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The optimal timing for
intervention in patients with
ST-segment elevation myocardial
infarction and multivessel
disease: a systematic review
and meta-analysis
Yi Chen, Meng Li* and Yanqing Wu*

The Second Affiliated Hospital, Jiangxi Medical College, Nanchang University, Nanchang, China
Purpose: The optimal timing for nonculprit vascular reconstruction surgery in
patients with ST-segment elevation myocardial infarction (STEMI) and
multivessel coronary disease (MVD) is still controversial. Our aim was to
explore the optimal intervention time for percutaneous coronary intervention
(PCI) in STEMI patients who underwent MVD.
Methods: The PubMed/Medline, EMBASE, Cochrane Library, and ClinicalTrials.gov
databases were searched from inception to January 1, 2024 for clinical studies
comparing immediate multivessel PCI and staged multivessel PCI in patients
with STEMI. The primary outcomes were death from any cause, cardiovascular
death, noncardiac death, myocardial infarction (MI) and unplanned ischemia-
driven revascularization. The secondary outcomes were ischemic stroke, stent
thrombosis, renal dysfunction and major bleeding. The risk ratios (RRs) and odds
ratios (ORs) were calculated with fixed-effects models and random-effects
models, and 95% confidence intervals (CIs) were calculated.
Findings: Five randomized trials with 2,782 patients and six prospective
observational studies with 3,131 patients were selected for inclusion in this
meta-analysis. The staged PCI group had significantly lower pooled RRs for
myocardial infarction (0.43, 95% CI= 0.27–0.67; P= 0.0002) and unplanned
ischemia-driven revascularization (0.57, 95% CI= 0.41–0.78; P=0.0004).
There were no significant differences in any cause of death, cardiovascular
cause of death, or noncardiac cause of death. However, the results of
prospective observational studies in the real world indicated that the staged
PCI group had significantly lower pooled ORs for all-cause mortality (2.30,
95% CI= 1.22–4.34; P= 0.01), cardiovascular death (2.29, 95% CI= 1.10–4.77;
P=0.03), and noncardiovascular death (3.46, 95% CI= 1.40–8.56; P= 0.007).
Implications: According to our randomized trial analysis, staged multivessel PCI
significantly reduces the risk of myocardial infarction and unplanned ischemia-
driven revascularization compared to immediate multivessel PCI. There was no
significant difference between the two groups in terms of all-cause mortality,
cardiovascular mortality, or noncardiovascular mortality risk. However,
prospective non-randomized studies suggest there might be a benefit in
mortality in the staged PCI group. Therefore, staged multivessel PCI may be
the optimal PCI strategy for STEMI patients with MVD.

KEYWORDS

ST-segment elevation myocardial infarction, multivessel disease, percutaneous
coronary intervention, immediate multivessel PCI, staged multivessel PCI
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Introduction

Multiple coronary artery disease (CAD) is present in most

patients with acute ST-segment elevation myocardial infarction

(STEMI) and is associated with an increased risk of myocardial

infarction recurrence and death (1–5). Primary percutaneous

coronary intervention (PCI) is the preferred strategy for

restoring culprit artery blood flow in STEMI patients (6–8). For

decades, multiple trials have compared the advantages of

pure culprit vascular PCI and complete percutaneous

revascularization, thus demonstrating the advantages of

complete percutaneous revascularization. An analysis in the

COMPLETE trial showed that the benefits of complete

percutaneous revascularization are consistent with those of PCI

with only the culprit lesion (9). The Preventive Angioplasty in

Acute Myocardial Infarction (PRAMI) trial reported that

immediate complete angioplasty reduced the incidence of

cardiovascular events compared to PCI limited to the culprit

lesion (10). The Complete vs. Lesion Only Primary PCI Trial

(CvL PRIT) showed that the incidence of cardiovascular

composite outcomes [major adverse cardiovascular events

(MACEs)] caused by complete percutaneous revascularization

during hospitalization was lower than that caused by simple

infarct-related artery treatment (11). The Third Danish Study

of Optimal Act Treatment of Patients with ST Segment

Elevation Myocardial Infarction - Primary PCI in Multivessel

Disease (DANAMI-3 PRIMULTI) initiative also reported of

significant benefits in terms of hemodynamic stability in

STEMI and multivessel coronary disease (MVD) patients

treated with multivessel PCI (12). The limitations of these trials

include the fact that whole-blood vessel reconstruction surgery

was performed in stages and did not address the optimal

timing for nonculprit lesion blood vessel reconstruction;

moreover, comparisons between immediate PCI and staged PCI

are lacking. In similar situations, some physicians tend to

prefer immediate vascular reconstruction for nonculprit lesions,

whereas others believe that a phased vascular reconstruction

strategy is more beneficial.

