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high-risk PCI. They showed significant variation in IABP use 
among centers with no difference in adjusted mortality.23 This 
is at odds with the earlier results of National Registry of Myo-
cardial Infarction (NRMI)-2 registry conducted between 1994 
and 1998, which showed, in patients with AMI and CS, mor-
tality decreased when hospitals exhibited high IABP place-
ment rate.24

Post-MI and Cardiogenic Shock
AMI is complicated by CS in ≈5% to 10% of cases. Although 
death from AMI has decreased with aggressive primary pre-
vention and after wide-scale institution of early urgent revascu-
larization, the incidence of CS after MI remains unchanged.25 
The presence of CS is a major adverse prognostic factor and 

still the most common cause of hospital mortality (60%–70%) 
associated with AMI.26 In addition to revascularization, opti-
mal drug therapy, vasopressor, and inotropic support, IABP is 
the most commonly used mechanical support device to main-
tain hemodynamic stability in an attempt to improve clinical 
outcome. The evidence for the use of IABP as an adjunct to 
PCI in post- MI CS is controversial. A recent meta-analysis of 
registry data showed no benefit from the use of IABP in CS 
with regard to 30-day mortality independent of reperfusion 
strategy, which led to the recent downgrading of the Ameri-
can Heart Association guidelines on hemodynamic support in 
post-MI CS from a Class I recommendation to Class IIB.27–29

Early use of IABP in post-MI CS was based predominantly 
on small nonrandomized retrospective studies. In the throm-
bolytic era, concomitant IABP in the presence of recombi-
nant-tissue plasminogen activator was thought to enhance 
thrombolysis through augmentation of perfusion pressure 
and was associated with a reduction in in-hospital and 1-year  
mortality when compared with thrombolysis alone.30,31 In the 
late 1990s, the multicenter randomized Should We Emergently 
Revascularize Occluded Coronaries for Cardiogenic Shock 
(SHOCK) trial showed a benefit to short-, medium-, and long-
term survival incurred by early revascularization post-MI 
complicated by CS.32 The Thrombolysis and Counterpulsation 
to Improve Survival in Myocardial Infarction Complicated by 
Hypotension and Suspected Cardiogenic Shock (TACTICS) 
randomized trial of IABP-assisted thrombolysis in post-MI 
CS did not reach its primary end point of improved 6-month 
survival, but there was trend to increased survival with IABP 
in patients with significant heart failure.33 One interpretation 
is that thrombolysis is an inferior reperfusion strategy, and 
this may explain why no benefit has been definitively shown 
with IABP after primary PCI. A meta-analysis of IABP use 
in patients with AMI showed no effect on outcome; how-
ever, in the subset of AMI and CS, there was significantly 
decreased in-hospital mortality with IABP compared with 
no IABP.34 The Cochrane analysis conducted in 2010 gener-
ated similar results—the efficacy and safety of IABP versus 
standard therapy or LV assist device in AMI complicated by 
CS was examined—no evidence for survival benefit was seen 
with IABP with heterogeneous effects on hemodynamics and 
device-related complications (Figure 3).35

The IABP-SHOCK Trial was a prospective randomized 
control trial evaluating clinical outcome in 45 patients with 
post-MI CS treated with primary PCI with or without IABP 
support. This small single center study demonstrated no sig-
nificant difference in APACHE II Score between IABP use 
and no IABP use (Table 3).36

The IABP-SHOCK II trial was the first large-scale mul-
ticenter randomized trial of balloon pump–supported early 
revascularization in AMI complicated by CS. This random-
ized 600 patients to IABP or no IABP in addition to optimal 
revascularization and intensive care. No benefit was shown 
from IABP support on analysis of 30-day mortality, secondary 
end points, or any of the subgroup analyses (Table 3).17 In this 
trial, patients with mechanical complications such as ventricu-
lar septal defect and acute mitral regurgitation from chordal 
rupture were excluded, where anecdotal evidence strongly sup-
ports IABP implantation based on hemodynamic benefits.37

Figure 1. Coronary perfusion. Coronary flow is predominantly 
diastolic and further enhanced by counterpulsation, which aug-
ments diastolic blood flow and thus coronary perfusion. In addi-
tion, aortic recoil during diastole further improves efficiency of 
the left ventricle.

Figure 2. Systemic arterial pressure waveform on introduction of 
intra-aortic balloon pump–assisted diastolic augmentation. The 
intra-aortic balloon pump inflates at the dicrotic notch, leading 
to peak-augmented diastolic pressure. As the balloon deflates, 
assisted end diastolic pressure is seen to be lower than unassisted 
end diastolic pressure and assisted systolic pressure is lower than 
unassisted systolic pressure. Peak diastolic augmentation should 
be greater than the unassisted systolic pressure and both assisted 
pressures should be less than the unassisted pressures.
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There is evidence to suggest that in the context of AMI 
complicated by CS, use of IABP before primary PCI results in 
reduced cardiovascular mortality and adverse event rate com-
pared with insertion after primary PCI.38 In IABP-SHOCK 
II, nearly 80% of patients had the IABP inserted post-PCI. 
Although comparison to the preprocedural IABP implantation 
group revealed no significant difference in all-cause mortality 
at 30 days, the baseline characteristics of these 2 groups are 
not reported and an imbalance would make it difficult to draw 
conclusions from these data. Thus, it must be remembered that 
IABP-SHOCK II is not a trial of IABP-supported PCI in CS, 
and one cannot conclude that the IABP has no role in this 
clinical scenario.

It remains unclear under which conditions (timing, clinical 
scenarios, and reperfusion) IABP exhibits its beneficial effects. 
Until it can be established when IABP is beneficial, conflicting 
results may continue to arise from such trials. Despite the ran-
domized controlled trial data (Table 3) suggesting no benefit 
to IABP-supported revascularization in post-MI CS patients, 
IABP use does not seem to be losing favor among physicians. 
IABP insertion should remain at the discretion of the operating 
physician and tailored to the clinical picture of the patient.

