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Abstract

Background

Intra-aortic balloon pumps (IABP) have generally been used for patients undergoing high-
risk mechanical coronary revascularization. However, there is still insufficient evidence to
determine whether they can improve outcomes in reperfusion therapy patients, mainly by
percutaneous coronary intervention (PCI) with stenting or coronary artery bypass graft
(CABG). This study was designed to determine the difference between high-risk mechani-
cal coronary revascularization with and without IABPs on mortality, by performing a meta-
analysis on randomized controlled trials of the current era.

Methods

Pubmed and Embase databases were searched from inception to May 2015. Unpublished
data were obtained from the investigators. Randomized clinical trials of IABP and non-IABP
in high-risk coronary revascularization procedures (PCl or CABG) were included. In the
case of PCI procedures, stents should be used in more than 80% of patients. Numbers of
events at the short-term and long-term follow-up were extracted.

Results

A total of 12 randomized trials enrolling 2155 patients were included. IABPs did not signifi-
cantly decrease short-term mortality (relative risk (RR) 0.66; 95% ClI, 0.42—1.01), or long-
term mortality (RR 0.79; 95% ClI, 0.47-1.35), with low heterogeneity across the studies. The
findings remained stable in patients with acute myocardial infarction with or without
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cardiogenic shock. But in high-risk CABG patients, IABP was associated with reduced mor-
tality (71 events in 846 patients; RR 0.40; 95%CI 0.25-0.67).

Conclusion

In patients undergoing high-risk coronary revascularization, IABP did not significantly
decrease mortality. But high-risk CABG patients may be benefit from IABP. Rigorous criteria
should be applied to the use of IABPs.

Introduction

Nowadays, coronary artery bypass graft (CABG) and percutaneous coronary intervention
(PCI) with stents are the most common techniques of coronary revascularization. Although
tremendous advances have been made in stent types, adjunctive pharmacotherapy, and surgical
techniques, mortality rates are still high in high-risk patients [1].

As a circulatory-assist device, the intra-aortic balloon pump (IABP) has been shown to
improve clinical outcomes and decrease the mortality rate in high-risk patients undergoing
coronary revascularization [2]. However, current guidelines recommend using it only on
patients with complications after st-segment elevation myocardial infarction[1]. In North
America, China, and elsewhere, IABPs have been used in conjunction with medical therapy, to
treat high-risk patients undergoing PCI or CABG|3], because of their potential benefits. Dur-
ing reperfusion treatment, adjunctive use of IABPs can significantly increase diastolic and
mean blood pressure in the aorta and coronary artery and decrease systolic pressure, thereby
unloading the heart. Additionally, it can improve myocardial perfusion at the tissue level, and
reduce the extent of no-reflow caused by micro vascular obstruction[4]. Although animal trials
have shown numerous advantages in the use of IABPs[4], the results from clinical trials are
conflicting. While some trials[5] found that patients with acute myocardial infarction (AMI),
complicated by cardiogenic shock, gained substantial benefits from IABPs, other trials were in
disagreement[6]. Furthermore, a recent meta-analysis showed that IABPs significantly increase
mortality in patients receiving PCI treatment[7], and these findings were confirmed in other
similar studies[8-9].

For emergency high-risk patients, IABP has always been inserted before coronary revascu-
larization. So it could be really important to decide whether or not to use an IABP before decid-
ing using PCI or CABG. Therefore, we conducted this meta-analysis using rigorous inclusion
criteria, and regardless of the type of revascularization, to evaluate the risks of IABPs on mor-
tality in patients undergoing high-risk coronary revascularization in our current era of high
arterial graft and stent use.

Materials and Methods
Literature Search

A systematic search of all published studies in Pubmed and Embase, from inception to May
2015, was independently performed by two members of our team (YD.W and TW.S). Search
terms included: percutaneous coronary intervention, stent, CABG, coronary bypass, CAD,
IABP, and intra-aortic balloon counterpulsation. We also reviewed reference lists and recent
reviews to identify other potentially eligible studies that had not been identified in our initial
search. Details of the search strategy are summarized in S1 Table.
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Study Selection

Studies were required to be RCTs of revascularization procedures, as well as IABP vs. revascu-
larization procedures alone, in high-risk CAD patients with the individual outcomes of death.
In addition, to reflect contemporary interventions and medical practice, inclusion criteria also
required the revascularization procedures to be PCI or CABG, and stent implantation in at
least 80% of PCI procedures. Finally, all high-risk factors had to be documented for all patients
prior to randomization. We excluded reperfusion therapy studies with thrombolytic therapy or
drug therapy.

