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A B S T R A C T

Background

Intra-aortic balloon pump counterpulsation (IABP) is currently the most commonly used mechanical assist device for patients with

cardiogenic shock due to acute myocardial infarction.

Although there is only limited evidence by randomised controlled trials, the current guidelines of the American Heart Association/

American College of Cardiology and the European Society of Cardiology strongly recommend the use of the intra-aortic balloon

counterpulsation in patients with infarction-related cardiogenic shock on the basis of pathophysiological considerations as also non-

randomised trials and registry data.

Objectives

To determine the effect of IABP versus non-IABP or other assist devices guideline compliant standard therapy, in terms of efficacy and

safety, on mortality and morbidity in patients with acute myocardial infarction complicated by cardiogenic shock.

Search strategy

Searches of CENTRAL, MEDLINE and EMBASE, LILACS, IndMed and KoreaMed, registers of ongoing trials and proceedings of

conferences were conducted in January 2010, unrestricted by date. Reference lists were scanned and experts in the field contacted to

obtain further information. No language restrictions were applied.

Selection criteria

Randomised controlled trials on patients with myocardial infarction complicated by cardiogenic shock.
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Data collection and analysis

Data collection and analysis were performed according to a published protocol. Individual patient data were provided for five trials

and merged with aggregate data. Summary statistics for the primary endpoints were hazard ratios (HR’s) and odds ratios with 95%

confidence intervals (CI).

Main results

Six eligible and two ongoing studies were identified from a total of 1410 references. Three compared IABP to standard treatment and

three to percutaneous left assist devices (LVAD). Data from a total of 190 patients with acute myocardial infarction and cardiogenic

shock were included in the meta-analysis: 105 patients were treated with IABP and 85 patients served as controls. 40 patients were

treated without assisting devices and 45 patients with LVAD. HR’s for all-cause 30-day mortality of 1.04 (95% CI 0.62 to 1.73)

provides no evidence for a survival benefit. While differences in survival were comparable in patients treated with IABP, with and

without LVAD, haemodynamics and incidences of device related complications show heterogeneous results.

Authors’ conclusions

Available evidence suggests that IABP may have a beneficial effect on the haemodynamics, however there is no convincing randomised

data to support the use of IABP in infarct related cardiogenic shock.

P L A I N L A N G U A G E S U M M A R Y

Intra-aortic Balloon counterpulsation in patients with acute myocardial infarction and cardiogenic shock

Patients with acute myocardial infarction complicated by cardiogenic shock still have a poor prognosis after primary revasculariza-

tion procedures such as coronary artery bypass grafting or primary percutaneous coronary intervention. Under patho-physiological

considerations, the failing heart due to impaired left ventricular function following acute myocardial infarction is the main cause for

the development of cardiogenic shock characterized by instable haemodynamics with reduced systolic and mean arterial pressures.

The reduced blood pressure leads to hypoperfusion with reduced oxygen supply to vital organs. Following these pathophysiological

considerations it seemed to be a consequent therapeutic concept to give haemodynamic support to these haemodynamically instable

patients by a mechanical assist device, called intra-aortic balloon pump (IABP). While the balloon becomes in- and deflated synchronal

with the beats of the heart, it acts to increase blood flow to the heart as well as reduce the amount of work the heart is doing. This

support can be provided for a few hours and up to several days. Recent evidence suggests that certain patients with acute myocardial

infarction complicated by cardiogenic shock and treated by thrombolysis may have a benefit from a period of support with the IABP

after revascularization by thrombolysis. Nowadays the most preferred revascularization procedure is primary percutaneous coronary

intervention. For these patients a few number of heterogeneous randomised trials with only small patient numbers were not able to show

convincing evidence, for either benefit or harm, supporting the use of the intra-aortic counterpulsation beyond initial haemodynamic

improvements. This present lack of evidence due to a small number of randomised controlled trials with small numbers of patients

does not exclude, that there might be clinically significant effects, which only can be proven by larger randomised controlled trials.

For this reason a larger multicenter trial (IABP-SHOCK II) has been started in 2009, to clarify the use of the IABP in infarct related

cardiogenic shock and its results will provide better evidence at the beginning of 2013.

B A C K G R O U N D

Description of the condition

Worldwide, cardiovascular disease is estimated to be the leading

cause of death and loss of disability-adjusted life years (Murray

1996). Each year approximately 920,000 people in the United

States (US) experience acute myocardial infarction (AMI), and

about 150,000 of them die: accounting for 5.1% of all male and

2.5% of female AMI deaths. The estimated direct and indirect

2008 cost of coronary heart disease (ICD/10 codes I20-I25) in

the US was $156.4 billion (AHA 2008). In the United Kingdom
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about 227,000 myocardial infarctions occur annually and it has

been estimated that about 1 million people over 35 years old,

have had a myocardial infarction (BHF 2007). Data from the

INTERHEART study showed that rates of cardiovascular disease

have risen greatly in low-income and middle-income countries

with about 80% of the global burden of cardiovascular disease

occurring in these countries (Yusuf 2004).

AMI is complicated by cardiogenic shock in 7% to 10% of cases

(Goldberg 1999; Hochman 1999). Cardiogenic shock after AMI

is a complex syndrome that involves a cascade of acute left ventric-

ular dysfunction, decreased cardiac output, hypotension, and tis-

sue hypoperfusion (Hochman 2007). Subsequently, complicating

multi-organ dysfunction might occur due to ischemia/reperfusion

and the following inflammatory response. Clinically defined, car-

diogenic shock is hypotension (a systolic blood pressure of < 90

mm Hg for at least 30 minutes or the need for supportive measures

to maintain a systolic blood pressure of ≥ 90 mm Hg) and end-

organ hypoperfusion (cool extremities or a urine output of < 30

ml per hour, and a heart rate of ≥ 60 beats per minute). Haemo-

dynamic criteria include cardiac index (< 1.8 L/min/m2 or < 2.2

L/min/m2 if inotropic drugs are used) and a pulmonary-capillary

wedge pressure of at least 15 mm Hg (Forrester 1976a; Forrester

1976b; Hochman 1999). Patients with sustained hypotension,

suspected cardiogenic shock or suspected acute heart failure at the

time of AMI are at increased risk of death approaching 30% to

70% mortality within 30 days (Ohman 2005b). Fewer than 50%

patients with cardiogenic shock survive up to one year (Hochman

2007).

The poor outcome associated with medical management of car-

diogenic shock has spurred more aggressive interventional ap-

proaches, including thrombolysis, intra-aortic balloon support

and early diagnostic angiography with primary percutaneous coro-

nary revascularization (PCI) (Ohman 2005b). Early mechanical

revascularization, using either percutaneous coronary interven-

tion or coronary artery bypass graft (CABG) surgery, along with

supportive care, improves mid- and long-term survival in these

patients when compared with initial medical stabilisation alone

(Hochman 2001).

Description of the intervention

Aortic counterpulsation (intra-aortic balloon pump (IABP)) was

introduced in 1968 into clinical practice (Kantrowitz 1968) as a

means for supporting patients undergoing surgical revasculariza-

tion. Initial experience documented that this device had important

physiological effects including an improvement of cardiac func-

tion and diastolic blood pressure and a reduction in systemic acido-

sis. More recently, several investigators have also shown enhanced

coronary, cerebral and renal perfusion (even microperfusion) with

IABP, particularly among patients having percutaneous coronary

intervention during cardiogenic shock. However, this impressive

physiological profile has not been followed by equally important

randomised clinical trial data (Ohman 2001; Werdan 2010a).

During the last years IABP-insertion became safer according to

smaller diameters of the balloon catheter and the corresponding

insertion sheaths. Nevertheless every additional arterial puncture

especially in cases of emergency can lead to IABP related complica-

tions such as bleedings, arterial ischemia, venous thrombosis and

also infections. For the reason that especially bleeding complica-

tions are not always defined and reported according to comparable

standards, the evaluation of IABP related complications remains

hampered. Studies reporting complication rates are diverse in

terms of the indications for aortic counterpulsation, the technique

used for insertion (surgical or percutaneous), the duration of use,

and the specific definition of a complication (Arafa 1999; Assis

2009; Cohen 2003; Cooper 2008; Dyub 2008; Erdogan 2006;

Fuchs 2009; Gjesdal 2009; Kocogullari 2008; Kumbasar 1999;

Lewis 2007; Pfeiffer 2005; Riaz 2008; Stone 2003). The presence

of peripheral arterial disease (including a history of claudication,

femoral bruit, or absent pulses) has been the most consistent and

reproducible predictor of complications (Santa-Cruz 2006). Arafa

1999 reported major vascular complications (limb ischemia, aortic

dissection, abdominal aorta perforation, bilateral limb ischemia)

in 8%, minor vascular complications (hematoma requiring op-

erative revision, haemorrhage treated by IABP-removal, limb is-

chemia relieved by IABP-removal, local infection and Ischaemic

skin loss) in 3% and late vascular complications in 2% (foot drop,

pseudoaneurysm, limb ischemia) of patients.

Why it is important to do this review

IABP is currently the most commonly used mechanical assist de-

vice for patients with cardiogenic shock. Its use is encouraged

by a class I recommendation in the American Heart Association

(AHA)/American College of Cardiology (ACC) and also the Eu-

ropean Society of Cardiology (ESC) guidelines for the manage-

ment of AMI patients with cardiogenic shock (Antman 2004; van

de Werf 2008). The Level B in the AHA/ACC and C evidence

in the ESC guidelines behind this recommendation can largely be

attributed to pathophysiological considerations and benefits ob-

served in registries that predominantly enrolled patients treated

with thrombolytic therapy in the pre-PCI era. There are still con-

troversial differences in therapeutic behaviour in the US and Eu-

ropean countries with far greater use of IABP in the US than in

Europe. In the US with the highest rate of IABP use, the mortality

rate was relevant lower than in European countries such as the

United Kingdom (Hudson 1999).

In the early 1980s two smaller randomised trials failed to show

any benefit of IABP compared with control therapy on infarct

size or left ventricular function in patients with myocardial infarc-

tion predominantly without cardiogenic shock (Flaherty 1985;

O’Rourke 1981). Previous randomised trials of IABP in high-risk

patients without cardiogenic shock have suggested a lower mor-
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bidity, particularly among the patients with several high-risk fea-

tures (Ishihara 1991; Ohman 1994). These studies were too small

to address mortality, but they favoured a better outcomes with

IABP treatment compared to standard therapy without IABP. Ran-

domised trials of IABP in cardiogenic shock are clearly needed,

and one was conducted with surrogate endpoints (Prondzinsky

2010) and another was not completed because of physician bias

and difficulties in obtaining consent among critically ill patients

(Ohman 2005a).

Non-randomised clinical studies have nearly uniformly shown a

benefit associated with IABP for patients with cardiogenic shock

(Alcan 1983; Forssell 1979; Holmes 1997; Kontovannis 1999;

Kovack 1997b; McEnany 1978; Moulopoulos 1986b; Takano

1984; Weiss 1984). However, these studies are subject to selection

bias: patients receiving IABP were in general younger, had fewer

comorbid illnesses, and were more aggressively treated with cardiac

catheterization and revascularization compared with patients not

treated with IABP (Hudson 1999; Sanborn 2000). Data from a

large, prospective registry suggest little benefit of IABP placement

in cardiogenic shock patients treated with primary PCI (Barron

2001) and one trial reported higher mortality rates associated with

IABP use in this group of patients (Barron 2001).

Based on a recent publication it seems probable that not all pa-

tients in cardiogenic shock benefit from IABP therapy (Hochman

2003) in which the component of inflammation was associated

with systemic inflammatory response syndrome and septic organ

failure. This begs the question whether IABP may be beneficial in

inflammatory conditions and whether IABP may accelerate sys-

temic inflammation by continuous blood cell surface activation.

A systematic review by Field 2007 suggests that preoperative IABP

use may be beneficial on mortality and morbidity in specific high

risk patients groups undergoing coronary artery bypass surgery.

A systematic review by Sjauw 2009 of intra aortic balloon pump

therapy in ST-elevation myocardial infarction performed two sep-

arate meta-analyses. The first meta-analysis included seven ran-

domised trials with 1009 patients with STEMI without restriction

to patients with cardiogenic shock and the second one uses data

from 10,529 STEMI patients from non-randomised trials with

cardiogenic shock. A second systematic review by Cheng 2009

performed a meta-analysis of three studies comparing safety and

efficacy of IABP with percutaneous left ventricular assist devices

(LVADs) and performed meta-analysis of aggregate data to 30-

day survival, haemodynamics (CI, MAP and PCWP) and adverse

events (leg ischemia, bleeding and sepsis).

The results of this review add some evidence and represents a for-

mal assessment of the cumulative data with meta-analysis of all

the evidence for and against the use of IABP in patients with acute

myocardial infarction complicated by cardiogenic shock. IABP-in-

sertion in critically ill patients is correlated with some risk compli-

cations and these potential risks can only be justified by an accept-

able (evidence-based) opportunity of measurable beneficial clini-

cal effects in IABP-treated patients. This could have implications

for clinical practice. Two additional studies comparing IABP ver-

sus standard without IABP (Arias 2005; Prondzinsky 2010) and

subgroups of patients with myocardial infarction and cardiogenic

shock of two other studies (Burkhoff 2006; Ohman 2005a) were

included. Extensive analyses of 30-days and six-months mortality

distribution provide an important opportunity to examine the ef-

fects over a prolonged period. Analyses were adjusted for age, sex

and diabetes to see whether the observed effects were consistent

across different types of patients.

O B J E C T I V E S

The primary aim of this review is to evaluate, in terms of efficacy

and safety, the effect of IABP versus non-IABP or other assist

devices guideline compliant standard therapy on mortality and

morbidity in patients with AMI complicated by cardiogenic shock.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Randomised controlled trials with or without blinding and any

report of mortality that examined the efficacy of IABP versus stan-

dard therapy were included. We accepted cross-over studies. Ob-

servational trials were excluded.

Types of participants

Adult patients (from the age of 18) with a clinical diagnosis of my-

ocardial infarction complicated by cardiogenic shock undergoing

PCI, CABG or thrombolysis.

Types of interventions

IABP versus non-IABP or other assist devices guideline compliant

standard therapy. The term standard therapy describes guideline

compliant therapies (percutaneous coronary intervention, coro-

nary artery bypass graft surgery or thrombolysis, pharmacological

haemodynamic and, as required ventilatory or other organ func-

tion support).
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Types of outcome measures

Primary outcomes

• All-cause mortality (mortality distribution and rates within

the commonly accepted limits of either to discharge, within 30

days, 6 months and 1 year)

• Non-fatal cardiovascular events (reinfarction, reocclusion

and subsequent re-revascularization, stroke, recurrent ischemia),

(hierarchical lower ranked endpoint).

Secondary outcomes

• Haemodynamics (cardiac index (CI), mean arterial pressure

(MAP), pulmonary capillary wedge pressure (PCWP)).

• Length of hospital and intensive care unit (ICU) stay.

• Quality of life.

• All IABP-related post-interventional complications.

Search methods for identification of studies

Searches were conducted to identify published and unpublished

randomised controlled trials. Searching for trials included all in-

formation available since 1968 (introduction of IABP into clini-

cal practice, Kantrowitz 1968) up to January 2010. No language

restrictions were included in the search strategies.

Electronic searches

The search strategies for the review were constructed by using

a combination of subject headings and terms relating to the

health condition of interest (myocardial infarction and cardio-

genic shock), the intervention (intra-aortic balloon counterpulsa-

tion) and the type of study design (randomised trial). We used

controlled vocabulary terms and text words and searched different

sources of information. The search strategies used are documented

in Appendix 1.

The following sources were searched:

1. Health-related electronic bibliographic databases: the Cochrane

Central Register of Controlled Trials (CENTRAL) on The
Cochrane Library (Issue 1, 2010), MEDLINE (OVID) (1966 to

January 2010, Week 2, searched on 19 January 2010), EMBASE

(1980 to January 2010, Week 2, searched on 19 January 2010),

LILACS, IndMedand KoreaMed (unrestricted date to January

2010, searched on 20 January 2010). .

