Intra-Aortic Balloon Pump May Grant No Benefit to Improve
the Mortality of Patients With Acute Myocardial Infarction in
Short and Long Term
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Abstract: Intra-aortic balloon pump (IABP) has been extensively used
in clinical practice as a circulatory-assist device. However, current
literature demonstrated significantly varied indications for IABP appli-
cation and prognosis.

The objective of the study was to assess the potential benefits or risks
of IABP treatment for acute myocardial infarction (AMI) complicated
with or without cardiogenic shock.

MEDLINE and EMBASE database were systematically searched
until November 2014, using the terms as follows: IABP, IABC (intra-
aortic balloon counterpulsation), AMI, heart infarction, coronary artery
disease, ischemic heart disease, and acute coronary syndrome. Only
randomized controlled trials (RCTs) that compared the use of IABP or
non-IABP support in AMI with or without cardiogenic shock were
included. Two researchers performed data extraction independently,
and at the mean time, the risk of bias among those RCTs was also
assessed.

Of 3026 citations, 17 studies (n=3226) met the inclusion criteria.
There is no significant difference between IABP group and control
group on the short-term mortality (relative risk [RR], 0.90; 95%
confidence interval [CI], 0.77-1.06; P = 0.214) and long-term mortality
(RR, 0.91; 95% CI, 0.79-1.04; P=0.155) in AMI patients with or
without cardiogenic shock. These results were consistent when the
analysis was performed on studies that only included patients with
cardiogenic shock, both on short-term mortality (RR, 0.91; 95% CI,
0.77-1.08; P=0.293) and long-term mortality (RR, 0.95; 95% CI,
0.83—1.10; P =0.492). Similar result was also observed in AMI patients
without cardiogenic shock. Furthermore, the risks of hemorrhage (RR,
1.49; 95% CI, 1.09-2.04; P =0.013) and recurrent ischemia (RR 0.54,
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95% C10.37 t0 0.79; P =0.002) were significantly higher in TABP group
compared with control group.

We did not observe substantial benefit from IABP application in
reducing the short- and long-term mortality, while it might promote the
risks of hemorrhage and recurrent ischemia. Therefore, IABP may be
not an optimal therapy in AMI with or without cardiogenic shock until
more elaborate classification is used for selecting appropriate patients.

(Medicine 94(19):e876)

Abbreviations: AMI = acute myocardial infarction, APACHE =
Acute Physiology and Chronic Health Evaluation, CABG =
coronary artery bypass grafting, CI = confidence interval, IABC
= intra-aortic balloon counterpulsation, IABP = intra-aortic balloon
pump, LVAD = left ventricular assist device, MODS = multi-organ
dysfunction syndrome, PCI = percutaneous coronary intervention,
RCT = randomized controlled trial, SIRS = systemic inflammatory
response syndrome.

INTRODUCTION

C ardiogenic shock is the most common cause of death in

patients with acute myocardial infarction (AMI), even
following early revascularization with percutaneous coronary
intervention (PCI) or coronary artery bypass grafting
(CABG).'? Intra-aortic balloon pump (IABP) counterpulsation
can increase coronary blood supply while at the same time
support patients with cardiogenic shock by maintaining cardiac
output* hemodynamically. However, the efficacy of IABP has
been controversial since its first application during the early
1960s. Current literature demonstrates wide inconsistency of
the indications for IABP utilization and outcomes. A meta-
analysis by Sjauw et al’ found conflicting outcomes when
randomized studies, cohort studies, and observational data were
pooled and analyzed. Consistent with another meta-analysis
carried out in 2013.° Sjauw et al® also demonstrated the benefit
of IABP may vary due to the adjunctive therapies, thrombolysis
or PCL

The use of IABP for high risk PCI was recommended as a
class I1b (level of evidence C) indication in ACCF/AHA/SCAI
guidelines.” However, in a recent randomized trial (IABP-
SHOCK 1I), IABP support did not reduce the 30-day mortality
in patients with AMI and cardiogenic shock, compared without
IABP support.® In addition, the same study found that IABP did
not reduce 6- and 12-month mortality rate compared with the
control group, despite early revascularization and optimum
medical therapy in both groups.’ Therefore, in the 2014
ESC/EACTS myocardial revascularization guidelines, IABP
was only granted an IIIA recommendation and recommended
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3026 Records identified (Pubmed
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-Abstract form only (n=304)
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-Retrospective studies (n= 83)
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-Not RCT studies (n= 48)
-Not meet inclusion criteria (n=27)

17 RCTs included

FIGURE 1. Flowchart of the selection process in our study. IABP =intra-aortic balloon pump, RCT =randomized controlled trial.

as a bridge to surgery for patients with mechanical compli-
cations.'® Our current updated meta-analysis has collected all
published randomized trials to date, aiming to evaluate the
potential short- or long-term benefits and risks of IABP therapy
in AMI with or without cardiogenic shock.

