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Abstract
Objective: Although controversial, the intra-aortic balloon pump (IABP) and percutaneous left ventricular assist device (PLVAD)
are widely used for initial hemodynamic stabilization. We performed a meta-analysis to compare the clinical outcomes of these two
devices in patients with severe left ventricular (LV) dysfunction undergoing percutaneous coronary intervention (PCI) or ven-
tricular tachycardia (VT) ablation.
Methods: MEDLINE, EMBASE, the Cochrane Registry of Controlled Trials, and reference lists of relevant articles were
searched. We included randomized controlled trials (RCTs) and prospective observational studies. Meta-analysis was conducted
using a random effects model.
Results: The quantitative analysis included 4 RCTs and 2 observational studies. A total of 348 patients received PLVAD and 340
received IABP. Meta-analysis revealed that early mortality rates (in-hospital or 30-day) did not differ between the PLVAD and
IABP groups (relative risk (RR) ¼ 1.03, 95% confidence interval (CI) ¼ 0.70e1.51, P ¼ 0.89). Significant differences were
observed between the two groups in the composite, in-hospital, non-major adverse cardiac and cerebrovascular events (MACCE)
rate (RR ¼ 1.30, 95% CI ¼ 1.01e1.68, P ¼ 0.04).
Conclusions: Compared with IABP, PLVADwith active circulatory support did not improve early survival in those with severe left
ventricular dysfunction undergoing either PCI or VT ablation, but increased the in-hospital non-MACCE rate.
© 2018 Chinese Medical Association. Production and hosting by Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

After almost 4 decades in clinical use, the intra-
aortic balloon pump (IABP) has developed into a
mature technology for daily use. It is suggested for use
as a tool to stabilize hemodynamic status or to prevent
adverse cardiac events in the catheterization lab. Several
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registry-based observational studies1,2 have reported
improved hemodynamic status with IABP counter-
pulsation in patients with acute myocardial infarction
(AMI) complicated with cardiogenic shock (CS), sug-
gesting potential benefit. However, a recent randomized
controlled trial (RCT) demonstrated no improvement in
30-day mortality in such patients using IABP compared
with those treated with standard care.3 IABP is also
widely used to maintain hemodynamic stability in high-
risk percutaneous coronary intervention (PCI) cases.4,5

Although there is no universal definition of or criteria
for high-risk PCI in the literature, various anatomic and
clinical features, mainly included in the SYNTAX score
or EuroSCORE representing the severity of coronary
artery disease, and the classification of left ventricular
(LV) dysfunction, have been assumed to identify high-
risk PCI patients. Currently, international guidelines
have recommended IABP use in carefully selected high-
risk PCI patients, with level of evidence C, Class IIb.6

Radiofrequency ablation for ventricular tachycardia
(VT) is indicated and often imperative in patients with
severe LV dysfunction and drug refractory VT. How-
ever, activation and mapping procedures in patients
with severe LV dysfunction are often interrupted by
hemodynamically intolerant VT.7 However, it is diffi-
cult to perform an interventional procedure under
general anesthesia in such patients, as they are prone to
procedural hypotension and fluid overload. An
evolving alternative strategy to ensure mapping and
ablation of VT in the setting of severe LV dysfunction
is temporary mechanical cardiac support.8

The main limitation of IABP is lack of active cardiac
support, need of accurate synchronization with the
electrocardiogram, and requirement of a certain level of
LV function. In many patients with severe LV
dysfunction or persistent tachycardia, IABP is insuffi-
cient to reverse CS.9 A percutaneous left ventricular
assist device (PLVAD) with active cardiac support
might be a better alternative.10 The two most commonly
used PLVADs are Impella 2.5 (IMP) and TandemHeart
(TH). The Impella 2.5 is a catheter-based, impeller-
driven, axial flow pump that moves blood directly from
the left ventricle into the ascending aorta and provides a
flow of up to 2.5 L/min at its maximal rotation speed of
51,000 rpm. TandemHeart is a percutaneous left atrial-
to-femoral arterial assist device, driven by a low-speed
centrifugal continuous flow pump with the capacity of
delivering flow up to 4.0 L/min at 7500 rpm.

IABP and PLVAD are both feasible, less-invasive
mechanical devices for percutaneous hemodynamic
support. Unlike IABP, which indirectly augments car-
diac output by reducing afterload, PLVAD augments
forward flow in an active manner. It seems that hemo-
dynamic and metabolic parameters could be improved
more effectively with PLVAD than with treatment using
IABP. Several controlled studies have compared the
safety, feasibility, and efficacy of PLVAD with those of
IABP.11e16 We pooled data from these studies and
compared the clinical outcomes in patients treated with
PLVAD and those treated with IABP.