Post-MI Without Cardiogenic Shock
High risk in the setting of AMI has been defined in sev-
eral ways, including those who have received incomplete 

Table 1. IABP/Device-Related Complications in Recent Large Registry

Registry Years Number All
Access Site 

Bleeding
Severe  
Bleed

Limb 
Ischemia*

Severe Limb 
Ischemia† Infection

IABP  
Failure‡ Stroke

IABP-Related 
Death

Ferguson et al 
Benchmark registry9

1996–2000 16 909 7.0 2.4 0.8 2.9 0.9 NR 2.3 NR 0.05

Stone et al  
Benchmark registry10

1996–2001 5 495 8.1 4.3 1.4 2.3 0.5 0.1 2.3 0.1 0.05

Cohen et al  
Benchmark registry11

1996–2001 22 663 5.4 NR 0.9 (access site) NR 0.9 NR 3.6 NR 0.05

Cohen et al  
Benchmark registry12

1997–2000 9 332 7.1 3.1 0.9 2.6 0.7 NR NR 2.0 0.1

Urban et al  
Benchmark registry13

1997–2002 23 281 7.2 NR 0.9 NR 0.9 NR 1.2 NR <0.1

Valente et al  
FLORENCE registry14

2004–2009 481 13.1 NR 6.9 3.1 NR NR NR NR NR

All values expressed as %. IABP indicates intra-aortic balloon pump; and NR, not reported.
*Reduced pulse.
†Amputation or loss of pulse/sensation requiring surgical intervention.
‡Balloon leak, insertion difficulty, poor inflation/augmentation.

Table 2. IABP/Device-Related Complications in Recent Large Randomized Control Trials

Randomized Trials Years Number All
Minor 

Bleeding
Severe 

Bleeding

Vascular 
Complications

Infection
IABP 

Failure* Stroke
IABP-Related 

DeathMinor Major

Perera et al† BCIS-115 2005–2009 151 IABP 25.2 15.9 3.3 NR 3.3 NR NR 1.3 NR

150 Control 22.0 7.3; P=0.02 4.0 ns NR 0; P=0.06 NR NR 0 NR

Patel et al‡ CRISP AMI16 2009–2011 161 IABP 9.3 NR 3.1 3.1 1.2 NR NR 1.9 NR

176 Control 3.4 NR 1.7 1.1 0 NR NR 0.6 ns NR

Thiele et al§  
IABP-SHOCK II17

2009–2012 300 IABP 41.3 17.3 3.3 NR 4.3 15.7 (sepsis) NR 0.7 NR

298 Control 46.3 16.4 ns 4.4 ns NR 3.4 ns 20.5 (sepsis) ns NR 1.7 ns NR

O’Neill et al|| PROTECT II18 2007–2010 222 IABP NR NR NR NR 1.4 NR NR 1.8 NR

225 Impella 2.5 NR NR NR NR 0.9 ns NR NR 0; 
P=0.04

NR

All values expressed as %. BCIS-1, Balloon Pump-Assisted Coronary Intervention Study; CRISP AMI, Counterpulsation to Reduce Infarct Size Pre-PCI Acute Myocardial 
Infarction; IABP, intra-aortic balloon pump; IABP-SHOCK II, Intra-Aortic Balloon Pump in Cardiogenic Shock II trial; NR, not reported; ns, not significant; and PROTECT 
II, Prospective Randomized Clinical Trial of Hemodynamic Support With Impella 2.5 Versus Intra-Aortic Balloon Pump in Patients Undergoing High-Risk Percutaneous 
Coronary Intervention trial.

*Balloon leak, insertion difficulty, poor inflation/augmentation.
†Bleeding criteria: Minor bleed, 2-4 g/dL/dl; major bleed, >4 g/dL/dl. Complications defined: Access-site hematoma or leg ischemia requiring surgical or percutaneous 

intervention, pseudoaneurysm, femoral artery occlusion.
‡Bleeding criteria: In accordance with Global Use of Strategies to Open Occluded Coronary Arteries (GUSTO) criteria. Minor complications: pseudoaneurysm, 

hematoma >5 cm. Major complications: major dissection.
§Bleeding criteria: In accordance with GUSTO, moderate vs life-threatening/severe. Major complications: peripheral ischemia requiring intervention.
||Major complications: Cardiac operation or abdominal vascular operation or vascular surgery for limb ischemia.
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reperfusion (suboptimal PCI result, poor ST-segment resolu-
tion on the ECG, failed thrombolysis) or patients with severe 
LV impairment or have a large area of subtended myocardium 
at risk. In spite of the variety of definitions, IABP insertion in 
such high-risk patients in the absence of CS has repeatedly 
shown to be of no benefit.16,39–41 In the pre-PCI era, a study by 
Ohman et al41 compared the use of balloon pump compared 
with standard therapy and found a lower rate of reocclusion 
and adverse clinical event rate in the balloon pump group. The 
Primary Angioplasty in Myocardial Infarction-II trial demon-
strated no benefit of balloon pump use over standard treatment 
on the clinical end points of all-cause mortality or adverse 

cardiovascular events, including stroke, reinfarction, and Kil-
lip class) in 437 patients who underwent primary PCI in the 
prestenting era.39 The Counterpulsation to Reduce Infarct Size 
Pre-PCI Acute Myocardial Infarction (CRISP AMI) trial stud-
ied 337 patients with anterior STEMI not complicated by CS 
treated by primary PCI, with a success rate of 96.9%. Patients 
were randomized to IABP or no IABP before reperfusion; 
they demonstrated no reduction in myocardial infarct size 
as assessed by MRI in the IABP group and similar 6-month 
mortality in both groups.16 Although not powered to assess 
clinical outcome, the incidence of new heart failure and shock 
occurred less frequently in the IABP group.

