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ABSTRACT
Aim: The benefit of preventive percutaneous coronary
intervention (PCI) in ST elevation myocardial infarction
(STEMI) has been shown in randomised trials.
However, all the randomised trials are underpowered to
detect benefit in cardiac death. We aim to
systematically review evidence on the cardiac mortality
benefit of preventive PCI in patients presenting with
acute STEMI in randomised patient populations.
Methods: PubMed, Scopus, Cochrane and
clinicaltrials.gov databases were searched for studies
published until 30 September 2013. The studies were
limited to randomised clinical trials. Independent
observers abstracted the data on outcomes,
characteristics and qualities of studies included. Fixed
effect model was employed for meta-analysis.
Heterogeneity of studies included was analysed using
I2 statistics.
Results: In three randomised clinical trials published,
involving 748 patients with acute STEMI and
multivessel disease, 416 patients were randomised to
preventive PCI and 332 to culprit-only PCI. Patients
undergoing preventive PCI had significant lower risk of
cardiovascular deaths (pooled OR 0.39, 95% CI 0.18
to 0.83, p=0.01, I2=0%), repeat revascularisation
(pooled OR 0.28, 95% CI 0.18 to 0.44, p=0.00001,
I2=0%) and non-fatal myocardial infarction (pooled OR
0.38, 95% CI 0.20 to 0.75, p=0.005, I2=0%) compared
with culprit-only revascularisation.
Conclusions: In patients presenting with acute STEMI
and significant multivessel coronary artery disease,
based on our data, preventive PCI is associated with
lower risk of cardiovascular mortality compared with
primary PCI of only the culprit artery. This finding
needs to be confirmed in larger adequately powered
randomised clinical trials.

BACKGROUND
Timely primary percutaneous coronary inter-
vention (PCI) of culprit coronary artery is
the standard of care for patients presenting

with acute ST elevation myocardial infarction
(STEMI). However, the literature is conflict-
ing regarding the benefit of PCI for signifi-
cant stenoses in non-infarct arteries after
successful primary PCI. The American
College of Cardiology/American Heart
Association (ACC/AHA) guidelines states
that: “Primary PCI should not be performed
in a noninfarct artery at the time of primary
PCI in patients with STEMI who are hemo-
dynamically stable” and “PCI is reasonable in
a noninfarct artery at a time separate from
primary PCI in patients with intermediate- or
high-risk findings on noninvasive testing.”1

The European Society of Cardiology (ESC)
guidelines state that PCI for STEMI should
be limited to the culprit lesion except in
patients with cardiogenic shock.2

In congruence with the clinical guidelines,
several meta-analyses of observational and
non-randomised studies show no benefit from
PCI of the non-infarct artery.3–5 However, con-
clusions from these non-randomised and
observational studies are limited by the poten-
tial for selection bias.6 A recent randomised
clinical trial demonstrated benefit of prevent-
ive PCI in acute STEMI. Although this trial
demonstrated benefit in the primary end
point (composite of cardiac death, non-fatal

KEY MESSAGES

▸ Percutaneous coronary intervention of culprit
lesion is the standard of care for patients pre-
senting with acute STEMI.

▸ A significant number of patients with acute
STEMI have significant multi-vessel coronary
artery disease.

▸ Stenting of not only culprit lesion but also sig-
nificant non-culprit lesions may reduce the risk
of death from cardiovascular causes.
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myocardial infarction (MI) or refractory angina), there
was no benefit in all-cause mortality or cardiovascular
mortality.7 Earlier, two randomised clinical trials also
failed to show mortality benefit associated with preventive
PCI.8 9 Since these studies were not powered individually
to assess for mortality, we systematically reviewed the
benefit of preventive PCI in a randomised patient popula-
tion presenting with acute STEMI.

METHODS
A protocol for this meta-analysis was prospectively devised
that details the background, the objectives, and eligibility
criteria of studies, outcomes and statistical method. This
is available for review on request to investigators.

