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ABSTRACT
Objective The survival benefit of using mechanical 
circulatory support (MCS) in patients with acute myocardial 
infarction (AMI) is still controversial. It is necessary to 
explore the impact on clinical outcomes of MCS in patients 
with AMI undergoing stenting.
Design Systematic review and meta- analysis.
Data sources Embase, Cochrane Library, Medline, 
PubMed, Web of Science,  ClinicalTrials. gov and  Clin ical 
tria lsre gister. eu databases were searched from database 
inception to February 2021.
Eligibility criteria Randomised clinical trials (RCTs) 
on MCS use in patients with AMI undergoing stent 
implantation were included.
Data extraction and synthesis Data were extracted and 
summarised independently by two reviewers. Risk ratios 
(RRs) and 95% CIs were calculated for clinical outcomes 
according to random- effects model.
Results Twelve studies of 1497 patients with AMI were 
included, nine studies including 1382 patients compared 
MCS with non- MCS, and three studies including 115 
patients compared percutaneous ventricular assist devices 
(pVADs) versus intra- aortic balloon pump (IABP). Compared 
with non- MCS, MCS was not associated with short- term 
(within 30 days) (RR=0.90; 95% CI 0.57 to 1.41; I2=46.8%) 
and long- term (at least 6 months) (RR=0.82; 95% CI 0.57 
to 1.17; I2=37.6%) mortality reductions. In the subset of 
patients without cardiogenic shock (CS) compared with 
non- MCS, the patients with IABP treatment significantly 
had decreased long- term mortality (RR=0.49; 95% CI 
0.27 to 0.90; I2=0), but without the short- term mortality 
reductions (RR=0.51; 95% CI 0.22 to 1.19; I2=17.9%). 
While in the patients with CS, the patients with MCS did 
not benefit from the short- term (RR=1.09; 95% CI 0.67 
to 1.79; I2=46.6%) or long- term (RR=1.00; 95% CI 0.75 
to 1.33; I2=22.1%) survival. Moreover, the application of 
pVADs increased risk of bleeding (RR=1.86; 95% CI 1.15 to 
3.00; I2=15.3%) compared with IABP treatment (RR=1.86; 
95% CI 1.15 to 3.00; I2=15.3%).

Conclusions In all patients with AMI undergoing stent 
implantation, the MCS use does not reduce all- cause 
mortality. Patients without CS can benefit from MCS 
regarding long- term survival, while patients with CS seem 
not.

INTRODUCTION
Acute myocardial infarction (AMI) is the 
most common cause of hospitalisation in 
elderly patients.1 2 Emerging mechanical 
circulatory support (MCS), including intra- 
aortic balloon pump (IABP), percutaneous 
ventricular assist devices (pVADs), and extra-
corporeal life support are important haemo-
dynamic supportive strategies for maintaining 
haemodynamic stability and organ perfusion 
in the acute phase of myocardial infarction 
(MI). However, the survival benefit of using 
MCS in patients with AMI is still controversial.

Although previous guidelines from various 
committees have recommended the necessity 
of using MCS in patients with severe cardiac 

Strengths and limitations of this study

 ► This meta- analysis is focusing on the effect of 
mechanical circulatory support (MCS) in patients 
with acute myocardial infarction (AMI) undergoing 
stenting.

 ► This meta- analysis is the first to identity that MCS 
benefits patients with AMI without cardiogenic 
shock undergoing stenting intervention.

 ► In limited number of randomised clinical trials com-
paring the effect of percutaneous ventricular assist 
devices (pVADs) with intra- aortic balloon pump, and 
different types of pVADs, the results should be inter-
preted with caution.
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ischaemia,3 4 accumulating evidence from randomised 
clinical trials (RCTs) and meta- analysis has shown that 
neither MCS devices have significantly improved the 
survival in patients with AMI with cardiogenic shock 
(CS).5–9 Therefore, in patients with AMI with CS, IABP 
and pVADs were recommended to class IIa and class IIb 
in US guidelines, respectively, and IABP to class IIaC–IIIA 
in European guidelines.10 11 Recent meta- analyses have 
focused on the use of MCS in patients with CS, but no 
benefits for survival were found.12–14 Even if the conclu-
sions from MCS studies were something of a disappoint-
ment, these data are still worth to be further explored in 
detail.

