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Abstract

In recent years, three randomised controlled trials questioned 

the use of the intra-aortic balloon pump (IABP) in populations 

of high-risk PCI (BCIS-1), acute myocardial infarction 

(CRISP-AMI), and cardiogenic shock (IABP-SHOCK II). �is 

review describes these and other IABP trials, as well as their 

outcome on mortality. Clinical implications are addressed. 

�ere is a pressing need for adequately powered randomised 

controlled trials testing the optimal timing of mechanical 

circulatory support as well as device design in cardiogenic 

shock.

Introduction

Dr. Adrian Kantrowitz introduced the intra-aortic balloon 

pump (IABP) in the 1960s (figure 1). He used large balloon 

catheters inserted in the aorta by surgical cut down of the 

femoral artery. From the late 1970s placement of the balloon 

was modified using the Seldinger technique. Until recently, 

the intra-aortic balloon pump was increasingly being used to 

support haemodynamics in patients with acute myocardial 

infarction complicated by cardiogenic shock, ventricular septal 

rupture or acute mitral regurgitation,1,2 as well as in patients 

undergoing high-risk percutaneous coronary intervention 

(PCI), prior to high-risk cardiac surgery,3,4 in postcardiotomy 

cardiogenic shock, refractory heart failure,5 and with refractory 

ventricular arrhythmias6. Its physiological effects in reducing 

afterload and improving coronary perfusion were believed 

to enhance survival in these groups of patients, especially 

because complication rates (access site bleeding and vascular 

complications) were low.1,7 However, evidence supporting the 

use of IABP in these clinical settings was mainly based on 

registry data.8 In recent years, three randomised controlled 

trials questioned the use of IABP in subsequently high-risk 

PCI, acute myocardial infarction, and cardiogenic shock. �e 

aim of this review is to discuss these trials and to evaluate the 

The intra-aortic balloon pump keeps pumping,  

but in selected patients

current role of intra-aortic balloon pump counterpulsation in 

high-risk PCI and acute myocardial infarction with or without 

shock.

Haemodynamics

�e intended haemodynamic relief from the IABP is twofold. 

During diastole, the IABP inflates thereby displacing blood 

from the descending aorta. It then deflates immediately before 

systole creating a void in the aorta.9 �ese mechanisms produce 

the haemodynamic effects of increasing diastolic, mean arterial 

and coronary perfusion pressures, while decreasing afterload. 

In serial measurements, IABP counterpulsation acutely 

lowers left ventricular end-diastolic pressure and modestly 

increases the cardiac index and cardiac power index.10 

Sustained haemodynamic benefit was contradicted by the 

results of a recent small randomised trial.11 �ese investigators 

demonstrated that, in patients with complicated myocardial 
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Figure 1. Development in balloon pump consoles. Panel A: One of 

the �rst IABP consoles. Panel B: Modern miniaturised portable console 

Courtesy of MACQUET Cardiovascular, Datascope Corp., Mahwah, NJ, 

USA.
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infarction, haemodynamic improvement in the days following 

IABP implantation did not significantly differ from the control 

group. However, this study was clearly underpowered and 

baseline haemodynamic parameters significantly differed 

between the two treatment arms.11 

High-risk percutaneous coronary intervention

�e Balloon-Pump Assisted Coronary Intervention Study 

(BCIS-1) investigated balloon pump support in 301 elective 

patients undergoing high-risk PCI: left ventricular ejection 

fraction (LVEF) ≤  30% and unprotected left main coronary 

artery or target vessel supply ≥40% of myocardium (table 1).12 

Prolonged procedural hypotension occurred more frequently 

in the group with no planned IABP insertion. Moreover, rescue 

IABP insertion was required in 18 patients (12%) assigned 

to have no planned IABP insertion. �ere was no difference 

in major adverse cardiac events and all-cause mortality 

at six-month follow-up. At long-term follow-up, elective 

IABP support during PCI was associated with a 34% relative 

reduction in all-cause mortality compared with unsupported 

PCI (p = 0.04, absolute difference 11%).13

Acute myocardial infarction

Several randomised trials investigated the use of IABP support 

in patients with large, mainly anterior wall, myocardial 

infarction without evidence of cardiogenic shock (table 2). 