Hence, we conducted this meta-analysis to examine the

advantages and disadvantages of immediate multivessel PCI and

staged multivessel PCI for STEMI patients with multivessel lesions.
Methods

Literature search and selection

We searched PubMed/Medline, Embase, the Cochrane Library,

and ClinicalTrials.gov from inception through April 1, 2024. We

searched for studies with medical search terms and related

variants, including “coronary artery disease” or “disease,

coronary artery” or “coronary artery disease” or “coronary heart

disease” or “multivessel coronary artery disease” or “myocardial

infarction” or “cardiovascular stroke” or “myocardial infarction”

and “immediate PCI” and “staged PCI”. We searched for

randomized controlled trials (RCTs) by using search filters from
Frontiers in Cardiovascular Medicine 02
McMaster University. We also searched the corresponding

references of each retrieved study to identify additional studies.

All of the search results were evaluated according to the

Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) statement (13).

The efficacy and safety of immediate and staged PCI between

hemodynamically stable STEMI or non-STEMI patients and

MVD patients were compared in all of the studies. The

inclusion criteria for this study were as follows: (i) a clinical

study using different strategies for multivessel revascularization,

(ii) a clinical environment in which revascularization was

performed for acute coronary syndrome (ACS)-STEMI or

non-STEMI, and (iii) a clinical study analyzing the primary

efficacy outcomes, including all-cause death, cardiovascular

death, myocardial infarction, unplanned ischemia-driven

revascularization, and major adverse events, including ischemic

stroke, stent thrombosis, renal dysfunction and major bleeding.

The exclusion criteria were as follows: (i) duplicate papers

related to the same experiment; (ii) system evaluations,

comments, case reports, meetings, editorials, or noncomparative

studies; and (iii) clinical studies that did not report the

required results.
Data extraction and quality assessment

The data extraction and quality evaluation were

independently conducted by two researchers (C.Y. and M.L.).

The data included baseline characteristics, intervention

measures, comparisons, sample sizes, and follow-up times. The

results included death from any cause, cardiovascular death,

myocardial infarction, unplanned ischemia-driven revascularization,

ischemic stroke, stent thrombosis, renal insufficiency and

major bleeding.

The methodological quality of the 11 included clinical

studies was assessed by using the Cochrane Collaboration

risk of bias tool (Review Manager 5.3), which included

the following sections: selection, performance, detection,

attrition, and reporting. The two investigators cross-checked

the data. Any disagreements were resolved by another

investigator (W. Y. Q.).
Statistical analysis

The statistical analyses were performed by using Review

Manager Version 5.3.3 (Copenhagen: The Nordic Cochrane

Centre, The Cochrane Collaboration, 2014). Efficacy and safety

were measured as dichotomous outcome variables and

compared between the immediate PCI group and the staged

PCI group. The pooled odds ratio (OR) and the corresponding

95% confidence interval (CI) were calculated for the

comparative analyses. We assessed heterogeneity by using the

I2 test and Cochran’s χ2 test. The total variation in the studies

was described by using the I2 statistic, which reflects

heterogeneity. An I2 ≥ 50% or a corresponding P < 0.10

indicated significant heterogeneity among the different studies.
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When I2 was <50% and P was >0.10, we reported the results of

fixed-effects models as sensitivity analyses. All of the P-values

were two-tailed, with statistical significance specified at 0.05

and CIs reported at the 95% level. When I2 was >50%, a

sensitivity analysis was further performed by sequentially

deleting each study and reanalyzing the datasets of all of the

remaining studies.
Results

Study selection and quality assessment

The research selection flowchart is shown in Figure 1.

According to the abovementioned search strategy, 674 citations

were obtained after removing duplicate records from the online

database from January 1, 2000, to January 1, 2021. The full

texts of 52 articles were reviewed in detail, and 41 articles were

further excluded because they were related to the same trials

(n = 15), lacked clinical data (n = 2), had unrelated topics

(n = 8), or were conference abstracts (n = 16). Finally, 5

randomized trials with 2,782 patients and 6 prospective

observational studies with 3,131 patients were selected for

inclusion in this meta-analysis (14–24).

The characteristics, quality evaluation results, and demographic

information of the included studies are summarized in Table 1 and

Supplementary Table S1. The follow-up durations ranged from 1

year to 3 years, and the sample sizes of the trials ranged from 78

to 1,525 patients. Moreover, the risk of bias was assessed in five
FIGURE 1

Study search diagram adapted from the preferred reporting items for system
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studies and was generally found to be low in each study

(Supplementary Figure S1).
Primary efficacy outcomes

Death
To evaluate the main outcome, the meta-analysis included

11 trials. The estimated main therapeutic outcomes for all causes

of death, cardiovascular causes of death, and noncardiac causes of

death are shown in Figure 2. Research statistics based on RCTs

have shown that there is no significant difference in the risk of

all-cause mortality, cardiovascular mortality, or noncardiovascular

mortality between immediate PCI and staged PCI. However,

prospective research analysis based on the real world showed that

the immediate PCI group had greater all-cause mortality, with a

pooled OR of 2.30 (95% CI = 1.22–4.34, P = 0.01; P = 0.0008 for

heterogeneity; I2 = 76%) (Figure 2D); cardiovascular mortality, with

a pooled OR of 2.29 (95% CI = 1.10–4.77, P = 0.03; P = 0.03 for

heterogeneity; I2 = 64%) (Figure 2E); and noncardiovascular

mortality, with a pooled OR of 3.46 (95% CI = 1.40–8.56,

P = 0.007; P = 0.18 for heterogeneity; I2 = 42%) (Figure 2F), than

did the staged PCI group.