2. Registers of ongoing and completed trials:

• www.controlled-trials.com (searched on 28 January 2010)

• www.centerwatch.com (searched on 29 January 2010)

• Benchmark registry (www.datascope.com/ca/pdf/

benchmark2_brochure.pdf) and

• National Research Register (www.controlled-trials.com/

mrt/archived (2000-2007).

Searching other resources

Hand searching included the annual conference proceedings of

the following societies: American Heart Association (AHA) (pub-

lished in Circulation), American College of Cardiology (ACC),

European Society of Cardiology (ESC), European Society of In-

tensive Care (ESICM) and Deutsche Gesellschaft für Kardiologie

(all 1968 to 2009).

Members of the Cochrane Heart Group, experts in the field and

manufacturers of the device were contacted. In addition, reference

lists from eligible trials were scanned and first authors were con-

tacted to obtain further information on study design and to collect

individual patient data.

Data collection and analysis

Selection of studies

Studies identified through the search strategies described above

were screened by titles. In a second step, two authors (SU & MM)

independently screened abstracts and keywords. Full articles were

taken into account for further assessment if the information given

suggests that the study:

• used random or quasi-random allocation to the comparison

groups (IABP versus non-IABP)

• included patients with myocardial infarction complicated

by cardiogenic shock

• included primary data

Differences in opinion were settled by consensus with a third re-

viewer (RP). After the exclusion of non-relevant publications and

duplicates, the full-text versions of the remaining papers were as-

sessed against the inclusion and exclusion criteria and data were

extracted and entered into standardised data extraction forms.The

selection process was recorded in a PRISMA flow chart according

to Moher 2009.

Data extraction and management

Two authors (SU & MM) independently extracted details of study

population, interventions and outcomes by using a data extraction

form, which was designed especially for the topic of this review.

Differences in data extraction were resolved by consensus with a

third author (RP), referring back to the original article. The data

extraction form included the following items:

• General information - title, authors, source, contact

address, country, published/unpublished, language and year of

publication, sponsoring of trial;

• Trial characteristics - including study design, timing/follow-

up, quality assessment as specified above;

• Patients - inclusion and exclusion criteria, sample size,

baseline characteristics, similarity of groups at baseline,

withdrawals, cross-over and losses to follow-up;
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• Interventions - type of standard therapy and comparison

assist devices; and

• Outcomes - time to death (hazard ratios [HR] and their

95% confidence intervals [CI]), number of deaths and patients

per group, mortality at specific time points (in-hospital, 30 days,

6 months, 1 year), other clinical event outcomes (reinfarction,

reocclusion, re-revascularization, stroke, recurrent ischemia),

haemodynamics (cardiac index, mean arterial pressure,

pulmonary capillary wedge pressure), length of hospital and ICU

stay, doses of catecholamines (dobutamine, arterenol ,

dopamine), IABP-related post-interventional complications.

As this review was planned as an individual patient-data (IPD)

meta-analysis, first authors of all eligible trials were contacted and

asked to provide IPD and data on missing information. Analy-

ses are based on updated IPD as reliable and the most powerful

method to calculate and compare times to death with adjustment

to important co-variables (age, sex and diabetes) and haemody-

namics (Piedbois 2004).

Assessment of risk of bias in included studies

The review analyses the results of randomised trials. Two authors

(SU & MM) independently assessed the internal validity of eligible

studies according to the Cochrane Collaboration risk of bias tool

(Higgins 2011). Disagreements were resolved in discussion with

RP and HT until consensus was obtained.

Risk of bias was described and judged in six specific domains:

• sequence generation;

• allocation concealment;

• blinding of participants, personnel, and outcome assessors;

• incomplete outcome data;

• selective outcome reporting; and

• other sources of bias (such as cross-over, early stopping, per

protocol analysis).

The domains of sequence generation, allocation concealment and

selective outcome reporting were reported by a single entry for

each study. For incomplete outcome data two entries were used be-

cause assessments generally need to be made separately for differ-

ent outcomes (mortality and haemodynamics). A blinding of the

investigated intervention was judged to be not possible. The de-

scription is based on the published study report which was added

by mixture of study reports, protocols, published comments on

the study and contacts with the investigators. The judgements in-

volve the answers ’yes’ (indicates a low risk of bias), ’no’ (indicates

a high risk of bias) and ’unclear’ (if risk of bias is unknown; or if

an entry is not relevant to the study).

Measures of treatment effect

Meta-analysis was conducted on mortality distribution and mor-

tality rates, non-fatal events, haemodynamics (CI, MAP, PCWP)

measured within six hours after implantation, length of hospital

and ICU stay on the basis of individual patient data.

HR and 95% CI for time to death as primary outcome measures

were calculated for five studies with available IPD to describe mor-

tality distribution over 30 days and six months. For these trials,

Kaplan-Meier curves and mortality rates at discharge from hos-

pital and 30-days, six months and one year after randomisation

were generated. Mortality rates of all eligible trials were compared

and odds ratios were calculated. Because of high survival rates, it

was not possible to calculate median survival for both treatment

groups in one of the included trials. Weighted mean differences

were calculated as effect measures for haemodynamics and lengths

of hospital stay and odds ratios for IABP related complications.

All final effect measures are presented with their 95% CI .

Safety outcome to describe IABP-related post-interventional com-

plications were chosen a posteriori and included the following

frequently reported possibly device-related adverse events during

support: bleeding, vascular injury, leg or limb ischemia, embolism,

infection and thrombocytopenia. The frequencies of these IABP-

related complications and non-fatal cardiovascular events are pre-

sented in numbers and percentages with corresponding odds ra-

tios.

Unit of analysis issues

Patients were individually randomised into two groups. The effect

of the intervention was measured and analysed on the basis of

single measurements for each outcome for each patient.

Dealing with missing data

If data were not available in the trial report or data collection

the investigators were approached to see if the missing data could

be provided. Only in one RCT (Arias 2005) hazard ratios and

95% confidence intervals were not calculated because of missing

information. The first author was contacted and provided some

missing information. He was not able to provide any individual

patient data and had no access to the data base. Odds Ratios

describe the effect on in-hospital mortality in this trial. All other

HR were calculated from individual patient data.

Assessment of heterogeneity

Heterogeneity was classified on statistical and clinical grounds

by two independent reviewers. Inconsistency between studies was

quantified by I2 (Higgins 2002). In case of substantial heterogene-

ity meta-analysis was restricted to subgroups. Independent from

the presence of statistical heterogeneity, possible causes were as-

sessed if the differences in outcomes seemed clinically important.
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Assessment of reporting biases

Although every effort was made to identify unpublished studies,

publication bias was assessed using funnel plots. It is acknowledged

that asymmetry, of which publication bias is one cause, is difficult

to detect on the small number of five studies (Figure 1) in case

30 day mortality distribution or four trials in case of in-hospital

mortality rates encountered in this systematic review.

Figure 1. Funnel plot of comparison: IABP versus Control, outcome: all-cause 30-day mortality distribution.

Data synthesis

The analysis is based on the intention-to-treat principle. The IPD

analysis contains data from all randomised patients with AMI and

cardiogenic shock from five of six relevant studies. Analyses of IPD

were done using SAS software (Whitehead 2002). First, all trials

were analysed individually and finally a stratified Cox model of all

trials with different baseline hazard functions in each single trial

was used to estimate the overall hazard ratio (one step approach).

According to the high heterogeneity between included RCTs (dif-

ferences in the treatments in the control groups, in pharmaco-

logical support, length of follow-up, primary outcome measures,

sources of bias) we decided to use the random-effect model for

meta-analysis of the relevant studies. The one step meta-analysis

as described above and a two step approach (Riley 2010) with

separate Cox models in single trials and data synthesis in RevMan

gave nearly identical results. We show the results of one-step meta-

analyses to describe all-cause mortality distribution in the text and

in all additional analyses in Table 1. Data and analysis tables and

forest plots display effect estimates and confidence intervals for

both individual studies and two-step meta-analyses. IPD was not

provided for one study. We reduced our available IPD describing

in-hospital-mortality rates to aggregated data and combined ag-

gregate data by the two-stage-approach described in Riley 2007.
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Non-fatal cardiovascular events, IABP-related post-interventional

complications and all secondary outcome measures were analysed

descriptively with RevMan 5.

Table 1. Mortality distribution - additional information

Lengths of follow up adjustment factors model Subgroup analysis HR, 95%CI

All-cause 30-day mortal-

ity

no one-step meta-analysis no 1.04, 95% CI 0.62-1.73

All-cause 30-day mortal-

ity

no two-step meta-analysis no 1.04, 95% CI 0.62-1.74

All-cause 30-day mortal-

ity

age, sex one-step meta-analysis no 1.04, 95% CI 0.62-1.75

All-cause 30-day mortal-

ity

age, sex, diabetes one-step meta-analysis no 1.05, 95% CI 0.60-2.84

All-cause 30-day mortal-

ity

no one-step meta-analysis male 1.08, 95% CI 0.56-2.06

All-cause 30-day mortal-

ity

no one-step meta-analysis female 0.90, 95% CI 0.35-2.30

All-cause 30-day mortal-

ity

no one-step meta-analysis <75 years 1.11, 95% CI 0.63-1.36

All-cause 30-day mortal-

ity

no one-step meta-analysis ≥75 years 0.76, 95% CI 0.19-2.98

All-cause 6-month mor-

tality

no one-step meta-analysis no 0.93, 95% CI 0.49-1.77

All-cause 6-month mor-

tality

no two-step meta-analysis no 0.93, 95% CI 0.49-1.77

All-cause 6-month mor-

tality

age, sex one-step meta-analysis no 0.96, 95% CI 0.50-1.83

All-cause 6-month mor-

tality

age, sex, diabetes one-step meta-analysis no 0.93, 95% CI 0.49-1.78
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Dealing with the proportional hazards assumption

The elementary assumption in the Cox Proportional Hazards

Model demands a constant effect (or a constant quotient of the

hazards over the observation period). Most of study data do not

satisfy this assumption (Figure 2).To test the extent of this infrac-

tion a gamma frailty model (Duchateau 2008) was applied. This

analysis showed only a weak influence on the parameter estima-

tion and we proceeded executing the analysis as preplanned with

the Cox Proportional Hazards Model.
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Figure 2. Mortality distribution of patients with myocardial infarction complicated by cardiogenic shock on

the basis of individual patient data of five studies included
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Subgroup analysis and investigation of heterogeneity

Stratified analyses were restricted to preplanned prognostic factors

age (<75 vs. ≥75 years) and sex to find differences in survival under

IABP support.

Sensitivity analysis

Sensitivity analyses were performed to explore the influence of in-

cluding/excluding certain types of studies. Due to the few num-

ber of heterogeneous included studies and different sources of bias

we restricted our analyses to the preplanned influence of standard

therapy (PCI versus thrombolytic therapy) and added a sensitivity

analysis to investigate the influence of different types of controls

(with or without other LVAD).

R E S U L T S

Description of studies

See: Characteristics of included studies; Characteristics of excluded

studies; Characteristics of ongoing studies.

Results of the search

Having used the above search strategies to identify potentially rel-

evant references, a total of 1410 references were identified (CEN-

TRAL 5, MEDLINE 757, EMBASE 639 and other 9). Thirty

four studies were thought to be of relevance and full papers were

assessed against the in- and exclusion criteria. Of these only six

met our pre-defined inclusion criteria and two studies are ongo-

ing (see Characteristics of ongoing studies). The remaining studies

are listed in Characteristics of excluded studies. This process was

recorded in a PRISMA flow chart (Figure 3).

Figure 3. PRISMA statement to document the search process
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Included studies

Six eligible studies with a total of 190 patients with AMI and car-

diogenic shock were identified for the comparison IABP versus

no IABP (Arias 2005; Burkhoff 2006; Prondzinsky 2010; Ohman

2005a; Seyfarth 2008; Thiele 2005). Two studies are ongoing and

plan to include 984 patients in cardiogenic shock or with haemo-

dynamic instability (IABP Shock II; RECOVER II Trial). Four

studies were conducted in Germany (IABP Shock II; Prondzinsky

2010; Seyfarth 2008; Thiele 2005), two studies in the United

States (Burkhoff 2006; RECOVER II Trial), one study in Mexico

(Arias 2005) and one study in the United States, Australia and Eu-

rope (Ohman 2005a). Most patients had Caucasian or Hispanic

ethnicity.

Authors of all included studies provided additional information.

Individual patient data from five studies with 150 patients were

collected in a database. Each study characteristic is presented

briefly in tabular form (please see Characteristics of included

studies and Characteristics of ongoing studies). Below a more com-

prehensive assessment of included studies is given.

Ohman 2005a randomised between 1996 and 1999 57 patients

in a multicenter open label trial into two groups, a control group

(27) and an intervention group (30). Analysis and descriptions

are restricted to 22 patients with suspected cardiogenic shock in

Killip Class IV (12 in the intervention group and 10 in the control

group). The intervention group got IABP up to three hours after

starting fibrinolysis by standard or sheathless technique. Patients

received IABP for 48 hours at a rate of 1:1 and were weaned grad-

ually over 12 hours before pump removal. In total 3/10 (33%) of

patients with cardiogenic shock from the control group crossed

over to emergency IABP and 3/12 (25%) of patients from the in-

tervention group did not receive IABP. Mean duration of support

was 53±30 hours in the intervention group. Myocardial revascular-

ization was performed using fibrinolytic therapy (all patients), PCI

(23%), stent implantation (14%) or bypass surgery (18%). Phar-

macological support with intravenous heparin was prespecified,

use of other medications and procedures were left to the discretion

of physicians.During the first 30 days 6/12 patients (50%) died

in the intervention and 6/10 patients (60%) in the control group

(OR 0.67, 95% CI 0.12 to 3.64). Six months after randomisation

a total of 6/11 patients (55%) in the intervention group and 7/10

patients (70%) in the control group had died (OR 0.51, 95%CI

0.09 to 3.11). The resulting HRs of all-cause 30-day mortality dis-

tribution (HR 0.75, 95%CI 0.28 to 2.00) and 6-month mortality

distribution (HR 0.62, 95% CI 0.19 to 2.02, log-rank P=0.42)

(Figure 2) slightly favour the intervention with IABP but does not

reach statistical significance. Adjustments for age, sex and diabetes

showed only little influence on these results. 2/12 patients (17%)

suffered from strokes in the intervention group and no re-infarc-

tions were documented as non-fatal cardiovascular events during

hospital stay. There were only one related complications in the

control group (limb ischemia). Only clinical endpoints and no

haemodynamic parameters or information about in-hospital stay

and intensive care requirement were provided. The trial was early

stopped because of missed enrolment goal.

Thiele 2005 randomised between 2000 and 2003 41 patients in

a single centre open label trial into two groups, a control group

(21) and an intervention group (20). The inclusion criteria were

myocardial infarction complicated by cardiogenic shock. The in-

tervention group got IABP percutaneously according to standard

procedures (initially on a pumping ratio of 1:1 with 100% balloon

inflation), the control group got treatment with a percutaneous

LVAD (TandemHeart). One patient with rapid haemodynamic

improvement did not receive LVAD. Mean duration of support

with IABP was 84 ± 54 hours in the intervention group and 77

± 47 hours with TandemHeart in the control group. Myocardial

revascularization was performed using PCI (plus stenting) (95%

of patients) and bypass surgery (5%). Pharmacological support

on the basis of heparin, dopamine and dobutamine, diuretics and

fluids was given according to standard intensive care guidelines.

All patients with PCI were started with aspirin and clopidogrel.

