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Abstract

Introduction

In patients with acute ST-elevation myocardial infarction (STEMI), the preferred intervention

is percutaneous coronary intervention (PCI).Whether staged PCI (S-PCI) or one-time com-

plete PCI (MV-PCI) is more beneficial and safer in terms of treating the non-culprit vessel

during the primary PCI procedure is unclear. We performed a meta-analysis of all random-

ized and non-randomized controlled trials comparing S-PCI with MV-PCI in patients with

acute STEMI and MVD.

Methods

Studies of STEMI with multivessel disease receiving primary PCI were searched in

PUBMED, EMBASE and The Cochrane Register of Controlled Trials from January 2004 to

December 2014. The primary end points were long-term rates of major adverse cardiovas-

cular events and their components—mortality, reinfarction, and target-vessel revasculariza-

tion. Data were combined using a fixed-effects model.

Results

Of 507 citations, 10 studies (4 randomized, 6 nonrandomized; 820 patients, 562 staged PCI

and 347 one-time, complete multi-vessel PCI) were included. S-PCI compared to MV-PCI

significantly reduced mortality both long-term (OR 0.44, 95% CI 0.29–0.66, P<0.0001, I2 =

0%) and short-term (OR 0.23, 95% CI 0.1–0.51, P = 0.0003, I2 = 0%). There was a trend

toward reduced risk of MACE with s-PCI compared with MV-PCI (OR 0.83, 0.62–1.12, P =

0.22, I2 = 0%). No difference between S-PCI and MV-PCI was observed in reinfarction (OR
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0.97, 0.61–1.55, P = 0.91, I2 = 0%), or target vessel revascularization (OR1.17, 95% CI

0.81–1.69, P = 0.40, I2 = 8%).

Conclusions

The staged strategy for non-culprit lesions improved short- and long-term survival and

should remain the standard approach to primary PCI in patients with STEMI; one-time com-

plete multivessel PCI may be associated with greater mortality risk. However, additional

large, randomized trials are required to confirm the optimal timing of a staged procedure on

the non-culprit vessel in STEMI.

Introduction

Percutaneous coronary intervention (PCI) has become the preferred reperfusion strategy in

patients with acute ST-elevation MI (STEMI) compared to intravenous thrombolytic therapy

[1–3]. Approximately 40–50% of patients with STEMI have at least 1 additional severe stenosis

lesion of>50% in the non-culprit vessel [4,5]. Patients with multivessel disease (MVD) have

worse clinical outcomes in terms of major adverse cardiovascular events (mortality, reinfarc-

tion, and target-vessel revascularization) than patients with single-vessel disease [4,6,7]. One-

time, multivessel PCI may contribute to a higher risk of complications such as stent thrombo-

sis [8–10], inflammatory burden [11], and contrast-induced nephropathy [12] associated with

STEMI. Previous guidelines recommended that patients presenting with STEMI without

hemodynamic instability undergo PCI of the culprit vessel (CV-PCI) rather than PCI of the

non-infarct related artery (IRA) [13,14]. However, recent advancements in interventional car-

diology to reduce procedure time, the improvement in strategies to reduce the risk of acute

kidney injury, the widespread use of new types of drug-eluting stents, and novel antiplatelet

therapy to reduce the risk of stent thrombosis have all made multi-vessel PCI more reliable,

predictable, and reproducible [15,16]. Performing one-time, multi-vessel PCI at the time of

primary PCI may be safe and beneficial in patients with STEMI [17–20]. The PRAMI (Preven-

tive Angioplasty in Acute Myocardial Infarction) trial and CvLPRIT (Complete versus Lesion-

only Primary PCI) trial demonstrated that MV-PCI significantly reduced adverse cardiovascu-

lar events compared to CV-PCI [18,19]. Multivessel-completed PCI guided by FFR (fractional

flow reserve) significantly reduced the risk of further events (such as repeat revascularization,

all-cause death, and nonfatal MI) compared to culprit artery–only PCI in the DANAMI 3 PRI-

