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ABSTRACT

INTRODUCTION  Cardiogenic shock is associated with significant mortality, particularly when caused by
myocardial infarction. Intraaortic balloon pump (IABP) is the primary hemodynamic adjunct in patients with
cardiogenic shock; however, evidence suggests that IABP may not improve mortality in this population.
METHODS We conducted an electronic search of the Medline, EMBASE, and Cochrane trial registry
databases. Two reviewers independently screened citations and identified eligible trials. The same
reviewers abstracted data independently. We pooled the data using a fixed effect model and reported
dichotomous outcomes as risk ratios (RRs) with 95% confidence intervals (Cls). Subsequently, we used
the GRADE approach to judge the quality of evidence.

RESULTS We included 4 randomized trials with 735 patients. The use of IABP did not reduce the risk
of death in patients with cardiogenic shock secondary to cardiac ischemia when compared with usual
care (RR, 0.94; 95% Cl, 0.79-1.13; P = 0.52; I = 0%; moderate confidence). The use of IABP was not
associated with an increased risk of stroke (RR, 0.77; 95% Cl 0.22-2.69; P = 0.68; I = 48%; very low
confidence), limb ischemia (RR, 1.24; 95% Cl, 0.59-2.59; P = 0.58; I = 0%; low confidence), or major
bleeding (RR, 0.76; 95% CI, 0.34-1.72; P = 0.52; > = 0%; low confidence).

concLusions  The use of IABP in patients with cardiogenic shock complicating myocardial ischemia
does not reduce mortality (moderate confidence) and is not associated with a higher risk of complica-
tions (very low to low confidence). The results should be interpreted with caution owing to limitations
such as imprecision, risk of bias, and clinical heterogeneity.

Introduction  Cardiogenic shock complicates ap-
proximately 7% to 10% of myocardial infarc-
tion (MI) events.! Despite the recent advances
in the management of this condition, mortali-
ty remains high (40%-50%).%23 Intraaortic bal-
loon pump (IABP) counterpulsation is the most
common mechanical hemodynamic assist device;

however, its role in cardiogenic shock has been
the subject of ongoing debate.

The mechanism of action is related to the tim-
ing and frequency of balloon inflation and defla-
tion. When the balloon inflates during diastole,
blood is displaced into the proximal aorta driv-
ing blood into the coronary arteries. The effect
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of IABP on coronary perfusion is variable with
some studies finding little or no change in coro-
nary blood flow,*® while others reporting a sig-
nificant increase.5®

Subsequently, rapid balloon deflation during
systole reduces aortic volume (afterload) by cre-
ating a vacuum-like effect. These effects are vari-
able and may depend on the volume of the bal-
loon, position in the aorta, heart rate, rhythm,
and other factors.” The desired hemodynamic ef-
fects of IABP include a reduction in systolic blood
pressure and an increase in aortic diastolic pres-
sure, which ultimately improves coronary blood
flow. The net result is lower heart rate and pulmo-
nary capillary wedge pressure, and higher cardi-
ac output.” Registry-based observational studies
suggested that the use of IABP may improve he-
modynamics in patients with cardiogenic shock
and acute ML

A Cochrane review by Unverzagt et al." includ-
ed 3 randomized controlled trials (RCTs) compar-
ing the use of IABP to standard of care. Given the
relatively small sample size of included trials (190
patients), the results were imprecise to draw firm
conclusions. Subsequently, a larger RCT (IABP
SHOCK II) showed no effect on 30-day mortali-
ty when examining the effect of IABP? Interna-
tional clinical practice guidelines recommend the
use of IABP in the management of patients with
cardiogenic shock caused by acute MI.'2" In the
view of the recently published literature and the
importance of this topic, a comprehensive sys-
tematic review is required to summarize and as-
sess the quality of the existing evidence.

Methods ~ Study protocol We registered the study
protocol in the PROSPERO international reg-
ister of systematic reviews (PROSPERO 2014.
CRD42014007056).'* Subsequently, we published
a study protocol that described in more detail our
inclusion criteria, study methodology, quality as-
sessment, and analysis plan.'® We adhered to the
Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) guidelines (Supple-
mentary material online, Table S1).'6

Search strategy We searched the EMBASE, MED-
LINE, and CENTRAL databases from inception to
November 2014. The search strategy is summa-
rized in Supplementary material online, Table S2.
We searched conferences and proceedings utiliz-
ing search engine provided by the McMaster Uni-
versity online library (PapersFirst)."”” We did not
apply language or date restrictions.