Myocardial infarction
The composite outcome of myocardial infarction showed that

the staged PCI group had a lower incidence of myocardial

infarction than did the immediate PCI group, with a pooled

RR of 0.43 (95% CI = 0.27–0.67, P = 0.0002; P = 0.87 for
atic reviews and meta-analyses (PRISMA) statement.
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heterogeneity; I2 = 0%) (Figure 3A). A prospective controlled study

based on the real world showed no significant difference in the risk

of myocardial infarction between immediate PCI and staged PCI

(Supplementary Figure S2A).
Ischemia-driven revascularization
The risk of unplanned ischemia-driven revascularization was

greatly reduced among patients treated with staged PCI, with a

pooled RR of 0.57 (95% CI = 0.41–0.78, P = 0.0004; P = 0.70 for

heterogeneity; I2 = 0%) (Figure 3B) and target lesion

revascularization (TLR), with a pooled RR of 0.60 (95%

CI = 0.39–0.92, P = 0.02; P = 0.24 for heterogeneity; I2 = 29%);

moreover, there was no significant difference in the incidence of

target vessel revascularization (TVR) between the immediate PCI

group and the staged PCI group (Figures 3C, D). However,

prospective controlled studies based on the real world showed no

significant difference in the risk of unplanned ischemic

revascularization between immediate PCI and staged PCI

(Supplementary Figures S2B–D).
Subgroup analysis
Research based on RCTs showed that there was no significant

difference in the risk of all-cause mortality between immediate PCI

and staged PCI during follow-up periods of less than 1 year and at

1 year, respectively (Figures 4A,B). Therefore, we focused on

prospective research based on the real world, in which all-cause

mortality, with a pooled OR of 3.88 (95% CI = 2.03–7.39,

P < 0.0001; P = 0.87 for heterogeneity; I2 = 0%) during short-term

follow-up (Figure 4C) and a pooled OR of 3.54 (95% CI = 2.22–

5.64, P < 0.00001; P = 0.62 for heterogeneity; I2 = 0%) during the

one-year follow-up in the staged PCI group were lower than

those in the immediate PCI group (Figure 4D). After more than

one year of follow-up, there was no significant difference in the

risk of all-cause mortality between immediate PCI and staged

PCI (Figure 4E).

Research based on RCTs showed that there was no significant

difference in the risk of cardiovascular death between immediate

PCI and staged PCI (Figures 5A,B). However, prospective

research analysis based on real-world data demonstrated that

staged PCI still had advantages in terms of cardiovascular

mortality, with a pooled OR of 3.73 (95% CI = 1.84–7.56,

P = 0.0003; P = 0.99 for heterogeneity; I2 = 0%) during short-term

follow-up (Figure 5C) and a pooled OR of 3.38 (95% CI = 1.99–

5.75, P < 0.00001; P = 0.97 for heterogeneity; I2 = 0%) during

one-year follow-up (Figure 5D).
Safety outcomes
There was no significant difference in the risk of ischemic

stroke (14–16, 18, 22, 23), stent thrombosis (14–16, 18–20, 23),

renal insufficiency (14–16, 22, 24), or major bleeding (14–16, 23)

between the immediate PCI group and the staged PCI group

(Figures 6A–D and Supplementary Figure S3).
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FIGURE 2

Mortality rate based on RCTs and real-world prospective studies.
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FIGURE 3

The incidence of myocardial infarction and ischemia-driven revascularization based on RCTs.
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Discussion

Most of the studies that were included in this meta-analysis

were multicenter, randomized, actively controlled trials with a

low risk of bias. All of the included clinical studies included

STEMI and MVD patients. This study is the first to

systematically analyze the clinical outcomes of immediate and

staged PCI strategies for multivessel lesions and the first to

compare the short-term and long-term outcomes of immediate

and staged PCI. We also added three large-scale RCTs that were

newly published in the previous year (14–16). These data

indicated that staged PCI was superior to immediate PCI in
Frontiers in Cardiovascular Medicine 06
reducing the risk of outcomes such as all-cause mortality,

cardiovascular mortality, noncardiovascular mortality, myocardial

infarction, and ischemia-driven coronary revascularization;

however, there were no significant differences in ischemic stroke,

stent thrombosis, renal function injury, or major bleeding. In

addition, the incidence of all-cause and cardiovascular mortality

within 1 year of staged PCI was lower than that of immediate

PCI, but there seemed to be no significant difference between the

two results for follow-up beyond 1 year.