Study selection
The PRISMA statement for reporting systematic reviews
recommended by the Cochrane Collaboration was fol-
lowed for conduct of this meta-analysis.10 Two authors
(SG and MRA) searched PubMed, Scopus, Cochrane and
clinicaltrials.gov databases for studies published until 30
September 2013 using search terms ‘STelevation myocar-
dial infarction AND coronary revascularization AND mul-
tivessel disease’ OR ‘complete revascularization AND
multivessel revascularization AND culprit only revascular-
ization AND myocardial infarction’ OR ‘ST elevation
myocardial infarction AND coronary angioplasty AND
multivessel AND non culprit’ OR ‘preventive angioplasty
AND STelevation myocardial infarction’.
We limited our search to randomised controlled trials.

We checked reference lists of the relevant articles identi-
fied by the search strategy to find other potentially eli-
gible studies. An additional author (AP) participated in
the resolution process when uncertainty was encoun-
tered. When results were unclear or relevant data were
not reported, authors of studies were contacted. Three
authors (AAP, NRM and AP) independently collected
and abstracted the data, which was further compared for
any discrepancies.
The following inclusion criteria had to be met for

studies to be included in the meta-analysis: (1) studies
carried out on patients with acute STEMI with multivessel
coronary artery disease (CAD), (2) randomised clinical
trials, (3) multivessel revascularisation carried out during
primary PCI or staged, (4) studies that reported out-
comes of interest and (5) one of the comparators had to
be culprit-only revascularisation. The primary outcomes
of interest were the incidence of cardiac death, all-cause
mortality, repeat revascularisation and reinfarction or
non-fatal MI. We did not use composite of major adverse
cardiovascular event (MACE) as outcome because of vari-
ability in definition of MACE in different trials.

Statistical analysis
All outcome comparisons and treatment effects were cal-
culated with RevMan V.5.2 (Cochrane Collaboration,
Oxford, UK). The summary OR and 95% CIs were

estimated using Mantel-Haenszel fixed effect method.
We calculated the I2 statistic to evaluate the percentage
of heterogeneity among the trials. Sensitivity analysis was
performed by meta-analysis based on timing of PCI; pre-
ventive PCI during primary PCI versus culprit artery-only
PCI. As the study sample was limited to three, publica-
tion bias was not assessed. A p value of <0.05 was used as
the level of significance.11

Outcomes assessed
The outcomes assessed for this meta-analysis were car-
diovascular mortality, repeat revascularisation and non-
fatal MI. The definition of end points was as defined by
individual trials. Repeat revascularisation did not include
planned staged PCI. While abstracting data for this
meta-analysis for outcome variables, we chose data from
the longest follow-up period reported in each of the
studies. Preventive PCI was defined as complete revascu-
larisation performed during primary PCI or staged PCI.

RESULTS
Characteristics of included studies
A total of 48 studies were assessed for eligibility. The
steps of literature review and selection are summarised
in figure 1. Only three randomised clinical trials met
inclusion criteria.7–9 A quality assessment was performed
at study level for all the included studies and is shown in
table 1. Three studies included collected data between
2004 and 2013. A total of 748 patients were randomised
to primary PCI of culprit artery (n=332) and preventive
PCI (n=416). Inclusion and exclusion criteria for each
study are found in table 2. Patients in Wald et al7 and
Politi et al8 did not significantly differ in clinical
characteristics with treatment arms at baseline. However,
in Di Mario et al9 study, patients in the primary PCI of
culprit artery group had a higher number of patients
with diabetes. The mean follow-up time was 21 months
for all studies and follow-up time ranged 12–30 months.
Each study differed for primary efficacy end point or
major adverse cardiovascular end points (MACE) as
shown in table 2. We did not use MACE as an outcome
because of variability in definition of MACE in each
study; rather we preferred to use individual end points
as outcome variables. Repeat revascularisation was per-
formed when there was objective evidence of ischaemia.