Inclusion criteria  Eligibility criteria included all
of the following: 1) design: parallel group RCTs
(crossover or pseudorandomized trials were not
eligible); 2) population: adult patients with car-
diogenic shock complicating acute MI; 3) inter-
vention: IABP; studies that examined the effects
of other mechanical support devices were ex-
cluded; 4) comparator: usual care including any
or a combination of the following: fibrinolysis,

percutaneous coronary intervention (PCI), or
supportive care; 5) outcomes: all-cause mortal-
ity at hospital discharge, or if not available, the
longest period at which mortality was measured
is used; intensive care unit (ICU) length of stay
(in days); stroke (ischemic or hemorrhagic); limb
ischemia; major bleeding (any bleeding that re-
quires transfusion of more than 2 units of blood,
or that is associated with hemodynamic instability
not explained by conditions other than bleeding).

In duplicate and independently, 2 of 3 review-
ers selected articles by examining titles and ab-
stracts and then full texts after identifying poten-
tially relevant articles. We used « statistic to mea-
sure the agreement between reviewers.'8

Data collection and quality assessment In dupli-
cate and independently, 2 reviewers (SA and AA)
abstracted data on the design, population and de-
mographics, intervention, comparison, and out-
comes. WA and BR completed the risk of bias as-
sessment using the Cochrane risk of bias tool. The
methodology used to assess quality of evidence
is described in detail in the study protocol." For
each of the outcomes, we independently rated
the quality of evidence and confidence in effect
estimates using the Grading of Recommenda-
tions Assessment, Development and Evaluation
(GRADE) approach.' Disagreement was resolved
by discussion and consensus.

Data synthesis and analysis Al statistical analy-
ses were conducted using the RevMan 5.1 soft-
ware (Review Manager [Computer program]. Ver-
sion 5.1. Copenhagen: The Nordic Cochrane Cen-
tre, The Cochrane Collaboration, 2011). Using a
fixed effect model and applying inverse variance
weighting, we combined data from all trials to es-
timate the pooled risk ratio (RR) and associated
95% confidence intervals (CIs). The fixed effect
model is probably a more conservative approach
than the random effects model when a large dom-
inating study is included in the analysis.?? We con-
ducted the test for subgroup interaction using a
test for heterogeneity between the subgroups of
interest. The I? statistic and P values were calcu-
lated for each subgroup interaction test.

We assessed statistical heterogeneity using
the I” statistic?' and interpreted substantial het-
erogeneity as an I” of more than 50%. Although
we planned to conduct the Egger test and visu-
ally examine funnel plots, we could not reliably
assess for publication bias owing to a small num-
ber of included trials.

Results Trial identification Our initial search
identified 244 citations, of which 10 full-text ar-
ticles were assessed for eligibility, and after the
application of eligibility criteria, 6 articles were
excluded (FIGURE 1). Four RCTs met the eligibili-
ty criteria and were included in the quantitative
and qualitative syntheses.3?22 One trial was pub-
lished in Spanish, and a Spanish-speaking review-
er completed data abstraction.? The agreement
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Embase (n = 59)
Medline (n =116)
Cochrane (n = 69)

!

244 of records screened

|
l !

10 of full-text articles
assessed for eligibility

234 of records
excluded

!

I

4 studies included in
quantitative sythesis
(meta-analysis)

total excluded full text articles (n = 6)
observational studies (n =2)
different outcome (n = 3)
other population (n = 1)

FIGURE 1 Study flow:
diagram showing the
process of study
selection and exclusion

on eligible studies after full-text assessment was
perfect (x = 1.0).
Characteristics of studies The characteristics of
the included trials are presented in TABLE 1. The
trials included adult patients with cardiogenic
shock secondary to acute MI. Anterior MI was the
cause in 55% of all randomized patients (range,
42%-77%). The definition of cardiogenic shock
was consistent across the included studies, but
not identical. One trial mandated the use of pul-
monary artery catheter measurements to diag-
nose cardiogenic shock,? while other trials did
not require them as eligibility criteria. In the
IABP-SHOCK II trial,® the mean age of partic-
ipants was marginally higher than in the other
trials (TABLE 1). One trial used fibrinolysis for all
randomized patients, and only 38.6% of partici-
pants underwent PCI.?2 Although a standardized
protocol for administering the drugs was provid-
ed, the choice of fibrinolytic agent was left to the
discretion of the treating physician. The major-
ity of patients (>90%) received PCI in the other
3 trials.®?32 In addition, all patients received as-
pirin and an anticoagulation agent. In the larg-
est trial (IABP-SHOCK II), IABP was inserted ei-
ther before or immediately after PCI. One-to-one
electrocardiographic triggering was used as the
initial setting, and this ratio was maintained un-
til there was sustained hemodynamic stabiliza-
tion. The description of the IABP intervention in
other trials is summarized separately in Supple-
mentary material online, Table S3.