Methods

Study eligibility and search strategy

A systematic search of the PubMed, EMBASE, and
CENTRAL databases was performed. Scientific session
abstracts in top-ranked journals, such as Circulation,
Journal of the American College of Cardiology, and
European Heart Journal from January 2004 to October
2016 (PLVAD has been commercially available since
2004) were searched. Furthermore, oral presentations
and/or expert slide presentations were also searched on
Transcatheter Coronary Therapeutics (TCT), EuroPCR,
American College of Cardiology (ACC), American
Heart Association (AHA), and European Society of
Cardiology (ESC) websites from January 2004 to
October 2016. The following keywords were used in
various combinations: “cardiac-assist device”, “heart-
assist device,” “percutaneous left ventricular assist de-
vice,” “Impella,” “TandemHeart,” “intra-aortic balloon
pump,” “intra-aortic balloon counterpulsation,” “clin-
ical trial,” and “randomized.” The search was limited to
English language articles published since 1988 (PLVAD
was first introduced in 1988). We hand-searched refer-
ences of retrieved articles and used PubMed's related
articles feature to identify studies not captured through
our primary search strategy.

Inclusion criteria were (1) randomized controlled
trials (RCT), prospective observational studies and
prespecified subgroup analyses comparing PLVAD with
IABP in patients undergoing high-risk PCI or VT
ablation or in patients in CS, (2) availability of complete
clinical data, and (3) at least 10 study participants.
Exclusion criteria were (1) duplicate reports failing to
report additional or extended clinical outcomes, and (2)
ongoing studies or irretrievable data.

Data extraction and validity assessment

Two investigators independently performed the
literature searches to identify relevant studies. Infor-
mation regarding study and patient characteristics and
the prespecified clinical outcomes were systematically
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extracted. In case of incomplete or unclear data, au-
thors were contacted where possible. A third investi-
gator (LQ Cui) was available for arbitration in the
event of disagreement between investigators; however,
no significant disagreement occurred.

The primary endpoint was early mortality (in-hospital
or 30-day death). Early events were defined as those that
occurred within 30 days after enrollment. The secondary
endpoints included in-hospital major adverse cardiac and
cerebrovascular events (MACCE, defined as the occur-
rence of all-cause death, stroke, myocardial infarction,
repeat revascularization, and need for cardiac surgery),
and the composite incidence of Non-MACCE adverse
events, including limb ischemia, hematoma, blood
transfusion, arteriovenous fistula, fever, disseminated
intravascular coagulation (DIC), acute renal dysfunction,
cardiopulmonary resuscitation/ventricular arrhythmia
requiring cardioversion, aortic valve damage/increase in
aortic insufficiency, pericardial tamponade, and need for
vascular operation to treat a device-related adverse event.

Statistical analysis

We performed the analysis using Stata version 11
(Stata Corp LP, College Station, TX, USA). Relative
risk (RR) with 95% confidence interval (CI) was
calculated for each study and pooled in random-effects
models. Forest plots were subsequently created for
graphical presentations of clinical outcomes. Hetero-
geneity between studies, defined as variation among
Fig. 1. Flow-chart of study selection process. IABP: intra-aortic ball
the results of individual studies beyond that expected
from chance, was evaluated with the I2 statistic, by
applying the following interpretation for I2: <50%, low
heterogeneity; 50%e75%, moderate heterogeneity;
>75%, high heterogeneity. In addition, publication bias
was evaluated with funnel plots using Begg's adjusted
rank correlation test and Egger's regression asymmetry
test. Two-sided P-values <0.05 were considered
statistically significant.

Results

Selected studies and baseline characteristic

Six studies met our criteria and were included in
this study (Fig. 1). A total of 688 patients were
included in this analysis conducted between August
2000 and December 2011, with 348 patients receiving
PLVAD and 340 receiving IABP. Study characteristics
are presented in Table 1.

Primary endpoint

Fig. 2 compares early mortality between the PLVAD
and IABP groups. Available data were reported in six
studies.11e16 No significant changes were observed in
the cumulative analysis between the PLVAD group and
the IABP group in early mortality (RR ¼ 1.03, 95%
CI ¼ 0.70e1.51, P ¼ 0.89, P for heterogeneity ¼ 0.98,
I2 ¼ 0%).
oon pump; PLVAD: percutaneous left ventricular assist device.
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Subgroup analysis

We also observed no significant RR differences
between the PLVAD and IABP groups in patients (1)
undergoing high-risk PCI or VT ablation (Fig. 3:
RR ¼ 1.01, 95% CI ¼ 0.58e1.76, P ¼ 0.96) and (2)
those with AMI complicated with CS (Fig. 4:
RR ¼ 1.02, 95% CI ¼ 0.62e1.69, P ¼ 0.94). Impor-
tantly, almost all patients with AMI complicated with
CS also received PCI treatment, and most PCI pro-
cedures were performed before enrollment in the study.
Furthermore, the pooled estimate of RR revealed no
significant difference in in-hospital mortality in the
Impella 2.5 and TandemHeart subgroups (Fig. 5:
RR ¼ 1.10, 95% CI ¼ 0.73e1.65, P ¼ 0.65).