Most studies demonstrated that systematic use of intra-aortic 

balloon pumping after primary angioplasty or coronary 

stenting did not lead to myocardial salvage, nor to a better 

clinical outcome in terms of major adverse cardiac events or 

all-cause mortality. However, most studies were underpowered 

to detect a difference in mortality. Counterpulsation Reduces 

Infarct Size pre-PCI (CRISP) was a large randomised trial (337 

patients) that evaluated the role of IABP support started prior 

to PCI in anterior STEMI without cardiogenic shock.14 No 

difference was observed in the primary endpoint (infarct size 

assessed by cardiac magnetic resonance imaging) in the IABP 

group, compared with the control group. All-cause mortality 

at six months was less frequent in the IABP group, but the 

number of events was low and not significantly different (1.9 

vs. 5.2%, table 2). Preliminary observational data suggest 

that IABP insertion before primary PCI might in fact result 

in larger infarct sizes,7 presumably due to the (short) delay in 

Table 1. Characteristics and outcome of randomised controlled clinical trials on intra-aortic balloon pump support compared with conven-

tional therapy in high-risk elective PCI

Trial (year) Population Intervention 
(I/C)

Sample 
size

Intervention 
not performed 
in I

Intervention 
performed 
in C

Median 
duration of 
support

Longest 
reported 
time point

Number of 
deaths (I/C)

OR or HR for 
mortality

BCIS-1 
(2010)12 

High-risk PCI PCI+IABP/
PCI

151/150 3(2%) 18(12%) < 24 h 6-month 7/151
11/150

0.61  

[0.24-1.62]

BCIS-1 
(2013)13

High-risk PCI PCI+IABP/
PCI

151/150 3(2%) 18(12%) < 24 h 51-month 42/151
58/150

0.66  

[0.44-0.98]

I = intervention (IABP), C = control (medical management)

PCI = percutaneous coronary intervention; IABP = intra-aortic balloon pump; OR = odds ratio; HR = hazard ratio (risk ratio not signi�cantly di�erent 

from 1 indicated in orange, otherwise in blue)

Table 2. Characteristics and outcome of randomised controlled clinical trials on intra-aortic balloon pump support compared with conventional 

therapy in acute myocardial infarction without shock

Trial (year) Population Intervention 
(I/C)

Sample 
size

Intervention 
not performed 
in I

Intervention 
performed 
in C

Median 
duration of 
support

Longest 
reported 
time point

Number of 
deaths (I/C)

OR or HR for 
mortality

Ohman 
(1994)26 

Primary PTCA PTCA+IABP/
PTCA

96/86 0(0%) 7(8%) 48 h In-hospital 2/96
2/86

0.90  

[0.13-6.22]

PAMI-II 
(1997)27 

Primary PTCA PTCA+IABP/
PTCA

211/226 29(14%) 26(12%) 36-48 h In-hospital 9/211
7/226

1.38  

[0.52-3.63]

Van ’t Hof 
(1999)28 

Primary or 
rescue PTCA

PTCA+IABP/
PTCA

118/120 30(25%) 37(31%) 48 h 6-month 12/118
9/120

1.36  

[0.59-3.10]

Vijayalakshmi 
(2007)29 

High-risk PCI PCI+IABP/
PCI

17/16 Not reported Not reported 48 h In-hospital 3/17
0/16

6.61  

[0.37-118.7]

CRISP AMI 
(2011)14 

Primary PCI PCI+IABP/
PCI

161/176 8(5%) 15(9%) < 24 h 6-month 3/161
9/176

0.36  

0.10-1.32]

Gu (2011)30 Primary PCI PCI+IABP/
PCI

51/55 Not reported Not reported 48 h 6-month 9/51
18/55

0.54  

[0.27-1.09]

I = intervention (IABP), C = control (medical management)

PTCA  = percutaneous transluminal coronary angioplasty; PCI  =  percutaneous coronary intervention; IABP  =  intra-aortic balloon pump; 

OR = odds ratio; HR = hazard ratio (risk ratios not signi�cantly di�erent from 1 are indicated in orange)
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coronary revascularisation (myocardial reperfusion) associated 

with upstream implantation of the pump. 

Acute myocardial infarction complicated by cardiogenic 

shock

�e IABP-SHOCK II trial randomised 600 patients with 

acute myocardial infarction complicated by cardiogenic 

shock to IABP support or not.15 Ninety-six percent of the 

patients received primary PCI. �e primary endpoint of 

30-day all-cause mortality was not different between the two 

treatment arms (40% in the IABP group vs. 41% in controls, 

p = 0.69, table 3). 