In all trials, crossover to IABP was allowed if
patients in the control group developed mechan-
ical complications (eg, ventricular septal defect
or papillary muscle rupture).

Risk of bias  Using the Cochrane risk of bias tool,
3 trials were judged to be at a high risk of bias,
which is primarily due to alack of blinding. As the
adverse event outcomes were not based on clear
criteria, we judged the risk of performance and
ascertainment biases to be high for these out-
comes. One trial was determined to be at a low
risk of bias despite the lack of blinding.? In this
trial, the outcomes of interest were rigorously
defined; hence, we felt that the assessment and
adjudication of the outcomes are less likely to be
influenced by the lack of blinding. Upon evaluat-
ing mortality outcome, we assumed that the lack
of blinding is unlikely to increase the risk of per-
formance or ascertainment biases. Accordingly,
we determined the risk of bias to be low for the
mortality outcome across all trials. Finally, ow-
ing to a lack of information, we could not reli-
ably assess the randomization method or con-
cealment in 1 trial.?* The details and individual
components of the risk of bias are shown in Sup-
plementary material online, Figure S1.

Pooled outcome A total of 4 RCTs (735 patients)
reported mortality as an outcome.??22¢ Only 1
trial reported hospital mortality.?® Two trials
reported mortality at 30 days,*?? and 1 trial did
not specify the time at which mortality was mea-
sured.?” The use of IABP did not reduce the risk
of death when compared with usual care (RR,
0.94; 95% (I, 0.79-1.13; P = 0.52; I? = 0%; mod-
erate confidence; FIGURE 2).

Two RCTs??® with a total of 638 patients re-
ported the ICU length of stay. However, given
the large unexplained statistical heterogeneity
(? = 71%), we did not report pooled estimates.
The ICU length of stay was not significantly dif-
ferent in both trials (mean difference [MD], 0.00
days; 95% CI, -0.42 to 0.42; P =1.00)% and (MD,
-6.00 days; 95% CI, =12 to 0.02; P = 0.05).7 Re-
infarction was only reported in 1 trial; the use
of IABP did not reduce the risk of reinfarction
during hospital stay (RR, 2.24; 95% CI, 0.70-
7.18; P =0.16).%

Adverse events Three trials with 660 patients
reported stroke, limb ischemia, and bleeding
outcomes. Overall, the use of IABP was not as-
sociated with a statistically significant increase
in the risk of stroke (RR, 0.77; 95% CI, 0.22-
2.69; P = 0.68, I = 48%; very low confidence),
limb ischemia (RR, 1.24; 95% CI, 0.59-2.59; P
= 0.58; I2 = 0%; low confidence), or major bleed-
ing (RR, 0.76; 95% CI, 0.34-1.72; P = 0.52; low
confidence) (FIGURE 2). Of note, the event rate was
low for all 3 outcomes (TABLE 1). All outcomes in-
cluding confidence assessment results can be
found in TABLE 2.

Subgroup analyses We defined all subgroup anal-
yses a priori in our published protocol;™ howev-
er, the lack of data and a small number of stud-
ies limited our ability to assess subgroup differ-
ences. The results are summarized in FIGURE 3.
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IABP Control Risk ratio Risk ratio
event total event total weight M-H, fixed, 95% CI M-H, fixed, 95% CI