As there are rapid advances in percutaneous coro-
nary intervention (PCI) technology, stenting is better 
for reperfusion after AMI than balloon angioplasty.15 
However, it is noteworthy that the patients with both 
stenting and balloon angioplasty were included in the 
studies on MCS.16 17 As the revascularisation strategy may 
be so heterogeneous, choosing the strategy must take 
into account the evidence. Therefore, in this study, we 
conduct a systematic review and meta- analysis to high-
light the effect of MCS in patients with AMI undergoing 
stent implantation and further exploration on the effect 
of MCS performed in patients with or without CS.

METHODS
The current meta- analysis was conducted in accordance 
with the Preferred Reporting Items for Systematic Reviews 
and Meta- Analyses (PRISMA) guidelines (for the PRISMA 
checklist, see online supplemental file 1).18

Search strategy
We conducted a systematic search of the literature in 
February 2021 without restrictions on region, publi-
cation type or language. Embase, Cochrane Library, 
Medline, PubMed and Web of Science databases were 
included.  ClinicalTrials. gov and  Clin ical tria lsre gister. eu 
were searched as well. The Medical Subject Headings 
search terms included the following: myocardial infarc-
tion, acute coronary syndrome, heart- assist devices, intra- 
aortic balloon pump and mechanical circulatory support. 
We excluded non- human studies. Details of the search 
strategy were presented in online supplemental file 2.

Study selection
In the current meta- analysis, only RCTs in which stent 
implantation was the dominant form of revascularisa-
tion and MCS was used during the perioperative period 
in patients with AMI were included. We excluded non- 
randomised trials, cohort studies, cross- sectional studies, 
ongoing trials, trials terminated early, and other publi-
cation types, including review, case reports or case series, 
editorials, letters and meeting abstracts. Studies in which 
patients underwent coronary artery bypass grafting 
(CABG), balloon angioplasty or systemic thrombolysis as 
the main revascularisation method were also excluded.

Endpoints
The primary outcome was all- cause mortality, including 
short- term mortality and long- term mortality. Short- term 
mortality was defined as mortality occurring within 30 
days. Long- term mortality occurred for at least 6 months 
of follow- up. The secondary endpoints included reinfarc-
tion, repeat revascularisation, stroke- TIA (transient isch-
aemic attack), bleeding (moderate to major bleeding, 
blood transfusion or surgery to control the bleeding), 
arrhythmias and vascular complications (peripheral isch-
aemic vascular complications, major dissection, pseudo-
aneurysm or arteriovenous fistula) occurring within 30 
days. The endpoint definitions as applied in each study 
were presented in online supplemental file 3.

Data extraction and quality assessment
Data from the included studies were extracted and 
summarised independently by two reviewers (YS and 
YW). All extracted data from the included studies were 
independently collected in duplicate using a standardised 
data extraction form, which contained authors or trials’ 
name, year of publication, study design (interventions, 
sample size, percentage of stenting and bare- metal stent, 
PCI success, timing of MCS, time point of reported 
mortality, follow- up), baseline characteristics of study 
population (sex, age, AMI, CS, infarct- related artery, 
hypertension, diabetes mellitus, previous stroke/TIA and 
MI, prior PCI and CABG), the endpoint definitions, the 
centre and the time of the study enrolment. Any disagree-
ments were resolved by a third reviewer (XS). The quality 
of the included studies was assessed using the Cochrane 
Collaboration tool,19 which included selection bias, 
performance bias, detection bias, attrition bias, reporting 
bias and other possible biases. Each source of bias was 
classified as low, unclear and high risk.