The main analysis of this study showed that, in RCT-based

studies, there was no significant difference in all-cause mortality,

cardiovascular mortality, or noncardiovascular mortality between
frontiersin.org
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FIGURE 4

Short- and long-term all-cause mortality based on RCTs and real-world prospective studies.
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FIGURE 5

Short- and long-term cardiovascular mortality based on RCTs and real-world prospective studies.
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the immediate PCI group and the staged PCI group. However,

real-world prospective observational studies have shown that

staged PCI significantly reduces the risk of all-cause mortality,

cardiovascular mortality, and noncardiovascular mortality.

However, we observed significant heterogeneity in the statistical

results for all-cause mortality and cardiovascular mortality in

real-world prospective observational studies (I2 > 50%), and

further sensitivity analysis demonstrated that Kim et al.’s study

reported of opposing results to our meta-analysis (20). We

believe that the reason for this bias is that the patients in the

staged PCI group were divided into two groups based on the

1-week time course, and there was no statistically significant
Frontiers in Cardiovascular Medicine 08
difference in all-cause mortality or cardiovascular death between

immediate PCI and staged PCI within 1 week. However, this did

not affect the final outcome of our statistical analysis. We cannot

deny that another important reason for the higher mortality rate

of immediate PCI in nonrandomized real-world studies is

selection bias. Operators tend to perform PCI of the non-culprit

lesion when the lesion is perceived to be high risk or when

there’s hemodynamic instability (such as cardiogenic shock). On

the other hand, they tend to stage PCI of the non-culprit lesion

when the lesion and/or patient is stable. In addition, we

conducted a subgroup analysis based on the different follow-up

times for immediate PCI and staged PCI. We found that there
frontiersin.org
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FIGURE 6

Adverse outcomes based on RCTs.
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was no significant difference in the risk of all-cause or

cardiovascular death between immediate PCI patients and staged

PCI patients during follow-up periods of 1 month and 1 year

(Stahli’s shortest follow-up time was 6 months; these patients

were also included in the short-term follow-up group (14).

However, prospective observational studies in the real world have

shown that patients with staged PCI exhibit a greater survival

rate than patients with immediate PCI during follow-up periods

of one month and one year. This effect could be due to the fact

that, in the RCTs, patients were strictly selected, and high-risk

conditions such as cardiogenic shock, coronary artery bypass

grafting, and chronic total occlusion of the coronary artery were

excluded from the five included studies. However, prospective
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studies in the real world lack rigor in patient selection, which

inevitably leads to bias. Caution is recommended when

extrapolating our research results to real-world populations. In

cases in which the follow-up time exceeded 1 year, we did not

collect any data related to the RCT; therefore, we examined

prospective observational studies in the real world to seek

answers. We found no significant difference in the risk of all-

cause mortality over 1 year between immediate PCI and staged

PCI and included two studies on cardiovascular mortality

(a 14-year-old RCT with a small base and a prospective

observational study from the real world), which we were unable

to combine. Moreover, these two studies seem to have reported

opposite results for cardiovascular mortality. In recent years, the
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follow-up time of randomized controlled trials has been

approximately one year, and follow-up times exceeding one year

are rare. The follow-up results of our subgroup analysis over one

year were all retrospective, and additional randomized controlled

trials are needed in the future to obtain more valuable results.

However, it is undeniable that over time, there are more factors

affecting the survival rates of patients, including hypertension,

diabetes and other diseases, as well as drug use and different

lifestyle habits.

Two large-scale RCTs that were published in the previous year

(the MULTISTARS AMI trial (14) and BIOVASC (16) trial)

showed that the risk of cardiovascular composite outcomes was

not lower among patients who underwent immediate multivessel

PCI than among those who underwent staged multivessel PCI.

The intergroup differences in the primary endpoint were caused

by the decreased risk of nonfatal myocardial infarction and early

unplanned ischemia-driven revascularization, which was possibly

due to the fact that patients in the staged PCI group were more

likely to be recommended for early ischemia-driven interventions

when the coronary artery anatomy was known. Second, due to

the fact that unplanned revascularization is defined as unplanned

ischemia-driven revascularization performed due to symptoms of

angina, ischemic changes on electrocardiography (ECG), or

reversible signs of myocardial ischemia on noninvasive imaging,

this may reduce the risk of overestimating the incidence of

events. Another reason is that due to diffuse coronary artery

vasoconstriction and systemic endothelial dysfunction, the

severity of nonculprit vascular lesions may be overestimated

during the first PCI. In addition, patients may be prone to

plaque rupture and the development of acute coronary syndrome

during the time window between the index date and staged

surgery, thereby increasing the risk of unplanned ischemia-driven

revascularization (25, 26). Moreover, most of the included studies

indicated that the indications for PCI for nonculprit lesions in

STEMI patients are mainly based on visual evaluation via

coronary angiography, with low utilization rates of functional

and imaging evaluations. The use of invasive imaging and

coronary artery physiological examination may provide more

comprehensive and accurate diagnostic grouping identification.