MULTI (Third Danish Study of Optimal Acute Treatment of Patients with ST-segment Eleva-

tion Myocardial Infarction) trial [17]. No differences in all-cause death, nonfatal MI, and

stroke in staged PCI or culprit-only PCI were observed in the PRAGUE-13 (Primary Angio-

plasty in Patients Transferred From General Community Hospitals to Specialized PTCA Units

With or Without Emergency Thrombolysis) trial [20]. Based on these findings, the American

College of Cardiology (ACC)/American Heart Association (AHA)/Society for Cardiovascular

Angiography and Interventions (SCAI) currently recommend consideration of multivessel

PCI either at the time of primary PCI or as a staged procedure(Class IIb), modified from cul-

prit vessel PCI (CV-PCI) in the absence of hemodynamic instability (Class III)[21]. However,

it is unknown whether staged PCI (S-PCI) or one-time complete PCI (MV-PCI) is the safer

and more beneficial procedure to treat the non-culprit vessel during the primary PCI proce-

dure. Therefore, we conducted a meta-analysis of all randomized controlled trials (RCTs) and
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non-randomized controlled trials (non-RCTs) to compare the cure effects of S-PCI and

MV-PVI in STEMI patients with multivessel disease.

Methods

Study selection and search criteria

This meta-analysis was performed in accordance with the Cochrane Handbook for Systematic

Reviews and Interventions [22] and was reported following the PRISMA statement [23]. Two

authors (Zhenwei Li & Yijiang Zhou) independently searched PubMed, the Cochrane Central

Register of Controlled Trials and EMBASE in English-language publications from January

2004 to December 2014. The following keywords and medical subject headings (MeSH) were

used: ““coronary angioplasty,” “ST-elevation myocardial infarction,” “percutaneous coronary

intervention,” “multivessel PCI,” “staged PCI,” “complete revascularization,” “non-culprit,”

and “myocardial infarction.” Both RCTs and non-RCTs comparing staged vs multivessel PCI

in patients with STEMI and MVD undergoing primary PCI without hemodynamic instability

were included. We screened the abstracts (i.e., unpublished citations) and full-text citations for

eligibility in the meta-analysis. To eliminate negative publication bias, unpublished citations

were also included, and the relevant references were collected through a manual search. The

PRISMA flow diagram for study selection is presented in Fig 1. A full electronic search strategy

(no limits) performed in PUBMED can be reviewed in the Table 1.

((((("multivessel") OR "staged" OR "multi-vessel") AND (((("stent" OR "dilatat�" OR "bal-

loon") OR stents[MeSH Terms]) OR balloon dilation, coronary artery[MeSH Terms])) AND

(("myocard� infarct�") OR myocardial infarction[MeSH Terms])) AND (((("percutaneous cor-

onary intervention,") OR "angioplasty")) OR (angioplasty, transluminal, percutaneous coro-

nary[MeSH Terms]))

Fig 1. PRISMA Flow diagram of included studies.

doi:10.1371/journal.pone.0169406.g001
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Methodological quality assessment and data abstraction

The Cochrane Collaboration tool was used to assess the quality of the abstracted studies to

assess the risk of bias [22] in the RCTs. The Newcastle Ottawa Scale [24] was used to evaluate

the quality of the non-RCTs. A star was assigned to 3 aspects of the study: selection (4 criteria),

outcome (3 criteria) and comparability (1 criterion). A study could have up to 1 star for each

criterion, and thus 8 stars indicate excellent quality, whereas no stars indicate poorest quality.

Data were extracted systematically from the intervention (S-PCI) and control (MV-PCI).

The primary end points were long-term rates of major adverse cardiovascular events and their

components—mortality, reinfarction, and target-vessel revascularization. The secondary end

point was short-term mortality. A fixed-effects model was used in case of low heterogeneity.

Data analysis

All statistical analyses were performed using Review Manager (RevMan 5.2, Cochrane Collab-

oration, Nordic Cochrane Center, Copenhagen, Denmark). Odds ratios (ORs) with 95% CIs

were used as summary estimates. Given the low event rates and small size of selected studies,

the Mantel-Haenszel method was used to calculate the pooled OR with the fixed-effects model.