Statistical analysis
We applied risk ratios (RRs) and 95% CIs to summarise 
the statistics. Statistical heterogeneity was assessed using 
Cochran’s Q test and quantified using the I2 statistic; 
p<0.10. Heterogeneity was categorised by I2 as follows20: 
insignificant heterogeneity, I2 <25%; low heterogeneity, 
25% ≤I2 <50%; moderate heterogeneity, 50% ≤I2 <75%; 
high heterogeneity, I2 ≥75%. Considering the clinical differ-
ences among the included studies, a random- effects model 
was applied for statistical analyses. Sensitivity analyses were 
performed for primary outcomes with the following: (1) 
inconsistent length of follow- up, (2) different types of MCS 
use, (3) exclusion of research with a high risk of bias and 
(4) the one- study- out method. Funnel plots, Begg and 
Mazumdar rank correlation, and Egger’s regression inter-
cept were used to evaluate publication bias.20 If publication 
bias existed, the trim- and- fill method was performed for 
estimating the number of missing studies and RR adjust-
ment.21 Statistical analyses were performed using STATA/
SE V.12.0 (Stata Corp, College Station, Texas, USA). P<0.05 
was considered statistically significant.
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RESULTS
There are 12 574 citations identified through the search 
criteria. The full texts of 107 potentially eligible articles 
were scrutinised in detail. Among these, 15 RCTs used PCI 
as the main revascularisation therapy, 3 RCTs on balloon 
angioplasty use were excluded22–24 and 12 RCTs finally met 
the inclusion criteria.8 9 25–35 The study selection process is 
outlined in figure 1.

Characteristics of the studies
The centre and the time of enrolment in each study had 
shown that no duplicate of the sample population of 
included studies was found (see online supplemental file 
4). The detailed designs of the included studies are listed in 
table 1. Among the 12 RCTs, 1497 patients with AMI were 
included, 94.5% of patients (1391 of 1471) underwent 
stent implantation, 86.9% of patients (959 of 1104) had 
successful PCI. The follow- up period ranged from in- hos-
pital only to 6 years. Nine studies including 1382 patients 
with AMI compared MCS with non- MCS (693 in the MCS 
group and 689 in the non- MCS group).8 9 25 28–31 33–35 
Three studies including 115 patients with AMI compared 
pVADs versus IABP (58 in the pVADs group and 57 in 
the IABP group).26 27 32 Eight RCTs included patients with 
CS, among which five studies that included 806 patients 

compared MCS with non- MCS (414 in the MCS group 
and 392 in the non- MCS group),8 9 29 31 33 35 the remaining 
three studies compared pVADs versus IABP. Four RCTs 
included patients without CS, and the type of MCS used 
was IABP, which included 576 patients, compared MCS 
with non- MCS (279 in the IABP group and 297 in the 
non- IABP group).25 28 30 34 The summarised patients’ char-
acteristics of included studies are shown in table 2. The 
mean age of the population was 63.8 years, and 73.3% 
were men, 77.1% (1046 of 1357) had left coronary artery- 
related infarction, 52.9% (726 of 1373) had hyperten-
sion, 27.7% (381 of 1373) had diabetes mellitus, 4.3% (49 
of 1172) had a previous diagnosis of stroke/TIA, 14.3% 
(193 of 1347) had a previous diagnosis of MI, 17.6% (208 
of 1185) underwent PCI previously and 5.0% (37 of 742) 
underwent CABG previously.

Outcomes of synthesis analyses
Of the included nine RCTs comparing the survival benefit 
of MCS with non- MCS, all studies reported short- term 
mortality, and six studies reported long- term mortality. 
MCS was not associated with a short- term mortality reduc-
tion compared with non- MCS (MCS=23.1%, 160 of 693; 
non- MCS=23.5%, 162 of 689; RR=0.90; 95% CI 0.57 to 
1.41; p=0.640), with low heterogeneity among studies 

Figure 1 Flow diagram of study selection. Randomised clinical trials were included.
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(I2=46.8%; p=0.059) (figure 2). Similarly, there was no 
significant difference between the MCS group and the 
non- MCS group in the long- term mortality (MCS=28.6%, 
176 of 626; non- MCS=30.3%, 195 of 643; RR=0.82; 95% CI 
0.57 to 1.17; p=0.276), with low heterogeneity among 
studies (I2=37.6%; p=0.156) (figure 2). The results of 
prespecified sensitivity analyses were not significantly 
different from those of the primary analysis (see online 
supplemental file 5).