Notably, after excluding surgery-related myocardial infarction

(type 4) from the analysis, the abovementioned two studies

showed that in patients who underwent staged PCI, the increased

risk of myocardial infarction was not due to surgery-related

events but rather due to spontaneous myocardial infarction

(14, 16). Another notable issue is that, in Kim et al.’s study, there

was a significant difference in the use of radial access between

staged PCI and single-stage PCI (17). Unfortunately, we could

not confirm the differences caused by the radial or femoral

artery approach in the included studies. Moreover, although most

of the included studies included MACEs, their definitions of

MACEs were not the same. Stahli et al. added hospitalization for

stroke and heart failure to the composite primary endpoint;

although the incidence of these two outcomes was relatively low

and there seemed to be no difference between the experimental

groups, it cannot be denied that this may have led to bias toward

noninferiority (14). Some studies included comprehensive
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ischemia-driven revascularization as a MACE, whereas others

included target vessel revascularization as a MACE. Second, the

incidence of ischemic stroke as a MACE varied across studies.

For the abovementioned reasons, we did not evaluate the

occurrence of MACEs during immediate PCI or staged PCI.

In theory, early complete revascularization of nonculprit blood

vessels can reduce the risk of repeated revascularization, restore

myocardial perfusion, and improve clinical outcomes, although

immediate PCI may elicit risks such as prolonged surgical time

and the use of contrast agents (27). Interestingly, due to the

multiple rounds of revascularization involved in staged PCI,

additional contrast agent doses are used, and the radiation

exposure time is longer. Patients may have poor tolerance of

contrast agents, thus resulting in a greater probability of renal

function damage. However, based on the collected data, it appears

that the incidence of renal injury among immediate PCI patients

was greater than that among staged PCI patients, although this

difference was not statistically significant. Of course, few studies

have recorded the amount of contrast agent that was used, and

there are many factors that affect kidney injury; moreover, we

cannot attribute this solely to the use of contrast agents.

Our study did not demonstrate any difference in the risk of

stent thrombosis or major bleeding between immediate PCI and

staged PCI. The studies that we included were first conducted in

2010 and used bare metal stents (24). However, many myocardial

infarction patients now use other types of stents, including drug-

eluting stents and biodegradable stents, and the drugs that are

used for postoperative antiplatelet therapy also differ (28–32).

Therefore, we believe that the statistical results on stent

thrombosis and major bleeding that were recorded in these

studies alone are still insufficient, and additional research is

needed in the future to document the risk of adverse reactions

after immediate and staged PCI.

Another noteworthy point is that the average total

hospitalization time of patients in the immediate PCI group was

lower than that of patients in the staged PCI group, which may

be attributed to the strategy of immediate multivessel PCI

avoiding additional arterial puncture, staged revascularization, or

a second hospitalization. In addition, due to the shorter hospital

stay and lower incidence of revascularization, immediate

complete revascularization may have potential economic value.

Our research had several potential limitations. First, to analyze

the differences in short-term and long-term benefits between

immediate PCI and staged PCI, we included observational and

retrospective registration data and thereby could not eliminate

the risk of confounding bias. Second, most of those studies

included both male and Caucasian populations; therefore, our

analysis results may not be applicable to different demographic

environments. Third, our meta-analysis was not registered with

PROSPERO. Fourth, most of the patients with multivessel lesions

who were included in our study had STEMI, and there is

currently no guidance for the staged revascularization strategy for

multivessel lesions in non-STEMI patients. Finally, due to the

fact that the duration of the included studies was mostly one

year, this meta-analysis may not be sufficient for comparing

long-term adverse events between immediate PCI and staged PCI.
frontiersin.org

https://doi.org/10.3389/fcvm.2024.1389017
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Chen et al. 10.3389/fcvm.2024.1389017
Conclusion

In summary, staged multivessel PCI significantly reduces the

risk of myocardial infarction and unplanned ischemia-driven

revascularization in randomized trial-based analyses. There was

no significant difference between the two groups in terms of all-

cause mortality, cardiovascular mortality, or noncardiovascular

mortality risk. However, prospective non-randomized studies

suggest there might be a benefit in mortality in the staged PCI

group. In addition, there was no significant difference between

the immediate PCI group and the staged PCI group in terms of

ischemic stroke, stent thrombosis, renal function injury, or major

adverse bleeding events. Therefore, staged multivessel PCI may

be the optimal PCI strategy for STEMI patients with MVD.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be

directed to the corresponding authors.
Author contributions

YC: Writing – review & editing, Writing – original draft,

Software, Resources, Methodology, Investigation, Formal Analysis,

Data curation. ML: Writing – review & editing, Visualization,

Validation, Supervision, Software, Project administration,

Investigation, Formal Analysis, Conceptualization. YW: Writing –

review & editing, Visualization, Validation, Supervision, Resources,

Project administration, Funding acquisition.
Frontiers in Cardiovascular Medicine 11
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This work

was supported by the National Natural Science Foundation of

China (82160085) and Key Science and Technology Innovation

Projects of Jiangxi Provincial Health Commission (2024ZD007).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fcvm.2024.