Data Extraction

Two members of our team (YD.W and ZQ.L) used a standardized data collection form to
extract the following information from each included study: source, study design, number of
IABP group cases, number of control group cases, population characteristics, definition of
IABP and control group, IABP procedure and characteristics of the enrolled patients (age, gen-
der, body-mass index, smoker, hypertension, diabetes, left ventricular ejection fraction (LVEF),
prior MI, and stent placed). The supplementary files were also examined for data extraction.
When necessary, we contacted authors of the included studies to obtain additional informa-
tion. The quality of eligible RCT's was assessed using the Cochrane Collaboration's tool for
assessing the risk of bias for RCT's [10].

Statistical Analysis

Relative risk (RR) was used as a common measure of the association between IABP and mortal-
ity from PCI or CABG, across studies. Heterogeneity across trials was assessed using a standard
chi-squared test, with significance being set at P < 0.10. Heterogeneity was also assessed by
means of the I statistic, with significance being set at I’ > 50%. The random-effects model was
used for statistical analyses due to the wide range of clinical and methodological variability
across the trials. We further conducted subgroup analyses to explore possible explanations for
heterogeneity. Sensitivity analyses were performed using the one-study-out method, and apply-
ing various exclusion criteria to test the robustness of the pooled estimate. Publication biases
were evaluated using Funnel plots and Egger’s tests[11]. Statistical analyses were performed
using STATA 12.0 (Stata Corp). A P-value <0.05 was considered to be statistically significant.

Results
Search Results

We performed this meta-analysis in accordance with the PRISMA statement[12] for reporting
systematic reviews and meta-analyses. The electronic search yielded 215 citations, which were
screened by reviewing the title or abstract. Of these, 25 publications were reviewed in full and
12 trials [13-26] consisting of 2155 patients (1067 in the IABP group and 1088 in the control
group) were included in the meta-analysis (Fig 1). A study by Gu et al.[27] was excluded
because the corresponding author confirmed that stent implantation rate data for the PCI
group were missing. In addition, five papers[21-25] were published by the same author. How-
ever, it was confirmed by the author[21-25] in two previous meta-analyses[28, 29] that these
five publications are on five different groups of patients, and it was not duplicate publications.

Study and Patient Characteristics

The characteristics of the trials included in this study are listed in Table 1. Four trials[13-
16,19] described PCI with stenting, seven trials[20-26] described CABG with arterial grafting,

PLOS ONE | DOI:10.1371/journal.pone.0147291 January 19, 2016 3/183



@'PLOS ‘ ONE

Intra-Aortic Balloon Pumps and Coronary Revascularization

)

Records identified through
database searching
(n =532)

Additional records
identified through other
sources (n=7)

Identification

[

)

Eligibility Screening

Included

~—/

A 4

A 4

Records after duplicates removed

(n =215)
A
Records screened > 15)
(n =215)

A

assessed for

Full-text articles

eligibility (n = 25) >

Records excluded
(n =190)

® Reviews (n = 20)

® Case report(n=

® Cohort studies (n
=120)

® Non-human
studies (n = 35)

A

Studies included in
qualitative synthesis

synthesis (meta-
analysis) (n =12)

(n = 12)
v =1)
Studies included in ® non-randomised
quantitative

Full-text articles
excluded, with
reasons (n = 13)
® Without CABG or
PCI procedure (n
=10)

® published in
abstract form (n

studies (n = 2)

Fig 1. Flow diagram for selection of articles.