METHODS

To identify all randomized controlled trials (RCTs) of
IABP therapy, public databases including MEDLINE (1966—
2014) and EMBASE (1980-2014) were searched. Keywords
and medical subject headings are as follows: IABP, IABC (intra-
aortic balloon counterpulsation), AMI, heart infarction, coron-
ary artery disease, ischemic heart disease, and acute coronary
syndrome. The search was restricted to human studies and
clinical trials or RCTs only. In addition, we also manually
searched bibliographies of identified studies if needed.

All RCTs were published before November 2014 on the
treatment of AMI with IABP in either intensive care unit or

coronary care unit settings. Studies were excluded if they were
in abstract form only, not RCT, not on AMI patients, IABP in
surgery or when other cardiac support devices, such as a left
ventricular assist device (LVAD) or an extracorporeal
membrane oxygenator, were used. Information on the surname
of the first author, year of publication, average patient age,
sample size, mean or medium IABP duration, inclusion
criteria, exclusion criteria, and outcomes were extracted. Data
from each study were collected in intention-to-treat categories
rather than per-protocol categories to avoid bias towards
excluding patient dropped-out, withdrew, or incompliance to
the treatment. For assessment of the risk of bias, Cochrane risk
of bias tool'! was used. Two authors independently collected
information from all studies to obtained information on
sequence generation, allocation concealment, blinding, incom-
plete outcome data, selective outcome reporting, and other
sources of bias. We assigned ‘“‘unclear” to an item with
insufficient information.

Random sequence generation (selection hias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance hias)
Blinding of outcome assessment (detection hias)
Incomplete outcome data (attrition hias)

Selective reporting (reporting hias)

Other bias

25% 50% 75%  100%

(=1

%

. Low risk of bias

|:| Unclear risk of hias

[ High risk of bias

FIGURE 2. The results of evaluation using Cochrane collaboration’s tool for assessing risk of bias. Each risk of bias item presented as

percentages across all included studies.
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All analyses were conducted using STATA 12.0 (StataCorp
LP, College Station, TX). Relative risks (RRs) and 95% con-
fidence intervals (Cls) were calculated for each study. Relative
weights were assigned according to the contribution of each
study to each analysis. Publication bias was assessed graphi-
cally using a funnel plot. Statistical significance was set as 0.05
on the basis of 2-way z tests and x> tests.

RESULTS

Literature Search

Potentially relevant references were identified by the
above stratagem. A total of 3026 references were identified
(Pubmed: n=1962, Embase: n=1049, 15 records identified
from other sources). Seventeen relevant studies with 3226
participants®*'>72° were enrolled after in-depth review. The
selection strategy of our study is shown in Figure 1.

Study Characteristics

The baseline characteristics of the 17 studies included in
the meta-analysis are summarized in Supplemental Digital
Content-Table 1, http://links.Iww.com/MD/A273. The risks
of bias in all studies (measured by Cochrane risk of bias tool)
are presented in Figures 2 and 3. The mean (or medium)
duration of IABP support in the selected RCTs ranged from
24hours to 11 days. All the patients in the trials received
optimal medical therapy based on guidelines. We analyzed
the impact of IABP management on short-term mortality in
14 trials (n =2354), long-term mortality in 9 trials (n=1743),
risks of hemorrhage in 8 trials (n = 1296), reinfarction in 8 trials
(n=1371), recurrent ischemia in 4 trials (n = 964), and stroke in
4 trials (n=684) during the study periods.

IABP Failed to Improve the Short- and
Long-Term Mortality

The short-term mortality was analyzed in 14 studies
involving 2354 patients (5 trials in AMI with cardiogenic shock
and 9 trials in AMI without cardiogenic shock). As shown in
Figure 4, there was no significant difference on short-term
mortality (<30-day mortality) between IABP on AMI patients
with cardiogenic shock and control group (RR, 0.91; 95% CI,
0.77—-1.08; P=0.293). Similar result was also observed in AMI
patients without cardiogenic shock (RR, 0.88; 95% CI, 0.60—
1.29; P=0.279). Taken together, our meta-analysis indicates
that short-term mortality of patients with AMI with and without
cardiogenic shock does not differ between IABP and control
group (RR, 0.90; 95% CI, 0.77—-1.06; P =0.214).

