selection bias from randomization sequence 
and allocation concealment, performance bias from blinding 
the participants and personnel, detection bias from blinding 
of outcome, attrition bias from incomplete outcome data, and 
reporting bias from selective bias. The overall risk-of-bias was 
further subdivided into “low risk of bias,” “some concerns,” and 
“high risk of bias.”

Data synthesis and analysis

Data synthesis and analysis were performed using Revman 
5.4. All P values were 2 sided and determined as statistically 
significant. The effect measure of choice for the outcome was 
reported as the risk ratio for dichotomous data at 95% intervals. 
The analyses were performed initially using a random effect 
analysis model using the Mantel-Haenszel statistical method.

The I2 statistic was used to assess statistical heterogeneity 
across studies. An I2 value of 30-60% was considered moderate 
heterogeneity, 50-90% substantial heterogeneity, and 75-100% 
considerable heterogeneity. The analysis model was revised to 
a fixed effect analysis model if no evidence of heterogeneity was 
documented. Evidence of publication bias was evaluated using a 
funnel plot. If there is a presence of funnel plot asymmetry.

RESULTS

Study Selection

Of the 1,449 records identified in the database, 630 duplicates 
were removed, and 812 were excluded after screening the 
titles and abstracts. Seven articles were assessed for eligibility; 
however, one article was not retrieved since the trial is still 
ongoing and 1 was excluded because of eligibility criteria. Five 
articles were included in the meta-analyses (Figure 1). The 
studies were mainly designed to investigate staged and complete 
revascularization in terms of cardiovascular outcomes, specifically 
MACE and all-cause mortality. Risks for stent thrombosis and 
target vessel revascularization were also included. A PRISMA flow 
diagram was generated using the R package.15
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Figure 1: PRISMA 2020 Flow Diagram2.
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Study Characteristics

The five randomized controlled trials (RCTs) were included in 
the study with clinical trial names of Compare-Acute trial and 
MULTISTARS AMI by Smits and Stahli respectively.11, 16 RCTs 
by Park, Politi, and Tarasov were also included in the study 
(Table 1).17-19 A total of 1,483 participants included, with 693 in 

4

Table 1. Summary of the Articles Included

Study Study Population Sample 
Size

Unrestricted 

Randomization

Open-label 

randomization

Investigator-

initiated, prospective, 

multicenter, 

randomized trial

Open-label, 

randomized, 

noninferiority

Randomization

STEMI with 

multivessel CAD 

undergoing primary 

PCI

STEMI with 

multivessel stenting 

primary PCI

STEMI within 12 

hours of symptom 

onset

STEMI within 24 

hours of symptom 

onset

STEMI with 

multivessel disease 

PCI with EES

130

89

215

840

209

SR; 

56.86 + 12.9 

days

SR; 8.5 + 4.2 

days

IRA followed 

by SR (FFR < 

0.80); 2.1 + 

1.0 days

SR; 19 - 45 

days

SR; 4.4 days 

(interquartile 

range, 

1–11.4)

Politi 2010

Tarasov 2014

Compare- Acute

2017

MULTISTARS AMI 

2023

Park 2023

Design

STEMI=ST-segment elevation myocardial infarction; CAD=Coronary artery disease; PCI=Percutaneous coronary intervention; SR=Staged 
Revascularization; CR=Complete Revascularization; CABG=Coronary artery bypass Graft; MACE=Major adverse cardiac events; TVR=Target vessel 
revascularization; FFR=Fractional flow reserve; EES=Everolimus-eluting stent; IRA=Infarct-related artery; MI=Myocardial infarction

CR

CR

CR

CR

CR

Mean 2.5 

years + 1.4 

years

6 months

1, 12, 24, 36 

and 

months

1, 6, and 12 

months

1 week 

follow-up

1) MACE

2) Re-PCI

3) CABG

4) Rehospitalization

5) All-cause mortality

1) All-cause mortality

2) MI 

3) Stent thrombosis

4) TVR

1) MACE

2) MI

3) Revascularization

4) Stent Thrombosis

1) MACE

2) All-cause Mortality

3) Stroke

4) Rehospitalization

5) TVR

1) MACE

2) All-cause mortality

3) TVR

Intervention; 
Mean Interval 

for SR

Control Followup Outcomes

the staged revascularization group and 790 from the complete 
revascularization group. Several comorbidities were accounted 
for, and most patients had hypertension, diabetes, and chronic 
kidney disease. All study populations primarily had acute STEMI 
presenting within 12-24 hours of symptom onset, coronary 
anatomy suitable for complete percutaneous revascularization, 
and hemodynamically stable at the time of intervention.
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Risk of Bias in the Included Studies

All trials were randomized, open-label, investigator-initiated trial. 
Patients were randomly assigned in a ratio of 1:2 and 1:1 using 
closed, opaque envelopes and interactive response technology. 
Because these were open-label trials, it is possible that there was 
a bias among patients and physicians toward subsequent target 
vessel revascularization among patients assigned to the control 
group. This poses a high risk of concern across all studies (Figure 2 
and 3). However, the results of the study remains valid because the 
outcomes are based on objective hard endpoints rather than relying 
on subjective assessments from the outcome assessor. All of the 
trials had regular follow-up from as early as 1 week up to 3 years.