mortality
Thiele, 2012 119 300 123 298 84.5% 0.96 (0.79-1.17) ‘
Arias, 2005 10 31 5 9 5.3% 0.58 (0.27-1.26) —_—
Ohman, 2005 8 30 9 27 6.5% 0.80 (0.36-1.78) —
Prondzinsky, 2010 7 19 6 21 3.9% 1.29 (0.53-3.16) —_——
subtotal (95% CI) 380 355 100% 0.94 (0.79-1.13) Q
total events 144 143
heterogeneity: X2 = 2.17, df = 3 (P = 0.54); P = 0%
test for overall effect: Z = 0.64 (P = 0.52)
stroke
Thiele, 2012 2 300 5 298 90.3% 0.40 (0.08-2.03) —i—
Ohman, 2005 2 12 0 10 9.7% 4.23 (0.23-79.10) -
Prondzinsky, 2010 0 19 0 21 not estimable
subtotal (95% CI) EEY| 329 100% ‘
total events 4 5
heterogeneity: x* = 1.93, df = 1 (P = 0.16); > = 48%
test for overall effect: Z = 0.41 (P = 0.68)
major bleeding
Thiele, 2012 10 300 13 298  100% 0.76 (0.34-1.27) —.—
Ohman, 2005 0 12 0 10 not estimable
Prondzinsky, 2010 0 19 0 21 not estimable
subtotal (95% CI) EEY| 329 100% ‘
total events 10 13
heterogeneity: not applicable
test for overall effect: Z = 0.65 (P = 0.51)
limb ischemia
Thiele, 2012 13 300 10 298 827% 1.29 (0.58-2.90) —-
Ohman, 2005 0 12 1 10 13.4% 0.28 (0.01-6.25) =
Prondzinsky, 2010 1 19 0 21 3.9% 3.30(0.59-2.95) -
subtotal (95% Cl) 331 329 100% ‘
total events 14 " . . . .
heterogeneity: X2 = 1.26, df = 2 (P = 0.53); P = 0% 0_61 011 1 1|0 1(;0
test for overall effect: Z = 0.56 (P = 0.58) favors IABP favors control

FIGURE 2 Forest plot
showing the pooled
effect estimates for the
trials comparing the use
of intraaortic balloon
pump to usual care on
the following outcomes:
mortality, stroke, major
bleeding, and limb
ischemia
Abbreviations: Cl,
confidence interval

Sensitivity analyses  All sensitivity analyses were
specified a priori in the study protocol.’”® Using
random-effects model did not significantly change
the results for each of the outcomes. No eligi-
ble studies in an abstract form were identified;
hence, we did not proceed with the second anal-
ysis. When excluding studies at a high risk of
bias, only a single study was included;® howev-
er, the results did not change significantly. We
decided to conduct a post hoc analysis excluding
the study by Arias et al.?* due to doubts about the
randomization methods; however, this did not
alter the results (RR, 0.96; 95% CI 0.80-1.16; P
=0.69; I? = 0%).

Quality of evidence  Using the GRADE approach,
we judged the quality of evidence for the mor-
tality outcome to be moderate (moderate confi-
dence), mainly owing to concerns about impre-
cision. We lowered the quality of evidence for

REVIEW ARTICLE
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bleeding and limb ischemia outcomes (low con-
fidence); this was primarily due to imprecision
and risk of bias. Finally, we judged the quality of
evidence for the stroke outcome to be very low
(very low confidence). The results are presented
in the form of evidence profile in TABLE 2.
Discussion The findings from this meta-analy-
sis are consistent with the results of the most re-
cent trial.’ The use of IABP is not associated with
a significant reduction in mortality in patients
with cardiogenic shock secondary to acute ML
Furthermore, the risk of stroke, limb ischemia,
and major bleeding was not significantly higher
with IABP use.

These findings are based on combining the re-
sults of 4 RCTs.*?224 While the previous system-
atic review also suggested no mortality benefit,
the results were limited by imprecision and low
quality of evidence. In particular, that systematic
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TABLE 2 Summary of quality of evidence
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Abbreviations: RR, relative risk; others, see FIGURE 2

review prompted the authors to subsequently con-
duct the largest RCT to date.?

IABP has been available for use for more than
4 decades. It was considered the workhorse he-
modynamic tool, given the benefit shown by ob-
servational studies,’ device availability, and oper-
ator familiarity. In a meta-analysis of RCTs by Kri-
schan et al.,® which included patients with acute
MI without cardiogenic shock, the use of IABP did
not reduce mortality at 30 days. However, they
found higher rates of bleeding and ischemic com-
plications, which is not shown in our analysis.