doi:10.1371/journal.pone.0147291.g001

and one trial[17-18] described both PCI and CABG. In all trials, the IABP was inserted via the
femoral artery. Three large international multicenter RCT's were included[14-18], while the
other studies were all single center RCTs. Short-term mortality was often defined as in-hospital
mortality, whereas long-term mortality meant death after 6 months or more. The BCIS-1 study
looked at both 6-month[16] and 51-month[15] mortality; for the sake of consistency, we only
included data on 6-month mortality[16]. The definition of “high-risk” was different across the
studies. It mainly referred to AMI with or without cardiogenic shock, left ventricular dysfunc-
tion with low LVEF, left coronary main stem stenosis, and reoperation. Baseline patient charac-
teristics are shown in Table 2. Because of a lack of baseline data in the studies by Christenson
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Study Events, Events, %
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1
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1
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1
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|
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1

Subtotal (I-squared = 0.0%, p=0.813) O 0.40 (0.25, 0.67) 19/419 52/427 44.15
1
1
1

Overall (I-squared = 37.6%, p =0.091) O 0.66 (0.42, 1.01) 153/1067 189/1088 100.00
1
1

NOTE: Weights are from random effects analysis I
1

I I

.00598

1 167

Fig 2. Subgroup results by type of revascularization for short-term mortality according to treatment arm.

doi:10.1371/journal.pone.0147291.9002

etal.[21-25], we did not include the patient characteristics from these studies. Baseline data in
Table 2 showed that patient characteristics were similar in the IABP and control groups, but
most patients had low LVEF (83% of patients with LVEF <40%). Because some IABP devices
were not reliable and ethically suitable, double-blind designs were not selected for all trials. The
quality of RCT's assessed using the Cochrane Collaboration's tool was shown in S2 Table.

Quantitative Data Synthesis

The pooled results from the random-effects model combining the RRs for short-term mortality
are shown in Fig 2. Of the 342 deaths among 2155 randomized patients with coronary revascu-
larization, 153 deaths occurred in 1067 patients (14.3%) randomized to the IABP group,
whereas 189 deaths occurred in 1088 patients (17.4%) randomized to the control group. IABP
was not associated with a significant reduction in short-term mortality (RR 0.66; 95% CI, 0.42-
1.01), with low heterogeneity among the studies (I = 37.6%, P = 0.091). Similarly, in three
studies[16-20] on 1233 patients, no long-term mortality advantage was observed in the IABP
group (RR 0.79; 95% CI, 0.47-1.35), with low heterogeneity (I’ = 41.6%, P = 0.180) (Fig 3).

Subgroup Analyses

We performed a subgroup analysis for short-term mortality according to the type of disease
(AMI with or without cardiogenic shock) and the type of revascularization (PCI or CABG).
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Study Events, Events, %
ID RR (95% CI) Treatment Control Weight
1
I
1
CRISP-AMI & - 0.36 (0.10, 1.32) 3/161 9/176 13.53
1
1
|
BCIS-1 *— 0.63 (0.25, 1.59) 7/151 11/150 22.28
1
1
;
IABP-SHOCK II | —o— 1.01 (0.86, 1.18) 155/299 152/296  64.19
1
1
1
1
1
1

Overall (I-squared = 41.6%, p =0.180)

NOTE: Weights are from random effects analysis

<: 0.79 (0.47, 1.35) 165/611 172/622  100.00

T
1

1 9.96

Fig 3. Long-term mortality according to treatment arm.

doi:10.1371/journal.pone.0147291.g003

The mortality was not significantly decreased in patients with IABP experiencing AMI with
cardiogenic shock (RR 0.97; 95% CI, 0.81-1.18), AMI without cardiogenic shock (RR 1.27; 95%
CI, 0.28-5.70)(Fig 4). Similarly, The mortality in patients with IABP did not significantly
decreased following revascularization by PCI (RR 0.97; 95% CI, 0.81-1.17), but not CABG (RR
0.40; 95% CI, 0.25-0.67)(Fig 2). There was significant subgroup differences between PCI and
CABG group (P =0.001).

Sensitivity Analyses and Publication Bias

Our sensitivity analyses indicate that the various exclusion criteria that were employed (single
centers, small sample groups, and studies by Christenson et al.) did not make a significant dif-
ference, and the findings of our meta-analysis remained stable despite the exclusion of any sin-
gle study (S3 Table). No evidence of publication bias was detected when this issue was
examined by Egger’s tests and funnel plots. The test statistic for the Egger approach was non-
significant for reporting on short-term (P = 0.13) and long-term mortality (P = 0.25), and the
funnel plot was symmetric (Fig 5).