Outcomes of the meta-analysis

Five studies were included in the meta-analysis with 1,483 subjects 
analyzed. Each clinical outcome was assessed, wherein it showed 
27% less risk of all-cause mortality (RR 0.73 [95% CI: 0.42-
1.29]) and 8% less risk for MACE (RR 0.92 [95% CI: 0.60-1.39]) 
in staged revascularization compared with immediate complete 
revascularization. The composite endpoint outcome to determine the 
efficacy of the staged revascularization showed 16% risk reduction 
(RR 0.84 [95% CI: 0.60-1.18]). There was no heterogeneity observed 
in either group; hence, the fixed effect model of analysis was used 
across all statistical tests. (Figure 4)

The secondary outcomes that were analyzed showed that there 
was 8% reduction in target-vessel revascularization on staged 
revascularization versus complete revascularization (RR 0.92 
[95% CI: 0.53-1.63]) and  there was 29% decreased risk for 
stent thrombosis on staged revascularization versus complete 
revascularization (RR 0.71 [95% CI: 0.28-1.83]). (Figure 5 and 6)

Figure 2: Risk of Bias Assessment

Figure 3: Summary of Risk of Bias across all studies
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Figure 5: Forest Plot Comparison: Staged versus Complete Revascularization in Target Vessel Revascularization

Figure 4: Forest Plot Comparison: Staged versus Complete Revascularization in a) All-cause mortality and b) MACE
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Reporting Bias

Based on visual inspection, there was symmetry in 
the funnel plot on 1) all-cause mortality, 2) MACE, 
3) Stent thrombosis and 4) Revascularization. This 
suggests that there is no significant publication bias. 
(Figure 7).

DISCUSSION

Summary of Key Findings and Comparison with 
Literature 

This meta-analysis evaluated five randomized 
controlled trials involving 1,483 patients with STEMI 
who underwent PCI (staged or immediate complete 
vessel revascularization). This study determined 
that there was a reduction in clinical outcomes on 
1) all-cause mortality, 2) MACE, 3) target vessel 
revascularization, and 4) stent thrombosis in staged 
revascularization compared with immediate complete 
revascularization. The composite outcome for the 
hard endpoint event showed 16% risk reduction 
(RR 0.84 [95% CI: 0.60-1.18], I2 = 0%). There was 
a previous study by Ciu et al., demonstrated that 
the two treatment strategies (staged and complete 
revascularization) were associated with a reduction 
in MACE (RR=0.48) compared with culprit-only 
PCI.10 Since both 2021 ACC/AHA/SCAI and 2023 
ESC guidelines on ACS recommend both immediate 
complete vessel revascularization and staged 
revascularization (performed with 45 days of STEMI) 
in hemodynamically stable STEMI patients with 
multiple vessel disease, but didn’t explicitly compared 
the two treatment strategy.1, 7 In our meta-analysis, 
it showed that staged vessel revascularization 
remains a better treatment strategy compared to 
immediate complete vessel revascularization. This 
was supported by the evidence of decreased rates 
of all-cause mortality (RR=0.73), MACE (RR=0.92), 
target vessel revascularization (RR=0.92) and stent 
thrombosis (RR=0.71).

Our findings should be interpreted in the context of the recent network 
meta-analysis by Elbadawi et al., which evaluated immediate versus staged 
complete revascularization among patients with STEMI and multivessel 
coronary artery disease. While both studies addressed similar clinical 
questions, important methodological differences may account for variations 
in their conclusions. Elbadawi et al. utilized a network meta-analysis 
framework that incorporated both direct and indirect comparisons across 
multiple revascularization strategies. In contrast, the present study was 

Figure 6: Forest Plot Comparison: Staged versus Complete Revascularization in Stent thrombosis

Figure 7: Funnel Plot comparison of all studies. A) All-cause mortality and 
MACE, B) Stent thrombosis and C) Target vessel revascularization
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restricted to randomized controlled trials directly comparing 
staged and immediate complete revascularization, thereby 
minimizing reliance on indirect treatment estimates. Furthermore, 
our analysis focused exclusively on hemodynamically stable 
STEMI patients with coronary anatomy amenable to complete 
percutaneous revascularization, resulting in a more clinically 
homogeneous study population. Although both analyses 
support complete revascularization as an appropriate treatment 
strategy in patients with STEMI and multivessel disease, 
our findings provide a focused evaluation of the timing of 
complete revascularization. In this selected population, 
staged revascularization demonstrated a consistent numerical 
reduction in all-cause mortality, major adverse cardiovascular 
events, target vessel revascularization, and stent thrombosis 
compared with immediate complete revascularization. These 
findings complement the existing literature and suggest that the 
timing of complete revascularization may remain an important 
consideration in the management of hemodynamically stable 
STEMI patients with multivessel disease.22