In view of our results, it is important to un-
derstand whether the lack of mortality benefit is
related to the intervention, population, or oth-
er factors. Shiedt et al.® have shown that the use
of IABP decreases the mean systolic and diastolic
pressure by 25% and 35%, respectively. In addi-
tion, the use of other hemodynamic support de-
vices failed to show mortality benefit over IABP."
Therefore, it is plausible to assume that it is not a
device performance failure that led to neutral re-
sults. Reversing hemodynamic derangements is
a crucial step in managing shock; however, oth-
er factors are also of great importance. First, the
timing of the intervention in relation to the onset
of shock and irreversible organ damage (ischemic
time). Applying reperfusion strategy with PCI (as
a comparable analogy), a lowering benefit is ob-
served with longer ischemic time; in addition,
desirable effects might be lost or revered (cause
harm) when performed late.”® While in most cas-
es the onset of myocardial ischemia is heralded by
symptoms, the onset of shock is usually ambig-
uous and can only be retrospectively estimated.
An observational study by Abdelwahhab et al.?6
demonstrated benefit with using IABP before PCI
as opposed to after PCI, which could be hypoth-
esis-generating. Unfortunately, due to the lack
of data, we were not able to conduct a subgroup
analysis by timing of PCI use.

Organ injury after ischemia-reperfusion is a
well-established theory.?” It is known to trigger in-
flammation and systemic inflammatory response
syndrome that could result in organ dysfunction
independent of ischemia.?’ It is not known wheth-
er this mechanism could have any influence on
shock resuscitative strategy or targets.

Whether the lack of related benefit is related to
the mechanistic properties of the device or to the
population in which it was applied remains un-
clear. This certainly draws our attention to stud-
ies that investigated the efficacy of other hemo-
dynamic support devices (eg, left ventricular as-
sist device) and failed to show mortality benefit."

Despite the popularity of using IABP in the
treatment of patients with cardiogenic shock,
our meta-analysis showed that it does not im-
prove patient-important outcomes (ie, mortal-
ity). Strengths of our systematic review include
adherence to a prepublished study protocol, com-
prehensive search strategy, inclusion of RCTs
rather than observational studies, adherence to
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IABP
event

Risk ratio
IV, fixed, 95% ClI

Control

total event total

weight

Risk ratio
IV, fixed, 95% ClI

A. low risk of bias

Thiele, 2012 119 300 123 298 85.5%  0.96 (0.79-1.17)
subtotal (95% CI) 300 298 85.5%  0.96 (0.79-1.17)
total events 119 123

heterogeneity: not applicable

test for overall effect: Z = 0.40 (P = 0.69)

A. high or unclear of bias

Arias, 2005 10 31 5 9 5.4% 0.58 (0.27-1.26)
Ohman, 2005 8 30 9 27 5.1% 0.80 (0.36-1.78)
Prondzinsky, 2010 0 19 0 21 4% 1.29 (0.53-3.16)
subtotal (95% CI) 80 57 145% 0.81(0.51-1.30)
total events 25 20

heterogeneity: X2 = 1.74, df = 2 (P = 0.42); P = 0%

test for overall effect: Z = 0.87 (P = 0.39)

total (95% Cl) 380 355 100%  0.94 (0.78-1.12)

total events 144

143

heterogeneity: x> = 2.17, df = 3 (P = 0.54); # = 0%

test for overall effect: Z = 0.70 (P = 0.48)

test for subgroup differences:

x2=0.42,df =1(P=0.52); P =0%

B. fibrinolysis

Ohamn, 2005 8 30 9 27 6.5% 0.80 (0.36-1.78)
subtotal (95% CI) 30 21 6.5% 0.0 (0.36-1.78)
total events 8 9

heterogeneity: not applicable

test for overall effect: Z = 0.55 (P = 0.58)

B. PCI

Arias, 2005 10 31 5 9 5.3% 0.58 (0.27-1.26)
Prondzinsky, 2010 7 19 6 21 3.9% 1.29 (0.53-3.16)
Thiele, 2012 119 300 123 298 84.3%  0.96 (0.79-1.17)
subtotal (95% CI) 350 328 935% 0.95(0.79-1.15)
total events 136 134

heterogeneity: x? = 2.01,df =2 (P = 0.37); P = 1%

test for overall effect: Z = 0.51 (P = 0.61)

total (95% CI) 380 355 100%  0.94 (0.79-1.13)

total events 144

143

heterogeneity: X2 = 2.17, df = 3 (P = 0.54); P = 0%

test for overall effect: Z = 0.64 (P = 0.52)

test for subgroup differences:

x2=0.18,df = 1 (P = 0.68); # = 0%

FIGURE 3  Subgroup
analysis for mortality
outcome; A — subgroup
analysis by individual
study risk of bias; B —
subgroup analysis by
reperfusion method
(fibrinolysis vs
percutaneous coronary
intervention)
Abbreviations: see
FIGURE 2

the PRISMA guidelines, and the use of GRADE
methodology to assess the quality of evidence.
However, there are key limitations of the cur-
rent literature that are worth discussing. First,
owing to a small sample size and low event rate in
the included RCTs, we were not able to reliably as-
sess the risks of complications (harm). Hence, the
quality of evidence for these outcomes was very
low or low. A meta-analysis of observational stud-
ies reported a higher risk of adverse events with
the use of IABP, including a higher risk of bleeding
and ischemic complications.’ We have low confi-
dence in the estimates of adverse events provided
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by published RCTs. Second, the lack of some sub-
group data in published trials limited our ability
to conduct all subgroup analyses. Third, although
we included only RCTs, 1 trial was published in
Spanish and did not describe the randomization
method?*; in addition, the number of patients
was not balanced in the 2 groups, which makes
us question the randomization method used. For
this purpose, we conducted a post hoc sensitiv-
ity analysis excluding the data of this study, but
the results remained similar.

All trials included patients with evidence of
acute MI and objective clinical and hemodynamic
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parameters of cardiogenic shock; the generaliz-
ability of the results should be limited to this
population.

While the use of IABP may be safe, there is no
evidence to support its routine use in patients
presenting with acute MI complicated by cardio-
genic shock. Literature on high-risk patients un-
dergoing coronary artery bypass grafting showed
that the use of IABP may be of benefit in female
patients with comorbidities.?® It is unclear wheth-
er IABP has a beneficial effect in a specific sub-
group, namely, in patients presenting with cardio-
genic shock. Perhaps future studies should explore
the potential of benefit in specific subgroups.

The results of our meta-analysis should be in-
terpreted with caution, particularly when deal-
ing with refractory cardiogenic shock or high-risk
groups. None of the trials used IABP primarily
as a rescue therapy for patients with cardiogenic
shock and refractory hypotension. The general-
izability of the results to this population is lim-
ited by indirectness. For instance, in our analy-
sis, the pooled mortality rate in the control group
was 40.3% (143 deaths out of 355 patients), which
is lower than what is described in previous stud-
ies.® Furthermore, only 27% of the patients in
the largest trial (IABP-SHOCK II) had a systol-
ic blood pressure of less than 80 mmHg. On the
contrary, it is challenging to conduct research
(especially RCTs) when dealing with emergent
and life-threatening conditions. Therefore, clin-
ical decision making should be individualized,
particularly when dealing with high-risk groups.
An individual patient data meta-analysis or an
RCT focusing on a high-risk population will be
of great value.

Conclusions Moderate quality of evidence sug-
gests that the use of IABP does not improve sur-
vival in patients with cardiogenic shock and acute
MI. However, the results should not be used to
guide clinical decision when dealing with a high-
risk group or patients with refractory shock, as
this population was not represented in the previ-
ously published RCTs. Low and very low quality
of evidence suggests that the use of IABP is not
associated with significant harm; however, these
findings should be interpreted with caution as the
included trials are underpowered to show any sta-
tistically significant difference. Larger trials with a
homogenous population and cointerventions are
required to confirm these observations.

Key messages The key messages of our paper are
as follows: 1) prior systematic reviews on the use
of IABP in patients with cardiogenic shock were
limited by imprecision and quality of evidence; 2)
arecent large RCT® suggested that the use of IABP
in this population does not improve survival; 3)
this systematic review and meta-analysis of RCTs
suggests that the use of IABP in patients with
cardiogenic shock complicating myocardial isch-
emia does not improve mortality (moderate qual-
ity of evidence); and 4) low and very low quality

of evidence suggests that the use of IABP is not
associated with a higher risk of complications.
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STRESZCZENIE

WPROWADZENIE Wstrzas kardiogenny, zwtaszcza spowodowany zawatem serca, wigze sig z duzg
$miertelno$cia. Kontrapulsacja wewnatrzaortalna (intraaortic balloon pump — |ABP) jest gtéwna metoda
wspomagania hemodynamicznego u pacjentéw we wstrzasie kardiogennym; dane sugerujg jednak,
ze |ABP moze nie zmniejsza¢ $miertelnos$ci u tych chorych.