Interestingly, further analysis of 2 subgroups in 9 studies (4
AMI trials with cardiogenic shock and 5 without cardiogenic
shock) also demonstrated that IABP therapy was not associated
with a significantly reduced risk of long-term mortality (6- and
12-month mortality) rate (RR, 0.91; 95% CI, 0.79-1.04;
P =0.155). This analysis covers 1743 patients, 866 patients
in the IABP group and 877 in the control group. Moreover, the
results remained the same when the analysis was performed on
studies only either on patients with cardiogenic shock (RR,
0.95; 95% CI, 0.83-1.10; P=0.492) or without cardiogenic
shock (RR, 0.73; 95% CI, 0.49-1.09; P =0.122) (Figure 5).

IABP May Increase the Risks of Hemorrhage and
Recurrent Ischemia for AMI Patients During
Mechanical Support

Furthermore, incidences of hemorrhage, reinfarction,
recurrent ischemia, and stroke within JABP group and control

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

group were also analyzed. We observed no significant differ-
ences in the risks of reinfarction (RR, 1.01, 95% CI 0.64—1.59;
P =0.954) and stroke (RR, 2.95, 95% CI 0.97-9.0; P =0.057)
between IABP and control groups. However, as shown in
Figure 6, amongst 1296 patients (644 patients in the IABP
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FIGURE 3. Summary of the risk of bias for 17 RCTs assessed using
Cochrane Collaboration’s tool. Green colored symbol corresponds
to low risk of bias, the yellow corresponds to unclear risk of bias,
and the red corresponds to high risk of bias.
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Mortality(short-term) myocardial infarction with or without cardiogenic shock

Study %
ID RR (95% Cl) Weight
AMI with cardiogenic shock '
Waksman (1993) -.- 0.67(044,1.02)  8.86
Ohman (2005) — 0.80(0.36,1.78)  4.63
Prondzinsky (2010) —t— 129(0.53,3.16)  2.79
Wu (2011) - 0.25(0.03,2.14)  1.97
Thiele (2012) - 0.96(0.79,1.17)  60.32
Subtotal (-squared = 9.8%, p = 0.351) o 0.91(0.77,1.08)  78.57

(z=1.05,p=0.293) )
AMI without cardiogenic shock .
ORourke (1981) —_— 0.91(0.51,1.65)  4.56
Flaherty (1985) —_——— 1.33(0.40,4.49) 147
Ohman (1994) —— 0.90(0.13,622)  1.03
Stone (1997) —r— 1.38 (0.52, 3.63) 3.30
Vijayalakshmi (2007) . 6.61(0.37, 118.73) 0.25
Perera (2010) : - 298(0.31,28.33) 049
Gu (2011) —_— 0.36 (0.14, 0.92) 7.05
Patel (2011) —+—:-— 047(012,1.78) 327
Kono (1996) ! (Excluded) 0.00
Subtotal (I-squared = 19.0%, p = 0.279) Q> 0.88 (0.60, 1.29) 2143
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Overall (l-squared = 8.3%, p = 0.363) G 0.90 (0.77, 1.06) 100.00

(z=1.24,p=0.214) !
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FIGURE 4. Forest plot of short-term mortality in acute myocardial infarction with or without cardiogenic shock. Solid lines denote Cls of
effect size (ES) estimate for individual studies, boxes denote the study weighting, dashed line denotes the combined ES, and the diamonds
denote the CI for the overall effect size. Cl=confidence interval, RR =relative risk.

Mortality(long-term) myocardial infarction with or without cardiogenic shock

Study %
ID RR (95% CI) Weight
AMI with cardiogenic shock E
Waksman (1993) = 0.69 (0.49, 0.97) 853
Ohman (2005) _— 0.75(0.39, 1.45) 532
Li(2007) 0.48 (0.05, 4.82) 0.86
Thiele (2012) <= 1.01(0.86,1.18) 64.30
Subtotal (I-squared = 37.8%, p = 0.185) €> 0.95(0.83, 1.10) 79.01
(2=0.69, p= 0.492) 1
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1
van tHof (1999) —_—l— 1.36 (0.59, 3.10) 376
1
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1
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\
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FIGURE 5. Forest plot of long-term mortality in myocardial infarction with or without cardiogenic shock. Cl=confidence interval,
RR =relative risk.
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Hemorrhage %
ID RR (95% Cl) Weight