A

B

Figure 3. Cochrane systematic review: comparison of intra-aortic balloon pump (IABP) with control, effect on 30-day mortality rates (A) 
and hemodynamics postintervention (B). CI indicates confidence interval; IABP, intra-aortic balloon pump; and LVAD, left ventricular 
assist device. Reprinted from Unverzagt et al35 with permission of the publisher. Copyright © 2011 The Cochrane Collaboration.  
Published by John Wiley & Sons, Ltd. 
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Although CRISP-AMI was unable to demonstrate a benefit 
from routine IABP insertion in acute anterior MI in absence of 
CS, patients had an average blood pressure of 130/80 mm Hg 
and a mean heart rate of 80, suggesting a surprisingly stable 
patient cohort given the context of anterior MI. Crossover rate 
because of hypotension was also high in this study (9.3%)—it 
is likely that these sicker patients reaped the greatest benefit 
from IABP use. All patients in CRISP-AMI received revascu-
larization within 6 hours, suggesting considerable myocardial 
salvage; this and the short time from IABP to Thrombolysis 
in Myocardial Infarction III grade flow potentially creates a 
scenario in which little added benefit is gained from balloon 
pump use; early revascularization and restoration of flow is 
likely to diminish the observed benefit we may have other-
wise seen from IABP use.42 These limitations are not unique 
to CRISP-AMI, but in fact represent the inherent difficulty in 
recruiting a cohort of critically ill patients into hemodynamic 

support trials. There will be an intrinsic degree of bias when 
randomizing patients, particularly those who are too sick to 
consent or in centers where not inserting a hemodynamic sup-
port device would be considered unethical.

A meta-analysis of IABP use in AMI in the absence of CS 
showed no reduction in mortality but an increase in complica-
tion rates, including major bleeding and stroke in the IABP 
group (Figure 4).27,34 In summary, these data do not sup-
port routine use of IABP in AMI outside the setting of CS. 
However, it may be of benefit if there is evidence of impend-
ing hemodynamic instability.

Elective High-Risk PCI
Improved catheter design and advancing technologies mean 
that complex PCIs are increasingly considered a viable alterna-
tive to high-risk coronary artery bypass surgery. Such patients 
tend to carry a significant risk of procedure-related morbidity 
and mortality and often have severe LV impairment, multi-
vessel coronary disease, a last remaining conduit, or pharma-
cologically uncontrolled chest pain.43 Complex coronary 
interventions, such as rotational atherectomy, can cause pro-
longed ischemia, and any decision to intervene in a cohort of 
patients in whom even transient ischemia from balloon infla-
tion may have disastrous effects must be made cautiously.44 
Early studies suggested that elective or prophylactic IABP use 
can provide circulatory support for patients undergoing high-
risk PCI.19 It is thought that prior hemodynamic stabilization 
can be protective by maintaining perfusion pressure through-
out the procedure, thus reducing intraprocedural risk.45

The first reported use of elective IABP support in patients 
undergoing high-risk PCI in 1990 was in 28 patients with 
severe LV dysfunction and either multivessel coronary disease 
or left main coronary artery disease. IABP-support was found 
to be safe and feasible, with no observed intraprocedural com-
plications of hypotension, death, or MI within 72 hours.46 
Briguori et al reported a retrospective study of 133 high-risk 

Table 3. Randomized Control Trials of IABP in Post-MI 
Cardiogenic Shock

Trial
Reperfusion 

Strategy
Patient 

Numbers
Timing of IABP 

Insertion
Primary  
Outcome

TACTICS33 Thrombolysis 57 Within 3 h 6 mo all-cause 
mortality; No 

difference

IABP SHOCK36 PPCI 45 Immediately after APACHE II score*; 
No difference

IABP SHOCK II17 PPCI 600 Before (13%)  
or immediately 

after (87%)

30 day all- 
cause mortality; 
No difference

APACHE II indicates Acute Physiology and Chronic Health Evaluation II Score; IABP, 
intra-aortic balloon pump; IABP SHOCK, Intra-Aortic Balloon Pump in Cardiogenic 
Shock; MI, myocardial infarction; PPCI, primary percutaneous coronary intervention; 
and TACTICS, Thrombolysis and Counterpulsation to Improve Survival in Myocardial 
Infarction Complicated by Hypotension and Suspected Cardiogenic Shock.

*Difference over 4 days.

Figure 4. Meta-analysis of randomized control trials of intra-aortic balloon pump (IABP) use, by reperfusion strategy, in acute myocardial infarc-
tion, demonstrating the differences in risk in 30-day mortality (A) and bleeding rate (B). PAMI-II indicates Primary Angioplasty in Myocardial 
Infarction II trial; PCI, percutaneous coronary intervention; and TACTICS, Thrombolysis and Counterpulsation to Improve Survival in Myocardial 
Infarction Complicated by Hypotension and Suspected Cardiogenic Shock. Reprinted from Sjauw et al27 with permission of the publisher.  
Copyright © 2009, The Authors. 
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patients who underwent PCI with elective IABP (61 patients) 
or no IABP (72 patients) support. The area of myocardium 
at risk (and extent of multivessel disease) was determined by 
applying the jeopardy score—the myocardium is divided into 
6 segments of equal perfusion, a score of 2 is applied to each 
significant lesion and a further 2 points for each vessel dis-
tal to that lesion, such that a maximum score of 12 can be 
achieved.47 In this study, jeopardy score was higher (8.0±2.8 
versus 6.7±2.4; P=0.008) in the elective balloon pump group. 
Despite this, they found the use of elective IABP was associ-
ated with reduced intraprocedural event rate, but demonstrated 
no significant difference in major adverse cardiovascular or 
cerebrovascular events (5% versus 10%; P=0.29).48 A sum-
mary of cohort and registry data of IABP use in elective or 
urgent PCI is provided in Table 4.49,50

The first randomized controlled trial to examine the use of 
elective IABP in high-risk PCI was the Balloon pump–assisted 
Coronary Intervention Study (BCIS-1). This study used the 
BCIS-1 jeopardy score, a modification on the Duke’s jeop-
ardy score, which also takes into account left main coronary 
artery disease and previous coronary artery bypass grafting.51 
Three hundred and one patients with severe LV impairment 
(ejection fraction <30%) and severe coronary disease (BCIS-1 

jeopardy score ≥8) were randomized to PCI with (151 
patients) or without (150 patients) IABP. Baseline character-
istics were similar in both groups. There was no significant 
difference in the in-hospital major adverse cardiovascular or 
cerebrovascular event rates (primary outcome) of patients in 
the elective IABP (15.2%) compared with no-IABP groups 
(16%; odds ratio, 0.94; 95% confidence interval, 0.51–1.76; 
P=0.85).15 Interestingly, long-term all-cause mortality at a 
median follow-up of 51 months was significantly less in the 
elective IABP (42 patients) group compared with no IABP 
(58 patient; hazard ratio, 0.66; 95% confidence interval, 0.44–
0.98; P=0.039); a 34% relative reduction in long-term all-
cause mortality compared with unsupported PCI (Figure 5).45