Outcomes
Preventive PCI at the time of primary PCI or staged versus
PCI limited to the culprit artery
Cardiovascular mortality
Cardiovascular death occurred in 11 of 416 (2.64%)
patients in preventive PCI group compared with 20 of
332 (6%) in culprit artery-only PCI group (pooled OR
0.39, 95% CI 0.18 to 0.83, p=0.01, I2=0%), as shown in
figure 2. The relative risk reduction was 61% and abso-
lute risk reduction was 3.36%. The number needed to
prevent one cardiovascular death was calculated to be 30.
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Repeat revascularisation
Repeat revascularisation occurred in 39 of 416 (9.37%)
patients in preventive PCI group compared with 80 of
332 (24%) in culprit-only PCI group (pooled OR 0.28,
95% CI 0.18 to 0.44, p=0.00001, I2=0%), as shown in
figure 3. There was very significant reduction of repeat
revascularisation in preventive PCI group.

Non-fatal MI
Non-fatal MI occurred in 14 of 416 (3.36%) patients in
preventive PCI group compared with 28 of 332 (8.4%)
in culprit artery-only PCI group (pooled OR 0.38, 95%
CI 0.20 to 0.75, p=0.005, I2=0%), as shown in figure 4.

Preventive PCI at the time of primary PCI versus PCI limited
to the culprit artery
Cardiovascular mortality
Cardiovascular deaths occurred in 9 of 351 (2.56%)
patients in preventive PCI group compared with 20 of 332
(6.02%) in culprit artery-only PCI group (pooled OR 0.45,
95% CI 0.20 to 1.01, p=0.05, I2=0%), as shown in figure 5.
There was absolute risk reduction of 3.5% in cardiovascu-
lar mortality favouring strong trend towards benefit.

Repeat revascularisation
Repeat revascularisation occurred in 31 of 351 (8.8%)
patients in preventive PCI group compared with 80 of

Figure 1 Flow chart describing systematic research and study selection process.

Table 1 Quality assessment of included study

Primary

author

Power

calculation

Blinded assessment of

angiographic data

Adjudication of

adverse events

ITT

analysis

Completeness of

survival data

Politi Yes No No Yes Mean follow-up used

Di Mario Yes Yes Yes N/A 100%

Wald Yes Yes Yes Yes Mean follow-up used
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332 (24%) in culprit artery-only PCI group (pooled OR
0.28, 95% CI 0.17 to 0.44, p<0.00001, I2=0%), as shown
in figure 6A.

Non-fatal MI
Recurrent or non-fatal MI occurred in 10 of 351
(2.84%) patients in preventive PCI group compared
with 28 of 332 (8.43%) in culprit artery-only PCI group

(pooled OR 0.33, 95% CI 0.16 to 0.70, p=0.004, I2=0%),
as shown in figure 6B.

DISCUSSION
Findings
The main finding of this meta-analysis is demonstration
of significant benefit on cardiovascular mortality in

Table 2 Characteristics of included randomised clinical trials

Characteristics Di Mario et al (HELP AMI) Politi et al Wald et al (PRAMI)

Total number of

patients

69 214 465

Number of patients

on preventive PCI

group

52 130 234

Number of patients

on culprit-only PCI

group

17 84 231

Primary end points 12-month incidence of repeat

revascularisation (any

revascularisation, infarct-related

artery as well as non-infarct

related artery)

Incidence of MACE defined as

cardiac or non-cardiac death,

in-hospital death, re-infarction,

rehospitalisation for acute

coronary syndrome and repeat

coronary revascularisation

Composite of death from

cardiac causes, non-fatal

myocardial infarction or

refractory angina

Drug eluting stent

(%)