Mortality during the first 30 days included 9/20 patients (45%)

in the intervention and 9/21 patients (43%) in the control group

(OR 1.09, 95%CI 0.32 to 3.75). The hazard ratio of all-cause

30-day mortality distribution (HR 1.09, 95% CI 0.44 to 2.79,

log rank P = 0.86) (Figure 2) reflects no significant difference be-

tween groups. Adjustments for age, sex and diabetes showed only

little influence on these results. During hospital stay 10/20 pa-

tients from the intervention group died (50%) (in-hospital-mor-

tality rate, OR 1.33, 95% CI 0.39 to 4.57). Three patients with

four non-fatal cardiovascular events were documented during in-

hospital stay: One patient with reinfarction and one with recurrent

ischemia in the intervention group and one patient with reocclu-

sion and subsequent re-revascularization in the control group. Pre-

implantation cardiac index was noted to fall in the intervention

group (1.62 ± 0.37 to 1.19 ± 0.84 L/min/m2 post implantation,

P = 0.058) and to rise in the control group (1.71 ± 0.38 to 2.32 ±

0.59 L/min/m2 post implantation, P < 0.001). Pre- implantation

MAP was noted to rise in the intervention (65 ± 14 to 72 ± 12 mm

Hg post implantation, P = 0.003) as well as in the control group

(62 ± 14 to 76 ± 13 mm Hg post implantation, P < 0.001). Pre-

implantation PCWP was noted to fall in the intervention (25.1 ±

6.1 to 21.6 ± 5.8 mm Hg post implantation, P = 0.028) as well

as in the control group (20.8 ± 4.2 to 15.9 ± 3.8 mm Hg post

implantation, P < 0.001). Length of in-hospital stay was 12 ± 14

days in the intervention group and 13 ± 13 days in the control

group. There were some possibly related complications in both

treatment groups. 5/20 patients (25%) from the intervention and

18/21 patients (86%) from the control group suffered from mod-

erate or severe bleeding. No patient from the intervention group

but 7/21 patients (33%) from the control group developed limb

ischemia after implantation of a 17 French arterial cannula. 12/20

patients (60%) from the intervention group and 14/21 patients

(66%) from the control group suffered from infections. One pa-
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tient from the intervention group suffered from embolism and

one patient from the control group developed thrombocytopenia.

Arias 2005 randomised between 2001 and 2003 40 patients in a

single-centre open label trial into two groups. The authors anal-

ysed patients in a control group (9) and an intervention group

(31): 27.5% of patients crossed over to IABP. The inclusion crite-

ria were myocardial infarction complicated by cardiogenic shock.

The intervention group got IABP percutaneously with fluoroscopy

of Arrow AutoCAT 2 WAVE® IABP. Myocardial revasculariza-

tion was performed using PCI. Pharmacological support was given

on the basis of inotropics (dopamine and dobutamine), vasopres-

sors, analgesic and anticoagulant agents. In-hospital mortality rates

from the coronary station included 10/31 deaths (32%) in the

intervention group and 5/9 deaths (56%) in the control group.

The resulting OR (0.38, 95%CI 0.08 to 1.73) slightly favours the

intervention with IABP but does not reach statistical significance.

Burkhoff 2006 randomised between 2002 and 2004 33 patients in

a multicenter open label trial into two groups, a control group (19)

and an intervention group (14). Of the 33 randomised patients,

21 were diagnosed with AMI (10 in the intervention group and

11 in the control group). Additionally, nine patients were treated

in the roll-in phase, five of them with AMI: 36% of patients from

the intervention group were bridged to another therapy after en-

rolment (four patients to LVAD, one patient to PCI) and 37% of

patients from the control group were bridged to another therapy

(three patients to LVAD, one patient to extracorporeal membrane

oxygenation, two patients to PCI with stenting placement, one

patient to mitral valve repair). The intervention group got con-

ventional treatment with IABP, the control group got treatment

with a percutaneous LVAD (TandemHeart). Most patients (67%)

entered the study on IABP but still met haemodynamic criteria

for cardiogenic shock. Mean duration of support with IABP was

75 ± 95 hours in the intervention group and 61 ± 45 hours with

TandemHeart in the control group. Myocardial revascularization

was performed for patients with myocardial infarction using PCI

(85% of patients), bypass surgery (12%) or LVAD (4%). Pharma-

cological support on the basis of pressor, inotropic and pharmaco-

logic agents based on physician’s standard of care. Mortality of CS

and AMI patients during the first 30 days included 4/10 patients

(40%) in the intervention and 4/11 patients (36%) in the control

group (OR 1.17, 95% CI 0.20 to 6.80). The resulting HR of all-

cause 30-day mortality distribution (HR 0.88, 95% CI 0.23 to

3.31, log rank P = 0.85) (Figure 2) reflects no significant difference

between groups. Adjustments for age and sex showed no influence

on these results. Pre-defined haemodynamic success criteria (no

death during support or within 24 hours of device removal, CI ≥

2.2 L/min/m2, PCWP ≤ 24 mm Hg, and MAP ≥ 70 mm Hg

reflecting the average values during support) were satisfied in 14%

of all randomised patients in the intervention group compared

with 37% of patients in the control group. Most of the patients

entered the study already on IABP and were then randomised to

continued IABP or switch to TandemHeart. Therfore pre-IABP

haemodynamic information are not available and we decided not

to include haemodynamic parameters from this trial. There were

some possibly related complications in both treatment groups. In

the intervention group there was one need for surgical interven-

tion related to treat device related adverse event (7.1%) and one

device-related removal because of any problem (7.1%). In the con-

trol group there was one instance of device failure (5.3%). On

average, patients in the intervention group experienced 2.6 events

per patient (1.2 serious) compared with 3.1 events (1.3 serious)

per patient in the control group. There were no specific adverse

events that related to the performance of the transseptal puncture

or insertion of the transseptal cannula. 2/14 patients (14%) from

the intervention and 8/19 patients (42%) from the control group

suffered from bleeding. 2/14 patients (14%) from the interven-

tion and 4/19 patients (21%) from the control group developed

leg ischemia. No patient from the intervention but 3/19 patients

(16%) from the control group suffered from cannulation site in-

fection. 3/14 patients (21%) from the intervention and 3/19 pa-

tients (16%) from the control group suffered from thrombocy-

topenia. According to the great number of detected neurologic

dysfunction, a proper discrimination between device-related and

shock-induced symptoms was not performed.

Prondzinsky 2010 randomised between 2003 and 2004 45 pa-

tients in a single centre open label trial into two groups, a control

group (22) and an intervention group (23). Of the intervention

group, four patients were excluded (two patients did not fulfil the

shock criteria; in one patient, the time from MI to shock was ≥ 48

hrs; and for one patient, no post-randomisation data was available

for technical reasons). Among the 22 patients randomised to con-

trol group, one patient was excluded because he did not fulfil the

criteria for cardiogenic shock. The intervention group got IABP

percutaneously according to standard procedures via the femoral

artery using an 8-French sheath immediately after PCI. Aortic

counterpulsation was continued for a minimum of 48 hours. Mean

duration of support with IABP was 45 ± 34 hours in the interven-

tion group and 184 hours in the one cross-over patient in the con-

trol group. Myocardial revascularization was performed using PCI

in 90% (in 85 % plus stenting) of patients. Pharmacological sup-

port was given on the basis of inotropic and vasopressor agents, as-

pirin, glycoprotein-IIb-/IIIa-receptor-blocker, heparin according

to standard intensive care guidelines. Mortality during the first 30

days included 6/19 patients (32%) in the intervention and 5/21

patients in the control group (24%) (OR 1.48, 95% CI 0.37 to

5.96). During hospital stay 7/19 patients (37%) died in the inter-

vention and 6/21 patients (29%) in the control group (OR 1.46,

95% CI 0.39 to 5.51). Six months after randomisation a total of

8/17 patients in the intervention group (47%) and 6/18 patients

in the control group (33%) had died (OR 1.78, 95% CI 0.45 to

6.97). One year after randomisation a total of nine patients (56%)

in the intervention and six patients (33%) in the control group had

died (OR 2.57, 95% CI 0.64 to 10.34). The HRs of all-cause 30-

day mortality distribution (HR 1.55, 95% CI 0.47 to 5.08) and
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6-month mortality distribution (HR 1.66, 95% CI 0.57 to 4.79,

log-rank P = 0.28) (Figure 2) reflects no significant difference be-

tween groups. Adjustments for age, sex and diabetes showed only

little influence on these results. Eleven patients (28%) with 22

non-fatal cardiovascular events were documented during in-hos-

pital stay: In the intervention group one patient had reinfarction

and recurrent ischemia and two patients (11%) had reocclusion

and subsequent re-revascularization. Alternatively, eight patients

(38%) had reocclusion and subsequent re-revascularization in the

control group. Mean cardiac index was noted to stay nearly con-

stant on the intervention group with a high variability of post-

interventional values (2.32 ± 0.57 to 2.93 ± 1.42 L/min/m2post

intervention, P = 0.93) as well as in the control group (1.73 ±

0.37 to 2.44 ± 0.67 L/min/m2 post intervention, P = 0.23). Mean

MAP showed comparable low changes and high variability in the

intervention group (81 ± 11 to 76 ± 16 mm Hg post intervention,

P = 0.64) as well as in the control group (83 ± 17 to 80 ± 16

mm Hg post intervention, P = 0.46). Mean PCWP showed no

changes but high variability in the intervention group (20.1 ± 5.3

to 20.9 ± 4.4 mm Hg post intervention, P = 0.96) and on a lower

level in the control group (14.9 ± 5.6 to 16.2 ± 5.1 mm Hg post

intervention, P = 0.78). Length of in-hospital stay were 18 ± 14

days in the intervention group and 29 ± 29 days in the control

group. Length of intensive care requirement were 8 ± 7 days in

the intervention and 14 ±12 days in the control group (P = 0.06),

respectively. There was only one possibly related complication (leg

ischemia) in the intervention group. No patient developed other

complications as bleeding, vascular injury, embolism, infection or

thrombocytopenia that could be attributed to IABP use.

Seyfarth 2008 randomised between 2004 and 2007 26 patients

in a two-center open label trial into two groups, a control group

(13) and an intervention group (13). The intervention group got

conventional treatment with IABP, the control group got treat-

ment with a percutaneous LVAD (Impella). One patient assigned

to the control group died before implantation and did not receive

LVAD. The assigned device was implanted in both groups after

revascularization therapy via the access site. As long as the assigned

device was implanted, heparin was given intravenously adjusted to

a partial thromboplastin time of 60 to 80 seconds . Mean duration

of support with IABP was 26 ± 19 hours in the intervention group

and 27 ± 16 hours with Impella in the control group. Myocardial

revascularization was performed using PCI (92% of patients) or

CABG (8%). Pharmacological support was given on the basis of

positive inotropic drugs and vasopressors (remaining unchanged

over 30 min after implantation of devices) without further regu-

lations by protocol. Mortality during the first 30 days included 6/

13 patients (46%) in the intervention and 6/13 patients (46%)

in the control group (OR 1.00, 95% CI 0.21 to 4.67). During

hospital stay 5/13 patients (38%) in the intervention and 7/13

patients (54%) in the control group had died (OR 0.54, 95%

CI 0.11 to 2.55). Six months after randomisation a total of 6/

13 patients (46%) in the intervention and 8/13 patients (62%)

in the control group had died (OR 0.54, 95% CI 0.11 to 2.55).

The resulting HR of all-cause 30-day mortality distribution (HR

0.99, 95% CI 0.31 to 3.15) and 6-month mortality distribution

(HR 0.72, 95% CI 0.24 to 2.13, log-rank P = 0.55) (Figure 2)

reflects no significant difference between groups. Adjustments for

age, sex and diabetes showed only little influence on these results.

During in-hospital stay no patients with non-fatal cardiovascular

events were documented in the intervention group but one patient

(4%) with three non-fatal cardiovascular events (reinfarction, re-

occlusion and subsequent revascularization) was reported in the

control group. The primary endpoint of the study was the change

of cardiac index 30 minutes after implantation. Pre- implantation

cardiac index remained stable in the intervention group (1.73 ±

0.59 to 1.84 ± 0.71 L/min/m2 post implantation, P = 0.25) and

was noted to rise in the control group (1.71 ± 0.45 to 2.20 ± 0.64

L/min/m2 post implantation, P = 0.003). Pre-implantation MAP

remained stable in the intervention group (72 ± 17 to 71 ± 22

mm Hg post implantation, P = 0.79) and was noted to rise in

the control group (78 ± 16 to 87 ± 18 mm Hg post implanta-

tion, P = 0.039). Pre-implantation PCWP tended to decrease in

the intervention group (21.9 ± 6.6 to 20.2 ± 5.5 mm Hg post

implantation, P = 0.08) as well as in the control group (22.1 ±

8.1 to 19.3 ± 4.7 mm Hg post implantation, P = 0.09). Length of

in-hospital stay was 18 ± 11 days in the intervention group and

14 ± 4 days in the control group. There were 3/13 patients with

complications (infection in 23% of patients) in the intervention

group, one patient with bleeding and one patient with acute limb

ischemia requiring surgery after device explantation in the control

group. No complication could be directly attributed to the use of

the devices.

Participants

The age of the patients in the study population of all trials ranges

from 33 to 84 years, the median age in the single trial ranges from

64 to 69 years. The proportion of male patients was between 65%

and 81%. Between 16% and 54% of participants had diabetes,

the percentage of participants with previous infarction was be-

tween 22.5% and 58%. The distribution of other baseline char-

acteristics and haemodynamic parameters of patients included in

the randomised controlled trials are presented in Characteristics

of included studies.

Patients were included into eligible randomised trials between

1996 and 2007. Between two and 35 patients were included per

year (median inclusion of 14 patients per year). Burkhoff 2006

randomised 33 patients with cardiogenic shock due to acute my-

ocardial infarction in 70% of patients or decompensated chronic

heart failure in most of the remaining patients. We restricted our

survival analysis to the individual patients with acute myocardial

infarction (10 IABP patients and 11 TandemHeart patients). In

the study by Ohman 2005a patients with myocardial infarction

complicated by hypotension, suspected cardiogenic shock or heart

failure were included for randomisation. At time of randomisa-
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tion, 22 patients (39%) had Killip class IV. We restricted our anal-

ysis to these patients with cardiogenic shock (12 IABP patients

and 10 patients in the control group without IABP). In total, 190

patients were included for meta-analysis, of whom 105 patients

were treated with IABP and 85 were treated without IABP.

Interventions

Three studies which included 102 patients with AMI and car-

diogenic shock compared the intervention IABP versus standard

treatment without IABP (Arias 2005; Ohman 2005a; Prondzinsky

2010) and three studies with 88 randomised patients compared

the intervention IABP with percutaneous left assist devices. Two

of these studies with 62 patients compared IABP versus Tandem-

Heart (Burkhoff 2006; Thiele 2005) and one study with 26

patients compared IABP versus Impella (Seyfarth 2008). The

TandemHeart LVAD (TandemHeart, Cardiac Assist, Pittsburgh,

PA, USA) is a percutaneous left atrial-to femoral arterial LVAD,

driven by a low-speed centrifugal continuous flow pump (Thiele

2001). The Impella LVAD (Impella LP2.5, Abiomed Europe

GmbH, Aachen, Germany) is a catheter-based, impeller-driven,

axial flow pump which pumps blood directly from the left ven-

tricle into the ascending aorta (Henriques 2006). In this review

the intervention group includes all treatment groups with patients

randomised to get IABP and the control group include all treat-

ment groups without IABP.

Combining results of all trials, mean duration of support with

IABP was 59±57 hours in the intervention group. Myocardial

revascularization was performed using PCI in all studies. 85%

of patients were revascularized with PCI and 81% with PCI and

stenting. Only few patients (5%) and only one study (Ohman

2005a) with thrombolytic therapy as standard was found.

Outcomes

Primary data was available to perform a meta-analysis on mor-

tality distribution and mortality rates at discharge from hospital,

30-days, six months and one year after randomisation, haemody-

namics, length of hospital and ICU stay and IABP-related com-

plications. Possible IABP-related complications were reported in

different ways and a pooled analysis was only possible for bleed-

ing, vascular injury, leg or limb ischemia, embolism, infection and

thrombocytopenia. Complications in the single trials are described

in Included studies . It was not possible to compare quality of life

due to lack of data. Time of follow-up varied between time in

coronary unit with 10 to 15 days (Arias 2005), 30 days (Burkhoff

2006; Thiele 2005), six months (Ohman 2005a; Seyfarth 2008)

and one year (Prondzinsky 2010).