The evidence would suggest that routine IABP use does 
not provide clinical benefit in patients undergoing high-risk 
procedures or those with AMI in the absence of CS. The cur-
rent American Heart Association guidance considers it reason-
able to consider elective IABP in high-risk PCI in a carefully 
selected subgroup (Class IIB) but not in patients with AMI in 
the absence of CS. BCIS-1 did not support routine IABP use in 
patients with poor LV function and extensive territory of isch-
emia undergoing PCI; however, there are some limitations to 
the findings of this study. The BCIS-1 jeopardy score assessed 
only the amount of myocardium at risk, but not the complexity 
of disease (the trial was designed pre-SYNTAX). A 12% cross-
over occurred from the no planned IABP group to IABP, largely 
because of procedural hypotension. These patients had a higher 
jeopardy score, suggesting that they may have been at higher 
risk than the whole study population. Thus, there may be a role 
for elective IABP in the higher risk spectrum of these patients.

Alternative Percutaneous Hemodynamic Support 
Systems
Impella (Abiomed, Aachen, Germany, MA) is a percutaneous 
hemodynamic support system with a pigtail-mounted micro-
axial flow pump that is inserted into the ventricle across the 
aortic valve. Blood is delivered from the left ventricle into 

Table 4. Cohort Studies and Registry Data of Patients 
Receiving IABP Who Underwent Elective or Urgent PCI

Study
Number of 
Patients

Clinical 
Indication  
for IABP

Clinical  
Outcome

AMC CS49 292 PPCI in AMI+CS Mortality: IABP, 46.7%;  
no IABP, 28%

NRMI-231 8 671 PPCI with CS Mortality: IABP, 55%;  
no IABP, 53%

Cath-PCI  
registry23

18 990 High-risk PCI 
(10.5% of total)

In-hospital mortality: 4.9%

Benchmark 
registry10

2 282 High-risk PCI 
(22.7% of total)

Mortality: IABP in AMI, 20%; 
IABP in AMI+CS, 30.7%

AMI+CS (27.3% 
of total)

Brodie et al19 213 PPCI (Insertion 
pre vs post PCI)

30-Day mortality: pre, 37%; 
post, 32.4% (P<0.0001)

Cath-laboratory events:  
CS, 14.5% vs 35.1% 
(P=0.009); high-risk,  

11.5% vs 21.9% (P=0.05)

Briguori et al48 133 Elective 
routine (r) vs 

prophylactic (p)

In-hospital MACCE: r-IABP, 
5%; p-IABP, 10% (P=0.29)

Cath-laboratory events: 0% 
vs 15% (P<0.001)

Mishra et al50 115 Elective routine 
vs prophylactic

30-Day mortality: r-IABP, 
27%; p-IABP, 4% (P=0.01)

30-Day MACCE rate:  
r-IABP, 32%; p-IABP,  

4% (P<0.01)

AMC indicates Amsterdam Medical Center; AMI, acute myocardial infarction; 
CS, cardiogenic shock; IABP, intra-aortic balloon pump; MACCE, major 
adverse cardiovascular or cerebrovascular events; NRMI-2, National Registry 
of Myocardial Infarction-2; PCI, percutaneous coronary intervention; and PPCI, 
primary percutaneous coronary intervention.

Figure 5. Long-term mortality data from the Balloon pump–
assisted Coronary Intervention Study (BCIS-1) trial, Kaplan–Meier 
survival curves for patients undergoing elective high-risk percu-
taneous coronary intervention (PCI) with (solid line) and without 
(dashed) intra-aortic balloon pump (IABP). Reprinted from Perera 
et al45 with permission of the publisher. Copyright © 2012,  
American Heart Association, Inc.
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the aorta, thus mechanically unloading the left ventricle with 
a reduction in end-diastolic pressure and thus myocardial 
oxygen demand. The increase in mean arterial pressure and 
decreased EDP is thought to increase coronary flow.52

PROTECT I (Prospective Feasibility Trial Investigating the 
Use of the Impella 2.5 System in Patients Undergoing High-
Risk PCI) and The Europella Registry, both observational 
studies, demonstrated the safety and feasibility of Impella 2.5 
(flow-rate 2.5 L/min) during high-risk PCI.53,54 On compari-
son of Impella 2.5 with IABP in ISAR-SHOCK (Impella 2.5 
Versus IABP in Cardiogenic SHOCK) during high-risk PCI, 
the Impella (cardiac index, 0.49±0.46 L/min/m2) provided 
superior hemodynamic support over the IABP (0.11±0.31 L/
min/m2; P=0.02). However, there was no difference in 30-day 
mortality (46%) between the 2 groups, although this study was 
not powered to demonstrate clinical outcomes.55

The PROTECT II Study is the only randomized control 
trial of patients undergoing elective high-risk PCI comparing 
Impella 2.5 with IABP. This trial was designed to demon-
strate superiority of Impella over IABP in terms of the primary 
outcome of 30-day major adverse events (in-hospital death, 
stroke, MI), but was halted early because of futility. Of the 452 
patients, no difference in 30-day event rate was demonstrated 
between Impella (35.1%) and IABP (40.1%; P=0.277). A trend 
toward lower adverse event rate was noted in the Impella arm 
(n=219; 40.6%) at 90-day follow up compared with the IABP 
arm (n=224, 49.3%; P=0.066) in the intent-to-treat population; 
however, this was driven by only 5 further events in the IABP 
group.18 A meta-analysis of percutaneous left ventricular assist 
device versus IABP in patients with CS demonstrated no early 
survival benefit from left ventricular assist device use with 
greater bleeding risk, despite superior hemodynamic support, 
suggesting percutaneous left ventricular assist device should 
not be the first choice of mechanical hemodynamic support.56