0 20 71

Antiplatelet therapy Dual Dual Dual

Follow-up in months 12 Mean 30 23

Significant difference

between the groups

at baseline

Patient with preventive PCI were

less often diabetes

None None

Inclusion criteria STEMI with multivessel disease

and 1–3 lesions in non-culprit

artery technically amenable to

revascularisation by stent

Patients with STEMI with >70%

stenosis of ≥2 epicardial arteries

or major branches

STEMI with successful

treatment of infarct artery and

stenosis of 50% or more in

one or more coronary arteries

other than infarct artery

Exclusion criteria Lesions in vein and arterial grafts,

prior PCI or thrombolysis,

cardiogenic shock, left main

disease

Cardiogenic shock, left main

disease, previous CABG, severe

valvular heart disease or

unsuccessful procedure

Cardiogenic shock, previous

CABG, had a non-infarct

artery stenosis of 50% or

more in the left main stem or

the ostia of the left anterior

descending and circumflex

arteries, only non-infarct

stenosis with chronic total

occlusion

Date of publication 2004 2009 2013

CABG, coronary artery bypass grafting; MACE, major cardiac adverse events; PCI, percutaneous coronary intervention; STEMI, ST elevation
myocardial infarction.

Figure 2 Meta-analysis of cardiovascular mortality in randomised trials. Comparator: preventive percutaneous coronary

intervention (PCI) versus culprit artery-only PCI.
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patients undergoing preventive PCI in patients present-
ing with STEMI and multivessel CAD when compared
with primary PCI of the culprit artery. Another import-
ant finding was a significant benefit on repeat revascu-
larisation and recurrent or non-fatal MI.

Comparison with other meta-analyses
Results of present meta-analysis are different from
those published earlier on this topic. A meta-analysis
published in 2011 concluded no benefit of complete
revascularisation over culprit artery-only revascularisa-
tion.3 5 This meta-analysis was limited by a high degree
of heterogeneity among the trials included in the study,
and it was mostly comprised of non-randomised
studies. Another meta-analysis published on the same
topic involving mainly non-randomised study did not
show clear benefit of complete revascularisation over
culprit artery-only revascularisation.4 Particularly, the
meta-analysis published by Vlaar et al,5 which included
4 prospective and 14 retrospective studies with 40 280
patients, demonstrated that multivessel complete PCI
was associated with higher mortality compared with
culprit artery-only or staged PCI. Our results are differ-
ent from this study because we included data from
recently published largest randomised clinical trial and
we excluded a study by Ochala 2004 (though rando-
mised study) because comparators were complete revas-
cularisation versus staged PCI, not culprit artery-only
revascularisation. We believe that earlier meta-analyses
were not able to show mortality benefit mainly because
of the inclusion of non-randomised and observational
studies, which have the inherent risk of selection
biases. In the studies used for our meta-analysis, the
Wald 2013 trial was the largest with 465 patients.
Subsequent PCI was recommended or encouraged only
in those patients with medically refractory angina, and
objective assessment of reversible ischaemia. The
primary outcome was a composite of cardiovascular
death, non-fatal MI and refractory angina. The Politi

2010 trial enrolled 214 patients and was randomised to
three strategies. Culprit artery-only PCI was compared
with staged PCI and with simultaneous PCI. The
primary endpoint was MACE defined as cardiac or non-
cardiac death, in hospital death, reinfarction, rehospita-
lisation for acute coronary syndrome and repeat
coronary revascularisation. The smallest study enrolling
69 patients was DiMario 2004, which specified the
primary endpoint as 12-month incidence of repeat
revascularisation.
The findings of our study seem to be more reliable

and consistent because of lack of heterogeneity among
the included trials as shown by I2 statistics of 0% across
all outcome variables assessed. We clearly showed for the
first time that preventive PCI at the time of primary PCI,
or when staged, has benefit on cardiovascular mortality
in a randomised patient population.