For the secondary endpoints, MCS had no effect on 
the incidence of reinfarction (MCS=2.6%, 14 of 530; non- 
MCS=1.6%, 9 of 546; RR=1.51; 95% CI 0.64 to 3.59; p=0.346; 
I2=0, p=0.498), repeat revascularisation (MCS=7.9%, 7 of 
89; non- MCS=4.3%, 4 of 92; RR=1.60; 95% CI 0.49 to 5.24; 
p=0.435; I2=0, p=0.668), stroke- TIA (MCS=1.1%, 5 of 462; 
non- MCS=1.3%, 6 of 475; RR=1.51; 95% CI 0.64 to 3.59; 
p=0.988; I2=54.9%, p=0.137), bleeding (MCS=13.9%, 78 
of 563; non- MCS=11.7%, 68 of 580; RR=1.58; 95% CI 
0.76 to 3.26; p=0.218; I2=37.6%, p=0.186), arrhythmias 
(MCS=5.1%, 3 of 59; non- MCS=1.7%, 1 of 58; RR=2.21; 
95% CI 0.34 to 14.24; p=0.404; I2=0, p=0.815), and vascular 
complications (MCS=4.9%, 25 of 511; non- MCS=3.0%, 
16 of 530; RR=1.60; 95% CI 0.86 to 2.96; p=0.134; I2=0, 
p=0.676) (see online supplemental file 6).

Head- to- head comparisons between different types 
of MCS were also performed. There were three RCTs 
comparing pVADs versus IABP. The pooled analysis 
revealed that pVADs were not associated with a decrease in 
short- term mortality compared with IABP (pVADs=44.8%, 
26 of 58; IABP=47.4%, 27 of 57; RR=0.95; 95% CI 0.64 to 
1.41; p=0.786), with insignificant heterogeneity among 

studies (I2=0; p=0.986) (see online supplemental file 7). 
Long- term mortality was not analysed because only one 
study was reported. For the secondary outcome analysis, 
only bleeding and vascular complications met the quanti-
tative requirements for the analysis. Compared with IABP, 
pVADs increased the rate of bleeding (pVADs=66.7%, 30 
of 45; IABP=36.4%, 16 of 44; RR=1.86; 95% CI 1.15 to 
3.00; p=0.011; I2=15.3%, p=0.227) and trended towards 
increased vascular complications (pVADs=15.5%, 9 of 58; 
IABP=0, 0 of 57; RR=5.48; 95% CI 0.96 to 31.11; p=0.055; 
I2=0, p=0.671) (see online supplemental file 7). The 
results of the prespecified sensitivity analyses were not 
significantly different from those of the primary analysis 
(see online supplemental file 8).

Outcomes of subgroup analyses
In the subset of patients without CS, compared with 
the treatment without MCS, the MCS treatment did 
not change the short- term mortality (MCS=4.3%, 12 
of 279; non- MCS=8.1%, 24 of 297; RR=0.51; 95% CI 
0.22 to 1.19; p=0.121; I2=17.9%, p=0.301) (figure 3A), 
but significantly decreased the long- term mortality 
(MCS=5.0%, 13 of 262; non- MCS=10.3%, 29 of 281; 
RR=0.49; 95% CI 0.27 to 0.90; p=0.020; I2=0, p=0.870) 
(figure 3B). In patients with CS, MCS did not reduce 
short- term mortality (MCS=35.7%, 148 of 414; non- 
MCS=35.2%, 138 of 392; RR=1.09; 95% CI 0.67 to 1.79; 
p=0.726; I2=46.6%, p=0.100) (figure 3A) or long- term 
mortality (MCS=45.6%, 166 of 364; non- MCS=45.9%, 
166 of 362; RR=1.00; 95% CI 0.75 to 1.33; p=0.984; 
I2=22.1%, p=0.227) (figure 3B). Due to the limited 