Conclusions
IABP implantation can provide additional hemodynamic sup-
port in the setting of elective high-risk PCI and in post-MI 
CS. IABP use can reduce procedural event rate and poten-
tially reduce long-term mortality in appropriately selected 
patients who are at high risk of adverse events. The use of 
IABP should be at the discretion of the operating physician, 
but guideline recommendations still support its use in post-MI 
CS. Other percutaneous support devices may provide superior 
hemodynamic support to IABP, but there are as yet no ran-
domized data to suggest an improvement in clinical outcomes 
over IABP. In the context of CS, fluids and inotropic support, 
followed by IABP, use should still be the mainstay of treat-
ment. Thus, although these trials seem to convey a negative 
message, there is certainly still a role for IABP in carefully 
selected subgroup of patients. The IABP is inexpensive, safe, 
easy to use, and readily available in catheterization laborato-
ries. We support the use of IABP as a first-line mechanical 
support device in hemodynamic shock, as an adjunct to high-
risk PCI where there is a risk of intraprocedural events and 
select patient groups presenting with AMI.

Sources of Funding
Dr Patterson has received funding from a British Heart Foundation 
fellowship grant. Dr Perera has received financial support from 
the UK Department of Health via the National Institute for Health 
Research Comprehensive Biomedical Research Centre Award to 
Guy’s and St. Thomas’s National Health Service Foundation Trust in 
partnership with King’s College London.

Disclosures
Drs Redwood, Perera and Patterson have received travel remunera-
tion and Drs Redwood and Perera have received speakers fees from 
Maquet Cardiovascular (Mawah, NJ). There are no further disclo-
sures relevant to the contents of this article.

References
 1. Kantrowitz A, Tjonneland S, Freed PS, Phillips SJ, Butner AN, Sherman 

JL Jr. Initial clinical experience with intraaortic balloon pumping in car-
diogenic shock. JAMA. 1968;203:113–118.

 2. Moulopoulos SD, Topaz S, Kolff WJ. Diastolic balloon pumping (with 
carbon dioxide) in the aorta—a mechanical assistance to the failing cir-
culation. Am Heart J. 1962;63:669–675.

 3. Buckley MJ, Leinbach RC, Kastor JA, Laird JD, Kantrowitz AR, Madras 
PN, Sanders CA, Austen WG. Hemodynamic evaluation of intra-aortic 
balloon pumping in man. Circulation. 1970;41:II130–II136.

 4. Kern MJ, Aguirre F, Bach R, Donohue T, Siegel R, Segal J. Augmentation 
of coronary blood flow by intra-aortic balloon pumping in patients after 
coronary angioplasty. Circulation. 1993;87:500–511.

 5. Scheidt S, Wilner G, Mueller H, Summers D, Lesch M, Wolff G, Krakauer 
J, Rubenfire M, Fleming P, Noon G, Oldham N, Killip T, Kantrowitz A. 
Intra-aortic balloon counterpulsation in cardiogenic shock. Report of a 
co-operative clinical trial. N Engl J Med. 1973;288:979–984.

 6. Nachlas MM, Siedband MP. The influence of diastolic augmentation 
on infarct size following coronary artery ligation. J Thorac Cardiovasc 
Surg. 1967;53:698–706.

 7. Maroko PR, Bernstein EF, Libby P, DeLaria GA, Covell JW, Ross J Jr, 
Braunwald E. Effects of intraaortic balloon counterpulsation on the se-
verity of myocardial ischemic injury following acute coronary occlusion. 
Counterpulsation and myocardial injury. Circulation. 1972;45:1150–1159.

 8. Bregman D, Nichols AB, Weiss MB, Powers ER, Martin EC, Casarella WJ. 
Percutaneous intraaortic balloon insertion. Am J Cardiol. 1980;46:261–264.

 9. Ferguson JJ III, Cohen M, Freedman RJ Jr, Stone GW, Miller MF, Joseph 
DL, Ohman EM. The current practice of intra-aortic balloon counter-
pulsation: results from the Benchmark Registry. J Am Coll Cardiol. 
2001;38:1456–1462.

 10. Stone GW, Ohman EM, Miller MF, Joseph DL, Christenson JT, Cohen 
M, Urban PM, Reddy RC, Freedman RJ, Staman KL, Ferguson JJ III. 
Contemporary utilization and outcomes of intra-aortic balloon counter-
pulsation in acute myocardial infarction: the benchmark registry. J Am 
Coll Cardiol. 2003;41:1940–1945.

 11. Cohen M, Urban P, Christenson JT, Joseph DL, Freedman RJ Jr, Miller MF, 
Ohman EM, Reddy RC, Stone GW, Ferguson JJ III; Benchmark Registry 
Collaborators. Intra-aortic balloon counterpulsation in US and non-US cen-
tres: results of the Benchmark Registry. Eur Heart J. 2003;24:1763–1770.

 12. Cohen M, Ferguson JJ III, Freedman RJ Jr, Miller MF, Reddy RC, 
Ohman EM, Stone GW, Christenson J, Joseph DL. Comparison of out-
comes after 8 vs. 9.5 French size intra-aortic balloon counterpulsation 
catheters based on 9,332 patients in the prospective Benchmark registry. 
Catheter Cardiovasc Interv. 2002;56:200–206.

 13. Urban PM, Freedman RJ, Ohman EM, Stone GW, Christenson JT, Cohen 
M, Miller MF, Joseph DL, Bynum DZ, Ferguson JJ III; Benchmark 
Registry Investigators. In-hospital mortality associated with the use of 
intra-aortic balloon counterpulsation. Am J Cardiol. 2004;94:181–185.

 14. Valente S, Lazzeri C, Crudeli E, Chiostri M, Giglioli C, Bernardo P, 
Gensini GF. Intraaortic balloon pump: incidence and predictors of com-
plications in the Florence registry. Clin Cardiol. 2012;35:200–204.

 15. Perera D, Stables R, Thomas M, Booth J, Pitt M, Blackman D, de Belder 
A, Redwood S; BCIS-1 Investigators. Elective intra-aortic balloon coun-
terpulsation during high-risk percutaneous coronary intervention: a ran-
domized controlled trial. JAMA. 2010;304:867–874.