_F* 7.93(0.45,141.43) 0.86

O'Rourke (1981)

Ohman (1994) - 154(0.85,2.77) 27.07
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Perera (2010) = 1.69(0.97,.2.95) 31.27
Gu(2011) = 3.24(0.68.15.31) 353
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Stroke %
D RR (95% CI) Weight
Ohman (1994) — 0.90(0.06,14.10) 25.96
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Ohman (1994) —’_|_ 0.38(0.10,1.44)  20.95
Stone (1997) B 0.77(0.39,1.54)  49.32
van tHof (1999) B — 1.02(0.15,7.10) 5.63
Ohman (2005) —_— 0.90(0.06,13.70) 2.99
Vijayalakshmi (2007) 4.72(0.24,91.41) 1.46
Gu (2011) e 0.54(0.05,5.77) 5.46
Thiele (2013) == 2.60(0.95,7.10)  14.19
Flaherty (1985) Excluded 0.00
(Isquared = 18.4%, p = 0.289) <> 1.01(0.64.159) 100.00
(2=0.06, p=0.954)
T T
0109 1 91.4
B

Recurrentischemia %

D RR (95% Cl) Weight

Flaherty (1985) 3.00(0.14,65.90) 0.77

Ohman (1994) — 0.20(0.07,0.57)  29.19

Kono (1996) —— 0.32(0.04,2.84) 4.71

Stone (1997) o= 0.68(0.44,1.05)  65.32

(I'squared =50.1%,p=0.111) 0.54(0.37,0.79)  100.00

(z2=3.16,p=0.002)
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FIGURE 6. (A) Risk of hemorrhage, (B) re-infarction, (C) stroke, and (D) recurrent ischemia in myocardial infarction with or without

cardiogenic shock. Cl= confidence interval, RR =relative risk.

group and 652 in the control group) in the investigation, the risk
of hemorrhage was significantly higher in IABP group than
control group (RR, 1.49; 95% CI, 1.09-2.04; P=0.013). In
addition, we also found that IABP treatment was associated
with an increased risk for recurrent ischemia events (RR, 0.54,
95% CI 0.37-0.79; P=0.002) among 4 reports'>'>~'" ana-
lyzed.

DISCUSSION

The aim of AMI management is to reduce the mortality by
improving or restoring the coronary circulation. Thus far, even
with rapidly emerging medical options available, mechanical
circulatory support devices are still necessary to provide hemo-
dynamic support when required. IABP has been shown to
improve the outcomes of AMI patients with cardiogenic shock
by increasing diastolic peak pressure and reducing afterload in
the pre-PCI era.?” In addition, IABP was reported to maintain
the hemodynamic stability in selective high-risk AMI individ-
uals under going PCI during short term.?® The prophylactic
IABP support in high-risk patients during selective PCI has also
been thoroughly evaluated in a study with a total of 106 patients,
suggesting IABP could reduce the level of C-reactive protein
and short-term mortality following PCI.?*

However, there has been ongoing controversy on IABP
application on AMI patients with or without cardiac shock since
the 1990s. Although IABP results in a hemodynamic benefit on
afterload reduction and coronary perfusion improvement, the
effects on cardiac output are modest and not sufficient to reduce
mortality.z()’30 As shown in a recent meta-analysis, preoperative
insertion of IABP reduced mortality in selective high-risk
coronary artery bypass graft patients.”' IABP may play a role
as a bridge or transition in short term but not on increasing long-
term survival rate, which are also affected by subsequent
physiopathologic progression and treatment following AMI.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

Before the IABP-Shock II Trial, which did not find improved
30-day, 6-month, or 12-month survival rate after the implan-
tation of IABP,%? Prondzinsky et al** showed that IABP support
could reduce afterload, as measured by a significant reduction in
BNP in 2010. However, they also revealed that mechanical
support, such as IABP, failed to prevent the initiation and
development of systemic inflammatory response syndrome
(SIRS) and multi-organ dysfunction syndrome (MODS), which
lead to the high mortality of AMI patients with cardiogenic
shock as assessed using Acute Ph;fsiology and Chronic Health
Evaluation (APACHE) II score.> There was a meta-analysis
from Bahekar et al**> supporting Prondzinsky et al in the
importance of prognosis assessment in patients with AMI
complicated with cardiogenic shock. Although APACHE II
score was not applied in the meta-analysis, it reported a
significant reduction of in-hospital mortality in AMI with
cardiogenic shock, while AMI patients with high-risk and
cardiogenic shock may not benefit from the use of IABP in
terms of in-hospital mortality, rate of reinfarction, and recurrent
angina.>? Nevertheless, this study might be inherent biased due
to the combined analysis of RCTs, prospective and retrospective
observational studies.