Figure 2 Forest plots for the all- cause mortality. Risk ratio (RR) of all- cause mortality of patients with AMI treated with MCS 
compared with non- MCS in short term or long term. Non- MCS, no plan of MCS use during perioperative period; short- term 
mortality, occurring within 30 days; long- term mortality, occurring at least 6 months of follow- up. AMI, acute myocardial 
infarction; MCS, mechanical circulatory support.

https://dx.doi.org/10.1136/bmjopen-2020-044072
https://dx.doi.org/10.1136/bmjopen-2020-044072
https://dx.doi.org/10.1136/bmjopen-2020-044072
https://dx.doi.org/10.1136/bmjopen-2020-044072
https://dx.doi.org/10.1136/bmjopen-2020-044072
https://dx.doi.org/10.1136/bmjopen-2020-044072
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number of studies, subgroup analyses of the secondary 
outcomes were not performed.

All patients had CS in studies comparing pVADs versus 
IABP, and the results have been described in the synthesis 
analyses.

Study quality and publication bias
The results of the literature quality assessment using the 
Cochrane Collaboration tool are shown in online supple-
mental file 9. Three trials had a high risk of bias.29 33 35 

There was no evidence of publication bias for included 
studies except the Egger’s test for short- term mortality of 
studies comparing pVADs use versus IABP use (p<0.05) 
(online supplemental file 10 and 11). Then the trim- 
and- fill method was performed for the estimation of the 
number of missing studies (pVADs vs IABP) that might 
exist. Result suggested two theoretically missing studies 
with an adjusted RR of short- term mortality (RR=0.92; 
95% CI 0.67 to 1.26; p=0.59).

Figure 3 Forest plots showing the all- cause mortality for the subgroup analyses. (A) Risk ratio (RR) of short- term mortality of 
patients with AMI with or without CS treated with MCS compared with non- MCS. (B) RR of long- term mortality of patients with 
AMI with or without CS treated with MCS compared with non- MCS. AMI, acute myocardial infarction; CS, cardiogenic shock; 
MCS, mechanical circulatory support.

https://dx.doi.org/10.1136/bmjopen-2020-044072
https://dx.doi.org/10.1136/bmjopen-2020-044072
https://dx.doi.org/10.1136/bmjopen-2020-044072
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DISCUSSION
Summary of the evidence
It is the first study that evaluates the efficacy and safety of 
MCS in patients with AMI undergoing stent implantation. 
Compared with non- MCS, MCS does not reduce mortality 
in patients with AMI undergoing stent implantation and 
other adverse events (reinfarction, repeat revasculari-
sation, stroke- TIA, bleeding, arrhythmias and vascular 
complications) in patients with AMI undergoing stent 
implantation. Surprisingly, the results show that MCS 
reduced long- term mortality by half in patients without 
CS compared with non- MCS (5.0% vs 10.3%). This 
benefit does not exist in patients with CS. The strategy 
of using pVADs did not outperform IABP regarding all- 
cause mortality in patients with CS, but increased rate of 
bleeding compared with IABP.

Efficacy of MCS in patients without CS
In the analysis of MCS in patients without CS, only IABP- 
related studies were found in included RCTs. Regarding 
the work mechanism of IABP, deflation of the pump 
reduces ventricular workload and helps the ventricle 
push blood into the aorta during systole, and the infla-
tion of the pump improves coronary blood flow during 
diastole.36 The evidence from clinical trials also shows the 
beneficial effect of IABP on haemodynamic situation, as 
these pumps can significantly improve myocardial coro-
nary blood flow and myocardial ischaemia.37 38 IABP might 
have a greater effect on patients with critically reduced 
coronary artery perfusion and temporarily impaired left 
ventricular function.39 The haemodynamic situation of 
patients without CS may recover more quickly with IABP 
support, avoiding more serious clinical consequences, 
such as progression to CS, severe left heart failure or 
even death. In the last decades, the application of PCI 
technology significantly reduces mortality in patients with 
ST- elevation MI.11 40 In particular, stenting reduces acute 
risk of major complications and restenosis.15 One of our 
findings shows that IABP can give long- term mortality 
reduction in patients with AMI without CS. This suggests 
that the use of IABP in patients with AMI without CS 
with contemporary recommended reperfusion strategy 
(stent implantation) is reasonable. Some previous meta- 
analyses showed similar conclusions, but there was no 
detailed distinction between the revascularisation strat-
egies of thrombolytic therapy or PCI (balloon angio-
plasty and stent implantation).16 17 41 This result from the 
meta- analysis generates a promising hypothesis that IABP 
reduced long- term mortality in patients with AMI without 
CS receiving stenting treatment. Studies with randomised 
control and decent sample size are warranted to confirm 
this finding.