Excluded studies

Most randomised trials on IABP excluded patients with car-

diogenic shock (Christenson 1997a; Christenson 1997b;

Christenson 1997c; Christenson 1999; Christenson 2003;

Flaherty 1985; Kono 1996; Ohman 1994; Perera 2009; Stone

1997; Vijayalakshmi 2007) or pre-specified cross-over to IABP

in case of cardiogenic shock (Van ’t Hof 1999). Ten of the in-

vestigated trials did not use a randomised allocation (Anderson

1997; Barron 2001; Bengtson 1992; Kovack 1997a; Moulopoulos

1986a; Sanborn 2000; Stomel 1994; Vis 2007a; Vis 2007b;

Waksman 1993) and in two trials, patients had no cardiogenic

shock at time of randomisation (Li 2007; Marra 2002). In one

trial (O’Rourke 1981) only four patients suffered from cardiogenic

shock. Causes for exclusion are presented briefly in tabular form

(please see Characteristics of excluded studies).

Risk of bias in included studies

All trials were published in peer-reviewed journals. Five trials

acknowledged the support of either Datascope (Ohman 2005a;

Prondzinsky 2010); Cardiac Assist (Burkhoff 2006; Thiele 2005)

or Abiomed Europe GmbH (Seyfarth 2008). Datascope is one of

the manufacturers of the IABPs, Cardiac Assist of the Tandem-

Heart LVAD and Abiomed Europe GmbH developed the Impella

LVAD. The range of the number of included participants was 26

to 57. Three trials compared IABP versus percutaneous LVAD,

three trials to standard treatment without IABP. In five trials the

analysis was done by intention-to-treat (Burkhoff 2006; Ohman

2005a; Prondzinsky 2010; Seyfarth 2008; Thiele 2005). Figure

4 and Figure 5 present risk of bias in the six eligible studies and

summarizes risk of bias.
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Figure 4. Risk of bias summary: review authors’ judgements about each risk of bias item for each included

study.
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Figure 5. Risk of bias graph: review authors’ judgements about each risk of bias item presented as

percentages across all included studies.

Sequence generation

In all trials currently included in this review the method of method

of sequence generation was provided by the author. All trials used

random tables. One trial used random number tables without fur-

ther restriction (Thiele 2005), one trial used a stratified randomi-

sation (Arias 2005) and four trials used a blocked randomisation

technique (Burkhoff 2006; Ohman 2005a; Prondzinsky 2010;

Seyfarth 2008).

Allocation

In all trials currently included in this review the method of alloca-

tion concealment was either described in the text or this informa-

tion was provided by the author. Adaequate methods of allocation

(opaque sealed envelopes or central telephone allocation) were de-

scribed in all studies. Five trials used opaque sealed envelopes, and

in one, a central telephone allocation system was used (Ohman

2005a).

Blinding

Only one trial described a blinding in the study without further

detailed information (Arias 2005). Blinding of the intervention

to study personal was not possible rendering the risk of differen-

tial behaviour of health care providers in all trials. Unblinding of

outcome assessment of investigated objective (especially all-cause

mortality) outcomes is unlikely to introduce bias.

Incomplete outcome data

All-cause mortality and haemodynamics were investigated.

Arias 2005 restricted reporting of all-cause mortality to in-hospital

mortality. Complete 30-day follow up data were available in five

studies. Six-months follow-up data of all-cause mortality distri-

bution were available in three trials (Ohman 2005a; Prondzinsky

2010; Seyfarth 2008 ) with missing follow-up data of 5/83 (5.5%)

patients. Only in one of these studies (Prondzinsky 2010) survival

status of 5/40 patients (12.5%) was missed on reasons for missing

outcome data unlikely to be related to true outcome (censoring

after discharge from hospital).

Haemodynamic post interventional data were reported in four

trials with follow-up times ranging from 30 minutes to 28 days.

Individual patient data of three trials (Prondzinsky 2010; Thiele

2005; Seyfarth 2008 ) were included into the analysis. Follow-up

information was lost in 11/106 patients (10.4%, cardiac index),

5/106 (4.7%, mean arterial pressure) and 16/106 (15.1%, pul-

monary capillary wedge).

Selective reporting

Key outcomes mortality, haemodynamic and adverse events were

reported in five of six trials. We missed information about course

of haemodynamics after randomisation in Arias 2005.
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Other potential sources of bias

In three studies (Arias 2005; Burkhoff 2006; Ohman 2005a ) im-

portant deviations from the study plan, which are possible reasons

for bias, were documented: high cross-over rates, early stopping

and the inclusion of patients with IABP at randomisation. Cross-

over rates were high in these three studies: Arias 2005 reported

the results of the per-protocol (PP) analysis with cross over of 11/

20 patients to the intervention group. Only results of the per-

protocol (PP) analysis were available. These results are restricted

to the analysis of in-hospital mortality rates. In Ohman 2005a

3/10 patients (33%) from the control crossed over to the inter-

vention group and 3/12 (25%) from the intervention to control

group. The results of the intention-to-treat and per-protocol anal-

ysis do not show relevant differences: During the first 30 days 6/

12 patients (50%) died in the group randomised to IABP and 6/

10 patients (60%) in the group randomised to non-IABP (ITT

analysis). From the non-survivors, 5/12 patients (42%) died in the

group treated with IABP and 7/10 patients (70%) in the group

treated without IABP (PP analysis). The resulting Odds Ratios

are 0.67, 95% CI 0.12 to 3.64 (ITT analysis) and 0.30, 95%

CI 0.05 to 1.80 (PP analysis). In Burkhoff 2006 5/14 patients

(36%) randomised to IABP and 7/19 patients (37 %) from the

control group with LVAD were bridged to another therapy, no

patient was bridged to IABP. The overall proportion of cross-over

compared with observed event risk is to low to have a clinically

relevant impact on the intervention effect estimate on mortality.

Most patients (66%) in Burkhoff 2006 were enrolled after failure

of IABP before enrolment and randomisation but all patients still

met haemodynamic criteria for CS. The trial was stopped early on

the recommendation of the Data Safety Monitoring Board.

Being aware of these methodological restrictions, we nevertheless

decided to include all studies with randomisation of patients with

our indication because of the limited number of trials available for

this comparison. Risk of bias tables of all single trials are given in

detail in Characteristics of included studies.

Effects of interventions

Primary outcome measures:

(a) All-cause mortality

30-days all cause mortality

Combining across all trials, five trials with 150 patients (Burkhoff

2006; Ohman 2005a; Prondzinsky 2010; Thiele 2005; Seyfarth

2008) reported 31/74 (42%) deaths in the intervention compared

with 30/76 (39%) deaths in the control group (Analysis 1.3).

The hazard ratio indicated no difference in mortality distribution

between groups (HR 1.04, 95% CI 0.62 to 1.73, Figure 6).This

result was consistent whether a one or a two-step approach was

used. Adjustments to age, sex and diabetes does not change the

result (Table 1). There was no substantial heterogeneity observed

in these analyses.

Figure 6. Forest plot of comparison: IABP versus Control, outcome: all-cause 30-day mortality distribution.
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A preplanned analysis according to the types of revascularization

also showed no differences between groups. Most patients in five

studies (Arias 2005; Burkhoff 2006; Prondzinsky 2010; Seyfarth

2008; Thiele 2005) were revascularized by PCI and in Ohman

2005a patients were revascularized with thrombolytic therapy. An

additional sensitivity analysis comparing standard without IABP

to other LVAD shows no influence on the results. The two studies

(Ohman 2005a; Prondzinsky 2010) comparing IABP to standard

treatment without IABP did not later the results. A preplanned

subgroup analysis investigated the influence of prognostic factors

age and sex to all-cause mortality on the basis of individual patient

data. Combining results across all trials, 22/50 (44%) men and 9/

24 (38%) women died in the intervention and 21/53 (40%) men

and 10/23 women (43%) in the control group. 25/58 (43%) of

patients < 75 years and 6/16 (38%) of patients ≥ 75 years died in

the intervention and 27/68 (40%) and 4/8 (50%) in the control

group, respectively (Table 1).

In-hospital all cause mortality

Meta-analysis was conducted on four trials with 147 patients to

describe in-hospital mortality rates (Arias 2005; Thiele 2005;

Prondzinsky 2010; Seyfarth 2008). Combining across trials, 32/

83 patients (39%) died in the intervention and 27/64 patients

(42%) in the control group (OR 0.88, 95% CI 0.44 to 1.76)

(Analysis 1.4).

Six-months all cause mortality

Meta-analysis was conducted on three trials with 83 patients to de-

scribe all-cause six month mortality distribution (Ohman 2005a;

Prondzinsky 2010; Seyfarth2008). Combining across trials, 20/42

patients (48%) died in the intervention and 21/41 patients (51%)

in the control group ( Analysis 1.5). The hazard ratio of 0.93 (95%

CI 0.49 to1.77) indicated no difference between groups , even

when adjustments were made for age, sex and diabetes or a one-

or two step approach was used Table 1). There was no substantial

heterogeneity observed in these analysis.

A preplanned analysis according to the types of revasculariza-

tion also showed no differences between groups. Most patients in

Prondzinsky 2010 and Seyfarth 2008 were revascularized by PCI

and in Ohman 2005a patients were revascularized with throm-

bolytic therapy. An additional sensitivity analysis comparing stan-

dard without IABP or other LVAD did not later the results.

One-year all cause mortality

One-year mortality information is available from 34 patients of

one trial (Prondzinsky 2010). 9/16 patients (56%) died in the

intervention and 6 /16 patients (38%) in the control group (OR

2.14, 95% CI 0.52 to 8.81).

(b) Non-fatal cardiovascular events

Data were available in up to four trials with 129 patients (Ohman

2005a; Prondzinsky 2010; Seyfarth 2008; Thiele 2005). Reported

results are combined across trials. 2/64 patients (3.1%) from the

intervention and 1/65 patient (1.5%) from the control group suf-

fered from reinfarction, 2/64 patients (3.1%) from the interven-

tion and 0/65 patients from the control group had a stroke. Reoc-

clusion and subsequent re-revascularization were reported in three

trials with 107 patients ( Prondzinsky 2010; Seyfarth 2008; Thiele

2005). Altogether, 2/52 patients (3.8%) from the intervention and

10/55 patients (18.2%) from the control group had re-occlusion

and subsequent re-revascularization. Recurrent ischemia were re-

ported in two trials with 81 patients ( Prondzinsky 2010; Thiele

2005). 2/39 patients (5.1%) from the intervention and 0/42 pa-

tients from the control group had recurrent ischemia (Table 2).

Table 2. Frequency of non-fatal events

study event Control group IABP Control Odds Ratio (95%CI)

Events Total Events Total

Ohman 2005 reinfarction non-IABP 0 (0.0%) 12 0 (0.0%) 10 not estimable

Prondzinsky

2010

reinfarction non-IABP 1 (5.3%) 19 0 (0.0%) 21 3.49 (0.13-90.86)

Thiele 2005 reinfarction other LVAD 1 (5.0%) 20 0 (0.0%) 21 3.31(0.01-86.06)

Seyfarth 2008 reinfarction other LVAD 0 (0.0%) 13 1 (7.7%) 13 0.31 (0.01-8.30)

Total events reinfarction 2 (3.1%) 64 1 (1.5%) 65 not estimated

Ohman 2005 stroke non-IABP 2 (16.7%) 12 0 (0.0%) 10 5.00 (0.21-117.21)
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Table 2. Frequency of non-fatal events (Continued)

Prondzinsky

2010

stroke non-IABP 0 (0.0%) 19 0 (0.0%) 21 not estimable

Thiele 2005 stroke other LVAD 0 (0.0%) 20 0 (0.0%) 21 not estimable

Seyfarth 2008 stroke other LVAD 0 (0.0%) 13 0 (0.0%) 13 not estimable

Total events stroke 2 (3.1%) 64 0 (0.0%) 65 not estimated

Prondzinsky

2010

reocclusion

and re-revas-

cularization

non-IABP 2 (10.5%) 19 8 (38.1%) 21 0.09 (0.01-0.81)

Thiele 2005 reocclusion

and re-revas-

cularization

other LVAD 0 (0.0%) 20 1 (4.8%) 21 0.33 (0.01-8.30)

Seyfarth 2008 reocclusion

and re-revas-

cularization

other LVAD 0 (0.0%) 13 1 (0.0%) 13 0.31 (0.01-8.30)

Total events reocclusion

and re-revas-

cularization

2 (3.9%) 52 10 (18.2%) 55 0.32 (0.03-3.25)

Prondzinsky

2010

recurrent

ischemia

non-IABP 1 (5.3%) 19 0 (0.0%) 21 3.49 (0.13-90.86)

Thiele 2005 recurrent

ischemia

other LVAD 1 (5.0%) 20 0 (0.0%) 21 3.31 (0.13-86.06)

Total events recurrent is-

chemia

2 (5.1%) 39 0 (0.0%) 42 3.40 (0.34-34.04)

Secondary outcome measures:

(a) Haemodynamics (cardiac index, mean arterial pressure,

pulmonary capillary wedge)

Cardiac index

Cardiac index measured after device implantation was available on

95 patients from three eligible studies (Prondzinsky 2010; Seyfarth

2008; Thiele 2005). Cardiac index showed substantial heterogene-

ity (I2 = 85%) between trials. To explore heterogeneity, a subgroup

analysis according to the comparison group was conducted and

showed relevant differences according to comparison groups (non-

IABP versus other LVAD) on the results. In Prondzinsky 2010,

patients randomised to IABP (n = 16) had higher mean cardiac

indices compared to control group patients (n = 14) without any

assist devices (mean difference (MD) 0.49 L/min/m2, 95% CI

-0.29 to 1.27). In contrast, combining the results of two trials,

patients randomised to IABP (n = 32) had lower mean cardiac

indices compared to control group patients (n = 32) with LVAD

(MD -0.75 L/min/m2, 95% CI -1.51 to 0.00).

Mean arterial pressure
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Mean arterial pressure (MAP) after device implantation was avail-

able on 101 patients from three eligible studies. Combining across

all trials, patients in the intervention group (n = 50) showed lower

mean MAP values post implantation compared to control group

patients (n = 51) (MD -5.1 mm Hg, 95% CI -10.9 to 0.66) with

low heterogeneity between trials.

Pulmonary capillary wedge

Pulmonary capillary wedge (PCWP) after device implantation was

available on 90 patients from three eligible studies. Combining

across all trials, patients in the intervention group (n = 45) showed

higher mean PCWP values post implantation compared to control

group patients (n = 45) (MD 3.9 mm Hg, 95% CI 1.1 to 6.7)

with moderate heterogeneity between trials (I2 = 44%). To explore

heterogeneity a subgroup analysis according to the comparison

group (non-IABP or other LVAD) was conducted but a difference

according to comparison groups was not stated.

(b) Length of hospital and intensive care unit (ICU) stay

Information about length of hospital stay is available from three

trials with 77 patients (Prondzinsky 2010; Seyfarth 2008; Thiele

2005) and information about intensive care requirement is avail-

able only from 40 patients of one trial (Prondzinsky 2010). Com-

bining across all trials, patients from the intervention groups (n =

38) stayed a shorter mean time in hospital control group patients

(n = 39) (MD -4.7 days, 95% CI -10.8 to 1.5) with low hetero-

geneity between trials (Analysis 1.9). Prondzinsky 2010 showed a

corresponding benefit in intensive care requirement with a shorter

mean time in the intervention group (n=19) compared to patients

in the control group (n = 21) (-6.2 days, 95% CI -12.3 to -0.07).

(c) Quality of life

No results were available from included studies.

(d) All IABP-related post-interventional complications

Possible IABP related complications were described heteroge-

neously in the trials. Analyses display frequencies of possibly re-

lated complication as moderate or severe bleeding, vascular injury,

leg or limb ischemia, embolism, infection and thrombocytope-

nia. In detail, high incidence of complications in control groups

has to be attributed to interventions with other LVAD. In con-

sequence, frequency in the intervention group, in control groups

with LVAD and without LVAD are analysed separately (Table

3). Reported results are combined across trials. Up to five trials

(Burkhoff 2006; Prondzinsky 2010; Ohman 2005a; Seyfarth 2008

and Thiele 2005) reported the frequency of post-interventional

complications. 7/78 patients (9.0%) from the intervention but 0/

31 patient in the control group without LVAD and 27/53 patients

(51% ) from the control group with LVAD suffered from moder-

ate or severe bleeding. . 0/33 patients in the intervention and 0/

21 patients in the control group without LVAD but 2/19 patients

(10%) from the control group with LVAD suffered from vascular

injury.