1389017/full#supplementary-material
References
1. Jensen LO, Terkelsen CJ, Horváth-Puhó E, Tilsted HH, Maeng M, Junker A, et al.
Influence of multivessel disease with or without additional revascularization on
mortality in patients with ST-segment elevation myocardial infarction. Am Heart J.
(2015) 170(1):70–8. doi: 10.1016/j.ahj.2015.03.020

2. Park DW, Clare RM, Schulte PJ, Pieper KS, Shaw LK, Califf RM, et al. Extent,
location, and clinical significance of non-infarct-related coronary artery disease
among patients with ST-elevation myocardial infarction. JAMA. (2014) 312
(19):2019–27. doi: 10.1001/jama.2014.15095

3. Sorajja P, Gersh BJ, Cox DA, McLaughlin MG, Zimetbaum P, Costantini C, et al.
Impact of multivessel disease on reperfusion success and clinical outcomes in patients
undergoing primary percutaneous coronary intervention for acute myocardial
infarction. Eur Heart J. (2007) 28(14):1709–16. doi: 10.1093/eurheartj/ehm184

4. Dziewierz A, Siudak Z, Rakowski T, Zasada W, Dubiel JS, Dudek D. Impact of
multivessel coronary artery disease and noninfarct-related artery revascularization
on outcome of patients with ST-elevation myocardial infarction transferred for
primary percutaneous coronary intervention (from the EUROTRANSFER registry).
Am J Cardiol. (2010) 106(3):342–7. doi: 10.1016/j.amjcard.2010.03.029

5. Køber L, Engstrøm T. A more COMPLETE picture of revascularization in STEMI.
N Engl J Med. (2019) 381(15):1472–4. doi: 10.1056/NEJMe1910898

6. Levine GN, Bates ER, Blankenship JC, Bailey SR, Bittl JA, Cercek B, et al. 2015
ACC/AHA/SCAI focused update on primary percutaneous coronary intervention
for patients with ST-elevation myocardial infarction: an update of the 2011 ACCF/
AHA/SCAI guideline for percutaneous coronary intervention and the 2013 ACCF/
AHA guideline for the management of ST-elevation myocardial infarction: a report
of the American College of Cardiology/American Heart Association task force on
clinical practice guidelines and the society for cardiovascular angiography and
interventions. Circulation. (2016) 133(11):1135–47. doi: 10.1161/CIR.
0000000000000336
7. Neumann FJ, Sousa-Uva M, Ahlsson A, Alfonso F, Banning AP, Benedetto U,
et al. 2018 ESC/EACTS guidelines on myocardial revascularization. Eur Heart J.
(2019) 40(2):87–165. doi: 10.1093/eurheartj/ehy394

8. Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci C, Bueno H, et al. 2017
ESC guidelines for the management of acute myocardial infarction in patients presenting
with ST-segment elevation: the task force for the management of acute myocardial
infarction in patients presenting with ST-segment elevation of the European Society
of Cardiology (ESC). Eur Heart J. (2018) 39(2):119–77. doi: 10.1093/eurheartj/ehx393

9. Wood DA, Cairns JA, Wang J, Mehran R, Storey RF, Nguyen H, et al. Timing of
staged nonculprit artery revascularization in patients with ST-segment elevation
myocardial infarction: COMPLETE trial. J Am Coll Cardiol. (2019) 74(22):2713–23.
doi: 10.1016/j.jacc.2019.09.051

10. Wald DS, Morris JK, Wald NJ, Chase AJ, Edwards RJ, Hughes LO, et al.
Randomized trial of preventive angioplasty in myocardial infarction. N Engl J Med.
(2013) 369(12):1115–23. doi: 10.1056/NEJMoa1305520

11. Gershlick AH, Khan JN, Kelly DJ, Greenwood JP, Sasikaran T, Curzen N, et al.
Randomized trial of complete versus lesion-only revascularization in patients
undergoing primary percutaneous coronary intervention for STEMI and multivessel
disease: the CvLPRIT trial. J Am Coll Cardiol. (2015) 65(10):963–72. doi: 10.1016/j.
jacc.2014.12.038

12. Engstrøm T, Kelbæk H, Helqvist S, Høfsten DE, Kløvgaard L, Holmvang L, et al.
Complete revascularisation versus treatment of the culprit lesion only in patients with
ST-segment elevation myocardial infarction and multivessel disease (DANAMI-3—
pRIMULTI): an open-label, randomised controlled trial. Lancet. (2015) 386
(9994):665–71. doi: 10.1016/S0140-6736(15)60648-1

13. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. Open Med. (2009) 3
(3):e123–30.
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fcvm.2024.1389017/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2024.1389017/full#supplementary-material
https://doi.org/10.1016/j.ahj.2015.03.020
https://doi.org/10.1001/jama.2014.15095
https://doi.org/10.1093/eurheartj/ehm184
https://doi.org/10.1016/j.amjcard.2010.03.029
https://doi.org/10.1056/NEJMe1910898
https://doi.org/10.1161/CIR.0000000000000336
https://doi.org/10.1161/CIR.0000000000000336
https://doi.org/10.1093/eurheartj/ehy394
https://doi.org/10.1093/eurheartj/ehx393
https://doi.org/10.1016/j.jacc.2019.09.051
https://doi.org/10.1056/NEJMoa1305520
https://doi.org/10.1016/j.jacc.2014.12.038
https://doi.org/10.1016/j.jacc.2014.12.038
https://doi.org/10.1016/S0140-6736(15)60648-1
https://doi.org/10.3389/fcvm.2024.1389017
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Chen et al. 10.3389/fcvm.2024.1389017
14. Stähli BE, Varbella F, Linke A, Schwarz B, Felix SB, Seiffert M, et al. Timing of
complete revascularization with multivessel PCI for myocardial infarction. N Engl J
Med. (2023) 389(15):1368–79. doi: 10.1056/NEJMoa2307823

15. Park S, Rha SW, Choi BG, Cho JH, Park SH, Lee JB, et al. Immediate versus
staged complete revascularization in patients with ST-segment elevation myocardial
infarction and multivessel coronary artery disease: results from a prematurely
discontinued randomized multicenter trial. Am Heart J. (2023) 259:58–67. doi: 10.
1016/j.ahj.2023.01.020

16. Diletti R, den Dekker WK, Bennett J, Schotborgh CE, van der Schaaf R, Sabaté
M, et al. Immediate versus staged complete revascularisation in patients presenting
with acute coronary syndrome and multivessel coronary disease (BIOVASC): a
prospective, open-label, non-inferiority, randomised trial. Lancet. (2023) 401
(10383):1172–82. doi: 10.1016/S0140-6736(23)00351-3

17. Kim MC, Bae S, Ahn Y, Sim DS, Hong YJ, Kim JH, et al. Benefit of a staged
in-hospital revascularization strategy in hemodynamically stable patients with
ST-segment elevation myocardial infarction and multivessel disease: analyses by
risk stratification. Catheter Cardiovasc Interv. (2021) 97(6):1151–9. doi: 10.1002/ccd.
29062

18. Ahn KT, Oh JK, Seong SW, Jin SA, Lee JH, Choi SW, et al. One-year clinical
outcomes between single- versus multi-staged PCI for ST elevation myocardial
infarction with multi-vessel coronary artery disease: from Korea acute myocardial
infarction registry-national institute of health (KAMIR-NIH). Korean Circ J. (2020)
50(3):220–33. doi: 10.4070/kcj.2019.0176

19. Tarasov RS, Ganyukov VI, Barbarash OL, Barbarash LS. Two preventive
multivessel stenting strategy with zotarolimus eluting stents in STelevation
myocardial infarction patients: 12-month results of randomized trial. Interv Cardiol
(Lond). (2017) 9(2):57–63.

20. Kim I, Kim MC, Jeong HC, Park KH, Sim DS, Hong YJ, et al. Optimal timing of
percutaneous coronary intervention for nonculprit vessel in patients with ST-segment
elevation myocardial infarction and multivessel disease. Korean Circ J. (2017) 47
(1):36–43. doi: 10.4070/kcj.2015.0358

21. Chung WY, Seo JB, Choi DH, Cho YS, Lee JM, Suh JW, et al. Immediate
multivessel revascularization may increase cardiac death and myocardial infarction
in patients with ST-elevation myocardial infarction and multivessel coronary artery
disease: data analysis from real world practice. Korean J Intern Med. (2016) 31
(3):488–500. doi: 10.3904/kjim.2014.119

22. Maamoun W, Elkhaeat N, Elarasy R. Safety and feasibility of complete
simultaneous revascularization during primary PCI in patients with STEMI and
multi-vessel disease. Egypt Heart J. (2011) 63(1):39–43. doi: 10.1016/j.ehj.2011.08.030
Frontiers in Cardiovascular Medicine 12
23. Kornowski R, Mehran R, Dangas G, Nikolsky E, Assali A, Claessen BE, et al.
Prognostic impact of staged versus “one-time” multivessel percutaneous intervention
in acute myocardial infarction: analysis from the HORIZONS-AMI (harmonizing
outcomes with revascularization and stents in acute myocardial infarction) trial.
J Am Coll Cardiol. (2011) 58(7):704–11. doi: 10.1016/j.jacc.2011.02.071