Most of current meta-analyses and recommendations for
IABP application were mainly based on nonrandomized data
due to the difficulties in conducting a randomized clinical trial
in the emergency setting of AMI. According to the absence of
meta-analysis on prospective randomized studies, it is of great
value to reassess the therapeutic effectiveness of IABP for
circulatory support in AMI. Therefore, we carried out the
current updated meta-analysis but failed to reveal a substantial
benefit from IABP therapy on reducing the short- and long-term
mortality, in AMI with or without cardiac shock. The potential
limitation of our study is that IABP-SHOCK II trial may have
relatively larger weight. Although there was no significant

www.md-journal.com | 5
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difference on the short-term mortality regardless of whether
IABP-SHOCK 1I trial was included or not, the long-term
mortality was improved without IABP-SHOCK I trial. How-
ever, our results are consistent with another recently published
meta-analysis, which also showed that IABP was not found to
improve 30-day mortality among patients with AMI in RCTs,
no matter patients had cardiogenic shock or not.** As we know,
cardiogenic shock is commonly rapidly progressive and usually
fatal. Despite of the advances in coronary revascularization,
cardiogenic shock as a complication of AMI still remains as a
huge clinical challenge with high mortality. It eventually results
in SIRS and MODS due to peripheral hypoperfusion with
microcirculatory dysfunction of ischemia sensitive tissues
and organs. This would happen in various percentage of patients
with mild, moderate, or severe cardio%enic shock, which could
preclude the statistical processing.**® Therefore, further stu-
dies should include hemodynamic measurements or laboratory
inflammatory markers within a scoring system to divide AMI
patients into more accurate subgroups.

In addition, safety is another important issue in consider-
ation of IABP application. Although the sheathless catheter
insertion technique and catheters with smaller profiles were
developed, the use of IABP may produce a high rate of
complications, such as hemorrhage, recurrent ischemia, stroke,
and reinfarction. Although no differences regarding hemor-
rhage were observed in IABP-Shock II Trial,® conflicting
conclusions were reported in a meta-analysis, in which JABP
was found to si%niﬁcantly increase the risk of moderate-to-
severe bleeding.”® In our meta-analysis, we also found IABP
was associated with an increased rate of bleeding, possibly
associated with the use of multiple antithrombotic agents with
aggressive anticoagulation regimen in acutely MI patients.*”*
Besides, the use of IABP was also the strongest independent
predictor for major bleeding due to femoral artery cannulation,
prolonged duration of IABP support, IABP-related thrombo-
cytopenia and renal impairment, which were consistently
demonstrated by other study populations, especially in
patients who had developed or were anticipated to develop
cardiogenic shock.***° Davidavicius et al further pointed out
that IABP insertion in the urgent setting in response to intra-
procedural hemodynamic instability confers a higher risk of
bleeding compared with selective insertion for stable
patients.*! In terms of other safety issues, we observed sig-
nificantly increased risk for recurrent ischemia in [ABP group
than in the control group. Although it seems more closely
related to the premorbid status of patients, our findings may
add additional support on a more conservative strategy for
using IABP in acute phase of MI with or without cardiogenic
shock.

As mentioned earlier, AMI is not only associated with
compromised cardiac contractile function, especially in patients
with cardiogenic shock. Therefore, other than mortality, more
comprehensive assessment of hemodynamic changes and
inflammatory markers of patients with AMI may serve as better
end point for TABP application. In addition, there were <10% of
patients in control group accepting IABP or LVAD support in
IABP-SHOCK 1I trial, which might interfere the analysis of
mortality in our study.*** In terms of the timing of IABP
insertion, it was too difficult to control in real clinical settings
and to be included for analysis in most studies. Future RCTs
with larger numbers of patients and rigorous design are required
in the future.

In conclusion, the findings of this study suggest that [ABP
use in AMI patients with or without cardiogenic shock may not

6 | www.md-journal.com

reduce the short-term and long-term mortality, and potentially
promote the recurrent ischemia and hemorrhage events.
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