Discussion

Our meta-analysis on 12 RCTs including 2155 patients suggests that IABPs did not signifi-
cantly decrease short-term mortality and long-term mortality. In addition, The mortality of
IABP group did not significantly decreased in MI patients with or without cardiogenic shock.
But a survival advantage was found in high risk CABG patiens.

IABPs have been widely used since the 1960s, and are still a common technique. However,
its effects on mortality are still controversial. In a large National Registry of 23,180 patients
with cardiogenic shock, a significant reduction in mortality rates was observed[30]. However,
the TACTICS trial[31] randomized 57 patients and found that early IABP use was not
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Study Events, Events, %

ID RR (95% CI) Treatment Control Weight

AMI with cardiogenic shock
TABP-SHOCK —_— 1.29(0.53,3.16)  7/19 6/21 4.36
IABP-SHOCK II 0.96 (0.79, 1.17) ~ 119/300 123/298 92.59

Subtotal (I-squared = 0.0%, p = 0.530) 0.97 (0.81, 1.18)  126/319 129/319  96.95

S ¢

AMI without cardiogenic shock

CRISP-AMI 4 0.47(0.12,1.78)  3/161 7/176 1.96
BCIS-1 4 2.98(0.31,28.33) 3/151 1/150 0.69
Vijayalakshmi K 4 4.72(0.24,91.41) 2/17 0/16 0.40

Subtotal (I-squared = 37.7%, p = 0.201) <> 127 (0.28,5.75)  8/329 8342 3.05

Overall (I-squared = 0.0%, p = 0.464) <> 0.97 (0.81, 1.17)  134/648 137/661 100.00

NOTE: Weights are from random effects analysis

I T
.0109 1 91.4

Fig 4. Subgroup results by type of disease for short-term mortality according to treatment arm.

doi:10.1371/journal.pone.0147291.g004
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Fig 5. Funnel plots examining publication bias for short-term mortality.

doi:10.1371/journal.pone.0147291.g005
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associated with definitive survival benefits in patients with MI and hemodynamic compromise.
A meta-analysis,[32] including seven randomized trials and 1009 patients with ST-elevation
myocardial infarction, showed that IABP did not yield 30-day survival benefits nor did it
improve LVEF. Another Bayesian approach network meta-analysis [33] including 9 random-
ized trials comparing IABP and medical therapy, also found no survival advantage of IABP.
Recently, Su et al [34] including 17 studies with 3226 AMI patients, the results still did not
favor the use of IABP. The current 2013 ACCF/AHA guidelines recommend (class I1a) the use
of IABP in patients with cardiogenic shock after st-segment elevation myocardial infarction
(Level of Evidence: B). However, in most of these studies, the method for reperfusion therapy
was thrombolytic therapy, while arterial grafting and stenting, which are more commonly used
nowadays, may not be suitable for current clinical practice. On the other hand, the use of
IABPs is only recommended in patients with MI or cardiogenic shock, and there is very little
evidence of probable benefits for any form of high-risk revascularization. There is an urgent
need to determine whether IABPs should be more widely used. Our meta-analysis indicates
that IABPs do not decrease short-term or long-term mortality, so they should be used with
caution.

Another interesting finding supported the use of prophylactic IABPs in high-risk CABG
patients to reduce mortality, and this was consistent with previous meta-analyses[28,29,35].
One recent meta-analysis[28] analyzed six RCTs from the network database and one RCT
from a conference paper with a total of 345 patients. The study showed that IABPs could
reduce hospital mortality; however, out of these seven RCTs, five were published by the same
author, so there may have been a bias in the results[21-25]. In our meta-analysis, we excluded
one unsuitable trial[36], focusing on the timing of IABP support; we also excluded a low-qual-
ity conference paper. We replaced these two studies with two large high-quality RCTs[21,26]
on 612 additional patients. The findings of these two RCT's further supported our conclusions.
A meta-analysis[37] involving ten RCT's on 2037 patients showed that IABP use in high-risk
patients undergoing reperfusion therapy can improve long-term mortality. However, in this
meta-analysis, “high-risk reperfusion therapy” means PCI (with or without stents) and throm-
bolysis therapy, but not CABG. In addition, the study period ranged from 1994 to 2012, when
tremendous advances were being made on stents and adjunctive pharmacotherapy used with
PCI, so the results may not be applicable at present. Another meta-analysis[38] included 9
RCTs with 1171 patients undergoing high-risk cardiac surgery, the results were consistent with
our subgroup analysis results. In our meta-analysis, the data from three large international
multicenter RCTs[14-18] do not support the use of IABPs to reduce mortality.