Efficacy of MCS in patients with CS
Previous guidelines have recommended IABP as the 
complementary strategy to maintaining haemodynamic 
stability in patients with combined AMI and CS.3 4 42 
However, accumulating evidence from large- scale RCTs, 

including IABP- SHOCK II and PAMI- II, as well as registry 
data, did not show that the use of IABP brought benefit 
to the mortality reduction in patients with AMI with 
CS.8 9 22 43 44 The findings from our study also showed 
that MCS was not associated with an all- cause mortality 
reduction in patients with CS undergoing stent implanta-
tion. Patients with AMI and CS are considered a high- risk 
group with more impaired cardiac function and haemo-
dynamic instability and are more likely to develop circula-
tory failure during PCI.45 The IABP SHOCK trial showed 
that IABP treatment does not significantly improve the 
haemodynamic profile in patients with combined AMI 
and CS.46 Even though patients with AMI with CS had 
combined use of currently advanced reperfusion strategy 
and MCS, mortality was not reduced in our meta- analysis, 
which is consistent with the results from previous meta- 
analyses focusing on the impact of IABP on patients with 
CS.14 47–49 Therefore, IABP should be used with caution 
when patients have a combination of AMI and CS.

Several clinical trials exploring the efficacy of using 
different types of MCS in patients with CS, including extra-
corporeal membrane oxygenation, pVADs or the combi-
nation of two types of MCS are ongoing (NCT04184635, 
NCT03637205, NCT01633502, NCT03813134, 
NCT02301819, NCT03729765, NCT03431467, 
NCT03947619). We look forward to seeing those studies 
provide new insights into better MCS strategies in 
improving survival in patients with AMI and CS. More-
over, we compared the efficacy of survival between pVADs 
and IABP in patients with combined AMI and CS. The 
results showed that pVADs did not reduce the all- cause 
mortality, but significantly increased the rate of bleeding. 
These results are consistent with previous studies which 
focus on the impact of pVADs in patients with CS.6 13

Clinical implications
In patients with AMI without CS who received stent implan-
tation, the application of IABP may improve the long- term 
survival. However, in patients with CS, neither IABP nor 
pVADs improve the survival outcome. Moreover, pVADs 
may bring higher risk of bleeding in patients with AMI with 
CS. This result generates an interesting hypothesis that 
IABP reduced long- term mortality in patients with AMI 
without CS receiving stenting treatment. RCT studies with 
a large number of patients are warranted to confirm this 
finding.

Limitations
There are several limitations in the current meta- 
analysis. First, the number of included RCTs and 
participants was limited. Second, due to few reports of 
secondary endpoints, subsequent subgroup analyses 
could not be performed. Third, there was high hetero-
geneity in the pooled CS group, which may be explained 
by inconsistent timing of initiation, higher incidence of 
interactions and inconsistent time points for reporting 
mortality. Fourth, there were a very limited number of 
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RCTs comparing the efficacy between pVADs with IABP, 
and the pVADs have large heterogeneity.

CONCLUSIONS
Overall, the use of MCS does not reduce mortality in 
patients with AMI undergoing stent implantation. 
However, IABP demonstrated a promising effect in 
reducing the long- term mortality in patients with AMI 
without CS. However, in patients with CS, MCS is not 
associated with a mortality reduction and pVADs further 
increase risk of bleeding.
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