Strengths and Limitations

This study presented a comprehensive systematic review and 
meta-analysis of patients with STEMI undergoing staged versus 
immediate complete vessel revascularization. A systematic 
critical appraisal of the included studies was performed using 
the updated Cochrane Risk of Bias 2.0 tool for RCTs. This 
paper provided a systematic and detailed analysis of the 
assessment of the available evidence. However, this study has 
its several limitations. First, the difference in the timing of staged 
revascularization across different studies might prevent the 
identification of optimal timing. Second, we cannot exclude the 
possibility that patients in the staged group might have been 
more likely to be referred for earlier ischemia-driven intervention 
when the coronary anatomy was known. Lastly, statistical 
results regarding the confidence interval showed that it passes 
the line of no effect in between groups that can decrease the 
strength of the study. This may be due to the small sample size 
of the included study and variability of the follow-up after the 
procedure.

Implications for practice and research

The overall certainty of the evidence and effect estimate must 
be considered in assisting physicians in the clinical decision-
making process in patient treatment. The cost-effectiveness of 
the procedure must also be taken into account.

Future research may require studies with improved 
methodological designs, appropriate statistical analyses, 
complete missing outcome data, and bias correction. Performing 
staged revascularization within 45 days of STEMI offers an 
additional reduction in the risk of MACE and thrombosis 
compared with immediate complete vessel revascularization. 
This could be a safer treatment option for both patients and 
physicians.

CONCLUSION

Staged and immediate complete vessel revascularization are 
the treatment strategies recommended for hemodynamically 
stable STEMI patients. The meta-analysis showed better 
clinical outcomes in the staged vessel revascularization 

than in immediate complete revascularization in terms of all-
cause mortality, MACE, target vessel revascularization, and 
stent thrombosis. This study suggests that staged vessel 
revascularization is a preferable type of revascularization in 
patients presenting with STEMI with multivessel CAD. 
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SUPPLEMENTARY MATERIALS

The number of records retrieved from each database search 
was reported to enhance transparency and reproducibility of the 
search process. These citation counts were not used to determine 
study eligibility, study quality, or inclusion in the meta-analysis.

Appendix A. Detailed Search Strategy (These searches were 
conducted on September 30, 2024)

#1

#2

#3

#4

Panel I. MEDLINE (Medical Literature Analysis and Retrieval System 
Online) via PubMed

# of 
Citations

(“Angioplasty, Balloon, Coronary”[Mesh]) AND 
“Myocardial Revascularization”[Mesh]

“Single Vessel Revascularization” OR 
“Staged Revascularization” OR 
“Complete Revascularization” OR 
“Culprit-Only Revascularization”

“ST Elevation Myocardial Infarction”[Mesh] OR 
“STEMI” OR “ST* Myocardial Infarction”

#1 AND #2 AND #3

36,291

1,786

18,193

19

QuerySearch

#1

#2

#3

#4

#5

Panel II. Cochrane CENTRAL (Central Register of Controlled Trials)

# of 
Citations

“percutaneous coronary intervention” OR 
“Myocardial revascularization”

“STEMI” OR “ST segment elevation myocardial 
infarction” OR “ST* myocardial infarction” OR 
“acute myocardial infarction” OR “Acute MI”

MeSH descriptor: [STEMI] explode all trees

“Single Vessel Revascularization” OR 
“Staged Revascularization” OR “Complete 
Revascularization” OR “Culprit-Only 
Revascularization”

#1 AND (#2 OR #3) AND #4

13,874

14,479

324

4092

79

QuerySearch

#1

#2

#3

Panel V. Sciencedirect via Elsevier

# of 
Citations

STEMI - ST Elevation Myocardial Infarction

“Single Vessel Revascularization” OR “Staged 
Revascularization” OR 
“Complete Revascularization” OR 
“Culprit-Only Revascularization”

#1 AND #2 AND “Randomized controlled Trial” 
OR “RCT*”

34,300

5481

1,238

QuerySearch

#1

#2

#3

Panel IV. The Lancet

# of 
Citations

STEMI - ST Elevation Myocardial Infarction

“percutaneous coronary intervention” OR 
“Myocardial revascularization”

#1 AND #2 AND “Research Articles”

242

885

79

QuerySearch

#1

#2

#3

Panel III. ClinicalTrials.gov via National Library of Medicine

# of 
Citations

STEMI - ST Elevation Myocardial Infarction \(MI\)

Revascularization by PCI

#1 AND #2

-

-

19

QuerySearch
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