METODY Przeprowadzono elektroniczng kwerende w bazach danych Medline, EMBASE i Cochrane.
Dwadch autoréw niezaleznie przejrzato opisy bibliograficzne i zidentyfikowato odpowiednie badania. Ci
sami autorzy niezaleznie ekstrahowali dane. Dane potaczono stosujac model z efektami statymi, a wyniki
dychotomiczne przedstawiono w postaci wspétczynnikéw ryzyka (risk ratio — RR) z 95% przedziatami
ufnosci (confidence interval — Cl). Nastepnie zastosowano system GRADE do oceny jako$ci danych.
wynikl - Uwzgledniono 4 badania z randomizacja obejmujace 735 chorych. Stosowanie IABP, w poréwnaniu
ze zwykig opieka, nie zmniejszyto ryzyka zgonu chorych we wstrzasie kardiogennym wtérnym do niedo-
krwienia mig$nia sercowego (RR: 0,94; 95% CI: 0,79-1,13; p = 0,52; ? = 0%, ufno$¢ umiarkowana).
Stosowanie IABP nie wigzato sig ze zwigkszonym ryzykiem udaru (RR: 0,77; 95% CI: 0,22-2,69; p = 0,68;
> = 48%; ufno$¢ bardzo mata), niedokrwienia koriczyn (RR: 1,24; 95% CI: 0,59-2.59; p = 0,58; 7 = 0%;
ufno$¢ mata) ani powaznego krwawienia (RR: 0,76; 95% CI: 0,34-1,72; p = 0,52; > = 0%; ufno$¢ mata).
wnioskl  Stosowanie IABP u chorych we wstrzasie kardiogennym wikiajgcym niedokrwienie mig$nia
sercowego nie zmniejsza $miertelno$ci (ufno§¢ umiarkowana) i nie wigze sig z wigkszym ryzykiem po-
wiktan (ufno$¢ bardzo mata lub mata). Wyniki nalezy interpretowac ostroznie ze wzgledu na ograniczenia
zwiazane z matg precyzjg ich oszacowania, ryzykiem btedu systematycznego i niejednorodnoscia kliniczna.
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Table S1. PRISMA Check List

Reported
Section/topic # Checklist item

on page #
TITLE
Title 1 | Identify the report as a systematic review, meta-analysis, or both. 1
ABSTRACT
Structured summary 2 | Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, 2,3

participants, and interventions; study appraisal and synthesis methaods; results; limitations; conclusions and implications of key

findings; systematic review registration number.

INTRODUCTION

Rationale 3 | Describe the rationale for the review in the context of what is already known. 4

Objectives 4 | Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, outcomes, 5

and study design (PICOS).

METHODS

Protocol and registration 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide registration 5

information including registration number.




Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, language, 5

publication status) used as criteria for eligibility, giving rationale.

Information sources 7 | Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional studies) | 5§

in the search and date last searched.

Search 8 | Present full electronic search strategy for at least one database, including any limits used, such that it could be repeated. 5

Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, included in the | §

meta-analysis).

Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes for obtaining | 6

and confirming data from investigators.

Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and simplifications | 7
made.

Risk of bias in individual 12 | Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done at the 8

studies study or outcome level), and how this information is to be used in any data synthesis.

Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means). 9,10

Synthesis of results 14 | Describe the methods of handling data and combining results of studies, if done, including measures of consistency (e.g., 1% for

each meta-analysis.

Page 1 of 2
Reported

Section/topic # Checklist item

on page #

Risk of bias across studies 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective 8




reporting within studies).

Additional analyses 16 | Describe methods of additional analyses (e.qg., sensitivity or subgroup analyses, meta-regression), if done, indicating | 9,10
which were pre-specified.

RESULTS

Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at | 7
each stage, ideally with a flow diagram.

Study characteristics 18 | For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and | 7.8
provide the citations.

Risk of bias within studies 19 | Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). 8

Results of individual studies 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 9
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.

Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and measures of consistency. 9

Risk of bias across studies 22 | Present results of any assessment of risk of bias across studies (see Item 15). 8

Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see ltem 16]). 9,10

DISCUSSION

Summary of evidence 24 | Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 10,11,12
key groups (e.g., healthcare providers, users, and policy makers).

Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 3




identified research, reporting bias).

Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implications for future research. 13
FUNDING
Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the | 1

systematic review.