Table 3. Frequency of IABP-related complications

study event Control group IABP Control Odds Ratio (95%CI)

Events Total Events Total

Ohman 2005 bleeding non-IABP 0 (0.0%) 12 0 (0.0%) 10 not estimable

Prondzinsky

2010

bleeding non-IABP 0 (0.0%) 19 0 (0.0%) 21 not estimable

Total events bleeding non-IABP 0 (0.0%) 31 0 (0.0%) 31 not estimable

Burkhoff

2006

bleeding other LVAD 2 (14.3%) 14 8 (42.1%) 19 0.23 (0.04-1.32)

Seyfarth 2008 bleeding other LVAD 0 (0.0%) 13 1 (7.7%) 13 0.31 (0.01-8.30)

Thiele 2005 bleeding other LVAD 5 (25%) 20 18 (85.7%) 21 0.06 (0.01-0.27)

Total events bleeding other LVAD 7 (14.9%) 47 27 (50.9%) 53 0.12 (0.04-0.36)
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Table 3. Frequency of IABP-related complications (Continued)

Prondzinsky

2010

vascular injury non-IABP 0 (0.0%) 19 0 (0.0%) 21 not estimable

Burkhoff

2006

vascular injury other LVAD 0 (0.0%) 14 2 (10.5%) 19 0.24 (0.01-5.44)

Ohman 2005 leg or limb is-

chemia

non-IABP 0 (0.0%) 12 1 (10.0%) 10 0.28 (0.01-7.57)

Prondzinsky

2010

leg or limb is-

chemia

non-IABP 1 (5.3%) 19 0 (0.0%) 21 3.49 (0.13-90.86)

Total events leg or limb is-

chemia

non-IABP 1 (3.2%) 31 1 (3.2%) 31 not estimated

Burkhoff

2006

leg or limb is-

chemia

other LVAD 2 (14.3%) 14 4 (21.1%) 19 0.63 (0.10-4.01)

Seyfarth 2008 leg or limb is-

chemia

other LVAD 0 (0.0%) 13 1 (7.7%) 13 0.31 (0.01-8.30)

Thiele 2005 leg or limb is-

chemia

other LVAD 0 (0.0%) 20 7 (33.3%) 21 0.05 (0.00-0.89)

Total events leg or limb is-

chemia

other LVAD 2 (4.3%) 47 12 (22.6%) 53 0.28 (0.06-1.34)

Prondzinsky

2010

embolism non-IABP 0 (0.0%) 19 0 (0.0%) 21 not estimable

Thiele 2005 embolism other LVAD 1 (5.3%) 20 0 (0.0%) 21 3.31 (0.13-86.06)

Prondzinsky

2010

infection non-IABP 0 (0.0%) 19 0 (0.0%) 21 not estimable

Burkhoff

2006

infection other LVAD 0 (0.0%) 14 3 (15.8%) 19 0.16 (0.01-3.42)

Seyfarth 2008 infection other LVAD 3 (23.1%) 13 0 (0.0%) 13 9.0 (0.42-194.07)

Thiele 2005 infection other LVAD 12 (60%) 20 14 (33.3%) 21 0.75 (0.21-2.68)

Total events infection other LVAD 15 (31.9%) 47 17 (32.1%) 53 not estimated

Prondzinsky

2010

thrombocy-

topenia

non-IABP 0 (0.0%) 19 0 (0.0%) 21 not estimable

Burkhoff

2006

thrombocy-

topenia

other LVAD 3 (21.4%) 14 3 (15.8%) 19 1.45 (0.25-8.58)
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Table 3. Frequency of IABP-related complications (Continued)

Thiele 2005 thrombocy-

topenia

other LVAD 0 (0.0%) 20 1 (4.8%) 21 0.33 (0.01-8.67)

Total events thrombocy-

topenia

other LVAD 3 (8.8%) 34 4 (10.0%) 40 not estimated

3/78 patients (3.8%) from the intervention and 1/31 patient

(3.2%) from the control group without LVAD and 12/53 patients

(23%) from control groups with LVAD had leg or limb ischemia.

Embolism was reported in two trials, 1/40 patient (2.5%) from

the intervention but no patient from control groups suffered from

embolism. 15/66 patients (23%) from the intervention and 0/21

patient from the control group without LVAD but 17/53 patients

(32%) from the control group with LVAD suffered from infec-

tion. Thrombocytopenia was reported in three trials. 3/53 patients

(5.7%) from the intervention group and 0/21 patient from the

control group without LVAD but 4/40 patients (10%) from the

control group with LVAD suffered from thrombocytopenia .

D I S C U S S I O N

Summary of main results

Data from six eligible small studies with a total of 190 patients with

AMI and cardiogenic shock identified to compare IABP versus no

IABP could not show convincing evidence for either benefit or

harm supporting the use of the intra-aortic counterpulsation. Each

of these analysed studies on its own is too small to be sufficiently

powered to investigate those beneficial or harmful effects of IABP

support beyond initial haemodynamic improvements; but even

the aggregated study population of all included trials with 190

patients remains to small in total and does allow to draw definite

clues regarding the effects of IABP support.

Three trials compared IABP to standard treatment and three to

other percutaneous LVAD. Combining the result of all six trials, in

the intervention and control arm 42% and 39% of patients died

during the first 30 days and 48% and 51% of patients died dur-

ing 6 months after randomisation, respectively. Hazard ratios of

all-cause mortality distribution provide no evidence for a survival

benefit. Adjustments to age, sex and diabetes and investigation in

subgroups (IABP vs. non-IABP and IABP vs. other LVAD) con-

firm these results. While differences in survival were comparable

in patients treated with IABP, with and without LVAD, haemo-

dynamics show heterogeneous results. Post implantation, patients

randomised to IABP had higher mean cardiac index than patients

without assist devices and lower mean cardiac index than patients

with LVAD. Patients in the IABP group showed lower mean arte-

rial pressure values and higher mean pulmonary capillary wedge

pressure. A higher incidence of complications was observed in

control groups with other LVADs especially in the frequency of

moderate and severe bleeding compared to the intervention group

with IABP. Two additional studies are ongoing and designed to

include more than 600 patients in cardiogenic shock (IABP-Shock

trial) and up to 384 patients with haemodynamic instability. The

IABP SHOCK II Trial is designed as a randomised controlled trial

and was powered for mortality. A predefined interim-analysis will

be performed after 271 patients; the final data might be available

at the beginning of 2013 to answer the questions for clinically

significant beneficial or harmful effects of IABP support.

Quality of the evidence

The results of this meta-analysis are limited by several issues con-

cerning the number of trials, the number of patients in each trial

and in total, the heterogeneity of included patients at baseline and

the fact that IABP has been compared to no-IABP and to other

LVADs:

a) Although patient numbers in total are small it can be looked

upon as positive aspect that all included trials had been performed

by different investigators at different institutions, so that a bias

due to repeated single-centre experiences can be excluded.

b) All these analysed trials have been conducted properly under

the conditions of prospective randomised controlled trials, so that

we believe this meta-analysis can contribute valuable data to esti-

mate the effects of the IABP support in infarct-related cardiogenic

shock, although these trials were not planned and calculated un-

der the terms of mortality. One limitation with a great impact on

clues which can be drawn is the fact that there are only a few trials

in infarct-related cardiogenic shock which even showed only small

sample volumes.

More specifically there are points of concern within the most of

the included and analysed studies.

There was a frequent cross-over in several trials:

Ohman 2005a: 33% of patients from the control group with car-
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diogenic shock crossed over to emergency IABP. 25% of the in-

tervention group with cardiogenic shock did not receive IABP.

Thiele 2005: One patient with rapid haemodynamic improvement

did not receive the assigned LVAD.

Arias 2005: 27.5% of patients assigned to the control group

crossed over to IABP and were analysed in this group.

Burkhoff 2006: This multicenter-trial with only a small sam-

ple volume stopped recruitment earlier than initially intended.

Futhermore, different therapeutic strategies were performed in the

patients included. Moreover there was also a complex cross-over

situation: 37% of patients from the control group were bridged to

another therapy (3 patients to LVAD, 1 patient to extracorporeal

membrane oxygenation, 2 patients to PCI with stenting place-

ment, 1 patient to mitral valve repair).

Prondzinsky 2010: One patient of the control group was treated

with IABP.

Seyfarth 2008: One patient assigned to the control group died

before implantation and did not received the LVAD.

c) Under the limited number of included trials there was one trial

(Ohman 2005a) which included patients with acute decompen-

sated heart failure and haemodynamically instable patients, at the

same time. In this case only individual patient data eligible accord-

ing to the criteria of CS could be extracted and evaluated.

d) Another limitation is given by the fact that only three RCTs

compared IABP support versus a control without any device giving

haemodynamic support. Three trials compared the IABP support

to other assist devices as Tandem-Heart or the Impella system.

e) For the limited number of three trials comparing IABP to

no IABP, individual patient data of only two of the three trials

were available. One trial included patients being revascularized by

thrombolysis and the other by PCI. Indeed in this meta-analysis

there were only 40 patients, revascularized by the present state

of the art by primary PCI and compared to a no IABP control

group.

f ) Although there has been shown a favourable trend in haemo-

dynamics for IABP support compared to no IABP controls, it has

to be stated that haemodynamics have only little impact on prog-

nosis in infarct related cardiogenic shock (Lim 2003; Prondzinsky

2010). While the effect of IABP-timing in field of cardiac surgery

had been discussed during the last years (Ramnarine 2005) this

discussion currently had been continued in the field of cardiogenic

shock (Abdel-Wahab 2010). As shown by Lim and coworkers the

haemodynamics in critically ill CS-patients are less predictive than

expected. These surprising findings might be explained in particu-

lar by the effect of timing. Haemodynamic stabilization under the

terms of CS has to be achieved as soon as possible before the po-

tential multiorgan dysfunction syndrome (MODS) or multiorgan

failure (MOF) is established. A haemodynamic stabilization under

the terms of established MOF shows no impact on prognosis any

more, while after the onset of multiorgan failure, MOF shows the

leading prognostic impact for outcome.

g) An additional limitation has to be seen in the patient groups

themselves. While patients with acute NSTEMI or STEMI can

be described very well regarding their baseline conditions, haemo-

dynamic instable cardiogenic shock patients show a broader vari-

ation at baseline. Recently, it has been published that multior-

gan failure (MOF) and systemic inflammation (SIRS) have the

greatest impact on prognosis in infarct-related cardiogenic shock

(Prondzinsky 2010). Nevertheless the most baseline data avail-

able only provide limited information for the quantifiable estima-

tion of MOF and inflammation at baseline; they are mostly based

on socio-demographic and haemodynamic data to assess baseline

comparability, so that full comparability of all included patients

under these conditions cannot be assured due to the limited size

of included studies.

h) Here we refer to section b), where major concerns regarding the

issue of cross-over designs are explained.

i) The duration of IABP support differed in the intervention group

between the trials from 26±19 up to 84±54 hours.· The different

duration of IABP support may reflect different patient popula-

tions regarding the degree of haemodynamic instability but may

also indicate treatment algorithms for management for cardiogenic

shock, regarding inotropic and vasopressor support as also IABP

weaning.

j) As shown by the OASIS-5 Trial (Yusuf 2006) outcome in haemo-

dynamically stable patients with acute coronary syndromes is ob-

viously driven by the (intervention-related) bleeding rate. There-

fore it would have been very helpful if the assessment of com-

plications, respectively bleedings in all analysed trials were per-

formed in a comparable way i.e. by the TIMI-bleeding definition.

Therefore the bleeding related impact on outcome could not be

determined. It cannot be excluded that bleedings counteract the

trends of favourable haemodynamics in the intervention group.

k) Abdel-Wahab 2010 performed a retrospective analysis of 48

patients with cardiogenic shock and found more favourable results

for those CS patients in whom the IABP support had been initiated

prior to primary PCI. Indeed the issue of timing IABP support in

primary PCI has not been investigated in detail. Therefore it can

not be excluded that an earlier initiation of IABP support might

have impact outcome, due to earlier improved macro-circulation

preventing multiorgan dysfunction or failure.

Although there is currently a strong recommendation for the use

of intra-aortic counterpulsation under the conditions of cardio-

genic shock by the American College of Cardiology and American

Heart Association (ACC/AHA) and also the European Society of

Cardiology (ESC), the utilization rate of adjunctive IABP support

in STEMI complicated by cardiogenic shock remains low (20% to

39%).This gap of strong recommendation predominantly based

on non-randomised trials and registries on one hand and re-

stricted guideline adherence in daily clinical practice on the other

hand might be related to our findings that the therapeutic effects

seem to be limited to improved haemodynamics, which apparently

could not be transferred into improved outcome. Additionally our

findings showed an increased rate of bleedings under intra-aortic
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counterpulsation. On the background that bleedings, especially

major bleedings, show a strong relationship to poor outcome in

ACS-patients, the findings of our review might explain, why the

majority of clinicians exercise restraint against IABP support in

cardiogenic shock.

Agreements and disagreements with other
studies or reviews

Other randomised studies

During the last decades several prospective randomised controlled

trials (Flaherty 1985; Kono 1996; O’Rourke 1981; Stone 1997;

Van ’t Hof 1999) with IABP support in ST-segment elevation my-

ocardial infarction (STEMI) without cardiogenic shock have been

performed. These trials recently have been investigated and anal-

ysed in a meta-analysis (Sjauw 2009). This meta-analysis included

seven randomised trials with 1009 patients of STEMI. IABP nei-

ther showed a 30-day survival benefit nor improved left ventricu-

lar function, while the IABP support was associated with higher

stroke and bleeding rates. Another review compared the results

of randomised trials comparing percutaneous LVAD with IABP

on the basis of three available trials (Cheng 2009) and stated that

’although use of percutaneous LVAD resulted in a better haemo-

dynamic profile compared with IABP counterpulsation, this did

not translate into improved 30-day survival’ but patients treated

with LVAD tended to have a higher incidence of leg ischemia and

device-related bleeding.

Other non-randomised studies

Sjauw 2009 conducted a second meta-analysis in nine co-

hort studies with 10,529 patients with STEMI and cardiogenic

shock (Anderson 1997; Barron 2001; Bengtson 1992; Kovack

1997a; Moulopoulos 1986a; Stomel 1994; Vis 2007a; Vis 2007b;

Waksman 1993). In this meta-analysis, the subgroup treated with

thrombolysis showed an 18% decrease in 30-day mortality under

IABP-support. These findings are limited by higher revasculariza-

tion rates compared to patients without IABP support. As shown

by Hochman 1999 revascularization of the infarct related artery in

infarct related CS shows relevant impact on outcomes. Addition-

ally there was a bias towards younger age in the IABP group. For

this reason the reported beneficial effects for IABP supported in

AMI patients undergoing IABP support after thrombolysis have to

be interpreted very carefully. In contrast to these beneficial findings

the National Registry for Acute Myocardial Infarction (Spencer

2001) showed an increased mortality rate under IABP support

after revascularization using percutaneous coronary intervention.

These data led to an increasing increased mortality rate of 6%

under IABP support in the meta-analysis by Sjauw 2009. Also in

the light of these mixed and controversial data of non-randomised

trials the strong recommendation for IABP support especially in

PCI patients is not evidence based.

This review adds some evidence from two additional studies (

Arias 2005; Prondzinsky 2010) and subgroups of patients with

myocardial infarction and cardiogenic shock of two other studies (

Burkhoff 2006; Ohman 2005a) and represents a formal assessment

of mortality distribution.