Study heterogeneity was measured using the I2 index and Cochran’s Q, where an I2 greater

than 60 and P<0.1 represent severe heterogeneity. Sensitivity analyses were performed to

explore heterogeneity. Depending on the study design, a subgroup of the RCTs and non-RCTs

was generated for each outcome to help explain heterogeneity. A “funnel plot” approach was

used to avoid the potential for publication bias.

Results

Search and selection of studies

As shown in Fig 1, 850 abstracts were retrieved, and 40 were selected. Of these 40 eligible full-

text studies, 30 studies were excluded due to lack of STEMI (n = 9), lack of multivessel revascu-

larization (n = 5), failure to identify the control group (n = 4), cardiogenic shock (n = 5), and

Table 1. Search strategy used for PUBMED.

1 "multivessel"

2 "staged"

3 "multi-vessel"

4 1 or 2 or 3

5 "stent"

6 "dilatat*"

7 "balloon"

8 stents[MeSH Terms]

9 balloon dilation, coronary artery[MeSH Terms]

10 5 or 6 or 7 or 8 or 9

11 "myocard* infarct*"

12 myocardial infarction[MeSH Terms]

13 11 or 12

14 "percutaneous coronary intervention,"

15 "angioplasty"

16 angioplasty, transluminal, percutaneous coronary[MeSH Terms]

17 14 or 15 or 16

18 4 and 10 and13 and17

doi:10.1371/journal.pone.0169406.t001
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inclusion of coronary artery bypass grafting surgery (n = 7). Ten studies fulfilled the eligibility

criteria and were included in the present systematic review. Of the 10 studies (4 RCTs [25–28]

and 6 non-RCTs [10,29–33]), 820 patients were included (562 S-PCI and 347 MV-PCI).

Table 2 presents the characteristics of the included studies. The mean long-term follow-up

was 14 months. The quality calculation for the RCTs and non-RCTs are presented in Fig 2 and

Fig 3.

Long-term major adverse cardiovascular events

Overall, seven studies reported long-term MACE [10,25,27–30,32,34]. There was a trend

toward reduced risk of MACE with S-PCI compared with MV-PCI with no heterogeneity,

although the trend did not reach statistical significance (OR 0.83, 95% CI 0.62–1.12, P = 0.22,

I2 = 0%), as shown in Fig 4.

Short-term mortality

Six studies reported in-hospital death [25,27,29,31] [10,15] (Fig 5). Mortality was significantly

lower for S-PCI compared with MV-PCI. Improved in-hospital survival was observed for

S-PCI, with no heterogeneity (OR 0.23, 95% CI 0.1–0.51, P = 0.0003, I2 = 0%).

Long-term mortality

Nine studies reported long-term mortality (4 RCTs [25,27,28,34] and 6 non-RCTs) [10,29–33]

(Fig 6). The mean follow-up time was 14 months. The combined analysis indicated a survival

benefit for S-PCI compared with MV-PCI (OR 0.44, 95% CI 0.29–0.66, P<0.0001, I2 = 0%).

Long-term repeat myocardial infarction

Six studies reported long-term repeat myocardial infarction (re-MI) after long-term follow-up

[10,25,27,29,32,34]. There was no significant difference between S-PCI and MV-PCI. S-PCI

had no effect on re-MI, with no heterogeneity (OR 0.97, 95% CI 0.61–1.55, P = 0.91, I2 = 0%),

as shown in Fig 7.

Long-term target vessel revascularization (TVR)

Comparing S-PCI with MV-PCI revealed no significant difference in target revascularization

in the RCTs [25,27,34], with no heterogeneity (OR 0.98, 95% CI 0.64–1.51, P = 0.09, I2 = 0%)

(Fig 8). In the non-RCTs [10,29,30], enhanced revascularization was observed for MV-PCI,

with moderate heterogeneity (OR 1.84, 95% CI 0.90–3.79, P = 0.10, I2 = 59%), mainly driven

by the results of the non-RCT performed by Corpus [29].