 16. Patel MR, Smalling RW, Thiele H, Barnhart HX, Zhou Y, Chandra P, 
Chew D, Cohen M, French J, Perera D, Ohman EM. Intra-aortic bal-
loon counterpulsation and infarct size in patients with acute anterior 

 by guest on N
ovem

ber 5, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

http://circinterventions.ahajournals.org/


Patterson et al  Intra-Aortic Balloon Pump for High-Risk PCI  719

myocardial infarction without shock: the CRISP AMI randomized trial. 
JAMA. 2011;306:1329–1337.

 17. Thiele H, Zeymer U, Neumann FJ, Ferenc M, Olbrich HG, Hausleiter 
J, Richardt G, Hennersdorf M, Empen K, Fuernau G, Desch S, Eitel I, 
Hambrecht R, Fuhrmann J, Böhm M, Ebelt H, Schneider S, Schuler G, 
Werdan K; IABP-SHOCK II Trial Investigators. Intraaortic balloon sup-
port for myocardial infarction with cardiogenic shock. N Engl J Med. 
2012;367:1287–1296.

 18. O’Neill WW, Kleiman NS, Moses J, Henriques JP, Dixon S, Massaro 
J, Palacios I, Maini B, Mulukutla S, Dzavík V, Popma J, Douglas PS, 
Ohman M. A prospective, randomized clinical trial of hemodynamic 
support with Impella 2.5 versus intra-aortic balloon pump in patients un-
dergoing high-risk percutaneous coronary intervention: the PROTECT II 
study. Circulation. 2012;126:1717–1727.

 19. Brodie BR, Stuckey TD, Hansen C, Muncy D. Intra-aortic balloon coun-
terpulsation before primary percutaneous transluminal coronary angio-
plasty reduces catheterization laboratory events in high-risk patients with 
acute myocardial infarction. Am J Cardiol. 1999;84:18–23.

 20. Kern MJ, Aguirre FV, Tatineni S, Penick D, Serota H, Donohue T, Walter 
K. Enhanced coronary blood flow velocity during intraaortic balloon coun-
terpulsation in critically ill patients. J Am Coll Cardiol. 1993;21:359–368.

 21. De Silva K, Lumley M, Kailey B, Alastruey J, Guilcher A, Asrress KN, 
Plein S, Marber M, Redwood S, Perera D. Coronary and microvascu-
lar physiology during intra-aortic balloon counterpulsation. J Am Coll 
Cardiol. 2014;7:631–640.

 22. van Nunen LX, van ‘t Veer M, Schampaert S, Steerneman BJ, Rutten 
MC, van de Vosse FN, Pijls NH. Intra-aortic balloon counterpulsation in 
acute myocardial infarction: old and emerging indications. Neth Heart J. 
2013;21:554–560.

 23. Curtis JP, Rathore SS, Wang Y, Chen J, Nallamothu BK, Krumholz HM. 
Use and effectiveness of intra-aortic balloon pumps among patients un-
dergoing high risk percutaneous coronary intervention: insights from the 
National Cardiovascular Data Registry. Circ Cardiovasc Qual Outcomes. 
2012;5:21–30.

 24. Chen EW, Canto JG, Parsons LS, Peterson ED, Littrell KA, Every 
NR, Gibson CM, Hochman JS, Ohman EM, Cheeks M, Barron HV; 
Investigators in the National Registry of Myocardial Infarction 2. 
Relation between hospital intra-aortic balloon counterpulsation volume 
and mortality in acute myocardial infarction complicated by cardiogenic 
shock. Circulation. 2003;108:951–957.

 25. Goldberg RJ, Spencer FA, Gore JM, Lessard D, Yarzebski J. Thirty-
year trends (1975 to 2005) in the magnitude of, management of, and 
hospital death rates associated with cardiogenic shock in patients with 
acute myocardial infarction: a population-based perspective. Circulation. 
2009;119:1211–1219.

 26. Goldberg RJ, Gore JM, Alpert JS, Osganian V, de Groot J, Bade J, Chen 
Z, Frid D, Dalen JE. Cardiogenic shock after acute myocardial infarc-
tion: incidence and mortality from a community-wide perspective, 1975 
to 1988. N Engl J Med. 1991;325:1117–1122.

 27. Sjauw KD, Engström AE, Vis MM, van der Schaaf RJ, Baan J Jr, Koch 
KT, de Winter RJ, Piek JJ, Tijssen JG, Henriques JP. A systematic review 
and meta-analysis of intra-aortic balloon pump therapy in ST-elevation 
myocardial infarction: should we change the guidelines? Eur Heart J. 
2009;30:459–468.

 28. O’Gara PT, Kushner FG, Ascheim DD, Casey DE, Chung MK, de Lemos 
JA, Ettinger SM, Fang JC, Fesmire FM, Franklin BA, Granger CB, 
Krumholz HM, Linderbaum JA, Morrow DA, Newby LK, Ornato JP, Ou 
N, Radford MJ, Tamis-Holland JE, Tommaso CL, Tracy CM, Woo YJ, 
Zhao DX, Anderson JL, Jacobs AK, Halperin JL, Albert NM, Brindis RG, 
Creager MA, DeMets D, Guyton RA, Hochman JS, Kovacs RJ, Ohman 
EM, Stevenson WG, Yancy CW. 2013 ACCF/AHA guideline for the man-
agement of ST-elevation myocardial infarction: a report of the American 
College of Cardiology Foundation/American Heart Association Task 
Force on Practice Guidelines. Circulation. 2013;127:e362–e425.

 29. Levine GN, Bates ER, Blankenship JC, Bailey SR, Bittl JA, Cercek B, 
Chambers CE, Ellis SG, Guyton RA, Hollenberg SM, Khot UN, Lange 
RA, Mauri L, Mehran R, Moussa ID, Mukherjee D, Nallamothu BK, 
Ting HH; American College of Cardiology Foundation; American Heart 
Association Task Force on Practice Guidelines; Society for Cardiovascular 
Angiography and Interventions. 2011 ACCF/AHA/SCAI Guideline for 
Percutaneous Coronary Intervention. A report of the American College 
of Cardiology Foundation/American Heart Association Task Force on 
Practice Guidelines and the Society for Cardiovascular Angiography and 
Interventions. J Am Coll Cardiol. 2011;58:e44–e122.