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

At present there is no robust and convincing evidence to support

the use of IABP in infarct related cardiogenic shock if revascular-

ized by primary PCI. The present body of evidence is represented

by a small number of heterogeneous randomised trials with only

small patient numbers. Even the meta-analysis including all avail-

able data from 190 patients does not allow definite conclusions

about the potential beneficial or harmful clinical effects of IABP

support beyond initial hemodynamical improvement. Using the

present annual rates of cardiogenic shock Thiele 2009 calculated

that approximately 70.000-96.000 patients in the US and Europe

with infarct related cardiogenic shock do not receive the guide-

line recommended IABP support. Regarding the lack of evidence

for IABP support in cardiogenic shock, the present recommen-

dations should be re-examined. In recognition of a large body of

evidence for IABP-support in CS generated by non-randomised

trials, which is in contrast to the lack of evidence in a small number

of randomised controlled trials, IABP support should no longer

be strongly recommended by the guidelines in every case of infarct

related cardiogenic shock and should be supported as an individual

treatment option based on the personal experience and decision of

the investigator and the particular circumstances of the individual

treatment situation (Werdan 2010b). Especially in cases of recog-

nizable increased IABP-related risks, such as vascular damage or

local bleedings, the recommendation for IABP-support needs to

be relativized. Another argument is an economical considerations:

strong guideline recommendations should be limited to clear ev-

idence of therapeutic superiority and proven cost-effectiveness. If

both points are a matter of debate it can not be surprising that

there will be a gap between recommendation and daily clinical

practice.

Implications for research

According to the recently reported data (Prondzinsky 2010) sys-

temic inflammation substantially contributes to outcome in car-

diogenic shock. Though it is common that the first phase of car-

diogenic shock is accompanied by compensatory vasoconstriction,

recent studies have shown that during the following phases of car-

diogenic shock inappropriate vasodilation induced by inflamma-

tion seems to be the key for understanding the persisting haemo-

dynamic instability as reflected by increasing rates of inotropes
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and vasopressors (Debrunner 2008; Geppert 2002; Geppert 2006;

Hochman 2003; Kohsaka 2006; Seely 2000).

In consequence, subgroups of patients and the phases of cardio-

genic shock regarding systemic inflammation and multiorgan fail-

ure clearly have to be defined to allow a better discrimination of

patient groups. Only the consequent quantifiable evaluation of

inflammation and organ failure will allow a reliable interpretation

of further trials, to detect beneficial or harmful effects on outcome

in different subgroups.

These future trials should investigate the contribution of IABP-

support to all cause mortality. Additionally these trials also should

examine the therapeutic and prognostic effect of IABP support

according to different phases of CS.
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Arias 2005

Methods Parallel single-centre RCT of two groups (inotropics + IABP vs. inotropics)

Study duration: February 2001 to February 2003

Measurements: haemodynamic parameters (PCWP, CI) were measured using a pul-

monary artery catheter (CI, PCWP).

Participants group 1: +IABP (31)

group 2: -IABP (9)

group 2 crossover to Group 1: 11

criteria for cross-over: critical illness and absence of response to vasopressors

mean age: 65.5 ± 6.2 years

sex: 65% men

diabetes: 40%

previous infarction: 27.5%

dislipidemia: 30%

heart rate: 94 ± 12 /min

MAP: 68 ± 6.4 mm Hg (estimated from systolic and diastolic BP)

PCWP: 21.7 ± 2.45 mm Hg

cardiac index: 1.93 ± 0.22 L/min/m2

No information about distribution between treatment groups.

Interventions Myocardial revascularization: PCI+stenting.

Primary additional randomised intervention: Percutaneous guided insertion with fluo-

roscopy of Arrow AutoCAT 2 WAVE® IABP

Pharmacological support: inotropes (dopamine and dobutamine),vasopressor, analgetic

and platelet inhibiting agents

Outcomes In hospital mortality

Notes Only in-hospital results from the coronary station. Analysis primary compares two car-

diogenic shock groups (early and late CS). Translation from Spanish. Author was con-

tacted and missing information were provided.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk random number table with stratified ran-

domisation

Allocation concealment (selection bias) Low risk opaque sealed envelopes

Blinding (performance bias and detection

bias)

mortality+haemodynamic

Unclear risk no details available
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Arias 2005 (Continued)

Incomplete outcome data (attrition bias)

mortality

High risk only in-hospital follow-up (10 to 15 days)

Incomplete outcome data (attrition bias)

haemodynamics

High risk only baseline data are reported

Selective reporting (reporting bias) High risk complications and course of haemodynam-

ics missing

Other bias High risk 9 patients (27.5%) crossed over to IABP,

we suppose results are from per protocol

analysis

Burkhoff 2006

Methods Parallel multicenter RCT of two groups (IABP vs. TandemHeart)

Study duration: April 2002 to April 2004

Measurements: Haemodynamic parameters (PCWP, CI) were measured using an

indwelling right catheter.

Participants 42 patients were included and 33 patients were randomised, 21 were diagnosed with

acute myocardial infarction (AMI), 5 roll-in patients with AMI

group 1: +IABP (14) with AMI (10)

group 2: -IABP (19) with AMI (11)

group 1 cross-over to group 2: 4

group 2 cross-over to group 1: 0

median age: 66 (49-84) years (cardiogenic shock+AMI patients)

sex: 81% men (cardiogenic shock+AMI patients)

Haemodynamic values at baseline are influenced by IABP before randomisation.

Interventions Myocardial revascularization: PCI, from 26 CS+AMI patients: PCI (85%), CABG (12%)

, LVAD (4%).

Primary additional randomised intervention: IABP or TandemHeart pVAD System.

Mean duration of support: 75 ± 95 hrs (group 1) vs. 61 ± 45 hrs (group 2).

Pharmacological support: Dose and choice of pressor, inotropic and pharmacologic

agents based on physicians standard of care.

Outcomes Haemodynamics, 30-day mortality, adverse events

Notes Analysis of individual patient data. 42 patients were included in the study, 9 treated

in the roll-in phase and 33 randomised. All patients had CS, 21 randomised patients

were diagnosed with AMI. All mortality statistics bases on individual patient data of 21

AMI+CS patients, haemodynamic and description of complication base on data from 33

randomised patients. Autor was contacted, missing information and individual patient

data were provided.
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Burkhoff 2006 (Continued)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk random number table with blocked ran-

domisation

Allocation concealment (selection bias) Low risk sealed opaque envelopes

Blinding (performance bias and detection

bias)

mortality+haemodynamic

High risk not possible

Incomplete outcome data (attrition bias)

mortality

Low risk complete 30 day follow-up

Incomplete outcome data (attrition bias)

haemodynamics

Low risk different numbers of patients for CI, MAP

and PCWP measurements 16 hours of sup-

port, only aggregate data about differences

to baseline available

Selective reporting (reporting bias) Low risk mortality, haemodynamic and adverse

events were reported.

Other bias High risk early data depending stopping after enrol-

ment of 33 randomised patients, most pa-

tients were enrolled after failure of IABP

before enrolment and randomisation, 36%

patients were bridged to another therapy.

Ohman 2005a

Methods Parallel multicenter RCT of two groups (fibrinolysis+IABP vs. fibrinolysis)

Study duration: November 1996 to November 1999

Measurements: from the time of randomisation until hospital discharge or 30 days

(whichever was earlier), patients were be monitored for the occurrence of death, stroke,

reinfarction, new congestive heart failure, refractory ischemia, and rescue angioplasty

(defined as thrombolytic failure to achieve TIMI grade 2 or 3 flow in the infarct-related

artery)

Participants 57 patients were included, 22 were diagnosed with Killip class IV and included in our

analysis of patients with CS

group 1: +IABP (30) with CS (12)

group 2: -IABP (27) with CS (10)

group 2 crossover to IABP: 3 of 10 with CS

group 1 crossover to no IABP: 3 of 12 with CS

criteria for cross-over to IABP: emergency IABP (physicians discretion)

criteria for cross-over to no IABP: 2 deaths, 1 catheter could not be inserted
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Ohman 2005a (Continued)

median age: 69 (33-80) years (CS patients)

sex: 77% men (CS patients)

diabetes: 32% (CS patients)

previous infarction: 30%

MAP: 57 ± 12 mm Hg (estimated from systolic and diastolic BP, CS patients))

All values are equally distributed between groups.

Interventions Myocardial revascularization: PCI (23%), Stent (14%), CABG (18%), lysis (100%) of

CS patients

Primary additional randomised intervention: Femoral percutaneous insertion of an IABP

up to three hours after starting fibrinolysis (standard or sheathless technique). Patients

received IABP for 48 hours at a rate of 1:1 and were weaned gradually over 12 hours

before pump removal. Stopping early because of complications or continuation because

of ongoing ischemia or hypotension was possible. Mean duration of support: (45±32 hrs

(group 1), information not available (group 2).

Pharmacological support: predefined doses of intravenous heparin to achieve an aPTT

of 50-75 sec., use of other medications and procedures were left to the discretion of

physicians.

Outcomes 6-months and 30 day mortality (all-cause), in-hospital events (reinfarction, stroke, non-

fatal reinfarction), composite in-hospital end point (death, reinfarction, or new conges-

tive heart failure), safety events

Notes Trial included patients with myocardial infarction complicated by hypotension and sus-

pected cardiogenic shock or heart failure. Analysis of individual patient data was re-

stricted to patients with suspected cardiogenic shock. The trial was stopped early because

of missed enrolment goal (causes: bias among site investigators against randomisation in

CS patients).

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk random number table with blocked ran-

domisation

Allocation concealment (selection bias) Low risk central telephone allocation (North Amer-

ica) or sealed opaque envelopes

Blinding (performance bias and detection

bias)

mortality+haemodynamic

High risk Not possible

Incomplete outcome data (attrition bias)

mortality

Low risk complete 6-months follow-up

Incomplete outcome data (attrition bias)

haemodynamics

High risk no follow-up information
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Ohman 2005a (Continued)

Selective reporting (reporting bias) Low risk all prespecified outcomes are reported

Other bias High risk If patients were deemed to be rapidly deteri-

orating, the treating physician was allowed

to use IABP to save survival. crossover of

33% of patients from group 2. 10% of pa-

tients from groups 1 did not receive IABP,

in 53% IABP was stopped early.

Prondzinsky 2010

Methods Parallel single-centre RCT of two groups (Standard+IABP vs. Standard) undergoing

percutaneous coronary intervention (PCI)

Study duration: March 2003-June 2004

Measurements: invasive monitoring

Cardiac output data were obtained using the thermodilution method and was indexed

to body surface area using standard formulas. The initial data point for cardiac index

was taken immediately after cath/PCI when the thermodilution catheter was placed.

Frequent blood sampling was done to determine laboratory markers.

Participants group 1: +IABP (23)

group 2: -IABP (22)

group 2 crossover to IABP: 1

criteria for cross-over: no preplanned cross-over

5 patients excluded from analysis

median age: 64.2 (38-82) years

sex: 78% men

diabetes: 50%

previous infarction: 22.5%

hypertension: 45%

smoker: 38%

dyslipidemia: 7.5%

heart rate: 92 ± 30 /min

Apache II- Score: 22 ± 10

MAP: 78 ± 14 mm Hg

lactate: 4.3 ± 3.6 mmol/L

pH:7.38 ± 0.14

cardiac index: 2.0 ± 0.1 L/min/m2

PCWP:17.6 ± 1.0 mm Hg

All high risk factors (beside PCWP) are distributed equally between groups.

Interventions Myocardial revascularization: PCI (90%) , CABG (0%)

Primary additional randomised intervention: A 40mL IABP (IABP System 97, Datas-

cope; Fairfield, NJ) was inserted via the femoral artery using an 8-French sheath im-

mediately after PCI. Aortic counterpulsation was continued for a minimum of 48 hrs.

Mean duration of support: 45 ± 34 hrs (group 1), 184 hrs (1 patient in group 2).

Pharmacological support: inotropic and vasopressor agents, aspirin, glycoprotein-IIb-/

IIIa-receptor-blocker, heparin, as required, ventilatory support
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Prondzinsky 2010 (Continued)

Outcomes in-hospital-mortality, change in APACHE II scores over 4 days from enrolment, cardiac

index, plasma brain natriuretic peptide, interleukin-6

Notes Analysis of individual patient data. The authors (SU, RP, MB, KW and JH) were included

in this study.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk random number table with block randomi-

sation

Allocation concealment (selection bias) Low risk sealed opaque envelopes

Blinding (performance bias and detection

bias)

mortality+haemodynamic

High risk not possible

Incomplete outcome data (attrition bias)

mortality

Low risk complete in-hospital and 30 days follow-

up, missing information in long-term fol-

low up (12.5%) in 6 months-follow up,

15% in 1 year-follow up)

Incomplete outcome data (attrition bias)

haemodynamics

Low risk in-hospital data (intensive care unit) up to

28 days

Selective reporting (reporting bias) Low risk all prespecified outcomes are reported

Other bias Low risk 5 patients were excluded from analysis (4

not fulfilled inclusion criteria, 1 no post

randomisation data), 1 cross-over to IABP,

sensitivity analyses were calculated

Seyfarth 2008

Methods Parallel two-centre RCT of two groups (IABP vs. Impella LP2.5 (Abiomed Europe

GmbH, Aachen, Germany)

Study duration: September 2004 to January 2007

Measurements: Haemodynamic parameters were measured using a Swan-Ganz catheter.

Participants group 1: +IABP (13)

group 2: -IABP (13)

1 death in group 2 before implantation

median age: 66 (33-87) years

Sex: 76% men

diabetes: 31%
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Seyfarth 2008 (Continued)

previous infarction: 58%

hypertension: 61%

smoker: 58%

hypercholesterolaemia: 58%

cardiac output: 3.3 ± 1.2 L/min

MAP: 75 ± 16 mm Hg

lactate: 6.4 ± 4.2 mmol/L

pH: 7.27 ± 0.16

cardiac index: 1.72 ± 0.52 L/min/m2

PCWP: 22.0 ± 7.2 mm Hg

All high risk factors (beside gender distribution: 3 men more in group 1 gives a difference

of 23%) are distributed equally between groups.

Interventions Myocardial revascularization: PCI (92%) , CABG (4%)

Primary additional randomised intervention: The assigned device was implanted after

revascularization therapy via the access site. The time required to implant the device was

longer in group 2 (Impella: 22 ± 9 min; IABP: 14±8 min). As long as the assigned device

was implanted, heparin was given intravenously adjusted to a partial thromboplastin

time of 60 to 80 sec. Mean duration of support: (26 ± 19 hrs (group 1), 27 ± 16 hrs

(group 2).

Pharmacological support: positive inotropic drugs as needed, vasopressors remain un-

changed over 30 min during implantation of devices, no further regulations by protocol.

Outcomes change in cardiac index, haemodynamic and metabolic parameters; 30-day mortality

(all cause), device-related complications, multiple-organ dysfunction scores at 30 days

(MODS and SOFA) criteria

Notes Analysis of individual patient data.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk random number table with blocked ran-

domisation

Allocation concealment (selection bias) Low risk opaque sealed and numbered envelopes

Blinding (performance bias and detection

bias)

mortality+haemodynamic

High risk not possible

Incomplete outcome data (attrition bias)

mortality

Low risk complete 6 months follow-up

Incomplete outcome data (attrition bias)

haemodynamics

Low risk 30 min, 22 hrs (CPI), 72h (serum-lactate,

haemoglobin)
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Seyfarth 2008 (Continued)

Selective reporting (reporting bias) Low risk haemodynamic effects, mortality and de-

vice-related complications were reported.

Other bias Low risk small number of patients, early time point

for primary end point assessment (30 min

after implantation)

Thiele 2005

Methods Parallel single-centre RCT of two groups (IABP vs. TandemHeart) undergoing percuta-

neous coronary intervention (PCI) as first line treatment option

Study duration: August 2000 to December 2003

Measurements: Haemodynamic parameters were acquired in the cath lab before and after

device implantation. At the ICU, measurements were obtained every 8 hrs on subsequent

days. Metabolic parameters such as standard base excess, serum lactate, and pH were

determined.

Participants group 1: +IABP (20)

group 2: -IABP (21)

1 patient with rapid haemodynamic improvement not received VAD (Group 2)

median age: 64 (40-78) years

sex: 76% men

diabetes: 54%

previous infarction: 54%

hypertension: 83%

smoker: 37%

hypercholesterolaemia: 49%

cardiac output: 3.4 ± 0.9 L/min

MAP: 63 ± 14 mm Hg

lactate: 5.7 ± 3.8 mmol/L

pH: 7.31 ± 0.10

cardiac index: 1.68 ± 0.38 L/min/m2

PCWP: 22.6 ± 5.4 mm Hg (group 1: 25.1 ± 6.1 vs. group 2: 20.8 ± 4.1)

All high risk factors (beside PCWP) are distributed equally between groups.