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097.
doi:10.1371/journal.pmed1000097

For more information, visit: www.prisma-statement.org.




Table S2. Search Strategy
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Table S3. Description of IABP use in included trials

Studies Description of IABP use
Arias 2005 No description provided
Ohman 2005 The IABP catheter (Datascope, Inc., Montvale, New Jersey) was inserted with in 3 hours of receiving

fibrinolytic therapy.
Initial rate at 1:1 for 48 hours, weaning was done gradually over 12 hours.

In patients who remained hypotensive (SBP<90mmHg) or developed ischemia the IABP was continued.

Prondzinsky 2010

A 40 mL balloon IABP (IABP System 97, Datacope; Fairfield, NJ) was inserted immediately after PCI.
IABP device was continued for a minimum of 48 hrs.

Rate and weaning strategy was not described.

Thiele 2012

IABP was inserted either before or immediately after PCI, 1:1 electrocardiographic triggering was used

as initial the setting, this ratio was maintained until there was sustained hemodynamic stabilization.

IABP: intra-aortic balloon pump; PCI: primary percutaneous intervention; SBP: systolic blood pressure.




Figure S1. Summary of Risk of Bias
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Risk of bias in individual 12 | Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done at the 8

studies study or outcome level), and how this information is to be used in any data synthesis.

Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means). 9,10

Synthesis of results 14 | Describe the methods of handling data and combining results of studies, if done, including measures of consistency (e.g., 1% for

each meta-analysis.
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Risk of bias across studies 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective 8

reporting within studies).




Additional analyses 16 | Describe methods of additional analyses (e.qg., sensitivity or subgroup analyses, meta-regression), if done, indicating | 9,10
which were pre-specified.

RESULTS

Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at | 7
each stage, ideally with a flow diagram.

Study characteristics 18 | For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and | 7,8
provide the citations.

Risk of bias within studies 19 | Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). 8

Results of individual studies 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 9
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.

Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and measures of consistency. 9

Risk of bias across studies 22 | Present results of any assessment of risk of bias across studies (see Item 15). 8

Additional analysis 23 | Give results of additional analyses, if done (e.qg., sensitivity or subgroup analyses, meta-regression [see Item 16]). 9,10

DISCUSSION

Summary of evidence 24 | Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 10,11,12
key groups (e.g., healthcare providers, users, and policy makers).

Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 3

identified research, reporting bias).




Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implications for future research. 13

FUNDING

Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the | 1

systematic review.

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Iltems for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097.
doi:10.1371/journal.pmed1000097

For more information, visit: www.prisma-statement.org.




Table S2. Search Strategy

1. exp cardiogenic shock/

2. exp shock/

3. exp heart left ventricle failure/

4. 2and 3

5. 1lor4

6. exp intraaortic balloon pump/

7. 5and 6

8. exp clinical trial/ or clin$ trial$.mp.

9. exp Randomized controlled trial/

10. exp Randomization/

11. Single-Blind Method/

12. Double-Blind Method/

13. exp Random Allocation/

14.RCT .tw.

15. random$.mp.

16. (Single blind$ or Double blind$ or ((treble or triple) adj2 blind$)).tw.

17. comparative study/




18. controlled study/

19. Prospective study/

20. placebo:.mp.

21.80r9o0r100or1lorl12orl13o0rl4orl150rl16o0or17 or 18 or 19 or 20

22.7and 21




Table S3. Description of IABP use in included trials

Studies Description of IABP use
Avrias 2005 No description provided
Ohman 2005 The IABP catheter (Datascope, Inc., Montvale, New Jersey) was inserted with in 3 hours of receiving

fibrinolytic therapy.
Initial rate at 1:1 for 48 hours, weaning was done gradually over 12 hours.

In patients who remained hypotensive (SBP<90mmHg) or developed ischemia the IABP was continued.

Prondzinsky 2010

A 40 mL balloon IABP (IABP System 97, Datacope; Fairfield, NJ) was inserted immediately after PCI.
IABP device was continued for a minimum of 48 hrs.

Rate and weaning strategy was not described.

Thiele 2012

IABP was inserted either before or immediately after PCI, 1:1 electrocardiographic triggering was used

as initial the setting, this ratio was maintained until there was sustained hemodynamic stabilization.

IABP: intra-aortic balloon pump; PCI: primary percutaneous intervention; SBP: systolic blood pressure.




Figure S1. Summary of Risk of Bias
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