Clinical implications
Current AHA/ACC guidelines for STEMI states “more
work is needed to clarify the indications for and timing
of non-infarct artery revascularisation.”1 Patients present-
ing with acute STEMI have significant multivessel CAD
in one-third to two-third of patients and this is associated
with significant morbidity and mortality.11 Further,
AHA/ACC 2013 STEMI guidelines states “ there seems
to be a clear trend toward lower rates of adverse out-
comes when primary PCI is limited to the infarct artery
and PCI of a non-infarct artery is undertaken in staged
fashion at a later time.”1 The studies looking into pre-
ventive PCI among patients with stable angina and sig-
nificant lesions observed during coronary angiography
have failed to prevent death and MI.12 The recently pub-
lished larger randomised clinical trial showed benefit of
preventive PCI in STEMI with regard to composite end
point of cardiac death, non-fatal MI and recurrent
angina.7 This study demonstrated benefit on recurrent
MI but failed to show benefit on cardiovascular mortal-
ity. The study, however, was not powered to demonstrate

Figure 3 Meta-analysis of

repeat revascularisation in

randomised trials. Comparator:

preventive percutaneous coronary

intervention (PCI) versus culprit

artery-only PCI.

Figure 4 Meta-analysis of recurrent or non-fatal myocardial infarction in randomised trials. Comparator: preventive

percutaneous coronary intervention (PCI) versus culprit artery-only PCI.
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cardiovascular mortality.7 The findings of our
meta-analysis are very important because it suggests that
cardiovascular mortality is higher with culprit artery-only
PCI when compared with preventive PCI in randomised
patient population. It is not known whether real-time
evaluation of non-culprit artery lesions by intravascular
ultrasound or fractional flow reserve in this patient
population would be more effective than angiography
alone in identifying lesions that warrant PCI. Findings of
our meta-analysis are different from the current opinion
that PCI of non-infarct-related artery during primary
PCI is associated with, and increase in, adverse out-
comes.1 The findings of our meta-analysis conflict with
PCI revascularisation strategies in stable patients with
coronary disease such as the COURAGE trial, which
showed no clear advantage of elective PCI over optimal
medical therapy.13 This discrepancy is likely due to, at
least in part, because of inherent differences of the cor-
onary system in an acute, inflammatory clinical setting
such as an acute coronary syndrome compared with a
chronic, stable CAD. This includes the finding that non-
culprit arteries can be found to also have a vulnerable,
inflamed states during acute coronary syndrome.14 15

Prophylactic revascularisation in this circumstance could
be hypothesised to decrease the incidence of MACE.

Strengths and limitations
The potential limitation of this meta-analysis could be
the small number of included randomised trials.
However, it should be emphasised that there are only
three randomised trials conducted to date on this
subject that met inclusion criteria.7–9 One randomised
clinical trial did not meet inclusion criteria because it
compared staged PCI with PCI of non-infarct artery
during primary PCI.16 The control group in our study
was determined to be culprit artery-only revascularisa-
tion. Despite having smaller randomised clinical trials,
this meta-analysis demonstrated benefit in cardiovascular
mortality and very significant benefit on repeat revascu-
larisation and non-fatal MI. We followed rigorous steps
in conducting meta-analysis as recommended by
PRISMA statement; therefore, we believe that our find-
ings are valid and robust. Another limitation of this
meta-analysis is lack of patient-level data, which pre-
cluded us from performing covariate-adjusted analysis or
time-to-event analysis.
Other limitations include limited availability of pro-

cedural and index hospitalisation details from the
studies included in the analysis. Thus, we have not
assessed procedural risks, length of hospitalisation and
financial implications of preventive PCI.

Figure 5 Meta-analysis of cardiovascular mortality in randomised trials. Comparator: preventive percutaneous coronary

intervention (PCI) at the time of primary PCI versus culprit artery-only PCI.

Figure 6 (A) Meta-analysis of

repeat revascularisation in

randomised trials. Comparator:

preventive percutaneous coronary

intervention (PCI) at the time of

primary PCI versus culprit

artery-only PCI. (B) Meta-analysis

of non-fatal myocardial infarction

in randomised trials. Comparator:

preventive PCI at the time of

primary PCI versus culprit

artery-only PCI.
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Conclusions
In patients presenting with acute STEMI and significant
multivessel CAD, based on our data, preventive PCI is
associated with lower cardiovascular mortality compared
with primary PCI of only the culprit artery. This finding
needs to be confirmed in larger adequately powered
randomised clinical trials.
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