Study quality and publication bias

Both RCTs and non-RCTs were included in our meta-analysis. The high quality of the non-

RCTs was indicated by the Newcastle Ottawa Scale score of�6/8. The Cochrane Collaboration

tool for assessing risk of bias also confirmed the high quality of the RCTs. The funnel plot

revealed no publication bias.

Discussion

The present meta-analysis of randomized and observational studies is one of the largest to sup-

port staged multivessel PCI as feasible and safe in the context of STEMI. The main findings are

that, compared with MV-PCI, S-PCI is (1) associated with a trend toward reduced risk of the

Staged versus One-Time Complete Revascularization with Percutaneous Coronary Intervention in STEMI
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Table 2. Characteristics of the 10 included studies.

Author

and year

Study

design

No. of

patients

Comparison arms Inclusion criteria exclusion criteria Outcomes

Politi et al,

2010 [25]

Randomized 214 MV-PCI, CV-PCI and

S-PCI

STEMI with�70% stenosis

of�2 coronary arteries or

major branches

Cardiogenic shock, LM

disease, pervious CABG,

severe valvular heart

disease or unsuccessful

procedure

In-hospital mortality; long-

term mortality, cardiac death,

MI, repeat revascularization,

rehospitalization, CABG,

PCI, MACE

Horizon

et al, 2011

[34]

Randomized 668 MV-PCI and S-PCI STEMI with MVD and 1–3

lesions in non-culprit artery

technically amenable to

revascularization by stent

Lesion in vein and arterial

grafts, prior angioplasty,

thrombolytic, cardiogenic

shock, platelet count

<100,000 cells/mm3 or

hemoglobin <10 g/dl

1-y MACE

Ochala

et al, 2004

[27]

Randomized 92 MV-PCI and S-PCI At least 1 significant

(�70%) stenosis eligible

for PCI in a coronary artery

other than the IRA

Left main, cardiogenic

shock, target lesion in non-

IRA, not suitable for PCI

(diffuse, diameter <2.5),

high tortuosity, lesion

within orifices of large side

branch, renal insufficiency

or presence of single

kidney, contraindication to

antiplatelet therapy,

previous CABG, valvular

heart disease requiring

surgery, pregnancy

LVEF, all causes of death,

AMI, urgent

revascularization (including

TVR), major and minor

bleeding complications,

worsening of the CCS class,

unstable angina,

cardiovascular

hospitalization

Tarasov,

2014 [28]

Randomized 89 MV-PCI and S-PCI PCI using a zotarolimus-

eluting stent; subject must

have significant stenoses

(�70%) of two or more of

the coronary arteries and

require primary PCI for

acute ST elevation

myocardial infarction

(STEMI) within 12 h.

Single lesions; acute heart

failure Killip III-IV;�50%

left main stenosis; Small

vessels diameter (<2.5

mm); known

hypersensitivity or

contraindication to any of

the following medications:

heparin, aspirin, both

clopidogrel and ticlopidine,

zotarolimus

6 month MACE

Corpus

et al [29]

Non-

randomized

506 Culprit PCI vs culprit PCI

+ multivessel PCI during

the index catheterization

or staged during the

index hospitalization

STEMI with�70% stenosis

of�2 epicardial arteries

PCI of vain graft or after

angioplasty, LM, planned

staged revascularization

In-hospital mortality; 30-d

mortality, reinfarction, TVR,

CABG, MACE; 1-y mortality,

reinfarction, TVR, CABG,

MACE

Khattab

et al [10]

Non-

randomized

70 Culprit PCI (with

possible 70 staged or

ischemia-driven PCI of

non-culprit lesions) vs

culprit PCI +multivessel

PCI during the index

catheterization

STEMI with�70% stenosis

of�2 coronary arteries or

major branches

Non-IRA diameter <2.5

mm, LM disease, previous

MI

30-d mortality, MI, TVR,

stent thrombosis, CVA,

bleeding, MACE; 1-y

mortality, MI, TVR, non-TVR,

total revascularizations,

MACE

Hannan

et al [31]