 30. Gurbel PA, Anderson RD, MacCord CS, Scott H, Komjathy SF, Poulton 
J, Stafford JL, Godard J. Arterial diastolic pressure augmentation by in-
tra-aortic balloon counterpulsation enhances the onset of coronary artery 
reperfusion by thrombolytic therapy. Circulation. 1994;89:361–365.

 31. Barron HV, Every NR, Parsons LS, Angeja B, Goldberg RJ, Gore 
JM, Chou TM; Investigators in the National Registry of Myocardial 
Infarction 2. The use of intra-aortic balloon counterpulsation in patients 
with cardiogenic shock complicating acute myocardial infarction: data 
from the National Registry of Myocardial Infarction 2. Am Heart J. 
2001;141:933–939.

 32. Hochman JS, Sleeper LA, Godfrey E; for the SHOCK trial study group. 
Should we emergently revascularise occluded coronaries for cardiogenic 
shock: an international randomized trial of emergency PTGA/CABG 
trial design. Am Heart J. 1999;137:313–321.

 33. Ohman EM, Nanas J, Stomel RJ, Leesar MA, Nielsen DW, ODea D, 
Rogers FJ, Harber D, Hudson MP, Fraulo E. Thrombolysis and counter-
pulsation to improve survival in myocardial infarction complicated by 
hypotension and suspected cardiogenic shock or heart failure: results of 
the TACTICS Trial. J Thromb Thrombolysis. 2005;19:33–39.

 34. Bahekar A, Singh M, Singh S, Bhuriya R, Ahmad K, Khosla S, Arora R. 
Cardiovascular outcomes using intra-aortic balloon pump in high-risk 
acute myocardial infarction with or without cardiogenic shock: a meta-
analysis. J Cardiovasc Pharmacol Ther. 2012;17:44–56.

 35. Unverzagt S, Machemer MT, Solms A, Thiele H, Burkhoff D, Seyfarth M, 
de Waha A, Ohman EM, Buerke M, Haerting J, Werdan K, Prondzinsky 
R. Intra-aortic balloon pump counterpulsation (IABP) for myocardial 
infarction complicated by cardiogenic shock. Cochrane Database Syst 
Rev. 2011:CD007398.

 36. Prondzinsky R, Unverzagt S, Russ M, Lemm H, Swyter M, Wegener N, 
Buerke U, Raaz U, Ebelt H, Schlitt A, Heinroth K, Haerting J, Werdan 
K, Buerke M. Hemodynamic effects of intra-aortic balloon counterpul-
sation in patients with acute myocardial infarction complicated by car-
diogenic shock: the prospective, randomized IABP shock trial. Shock. 
2012;37:378–384.

 37. Thiele H, Lauer B, Hambrecht R, Boudriot E, Sick P, Niebauer J, Falk V, 
Schuler G. Short- and long-term hemodynamic effects of intra-aortic bal-
loon support in ventricular septal defect complicating acute myocardial 
infarction. Am J Cardiol. 2003;92:450–454.

 38. Abdel-Wahab M, Saad M, Kynast J, Geist V, Sherif MA, Richardt G, 
Toelg R. Comparison of hospital mortality with intra-aortic balloon 
counterpulsation insertion before versus after primary percutaneous cor-
onary intervention for cardiogenic shock complicating acute myocardial 
infarction. Am J Cardiol. 2010;105:967–971.

 39. Stone GW, Marsalese D, Brodie BR, Griffin JJ, Donohue B, Costantini 
C, Balestrini C, Wharton T, Esente P, Spain M, Moses J, Nobuyoshi 
M, Ayres M, Jones D, Mason D, Grines L, O’Neill WW, Grines CL. 
A prospective, randomized evaluation of prophylactic intraaortic bal-
loon counterpulsation in high risk patients with acute myocardial infarc-
tion treated with primary angioplasty. Second Primary Angioplasty in 
Myocardial Infarction (PAMI-II) Trial Investigators. J Am Coll Cardiol. 
1997;29:1459–1467.

 40. van ‘t Hof AW, Liem AL, de Boer MJ, Hoorntje JC, Suryapranata H, 
Zijlstra F. A randomized comparison of intra-aortic balloon pumping 
after primary coronary angioplasty in high risk patients with acute myo-
cardial infarction. Eur Heart J. 1999;20:659–665.

 41. Ohman EM, George BS, White CJ, Kern MJ, Gurbel PA, Freedman RJ, 
Lundergan C, Hartmann JR, Talley JD, Frey MJ. Use of aortic coun-
terpulsation to improve sustained coronary artery patency during acute 
myocardial infarction. Results of a randomized trial. The Randomized 
IABP Study Group. Circulation. 1994;90:792–799.

 42. Eitel I, Desch S, Fuernau G, Hildebrand L, Gutberlet M, Schuler G, 
Thiele H. Prognostic significance and determinants of myocardial sal-
vage assessed by cardiovascular magnetic resonance in acute reperfused 
myocardial infarction. J Am Coll Cardiol. 2010;55:2470–2479.

 43. Hartzler GO, Rutherford BD, McConahay DR, Johnson WL, Giorgi 
LV. “High-risk” percutaneous transluminal coronary angioplasty. Am J 
Cardiol. 1988;61:33G–37G.

 44. Bergelson BA, Jacobs AK, Cupples LA, Ruocco NA Jr, Kyller MG, 
Ryan TJ, Faxon DP. Prediction of risk for hemodynamic compromise 
during percutaneous transluminal coronary angioplasty. Am J Cardiol. 
1992;70:1540–1545.

 45. Perera D, Stables R, Clayton T, De Silva K, Lumley M, Clack L, 
Thomas M, Redwood S; BCIS-1 Investigators. Long-term mor-
tality data from the balloon pump-assisted coronary intervention 
study (BCIS-1): a randomized, controlled trial of elective balloon 

 by guest on N
ovem

ber 5, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

http://circinterventions.ahajournals.org/


720  Circ Cardiovasc Interv  October 2014

counterpulsation during high-risk percutaneous coronary intervention. 
Circulation. 2013;127:207–212.