Secondary endpoints

In-hospital MACCE data were available in three
studies. As shown in Fig. 6, a total of 140 patients were
included in this comparison, with 70 in the IABP group
and 70 in the PLVAD group. Similarly, meta-analysis
also found that PLVAD therapy was not associated
with a significantly reduced RR rate for in-hospital
MACCE when compared with IABP (RR ¼ 0.84,
95% CI ¼ 0.40e1.75, P ¼ 0.65).

In-hospital non-MACCE adverse events data were
available in all studies. As shown in Fig. 7, significant
differences in composite non-MACCE rates were
observed using PLVAD when compared with IABP
(RR ¼ 1.30, 95% CI ¼ 1.01e1.68, P ¼ 0.04, P for
heterogeneity ¼ 0.53, I2 ¼ 0%).

Heterogeneity

With regard to early (in-hospital or 30-day) mor-
tality and composite in-hospital non-MACCE adverse
events, there was no evidence of heterogeneity in the
treatment effect between the studies.

Sensitivity and publication bias assessment

In the funnel plot of data on RR for early (in-hos-
pital or 30-day) mortality, both Begg's test and Egger's
test suggest the absence of bias (Fig. 8).

Discussion

Hemodynamic collapse during high-risk PCI or VT
ablation remains difficult to predict. Risk evaluation
including use of the SYNTAX score or EuroSCORE,
classification of LV dysfunction, estimation of



Fig. 2. Meta-analysis showing the relative risk (RR) of early mortality with use of percutaneous left ventricular assist devices.

Fig. 3. Meta-analysis showing the relative risk (RR) of in-hospital mortality in high-risk percutaneous coronary intervention (PCI) or ventricular

tachycardia (VT) ablation subgroups.

Fig. 4. Meta-analysis showing the relative risk (RR) of 30-day mortality in AMI patients complicated with cardiogenic shock.

Fig. 5. Meta-analysis showing the relative risk (RR) of 30-day mortality in the TandemHeart and Impella subgroups.
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myocardium at jeopardy, consideration of technical
and procedural issues, and potential complications
of different interventions are crucial to avoid
hemodynamic collapse and ensure procedural suc-
cess. However, our ability to predict which patient
will require temporary mechanical cardiac support



Fig. 6. Meta-analysis showing the relative risk (RR) of in-hospital major adverse cardiac and cerebrovascular events (MACCE).

Fig. 7. Meta-analysis showing the relative risk (RR) of in-hospital non-major adverse cardiac and cerebrovascular events (MACCE).

Fig. 8. Funnel plot using relative risk (RR) data for early (in-hospital

or 30-day) mortality.
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remains limited. Furthermore, the exact role of
different mechanical cardiac support methods in high-
risk PCI or VT ablation remains a matter of
debate.1,7,17,18 In fact, almost all patients with AMI
complicated with CS also received PCI treatment, and
most PCI procedures were performed before enroll-
ment in the study. Cumulative analysis of the
collected data revealed no difference between the two
groups in reducing early mortality in either high-risk
PCI or VT ablation or CS.

The guidelines are prudent regarding the indications
for mechanical cardiac support in high-risk PCI as they
only recommend support in patients with very severe LV
dysfunction or those considered at high risk of procedural
hemodynamic collapse.19 Nevertheless, the method for
identifying high-risk PCI patients remains unclear.
Currently, there are no universal criteria for high-risk
PCI; therefore, various anatomic and clinical features,
such as the SYNTAX score or EuroSCORE, the extent of
myocardium at jeopardy, the classification of LV
dysfunction, and others, have been assumed to identify
high-risk PCI patients.4,5,20 In the absence of well-
defined standards and RCTs with evidence for specific
indications, these criteria require further research.21