Non-

randomized

1434 Culprit PCI vs culprit PCI

+ multivessel PCI during

index catheterization

staged PCI during index

admission or staged PCI

within 60 d

STEMI with MVD LM disease, prior

thrombolysis, prior CABG,

cardiogenic shock, missing

EF

In-hospital mortality; 12-mo

mortality; 24-mo mortality;

42-mo mortality

Mohamad

et al [32]

Non-

randomized

63 Culprit PCI vs culprit PCI

+ multivessel PCI during

index hospitalization or

at a later date

STEMI with�70% stenosis

of�2 coronary arteries

Single-vessel disease,

unable to undergo

coronary angiography

within 3 h of hospital

presentation,�12-h

symptom presentation

1-y mortality, MACE

(Continued )
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composite primary endpoint of MACE odds and (2) associated with lower short-term and

long-term mortality odds.

Primary PCI and PCI for STEMI patients were associated with lower subsequent revascu-

larization rates and lower mortality, as demonstrated by RCTs and observational studies [35–

38]. However, multivessel disease in STEMI patients continues to pose a major challenge and

has been associated with substantially worse prognosis compared with single-vessel disease

[4,6,7]. Earlier clinical practice guidelines recommend that in STEMI patients, only the culprit

vessel be initially treated, unless hemodynamic compromise is present [13,14]. These recom-

mendations are based on data from observational studies [29,31] rather than RCTs. Whether

this remains the appropriate course of action is unclear. Continuous refinements in interven-

tional techniques coupled with advancements in drug-eluting stents and antithrombotic strat-

egies have led to significant improvements in procedural success and long-term clinical

outcomes [39]. Multivessel PCI may have advantages over culprit-only PCI because instable

plaque may emerge in not only the infarct-related artery but also the non-infarcted coronary

vasculature [40]. In addition, stable coronary artery disease is associated with improved long-

term clinical prognosis when performing the complete revascularization strategy [41–43].

Therefore, some cardiologists perform immediate multivessel PCI in spite of the guidelines.

Currently, four RCTs suggest that multivessel PCI may be more safe and beneficial in STEMI

patients with multivessel disease [17–20]. Based on the Data Supplement, the current ACC/

AHA guidelines have been modified so that revascularization of a noninfarct artery may be

Table 2. (Continued)

Author

and year

Study

design

No. of

patients

Comparison arms Inclusion criteria exclusion criteria Outcomes

Varani et al

[33]

Non-

randomized

399 Culprit PCI vs culprit PCI

+ multivessel PCI during

index catheterization or

staged within 24 h or

predischarge

STEMI with N70% stenosis

of�2 epicardial arteries or

major branches

Occlusion after prior

angioplasty, cardiogenic

shock, pulmonary edema

In-hospital mortality, PCI,

major vascular

complications; 30-d

mortality; long-term (630

±366 d) mortality

Maamoun

et al [30]

Non-

randomized

19 MV-PCI and S-PCI STEMI with�70% stenosis

of�2 epicardial arteries or

major branches

Patients with cardiogenic

shock, pulmonary edema,

and left main coronary

artery disease

1-y mortality, MACE

doi:10.1371/journal.pone.0169406.t002

Fig 2. The Cochrane Collaboration Tool was used to estimate the risk of bias for each included

randomized study.

doi:10.1371/journal.pone.0169406.g002
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considered for select STEMI patients with multivessel disease who are hemodynamically sta-

ble, whether in a later-stage procedure or at the time of primary PCI (class of recommendation

II; level of evidence B) [21]. However, most of these RCTs made comparisons between com-

plete PCI and culprit lesion-only primary PCI, and thus it is unknown if S-PCI or MV-PCI is

the more beneficial and safer procedure to treat the non-culprit vessel. Kowalewski et al per-

formed a comprehensive analysis that found that MV-PCI was associated with a significant