 46. Kahn JK, Rutherford BD, McConahay DR, Johnson WL, Giorgi 
LV, Hartzler GO. Supported “high risk” coronary angioplasty us-
ing intraaortic balloon pump counterpulsation. J Am Coll Cardiol. 
1990;15:1151–1155.

 47. Califf RM, Phillips HR III, Hindman MC, Mark DB, Lee KL, Behar VS, 
Johnson RA, Pryor DB, Rosati RA, Wagner GS. Prognostic value of a 
coronary artery jeopardy score. J Am Coll Cardiol. 1985;5:1055–1063.

 48. Briguori C, Sarais C, Pagnotta P, Airoldi F, Liistro F, Sgura F, Spanos 
V, Carlino M, Montorfano M, Di Mario C, Colombo A. Elective versus 
provisional intra-aortic balloon pumping in high-risk percutaneous trans-
luminal coronary angioplasty. Am Heart J. 2003;145:700–707.

 49. Vis MM, V d Schaaf RJ, Sjauw KD, Tijssen JG, Baan J Jr, Koch KT, De 
Winter RJ, Piek JJ, Henriques JP. Creatinine clearance is independently 
associated with one year mortality in a primary PCI cohort with cardio-
genic shock. Acute Card Care. 2009;11:107–112.

 50. Mishra S, Chu WW, Torguson R, Wolfram R, Deible R, Suddath WO, 
Pichard AD, Satler LF, Kent KM, Waksman R. Role of prophylactic 
intra-aortic balloon pump in high-risk patients undergoing percutaneous 
coronary intervention. Am J Cardiol. 2006;98:608–612.

 51. Perera D, Stables R, Booth J, Thomas M, Redwood S; BCIS-1 
Investigators. The balloon pump-assisted coronary intervention study 
(BCIS-1): rationale and design. Am Heart J. 2009;158:910–916.e2.

 52. Remmelink M, Sjauw KD, Henriques JP, de Winter RJ, Koch KT, van 
der Schaaf RJ, Vis MM, Tijssen JG, Piek JJ, Baan J Jr. Effects of left 

ventricular unloading by Impella recover LP2.5 on coronary hemody-
namics. Catheter Cardiovasc Interv. 2007;70:532–537.

 53. Sjauw KD, Konorza T, Erbel R, Danna PL, Viecca M, Minden HH, 
Butter C, Engstrøm T, Hassager C, Machado FP, Pedrazzini G, Wagner 
DR, Schamberger R, Kerber S, Mathey DG, Schofer J, Engström AE, 
Henriques JP. Supported high-risk percutaneous coronary intervention 
with the Impella 2.5 device the Europella registry. J Am Coll Cardiol. 
2009;54:2430–2434.

 54. Dixon SR, Henriques JP, Mauri L, Sjauw K, Civitello A, Kar B, Loyalka 
P, Resnic FS, Teirstein P, Makkar R. A prospective feasibility trial inves-
tigating the use of the Impella 2.5 system in patients undergoing high-
risk percutaneous coronary intervention (the PROTECT I trial) Initial US 
experience. J Am Coll Cardiol. 2009;2:91–96.

 55. Seyfarth M, Sibbing D, Bauer I, Fröhlich G, Bott-Flügel L, Byrne R, 
Dirschinger J, Kastrati A, Schömig A. A randomized clinical trial to eval-
uate the safety and efficacy of a percutaneous left ventricular assist device 
versus intra-aortic balloon pumping for treatment of cardiogenic shock 
caused by myocardial infarction. J Am Coll Cardiol. 2008;52:1584–1588.

 56. Cheng JM, den Uil CA, Hoeks SE, van der Ent M, Jewbali LS, van Domburg 
RT, Serruys PW. Percutaneous left ventricular assist devices vs. intra-aortic 
balloon pump counterpulsation for treatment of cardiogenic shock: a meta-
analysis of controlled trials. Eur Heart J. 2009;30:2102–2108.

KEY WORDS: intra-aortic balloon pump ◼ percutaneous coronary intervention 

 by guest on N
ovem

ber 5, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

http://circinterventions.ahajournals.org/


Tiffany Patterson, Divaka Perera and Simon R. Redwood
Intra-Aortic Balloon Pump for High-Risk Percutaneous Coronary Intervention

Print ISSN: 1941-7640. Online ISSN: 1941-7632 
Copyright © 2014 American Heart Association, Inc. All rights reserved.

Avenue, Dallas, TX 75231
is published by the American Heart Association, 7272 GreenvilleCirculation: Cardiovascular Interventions 

doi: 10.1161/CIRCINTERVENTIONS.114.001258
2014;7:712-720Circ Cardiovasc Interv. 

 http://circinterventions.ahajournals.org/content/7/5/712
World Wide Web at: 

The online version of this article, along with updated information and services, is located on the

  
 http://circinterventions.ahajournals.org//subscriptions/

is online at: Circulation: Cardiovascular Interventions  Information about subscribing to Subscriptions:
  

 http://www.lww.com/reprints
 Information about reprints can be found online at: Reprints:

  
document. Answer

Permissions and Rights Question andunder Services. Further information about this process is available in the
permission is being requested is located, click Request Permissions in the middle column of the Web page
Clearance Center, not the Editorial Office. Once the online version of the published article for which 

 can be obtained via RightsLink, a service of the CopyrightCirculation: Cardiovascular Interventionsin
 Requests for permissions to reproduce figures, tables, or portions of articles originally publishedPermissions:

 by guest on N
ovem

ber 5, 2017
http://circinterventions.ahajournals.org/

D
ow

nloaded from
 

http://circinterventions.ahajournals.org/content/7/5/712
http://www.ahajournals.org/site/rights/
http://www.ahajournals.org/site/rights/
http://www.lww.com/reprints
http://circinterventions.ahajournals.org//subscriptions/
http://circinterventions.ahajournals.org/