Interventions Myocardial revascularization: PCI (95%) , CABG (5%)

Primary additional randomised intervention: In patients randomised to Group 1, an

IABP (Datascope Corporation, Fairfield, NJ, USA) was inserted percutaneously accord-

ing to standard procedures. All patients were initially on a pumping ratio of 1:1 with

100% balloon inflation. In patients randomised to Group 2 (TandemHeart, Cardiac

Assist, Pittsburgh, PA, USA), after transseptal puncture a venous inflow cannula is in-

serted into the left atrium. Oxygenated blood is drawn from there and returned via a

centrifugal pump and via an arterial cannula in the femoral artery (17 or 12 French) to

the lower abdominal aorta. Mean duration of support: (84 ± 54 hrs (group 1), 77 ± 47

hrs (group 2).

Pharmacological support: continuously heparin administration through the device lu-

brication system, activated clotting time was maintained at 180-200 s, iv administration

of dopamine and dobutamine (in case of high systemic vascular resistance), diuretics and
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Thiele 2005 (Continued)

fluids (base of the estimated optimal filling pressures) according to standard intensive

care guidelines. Patients with PCI were started with aspirin 500 mg and clopidogrel 300

mg, continuation for a minimum of 4 weeks with clopidogrel at 75 mg and aspirin

indefinitely at 100 mg.

Outcomes Cardiac power index, change in haemodynamic and metabolic parameters, 30-day mor-

tality, device related complications

Notes Analysis of individual patient data.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk table of random numbers

Allocation concealment (selection bias) Low risk sealed opaque envelopes

Blinding (performance bias and detection

bias)

mortality+haemodynamic

High risk not possible

Incomplete outcome data (attrition bias)

mortality

Low risk complete 30 days follow-up

Incomplete outcome data (attrition bias)

haemodynamics

Low risk not all patients included in the analysis as

a consequence of death, measurements up

to 72hrs after implantation

Selective reporting (reporting bias) Low risk haemodynamic and metabolic parameters,

mortality and complications are reported.

Other bias Low risk exclusion criteria eliminated >50% of all

patients with CS (no generalization to the

entire CS population possible)

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Anderson 1997 no randomised trial

Barron 2001 no randomised trial
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Bengtson 1992 no randomised trial

Christenson 1997a no inclusion of patients with preoperatively AMI+CS

Christenson 1997b no inclusion of patients with preoperatively AMI+CS

Christenson 1997c no inclusion of patients with preoperatively AMI+CS

Christenson 1999 no inclusion of patients with preoperatively AMI+CS

Christenson 2003 no inclusion of patients with preoperatively AMI+CS

Flaherty 1985 exclusion of patients with CS

Kono 1996 exclusion of patients with CS

Kovack 1997a no randomised trial

Li 2007 no CS at time of randomisation

Marra 2002 no CS patients

Moulopoulos 1986a no randomised trial

O’Rourke 1981 4 of 30 patients had CS (1 IABP patient)

Ohman 1994 exclusion of patients with CS

Perera 2009 exclusion of patients with CS

Sanborn 2000 no randomised trial

Stomel 1994 no randomised trial

Stone 1997 exclusion of patients with CS

Van ’t Hof 1999 for patients with CS crossover to balloon pumping was pre-specified

Vijayalakshmi 2007 patients with CS were excluded

Vis 2007a no randomised trial

Vis 2007b no randomised trial

Waksman 1993 no randomised trial. IABP was available in unit A (used in 20 patients) and not available in unit B (21 patients)
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Characteristics of ongoing studies [ordered by study ID]

IABP Shock II

Trial name or title Intraaortic Balloon Pump in Cardiogenic Shock II

Methods Parallel multicenter RCT of two groups (Standard+IABP vs. Standard) undergoing percutaneous coronary

intervention (PCI)

Participants n = 600

Interventions Comparison of PCI + intensive care treatment+ IABP vs. PCI+intensive care treatment without IABP. In-

tensive care treatment is performed according to standard care including haemodynamic monitoring using a

pulmonary artery catheter for optimal volume status adaption and inotropic drug administration.

Outcomes 30-day mortality, 6month and 1-year mortality, inflammatory and haemodynamic parameters, cate-

cholamines, serum lactate, creatinine clearance, requirement of haemofiltration or dialysis, length of ICU

stay, mechanical ventilation, active assist device implementation, SAPS-II Score, quality of life

Starting date June 2009

Contact information Holger Thiele, MD (thielh@medizin.uni-leipzig.de)

Notes The principal investigator (HT) is coauthor of this review.

RECOVER II Trial

Trial name or title RECOVER II Trial: A prospective randomised trial investigating the use of the IMPELLA RECOVER LP

2.5 system in patients with acute myocardial infarction induced haemodynamic instability

Methods Parallel multicenter RCT of two groups (Impella LP 2.5 vs. IABP)

Participants n = 384

Interventions Device: Impella LP2.5 vs. device: Intra-Aortic Balloon Pump

Outcomes composite rate of major adverse events within 30 days or hospital discharge (primary outcome), maximum

CPO increase from baseline

Starting date July 2008

Contact information Karim Benali, MD (kbenali@abiomed.com)

Notes Study stopped due to slow recruitment
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D A T A A N D A N A L Y S E S

Comparison 1. IABP versus Control

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 All-cause 30-day mortality

distribution

5 150 Hazard Ratio (Random, 95% CI) 1.04 [0.62, 1.74]

1.1 IABP versus non-IABP 2 62 Hazard Ratio (Random, 95% CI) 1.09 [0.46, 2.58]

1.2 IABP versus other LVAD 3 88 Hazard Ratio (Random, 95% CI) 1.02 [0.54, 1.93]

2 All-cause 6-month mortality

distribution

3 83 Hazard Ratio (Random, 95% CI) 0.93 [0.49, 1.77]

2.1 IABP versus non-IABP 2 57 Hazard Ratio (Random, 95% CI) 1.05 [0.40, 2.76]

2.2 IABP versus other LVAD 1 26 Hazard Ratio (Random, 95% CI) 0.72 [0.24, 2.13]

3 All-cause 30-day mortality rates 5 150 Odds Ratio (M-H, Random, 95% CI) 1.08 [0.55, 2.09]

3.1 IABP versus non-IABP 2 62 Odds Ratio (M-H, Random, 95% CI) 1.07 [0.36, 3.15]

3.2 IABP versus other LVAD 3 88 Odds Ratio (M-H, Random, 95% CI) 1.08 [0.46, 2.51]

4 All-cause in-hospital mortality

rates

4 147 Odds Ratio (M-H, Random, 95% CI) 0.88 [0.44, 1.76]

4.1 IABP versus non-IABP 2 80 Odds Ratio (M-H, Random, 95% CI) 0.78 [0.21, 2.91]

4.2 IABP versus other LVAD 2 67 Odds Ratio (M-H, Random, 95% CI) 0.94 [0.36, 2.47]

5 All-cause 6-month mortality

rates

3 83 Odds Ratio (M-H, Random, 95% CI) 0.84 [0.34, 2.05]

5.1 IABP versus non-IABP 2 57 Odds Ratio (M-H, Random, 95% CI) 0.98 [0.25, 3.87]

5.2 IABP versus other LVAD 1 26 Odds Ratio (M-H, Random, 95% CI) 0.54 [0.11, 2.55]

6 Haemodynamics (CI) post

intervention

3 95 Mean Difference (IV, Random, 95% CI) -0.38 [-1.23, 0.47]

6.1 IABP versus non-IABP 1 30 Mean Difference (IV, Random, 95% CI) 0.49 [-0.29, 1.27]

6.2 IABP versus other LVAD 2 65 Mean Difference (IV, Random, 95% CI) -0.75 [-1.51, -2.96]

7 Haemodynamics (MAP) post

intervention

3 101 Mean Difference (IV, Random, 95% CI) -5.10 [-10.86, 0.66]

7.1 IABP versus non-IABP 1 36 Mean Difference (IV, Random, 95% CI) -3.27 [-13.47, 6.93]

7.2 IABP versus other LVAD 2 65 Mean Difference (IV, Random, 95% CI) -7.55 [-18.59, 3.50]

8 Haemodynamics (PCWP) post

intervention

3 90 Mean Difference (IV, Random, 95% CI) 3.89 [1.10, 6.68]

8.1 IABP versus non-IABP 1 28 Mean Difference (IV, Random, 95% CI) 4.71 [1.12, 8.30]

8.2 IABP versus other LVAD 2 62 Mean Difference (IV, Random, 95% CI) 3.37 [-1.35, 8.09]

9 Length of hospital stay 3 77 Mean Difference (IV, Random, 95% CI) -4.67 [-10.85, 1.51]

9.1 IABP versus non-IABP 1 40 Mean Difference (IV, Random, 95% CI) -11.10 [-24.96,

2.76]

9.2 IABP versus other LVAD 2 37 Mean Difference (IV, Random, 95% CI) -3.08 [-9.98, 3.83]
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Analysis 1.1. Comparison 1 IABP versus Control, Outcome 1 All-cause 30-day mortality distribution.

Review: Intra-aortic balloon pump counterpulsation (IABP) for myocardial infarction complicated by cardiogenic shock

Comparison: 1 IABP versus Control

Outcome: 1 All-cause 30-day mortality distribution

Study or subgroup IABP Control log [Hazard Ratio] Hazard Ratio Weight Hazard Ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

1 IABP versus non-IABP

Ohman 2005a 12 10 -0.28835 (0.63385) 17.1 % 0.75 [ 0.22, 2.60 ]

Prondzinsky 2010 19 21 0.43586 (0.60641) 18.6 % 1.55 [ 0.47, 5.08 ]

Subtotal (95% CI) 35.7 % 1.09 [ 0.46, 2.58 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 0.68, df = 1 (P = 0.41); I2 =0.0%

Test for overall effect: Z = 0.20 (P = 0.84)

2 IABP versus other LVAD

Thiele 2005 20 21 0.08595 (0.47965) 29.8 % 1.09 [ 0.43, 2.79 ]

Burkhoff 2006 10 11 -0.12869 (0.67585) 15.0 % 0.88 [ 0.23, 3.31 ]

Seyfarth 2008 13 13 0.01788 (0.59305) 19.5 % 1.02 [ 0.32, 3.26 ]

Subtotal (95% CI) 64.3 % 1.02 [ 0.54, 1.93 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 0.07, df = 2 (P = 0.97); I2 =0.0%

Test for overall effect: Z = 0.05 (P = 0.96)

Total (95% CI) 100.0 % 1.04 [ 0.62, 1.74 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 0.77, df = 4 (P = 0.94); I2 =0.0%

Test for overall effect: Z = 0.16 (P = 0.87)

Test for subgroup differences: Chi2 = 0.02, df = 1 (P = 0.89), I2 =0.0%

0.1 0.2 0.5 1 2 5 10

Favours IABP Favours Control
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Analysis 1.2. Comparison 1 IABP versus Control, Outcome 2 All-cause 6-month mortality distribution.

Review: Intra-aortic balloon pump counterpulsation (IABP) for myocardial infarction complicated by cardiogenic shock

Comparison: 1 IABP versus Control

Outcome: 2 All-cause 6-month mortality distribution

Study or subgroup IABP Control log [Hazard Ratio] Hazard Ratio Weight Hazard Ratio

N N (SE) IV,Random,95% CI IV,Random,95% CI

1 IABP versus non-IABP

Ohman 2005a 12 10 -0.48162 (0.6049) 29.0 % 0.62 [ 0.19, 2.02 ]

Prondzinsky 2010 17 18 0.50627 (0.54105) 36.2 % 1.66 [ 0.57, 4.79 ]

Subtotal (95% CI) 65.2 % 1.05 [ 0.40, 2.76 ]

Heterogeneity: Tau2 = 0.16; Chi2 = 1.48, df = 1 (P = 0.22); I2 =33%

Test for overall effect: Z = 0.10 (P = 0.92)

2 IABP versus other LVAD

Seyfarth 2008 13 13 -0.3253 (0.55253) 34.8 % 0.72 [ 0.24, 2.13 ]

Subtotal (95% CI) 34.8 % 0.72 [ 0.24, 2.13 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.59 (P = 0.56)

Total (95% CI) 100.0 % 0.93 [ 0.49, 1.77 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 1.81, df = 2 (P = 0.40); I2 =0.0%

Test for overall effect: Z = 0.21 (P = 0.83)

Test for subgroup differences: Chi2 = 0.26, df = 1 (P = 0.61), I2 =0.0%

0.1 0.2 0.5 1 2 5 10

Favours IABP Favours Control
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Analysis 1.3. Comparison 1 IABP versus Control, Outcome 3 All-cause 30-day mortality rates.

Review: Intra-aortic balloon pump counterpulsation (IABP) for myocardial infarction complicated by cardiogenic shock

Comparison: 1 IABP versus Control

Outcome: 3 All-cause 30-day mortality rates

Study or subgroup IABP Control Odds Ratio Weight Odds Ratio

n/N n/N M-H,Random,95% CI M-H,Random,95% CI

1 IABP versus non-IABP

Ohman 2005a 6/12 6/10 15.4 % 0.67 [ 0.12, 3.64 ]

Prondzinsky 2010 6/19 5/21 22.8 % 1.48 [ 0.37, 5.96 ]

Subtotal (95% CI) 31 31 38.1 % 1.07 [ 0.36, 3.15 ]

Total events: 12 (IABP), 11 (Control)

Heterogeneity: Tau2 = 0.0; Chi2 = 0.50, df = 1 (P = 0.48); I2 =0.0%

Test for overall effect: Z = 0.13 (P = 0.90)

2 IABP versus other LVAD

Thiele 2005 9/20 9/21 29.1 % 1.09 [ 0.32, 3.75 ]

Burkhoff 2006 4/10 4/11 14.2 % 1.17 [ 0.20, 6.80 ]

Seyfarth 2008 6/13 6/13 18.6 % 1.00 [ 0.21, 4.67 ]

Subtotal (95% CI) 43 45 61.9 % 1.08 [ 0.46, 2.51 ]

Total events: 19 (IABP), 19 (Control)

Heterogeneity: Tau2 = 0.0; Chi2 = 0.02, df = 2 (P = 0.99); I2 =0.0%

Test for overall effect: Z = 0.18 (P = 0.86)

Total (95% CI) 74 76 100.0 % 1.08 [ 0.55, 2.09 ]

Total events: 31 (IABP), 30 (Control)

Heterogeneity: Tau2 = 0.0; Chi2 = 0.52, df = 4 (P = 0.97); I2 =0.0%

Test for overall effect: Z = 0.22 (P = 0.83)

Test for subgroup differences: Chi2 = 0.00, df = 1 (P = 0.99), I2 =0.0%

0.1 0.2 0.5 1 2 5 10

Favours IABP Favours Control
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Analysis 1.4. Comparison 1 IABP versus Control, Outcome 4 All-cause in-hospital mortality rates.

Review: Intra-aortic balloon pump counterpulsation (IABP) for myocardial infarction complicated by cardiogenic shock

Comparison: 1 IABP versus Control

Outcome: 4 All-cause in-hospital mortality rates

Study or subgroup IABP Control Odds Ratio Weight Odds Ratio

n/N n/N M-H,Random,95% CI M-H,Random,95% CI

1 IABP versus non-IABP

Arias 2005 10/31 5/9 21.0 % 0.38 [ 0.08, 1.73 ]

Prondzinsky 2010 7/19 6/21 27.3 % 1.46 [ 0.39, 5.51 ]

Subtotal (95% CI) 50 30 48.4 % 0.78 [ 0.21, 2.91 ]

Total events: 17 (IABP), 11 (Control)

Heterogeneity: Tau2 = 0.37; Chi2 = 1.70, df = 1 (P = 0.19); I2 =41%

Test for overall effect: Z = 0.36 (P = 0.72)

2 IABP versus other LVAD

Thiele 2005 10/20 9/21 31.8 % 1.33 [ 0.39, 4.57 ]

Seyfarth 2008 5/13 7/13 19.8 % 0.54 [ 0.11, 2.55 ]

Subtotal (95% CI) 33 34 51.6 % 0.94 [ 0.36, 2.47 ]

Total events: 15 (IABP), 16 (Control)

Heterogeneity: Tau2 = 0.0; Chi2 = 0.81, df = 1 (P = 0.37); I2 =0.0%

Test for overall effect: Z = 0.13 (P = 0.90)

Total (95% CI) 83 64 100.0 % 0.88 [ 0.44, 1.76 ]

Total events: 32 (IABP), 27 (Control)

Heterogeneity: Tau2 = 0.0; Chi2 = 2.55, df = 3 (P = 0.47); I2 =0.0%

Test for overall effect: Z = 0.37 (P = 0.71)

Test for subgroup differences: Chi2 = 0.05, df = 1 (P = 0.83), I2 =0.0%

0.1 0.2 0.5 1 2 5 10

Favours IABP Favours Control
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Analysis 1.5. Comparison 1 IABP versus Control, Outcome 5 All-cause 6-month mortality rates.