41% reduction of MACE (death, recurrent myocardial infarction and repeat revascularization)

compared with non-complete MV-PCI. However, significant controversy remains. Bainey’s

meta-analysis indicated that staged PCI compared to culprit lesion-only PCI improved short-

and long-term survival for lower rates of repeat PCI. However, once multivessel PCI was per-

formed during index catheterization, hospital mortality increased [44]. Vlaar et al performed a

smaller pairwise and network meta-analysis that demonstrated that a staged approach in

STEMI with multivessel disease had lower short-term and long-term mortality than culprit

PCI and MV-PCI [45]. We confirmed these findings and further supported long-term survival

(~14 months) with staged PCI. Improved in-hospital and long-term survival were observed in

a staged fashion; however, when multivessel PCI was performed during index catheterization,

increased mortality was observed. Given the lack of preference for staged PCI in the current

guidelines, these findings are particularly important. Performing one-time complete PCI may

Fig 3. The Newcastle Ottawa Scale was used to estimate the risk of bias for each included non-

randomized study.

doi:10.1371/journal.pone.0169406.g003

Fig 4. Forest plot of long-term MACE.

doi:10.1371/journal.pone.0169406.g004

Staged versus One-Time Complete Revascularization with Percutaneous Coronary Intervention in STEMI
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contribute to the acute phase of STEMI, in which the pro-thrombotic and inflammatory envi-

ronment may lead to acute stent thrombosis. Moreover, the physiological state and tenuous

hemodynamics often result in the complication of acute left ventricular dysfunction. In addi-

tion, when PCI is performed in the acute phase [10,34]. The higher amount of contrast used

during primary PCI contributed to contrast-induced nephropathy [46]. Alternatively, a stable

environment will be supported when performed in a staged procedure. In addition, the sur-

geon always overestimates the severity of non-culprit lesions in the STEMI setting, mainly due

to diffuse coronary artery spasms or endothelial dysfunction [47]. The result may be unneces-

sary intervention and an increase in procedural risk without the added benefit.

The present meta-analysis demonstrates that SV-PCI is superior to MV-PCI for reducing

mortality in STEMI patients with multivessel disease without hemodynamic instability. How-

ever, the optimal timing of a staged procedure on the non-culprit vessel after culprit PCI has

been performed remains unclear. An electronically distributed survey conducted by the mar-

ket research department of the American College of Cardiology revealed that although the

majority of interventional cardiologists agreed on staging the non-culprit vessel PCI at a later

date, there was significant variability of opinions regarding the timing of staged PCI. Only 22%

of the respondents would perform non-culprit vessel PCI during the same hospitalization; the

Fig 5. Forest plot of short-term mortality.

doi:10.1371/journal.pone.0169406.g005

Fig 6. Forest plot of long-term mortality.

doi:10.1371/journal.pone.0169406.g006

Staged versus One-Time Complete Revascularization with Percutaneous Coronary Intervention in STEMI
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majority of cardiologists (64%) recommended a timeframe of>15 days for the second PCI

after initial revascularization [48]. Data from New York State’s PCI registry indicated that

patients who underwent staged non-culprit vessel PCI within 60 days after the index proce-

dure had lower short- and long-term mortality rates compared to culprit vessel PCI. However,

these survival benefits were not observed in staged non-culprit vessel PCI during the index

hospitalization [31]. A sub-study included in our meta-analysis, the Harmonizing Outcomes

With Revascularization and Stents in Acute Myocardial Infarction (HORIZONS-AMI) trial,

observed improved 1-year outcomes in STEMI patients with multivessel disease undergoing

staged PCI (median 30 days) compared with one-time complete PCI [34]. There are theoretical

disadvantages of an early second intervention for the non-culprit vessel within the same hospi-

talization. The myocardial injury sustained from the acute STEMI coupled with a pro-throm-

botic and inflammatory state may increase procedural risks [11,49]. The accumulation of

additional contrast load in short intervals may increase the risk of developing nephropathy