24. Politi L, Sgura F, Rossi R, Monopoli D, Guerri E, Leuzzi C, et al. A randomised
trial of target-vessel versus multi-vessel revascularisation in ST-elevation myocardial
infarction: major adverse cardiac events during long-term follow-up. Heart. (2010)
96(9):662–7. doi: 10.1136/hrt.2009.177162

25. Pinilla-Echeverri N, Mehta SR, Wang J, Lavi S, Schampaert E, Cantor WJ, et al.
Nonculprit lesion plaque morphology in patients with ST-segment-elevation
myocardial infarction: results from the COMPLETE trial optical coherence
tomography substudys. Circ Cardiovasc Interv. (2020) 13(7):e008768. doi: 10.1161/
CIRCINTERVENTIONS.119.008768

26. Stone GW, Maehara A, Lansky AJ, de Bruyne B, Cristea E, Mintz GS, et al. A
prospective natural-history study of coronary atherosclerosis. N Engl J Med. (2011)
364(3):226–35. doi: 10.1056/NEJMoa1002358

27. Mehran R, Dangas GD, Weisbord SD. Contrast-associated acute kidney injury.
N Engl J Med. (2019) 380(22):2146–55. doi: 10.1056/NEJMra1805256

28. Han JK, Hwang D, Yang S, Park SH, Kang J, Yang HM, et al. Comparison of 3-
to 6-month versus 12-month dual antiplatelet therapy after coronary intervention
using the contemporary drug-eluting stents with ultrathin struts: the HOST-IDEA
randomized clinical trial. Circulation. (2023) 147(18):1358–68. doi: 10.1161/
CIRCULATIONAHA.123.064264

29. Yang H, Jin D, Rao J, Shi J, Li G, Wang C, et al. Lithium-induced optimization
mechanism for an ultrathin-strut biodegradable zn-based vascular scaffold. Adv
Mater. (2023) 35(19):e2301074. doi: 10.1002/adma.202301074

30. Valgimigli M, Wlodarczak A, Tölg R, Merkely B, Kelbæk H, Legutko J, et al.
Biodegradable-polymer or durable-polymer stents in patients at high bleeding risk:
a randomized, open-label clinical trial. Circulation. (2023) 148(13):989–99. doi: 10.
1161/CIRCULATIONAHA.123.065448

31. Buiten RA, Ploumen EH. Drug-eluting stents for ST-segment elevation
myocardial infarction: extending the biodegradable versus durable polymer debate.
Lancet. (2023) 402(10416):1942–3. doi: 10.1016/S0140-6736(23)02297-3

32. Iglesias JF, Roffi M, Losdat S, Muller O, Degrauwe S, Kurz DJ, et al. Long-term
outcomes with biodegradable polymer sirolimus-eluting stents versus durable polymer
everolimus-eluting stents in ST-segment elevation myocardial infarction: 5-year
follow-up of the BIOSTEMI randomised superiority trial. Lancet. (2023) 402
(10416):1979–90. doi: 10.1016/S0140-6736(23)02197-9
frontiersin.org

https://doi.org/10.1056/NEJMoa2307823
https://doi.org/10.1016/j.ahj.2023.01.020
https://doi.org/10.1016/j.ahj.2023.01.020
https://doi.org/10.1016/S0140-6736(23)00351-3
https://doi.org/10.1002/ccd.29062
https://doi.org/10.1002/ccd.29062
https://doi.org/10.4070/kcj.2019.0176
https://doi.org/10.4070/kcj.2015.0358
https://doi.org/10.3904/kjim.2014.119
https://doi.org/10.1016/j.ehj.2011.08.030
https://doi.org/10.1016/j.jacc.2011.02.071
https://doi.org/10.1136/hrt.2009.177162
https://doi.org/10.1161/CIRCINTERVENTIONS.119.008768
https://doi.org/10.1161/CIRCINTERVENTIONS.119.008768
https://doi.org/10.1056/NEJMoa1002358
https://doi.org/10.1056/NEJMra1805256
https://doi.org/10.1161/CIRCULATIONAHA.123.064264
https://doi.org/10.1161/CIRCULATIONAHA.123.064264
https://doi.org/10.1002/adma.202301074
https://doi.org/10.1161/CIRCULATIONAHA.123.065448
https://doi.org/10.1161/CIRCULATIONAHA.123.065448
https://doi.org/10.1016/S0140-6736(23)02297-3
https://doi.org/10.1016/S0140-6736(23)02197-9
https://doi.org/10.3389/fcvm.2024.1389017
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	The optimal timing for intervention in patients with ST-segment elevation myocardial infarction and multivessel disease: a systematic review and meta-analysis
	Introduction
	Methods
	Literature search and selection
	Data extraction and quality assessment

	Statistical analysis
	Results
	Study selection and quality assessment
	Primary efficacy outcomes
	Death
	Myocardial infarction
	Ischemia-driven revascularization
	Subgroup analysis
	Safety outcomes


	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