Our study showed that survival advantage was found in high risk CABG patients, but not
PCI patients. This conflicting result may be explained by the following two reasons. First, The
advancement in PCI technology and cardiac medications are one possible explanations. The
PCI technology, stent material, and treatment concept advanced greatly, which result to
decreased mortality in AMI patients. The loss of benefit of IABP could be remedied by the use
of effective cardiac medications. Therefore, it might be hypothesized that the IABP might not
show any beneficial effect due to improved care [38]. Another reason was that patients under-
going PCI do not suffer from anaesthesia or institution of extracorporeal circulation. The bene-
fit of IABP mainly included adding the cardiac support and reducing the incidence of
haemodynamic complications. Therefore, the IABP could improve myocardial perfusion dur-
ing the procedural haemodynamic disturbances of CABG.

Our findings may have several significant advantages. First, to reflect current clinical prac-
tice, the inclusion criteria required all revascularization procedures to be PCI or CABG, with
stent implantation in at least 80% of PCI procedures. As a result, all studies about PCI with
stenting were published in the last 5 years. Given that the first published RCTs about IABP in
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PCI patients were conducted as early as 1989 years by Ohman EM et al[39], when the tech-
nique of reperfusion therapy has developed rapidly over the recent 20 years. Including these tri-
als in the meta-analysis may result in unadjusted heterogeneity, and the results cannot be
completely applied to patients in this era. Therefore, we pre-stated rigorous inclusion criteria
to adapt to current clinical practice. Second, all included studies were RCT's, which could avoid
some potential biases. Observational studies are always at risk of unmeasured confounding var-
iables, which are inherent to the study design and cannot be avoided. Among these biases, the
“healthy user” bias[40], which states that IABP users tend to have less severe comorbidity, a
better functional status, and are healthier than non-users, is a major source of potentially con-
founding variables. If we take as an example a large national registry of patients with cardio-
genic shock, treated by IABP [30], the patients in the IABP group were younger, more often
male, with a significantly lower history of diseases (diabetes, congestive heart failure, prior
AMYI, prior CABG, and so on). This result could be explained by the fact that young males are
more likely to try the IABP procedure because they tend to be healthier, with a better functional
status, and a more adventurous spirit. In a multivariate model of this national registry, an
increase in age, incidence of diabetes, and history of diseases, showed an increase in mortality
rates. Although using a propensity score should reduce the possible bias, the results are still
likely to overestimate the true magnitude of the effect of IABPs. Such biases are not present
when analyzing data from RCT's only. Based on this, our meta-analysis, which shows that
IABPs have no therapeutic effects on patients undergoing high-risk coronary revascularization,
is probably a truly representative report.

Several limitations of this meta-analysis merit consideration. First, the time when the IABP
was inserted and removed (before or after PCI and CABG), and the type of IABP device
employed, were not strictly described in all trials. Second, there were no long-term mortality
data available for some RCT's[13,19-26]. Third, we were unable to assess the impact of IABPs
on other clinically meaningful end points, such as the risk of moderate and major bleeding
events and complications from the IABP, because reporting across studies was sparse and
inconsistent. According to the IABP-SHOCK II trial[18], the bleeding rate (moderate and
severe bleeding) for patients who were in hospital with MI complicated by cardiogenic shock
was about 20%, which was quite high. Further studies should focus on this and the complica-
tions arising from IABP.

Conclusions

For patients undergoing high-risk coronary revascularization with PCI, the routine use of
IABPs does not reduce the risk of death compared to no IABPs. But high-risk CABG patients
may be benifit from IABP. These findings underline the importance of rigorous criteria in
using IABPs to avoid possible complications.
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