The PROTECT II trial,13 included in our meta-
analysis, used certain criteria for high-risk PCI and in-
dications for temporary mechanical cardiac support: (1)
patients scheduled to undergo non-emergent PCI on an
unprotected left main coronary artery (LMCA) or last
patent coronary vessel, with a left ventricular ejection
fraction (LVEF)�35%; (2) patients with 3-vessel disease
and LVEF�30%. Similarly, the BCIS 1 study22 (Balloon
pump-assisted Coronary Intervention Study) set the
criteria as patients with an LMCA lesion or a jeopardy
score�8 (BCIS-1 jeopardy score�8;maximum possible
score ¼ 12) and LVEF <30%. The prospective PRO-
TECT II trial enrolled 448 high-risk PCI patients based on
anatomic and clinical features. Despite the fact that
the majority of these patients were deemed not suitable
for coronary artery bypass, the overall 30-day mortality
rate after PCI procedures was similar to the predicted
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outcomes fromnational surgical benchmarks.23However,
subsequent analysis demonstrated no between-group
difference in mortality at 30 days but instead a trend of
superiority of PLVAD support over IABP at 90 days.13

CS is a state of inadequate tissue perfusion due to
severe LV dysfunction. CS complicates approximately
5% of AMI. Despite wide implementation of an early
revascularization strategy and improving healthcare
system, CS remains the leading cause of death in this
population, with in-hospital mortality rate approaching
40%e50%.3,24 Although mechanical cardiac support
was often imperative in AMI patients complicated with
CS, and the use of PLVAD resulted in better hemody-
namic data compared with IABP, this did not translate
into improved 30-day survival.14e16,25 Our updated
meta-analysis in the subgroup of CS further supported
the above findings. From a pathophysiologic point of
view, Hochman26 suggested that reversal of the hemo-
dynamic status of CS may not clarify all the critical
underlying pathophysiologic mechanisms. Other abnor-
malities arising from shock, such as elevated inflamma-
tory cytokines, elevated inducible nitric oxide synthase
with resultant increased levels of NO, and could
contribute importantly to the morbidity and mortality of
CS and do not appear to be reversiblewith restoration of a
more stable hemodynamic status. This suggests that
other treatments aimed at these abnormalities, in com-
panion with mechanical cardiac support, may result in
better outcomes.

In addition to the data from mechanical cardiac
support during high-risk PCI, other data suggest that
support may also play an important role in the man-
agement of high-risk/unstable VT ablation.7,8,27 In pa-
tients with limited therapeutic options, it is suggested
that mechanical cardiac support is of potential benefit in
two groups. The first group includes those with severe
LV dysfunction in whom the development of ventricular
arrhythmia indicates end-stage advanced heart failure.
These patients respond poorly to inotropic drugs and
will ultimately require cardiac transplantation as defin-
itive treatment. The second group includes those in
whom either the arrhythmia itself or the consistent use
of antiarrhythmic drugs has compromised a normally
stable hemodynamic status. However, neither PLVAD
nor IABP have been proven to improve survival in
either group through RCTs.

Hopefully, new and more powerful axial flow devices
will be developed, similar to the higher capacity Impella
5.0 device. In contrast to the Impella 2.5 with a support
level of 2.5 L/min, the Impella 5.0, which provides a
maximum support level of 5 L/min but requires sur-
gical cutdown of the femoral or axillary artery, is
commercially available for use as a bridge to trans-
plantation or an implantable LVAD.28 Recently,
Engstr€om et al29 reported a case series of 34 patients with
severe and profound CS. Their initial experience sug-
gested that Impella 5.0 treatment may be associated with
improved survival when compared to those treated with
Impella 2.5 alone. Importantly, a substantial proportion
of patients who were initially supported via Impella 2.5
were upgraded to Impella 5.0 support for poor response
to Impella 2.5, which also led to improved survival.
However, it remains unclear whether 5.0 L/min is
enough to reverse CS. Large scale, multi-center RCTs
are needed to clarify whether an improvement in LV
function and survival benefit can be achievedwhen using
the Impella 5.0 to support patients undergoing high-risk
PCI or VT ablation or in patients with CS.

Limitations

Major limitations of the present study include het-
erogeneity in the patient population and variable
endpoint definitions, and thus may be affected by con-
founding with indication and/or selection bias. The study
enrolled a relatively small number and variety of patients
and the patients were not randomized to receive a specific
PLVAD device (TH or Impella 2.5) and were treated at
the discretion of interventional cardiologists. Finally, the
included studies were conducted across a time range of
11 years; however, the experience in mechanical cardiac
support and techniques of interventional therapy, espe-
cially PCI, rapidly advanced during this period.

Conclusion

PLVAD with active circulatory support did not
improve early survival compared with IABP, either in
patients undergoing PCI or VT ablation, but increased
the incidence of composite in-hospital non-MACCE
adverse events because of its more invasive nature.
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