Review: Intra-aortic balloon pump counterpulsation (IABP) for myocardial infarction complicated by cardiogenic shock

Comparison: 1 IABP versus Control

Outcome: 5 All-cause 6-month mortality rates

Study or subgroup IABP Control Odds Ratio Weight Odds Ratio

n/N n/N M-H,Random,95% CI M-H,Random,95% CI

1 IABP versus non-IABP

Ohman 2005a 6/12 7/10 25.5 % 0.43 [ 0.07, 2.50 ]

Prondzinsky 2010 8/17 6/18 42.1 % 1.78 [ 0.45, 6.97 ]

Subtotal (95% CI) 29 28 67.6 % 0.98 [ 0.25, 3.87 ]

Total events: 14 (IABP), 13 (Control)

Heterogeneity: Tau2 = 0.36; Chi2 = 1.56, df = 1 (P = 0.21); I2 =36%

Test for overall effect: Z = 0.03 (P = 0.97)

2 IABP versus other LVAD

Seyfarth 2008 6/13 8/13 32.4 % 0.54 [ 0.11, 2.55 ]

Subtotal (95% CI) 13 13 32.4 % 0.54 [ 0.11, 2.55 ]

Total events: 6 (IABP), 8 (Control)

Heterogeneity: not applicable

Test for overall effect: Z = 0.78 (P = 0.43)

Total (95% CI) 42 41 100.0 % 0.84 [ 0.34, 2.05 ]

Total events: 20 (IABP), 21 (Control)

Heterogeneity: Tau2 = 0.01; Chi2 = 2.03, df = 2 (P = 0.36); I2 =2%

Test for overall effect: Z = 0.39 (P = 0.70)

Test for subgroup differences: Chi2 = 0.32, df = 1 (P = 0.57), I2 =0.0%
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Analysis 1.6. Comparison 1 IABP versus Control, Outcome 6 Haemodynamics (CI) post intervention.

Review: Intra-aortic balloon pump counterpulsation (IABP) for myocardial infarction complicated by cardiogenic shock

Comparison: 1 IABP versus Control

Outcome: 6 Haemodynamics (CI) post intervention

Study or subgroup IABP Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 IABP versus non-IABP

Prondzinsky 2010 16 2.93 (1.43) 14 2.44 (0.67) 29.8 % 0.49 [ -0.29, 1.27 ]

Subtotal (95% CI) 16 14 29.8 % 0.49 [ -0.29, 1.27 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.23 (P = 0.22)

2 IABP versus other LVAD

Thiele 2005 19 1.19 (0.85) 20 2.32 (0.59) 35.6 % -1.13 [ -1.59, -0.67 ]

Seyfarth 2008 13 1.84 (0.71) 13 2.2 (0.64) 34.6 % -0.36 [ -0.88, 0.16 ]

Subtotal (95% CI) 32 33 70.2 % -0.75 [ -1.51, 0.00 ]

Heterogeneity: Tau2 = 0.23; Chi2 = 4.72, df = 1 (P = 0.03); I2 =79%

Test for overall effect: Z = 1.96 (P = 0.050)

Total (95% CI) 48 47 100.0 % -0.38 [ -1.23, 0.47 ]

Heterogeneity: Tau2 = 0.47; Chi2 = 13.31, df = 2 (P = 0.001); I2 =85%

Test for overall effect: Z = 0.88 (P = 0.38)

Test for subgroup differences: Chi2 = 5.03, df = 1 (P = 0.02), I2 =80%
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Favours Control Favours IABP

49Intra-aortic balloon pump counterpulsation (IABP) for myocardial infarction complicated by cardiogenic shock (Review)

Copyright © 2011 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Analysis 1.7. Comparison 1 IABP versus Control, Outcome 7 Haemodynamics (MAP) post intervention.

Review: Intra-aortic balloon pump counterpulsation (IABP) for myocardial infarction complicated by cardiogenic shock

Comparison: 1 IABP versus Control

Outcome: 7 Haemodynamics (MAP) post intervention

Study or subgroup IABP Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 IABP versus non-IABP

Prondzinsky 2010 18 76.26 (15.59) 18 79.53 (15.65) 31.9 % -3.27 [ -13.47, 6.93 ]

Subtotal (95% CI) 18 18 31.9 % -3.27 [ -13.47, 6.93 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.63 (P = 0.53)

2 IABP versus other LVAD

Thiele 2005 19 72.11 (12.07) 20 75.65 (12.83) 54.3 % -3.54 [ -11.35, 4.27 ]

Seyfarth 2008 13 71.15 (21.97) 13 86.62 (18.2) 13.8 % -15.47 [ -30.98, 0.04 ]

Subtotal (95% CI) 32 33 68.1 % -7.55 [ -18.59, 3.50 ]

Heterogeneity: Tau2 = 31.91; Chi2 = 1.81, df = 1 (P = 0.18); I2 =45%

Test for overall effect: Z = 1.34 (P = 0.18)

Total (95% CI) 50 51 100.0 % -5.10 [ -10.86, 0.66 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 1.99, df = 2 (P = 0.37); I2 =0.0%

Test for overall effect: Z = 1.74 (P = 0.083)

Test for subgroup differences: Chi2 = 0.31, df = 1 (P = 0.58), I2 =0.0%
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Analysis 1.8. Comparison 1 IABP versus Control, Outcome 8 Haemodynamics (PCWP) post intervention.

Review: Intra-aortic balloon pump counterpulsation (IABP) for myocardial infarction complicated by cardiogenic shock

Comparison: 1 IABP versus Control

Outcome: 8 Haemodynamics (PCWP) post intervention

Study or subgroup IABP Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 IABP versus non-IABP

Prondzinsky 2010 16 20.88 (4.36) 12 16.17 (5.1) 33.4 % 4.71 [ 1.12, 8.30 ]

Subtotal (95% CI) 16 12 33.4 % 4.71 [ 1.12, 8.30 ]

Heterogeneity: not applicable

Test for overall effect: Z = 2.57 (P = 0.010)

2 IABP versus other LVAD

Thiele 2005 16 21.56 (5.82) 20 15.9 (3.82) 36.5 % 5.66 [ 2.35, 8.97 ]

Seyfarth 2008 13 20.15 (5.51) 13 19.31 (4.68) 30.1 % 0.84 [ -3.09, 4.77 ]

Subtotal (95% CI) 29 33 66.6 % 3.37 [ -1.35, 8.09 ]

Heterogeneity: Tau2 = 8.18; Chi2 = 3.38, df = 1 (P = 0.07); I2 =70%

Test for overall effect: Z = 1.40 (P = 0.16)

Total (95% CI) 45 45 100.0 % 3.89 [ 1.10, 6.68 ]

Heterogeneity: Tau2 = 2.70; Chi2 = 3.60, df = 2 (P = 0.17); I2 =44%

Test for overall effect: Z = 2.74 (P = 0.0062)

Test for subgroup differences: Chi2 = 0.20, df = 1 (P = 0.66), I2 =0.0%
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Analysis 1.9. Comparison 1 IABP versus Control, Outcome 9 Length of hospital stay.

Review: Intra-aortic balloon pump counterpulsation (IABP) for myocardial infarction complicated by cardiogenic shock

Comparison: 1 IABP versus Control

Outcome: 9 Length of hospital stay

Study or subgroup IABP Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 IABP versus non-IABP

Prondzinsky 2010 19 18.3 (14.5) 21 29.4 (28.6) 19.9 % -11.10 [ -24.96, 2.76 ]

Subtotal (95% CI) 19 21 19.9 % -11.10 [ -24.96, 2.76 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.57 (P = 0.12)

2 IABP versus other LVAD

Thiele 2005 11 12.4 (13.6) 12 13.1 (13.4) 31.3 % -0.70 [ -11.75, 10.35 ]

Seyfarth 2008 8 13.6 (3.6) 6 18.2 (10.6) 48.9 % -4.60 [ -13.44, 4.24 ]

Subtotal (95% CI) 19 18 80.1 % -3.08 [ -9.98, 3.83 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 0.29, df = 1 (P = 0.59); I2 =0.0%

Test for overall effect: Z = 0.87 (P = 0.38)

Total (95% CI) 38 39 100.0 % -4.67 [ -10.85, 1.51 ]

Heterogeneity: Tau2 = 0.0; Chi2 = 1.32, df = 2 (P = 0.52); I2 =0.0%

Test for overall effect: Z = 1.48 (P = 0.14)

Test for subgroup differences: Chi2 = 1.03, df = 1 (P = 0.31), I2 =3%
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A P P E N D I C E S

Appendix 1. Search strategies

CENTRAL on The Cochrane Library, Issue 1, 2010

#1 MeSH descriptor Intra-Aortic Balloon Pumping explode all trees

#2 assisted next circulation in All Text

#3 (aort* in All Text near/6 balloon* in All Text)

#4 IABP in All Text

#5 (intra-aort* in All Text near/6 balloon in All Text)

#6 (intraaort* in All Text near/6 balloon in All Text)

#7 counterpulsation in All Text

#8 (#1 or #2 or #3 or #4 or #5 or #6 or #7)

#9 MeSH descriptor myocardial infarction explode all trees

#10 heart next infarction in All Text
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#11 myocardial next infarction in All Text

#12 shock in All Text

#13 ami in All Text

#14 (#9 or #10 or #11 or #12 or #13)

#15 (#8 and #14)

Medline (on Ovid) 1966 to January 2010

1 Intra-Aortic Balloon Pumping/

2 intra-aortic balloon.tw.

3 intraaortic balloon.tw.

4 iabp.tw.

5 assisted circulation.tw.

6 aort$ balloon.tw.

7 intraaort$ counterpulsation.tw.

8 intra aort$ counterpulsation.tw.

9 or/1-8

10 exp Myocardial Infarction/

11 myocardial infarction.tw.

12 heart infarction.tw.

13 ami.tw.

14 cardiogenic shock.tw.

15 or/10-14

16 9 and 15

17 randomized controlled trial.pt.

18 controlled clinical trial.pt.

19 Randomized controlled trials/

20 random allocation/

21 double blind method/

22 single-blind method/

23 or/17-22

24 exp animal/ not humans/

25 23 not 24

26 clinical trial.pt.

27 exp Clinical Trials as Topic/

28 (clin$ adj25 trial$).ti,ab.

29 ((singl$ or doubl$ or trebl$ or tripl$) adj (blind$ or mask$)).ti,ab.

30 placebos/

31 placebo$.ti,ab.

32 random$.ti,ab.

33 research design/

34 or/26-33

35 34 not 24

36 35 not 25

37 comparative study.pt.

38 exp evaluation studies/

39 follow up studies/

40 prospective studies/

41 (control$ or prospectiv$ or volunteer$).ti,ab.

42 or/37-41

43 42 not 24

44 43 not (25 or 36)

45 25 or 36 or 44
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46 16 and 45

Embase (on Ovid) 1980 to 2010, week 2

1 exp Aorta Balloon/

2 intra-aortic balloon.af.

3 intraaortic balloon.af.

4 iabp.af.

5 assisted circulation.af.

6 aort$ balloon.af.

7 intraaort$ counterpulsat$.af.

8 intra-aort$ counterpulsat$.af.

9 6 or 3 or 7 or 2 or 8 or 1 or 4 or 5

10 exp Heart Infarction/

11 myocardial infarction.af.

12 heart infarction.af.

13 ami.af.

14 cardiogenic shock.af.

15 11 or 13 or 10 or 12 or 14

16 9 and 15

17 Randomized Controlled Trial/

18 exp controlled clinical trial/

19 Randomized Controlled Trial/

20 random allocation.af.

21 double blind method$.pt,af.

22 single-blind method$.af.

23 22 or 21 or 18 or 19 or 17 or 20

24 exp ANIMAL/

25 “not human$”.af.

26 25 or 24

27 23 not 26

28 clinical trial$.pt,af.

29 clinical trial$.mp. [mp=title, abstract, subject headings, heading word, drug trade name, original title, device manufacturer, drug

manufacturer name]

30 (clin$ adj25 trial$).ti,ot,ab.

31 ((singl$ or doubl$ or trebl$ or tripl$) adj (blind$ or mask$)).ti,pt,ot,ab.

32 placebo$.af.

33 random$.pt,af.

34 research design$.af.

35 33 or 32 or 34 or 28 or 30 or 31 or 29

36 35 not 26

37 36 not 27

38 comparative stud$.af.

39 evaluat$ stud$.af.

40 follow up stud$.af.

41 prospective stud$.pt,af.

42 (control$ or prospectiv$ or volunteer$).ti,ot,ab.

43 42 or 38 or 39 or 40 or 41

44 43 not 26

45 44 not (27 or 37)

46 27 or 37 or 45

47 46 and 16
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Individual search terms used for LILACS, IndMED and KoreaMed to January 2010

IABP, Intra-Aortic Balloon Pumping, intraaortic, assisted circulation, cardiogenic shock, counterpulsation
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Protocol first published: Issue 4, 2008
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C O N T R I B U T I O N S O F A U T H O R S
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Holger Thiele (HT): Clinical and scientific advice, assessment of eligibility and quality, drafting of final review

Daniel Burkhoff (DB): Clinical and scientific advice, drafting of final review

Melchior Seyfarth (MS): Clinical and scientific advice, drafting of final review

Antoinette de Waha (AW): Data management, scientific advice, drafting of final review

Michael Buerke (MB): Clinical and scientific advice, drafting of final review

Johannes Haerting (JH): Statistical and scientific advice, drafting of final review

Karl Werdan (KW): Clinical and scientific advice, drafting of final review

Erik Ohman (EO): Clinical and scientific advice, drafting of final review

Roland Prondzinsky (RP): Clinical and scientific advice, assessment of eligibility and quality, drafting of final review.
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The authors (SU, RP, MB, KW, JH) were involved in the IABP Shock Trial (2003 to 2004) (Prondzinsky 2010). Melchior Seyfarth

and Antoinette de Waha in Seyfarth 2008, Holger Thiele in Thiele 2005, Daniel Burkhoff in Burkhoff 2006 and Erik Ohman in

Ohman 2005a. Holger Thiele, Roland Prondzinsky, Michael Buerke and Karl Werdan are involved in one ongoing trial (IABP Shock
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D I F F E R E N C E S B E T W E E N P R O T O C O L A N D R E V I E W

In five of six included studies patients were revascularised by PCI as first line treatment option. Only 22 eligible patients in one study

were revascularised with thrombolytic therapy. Therefore, a preplanned separate analysis for different types of revascularization to the

primary outcome were included.

We added subgroup analyses to investigate the influence of different therapies in the control group (standard without IABP or other

assist devices) on all investigated outcomes. Due to the small number of studies and very heterogenous sources of bias, we did not

perform sensitivity analyses on other preplanned influencing factors as pharmacological support, characteristics of IABP intervention,

influence of cross-over or and risk of bias in studies.

Stratified analyses were planned for the prognostic factors age, sex and degree of cardiogenic shock according to Menon 2000 to find

differences on benefit and harms under IABP support. Because of missing information we restricted our investigation on the influence

of age and sex and will try to analyse subgroups of cardiogenic shock regarding systemic inflammation and multiorgan failure on the

basis of data form the ongoing IABP Shock II trial.

I N D E X T E R M S

Medical Subject Headings (MeSH)

Intra-Aortic Balloon Pumping [∗methods]; Myocardial Infarction [∗complications]; Randomized Controlled Trials as Topic; Shock,

Cardiogenic [etiology; ∗therapy]

MeSH check words

Humans
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