�e sample size calculation for the IABP SHOCK II trial 

was based on an anticipated 30-day mortality of 56% in the 

control group, where the observed mortality rate was about 

40%. �erefore, despite having randomised 600 patients, 

the trial still lacked sufficient power to address its primary 

hypothesis definitively.16 In addition, several other issues 

thwart interpretation of the study results. First, there were 

no haemodynamic requirements to confirm the diagnosis 

of cardiogenic shock. Second, in one-fourth of the patients, 

the right coronary artery was the infarct-related vessel and 

right ventricular infarction (which is not a good indication 

for IABP) might have contributed to haemodynamic 

compromise. �ird, since a study using balloon pumps (in 

sick patients) could not be blinded, cross-over occurred in 

10% of the control arm. Fourth, ten patients assigned to the 

IABP group died before an IABP could be inserted, which 

might have influenced the results. Finally, all-cause, and not 

cardiovascular, mortality rates were reported. Since nearly half 

of the patients received cardiopulmonary resuscitation before 

randomisation, it is possible that a neurological cause of death 

(which is not positively affected by IABP) may have superseded 

cardiovascular death.

IABP vs. percutaneous left ventricular assist devices

�e more powerful percutaneous left ventricular assist devices 

(pLVADs) can directly unload the left ventricle by withdrawing 

blood from the left atrium after transseptal puncture 

(TandemHeart) or, somewhat less invasively, by aspirating 

blood from the left ventricle through retrograde crossing of 

the aortic valve (Impella).17 pLVADS would potentially afford 

the left ventricle with more haemodynamic support. �e 

PROTECT-II study randomised patients undergoing elective 

high-risk PCI (last patent vessel with LVEF ≤35%, unprotected 

left main, or three-vessel disease with LVEF ≤30%) to support 

with either IABP or Impella 2.5.18 �e primary endpoint (a 

composite of 30-day major adverse events) was not statistically 

different between the two groups. However, there was a trend 

for less major adverse events associated with Impella support 

at 90 days. All-cause mortality was not different at one- and 

three-month follow-up (table 4).

�ree small randomised trials compared TandemHeart19,20 or 

Impella21 versus IABP support in the setting of cardiogenic 

shock. Use of these percutaneous LVAD systems provided 

superior haemodynamic support compared with the IABP; 

however, this did not translate into lower 30-day mortality 

(pooled relative risk 1.06 [0.68-1.66]).22 Significant bleeding 

was observed more frequently in patients treated with a 

TandemHeart.

Conclusions and current perspectives

Most of the above-mentioned IABP trials could not 

demonstrate a clinical benefit; however, almost all these 

trials, especially when mortality was used as endpoint, were 

underpowered. When we take this into account, which 

conclusions could be drawn from these trials? First, based on 

BCIS-1, IABP support may lower mortality in the setting of 

high-risk elective PCI, where the Impella device remains an 

alternative, more powerful, way of support, especially if a higher 

output can be generated such as may be accomplished with 

the Impella 5.0.13,18,23 Second, CRISP-AMI demonstrated that 

routine implantation of an IABP in acute myocardial infarction 

is not useful and this result is in line with other observations.14 

Finally, the IABP-SHOCK II trial data are difficult to interpret. 

We may conclude that routine IABP implantation beyond 

Table 3. Characteristics and outcome of randomised controlled clinical trials on intra-aortic balloon pump support compared with conventional 

therapy in acute myocardial infarction complicated by cardiogenic shock

Trial (year) Population Intervention 
(I/C)

Sample 
size

Intervention 
not performed 
in I

Intervention 
performed 
in C

Median 
duration of 
support

Longest 
reported 
time point

Number of 
deaths (I/C)

OR or HR for 
mortality

TACTICS 
(2005)31 

Thrombolysis 
or rescue PCI

TT±PCI+IABP/
TT±PCI

30/27 3(10%) 9(33%) 48 h 6-month 10/30
12/27

0.75  

[0.39-1.45]

IABP-SHOCK 
II (2012)15 

Primary PCI PCI+IABP/
PCI

300/298 13(4%) 30(10%) 72 h 30-days 119/300
123/298

0.96  

[0.79-1.17]

IABP-SHOCK 
II (2013)25 

Primary PCI PCI+IABP/
PCI

299/296 13(4%) 30(10%) 72 h 12-month 155/299
152/296

1.01  

[0.86-1.18]

I = intervention (IABP), C = control (medical management)

PCI = percutaneous coronary intervention; IABP = intra-aortic balloon pump; OR = odds ratio; HR = hazard ratio (risk ratio’s not signifantly 

di�erent from 1 are indicated in orange)
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common intropic support in cardiogenic shock probably has 

no benefit.24,25 �e problem in these ‘crash and burn’ patients, 

however, is that there is no proven alternative for the balloon 

pump in case of inevitably necessary mechanical circulatory 

support. We are still awaiting the results of an adequately 

powered randomised trial of a percutaneous left ventricular 

assist device (probably Impella) in cardiogenic shock, compared 

with IABP. In the meantime the IABP keeps pumping, while we 

propose restricted use in carefully selected patients undergoing 

high-risk PCI or those with evidence of persistent circulatory 

failure despite pharmacological support.
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