[46,50]. Non-infarcted myocardium may be jeopardized if procedural complications arise in

the non-culprit vessel and the infarcted myocardium has not recovered for a sufficient amount

of time. In addition, strong antithrombotic and anticoagulation therapy may lead to a higher

Fig 7. Forest plot of long-term Re-mi.

doi:10.1371/journal.pone.0169406.g007

Fig 8. Forest plot of long-term TVR.

doi:10.1371/journal.pone.0169406.g008

Staged versus One-Time Complete Revascularization with Percutaneous Coronary Intervention in STEMI
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incidence of access-site bleeding and vascular complications if the double puncture is executed

in the same hospitalization. These risks may be reduced once sufficient recovery time is pro-

vided to perform the staged procedure. However, once coronary plaques stabilize from the

index event, the multiple unstable coronary plaques (demonstrated by the angiographic and

angioscopic studies) will be removed from the culprit lesion, prompting a staged in-hospital

PCI [40,51,52]. In a single-center, retrospective cohort study of STEMI patients with multives-

sel disease, non-culprit vessel PCI performed <24 hours after primary PCI and staged PCI

before hospital discharge achieved a similarly low 30-day mortality (2.1%), in contrast to

multi-vessel PCI performed during primary PCI (9.9%) [33]. Joshua [53] supports the safety

and feasibility of staged PCI within the same hospitalization (mean interval of 3 days from

index to staged PCI) as primary PCI, which achieved similar procedural success and in-hospi-

tal outcomes as staged PCI at a separate hospitalization (mean interval of 29.5 days from index

to staged PCI). Further investigation is still required to determine the optimal timing of a

staged procedure in STEMI with multivessel disease. However, in China, reimbursement

issues may drive the decision for revascularization. Physicians in China may not be compen-

sated for staged PCI performed within 30 days of STEMI PCI and thus may not have the

incentive to treat other vessels while the patient is still in the hospital. Therefore, economic

concerns drive most healthcare systems to favor the strategy of two procedures performed in

separate hospitalizations.

Limitation

In our meta-analysis, we were forced to include observational non-randomized studies due to

a lack of randomized data. We performed randomized vs nonrandomized stratified analyses

for the pooled estimate. However, many selection biases and confounding factors remained in

the observational studies, even after statistical adjustment. Unpublished abstracts were also

included to reduce publication bias. The data of the original included studies were limited to

analysis at the trial level rather than the patient level. Therefore, we could not adjust the base-

line characteristics of the included patients and multivariate factors; the follow-up and admis-

sion medications were also not captured. Moreover, the impact of chronic total occlusions was

not fully evaluated due to the absence of reports in most selected studies. A staged and planned

strategy for non-culprit vessel PCI may be preferable for these patients given the risk and diffi-

culties in attempting a chronic total occlusion. In addition, when patients wait for staged or

planned PCI, clinical events may occur; these events were not adequately described in the

included studies. In addition, The exact mechanisms linking staged PCI with better short and

long mortality can not be elucidated by the provided data since non-fatal reinfarcion rates

were similar, the specific causes of deaths are unknown. Ochala’ study even said MV-PCI in

patients with STEMI and MVD leads to quicker and more substantial improvement of LVEF

in comparison to S-PCI, However, Horizon’ study said stent thrombosis and bleeding(Major

or minor) complications rates were significantly increased in MV-PCI versus S-PCI groups.

Maybe the less such complications made staged PCI with better short and long mortality.

Finally, survival selection bias in staged PCI patients can potentially affect long-term survival.

Therefore, we excluded patients in cardiogenic shock and performed a sensitivity analysis of

all studies, which confirmed the survival benefit.

Conclusion

Our meta-analysis provides new insights on the efficacy and safety of staged PCI compared

with one-time complete PCI in patients with STEMI. We observed reduced short- and long-

term mortality with a strategy of staged PCI. The results of our study suggest that PCI of the
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non-culprit vessel should be staged and that many factors and conditions influence the deci-

sion of when to stage PCI. However, our findings require additional large-scale, multicenter,

randomized controlled studies for confirmation.
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