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Combined invasive and pharmacological treatment 
strategies have improved outcomes in acute myocardial 
infarction (MI) substantially. However, mortality in 
cardiogenic shock, which occurs in about 7% of patients 
admitted with acute  MI, continues to be associated with 
high mortality (40–50%).1 Yet trials in the emergency 
setting of acute MI complicated by cardiogenic shock 
are exceptionally diffi  cult to conduct. Therefore, Holger 
Thiele and colleagues should be commended for the 
rigorous IABP-SHOCK II trial, which is the largest trial in 
this setting to date. In The Lancet, Thiele and colleagues 
report the 12 month follow-up.2

The underlying mechanism in cardiogenic shock is 
depression of myocardial contractility due to extensive 
MI, leading to a vicious cycle of reduced cardiac output, 
low blood pressure, reduced coronary blood fl ow, and 
ongoing reduction in contractility and cardiac output.3 
Despite compensatory mechanisms such as peripheral 
vasoconstriction and redistribution of circulation to the 
vital organs, this leads to multiple organ failure. The 
principal concept behind mechanical cardiac assistance 
in cardiogenic shock is to support the compromised 
circulation. The intra-aortic balloon pump (IABP) has 
long been the most accessible and frequently used 
mechanical cardiac assist device in the catheterisation 
laboratory. The IABP is a catheter-mounted balloon 
positioned in the descending aorta, usually through 
a percutaneous femoral approach. Counterpulsation 
is achieved by rapid infl ation (diastole) and defl ation 
(systole) of the balloon synchronised to the cardiac 

cycle. It augments diastolic coronary and systemic blood 
fl ow, and reduces systolic afterload, peak left ventricular 
wall stress, and myocardial oxygen consumption. Only a 
small increase of cardiac output is reported (0·5 L/min).

In 2012, Thiele and colleagues4 reported the 30 day 
outcomes of IABP-SHOCK II, a randomised, open-label, 
multicentre trial that randomly assigned 600 patients 
with acute MI complicated by cardiogenic shock and 
treated with early revascularisation (percutaneous 
coronary intervention [96%] and coronary artery bypass 
graft [4%]) to either IABP therapy or no IABP therapy. 
All other intensive care unit treatment was standardised 
according to guidelines. There were no diff erences in 
the primary effi  cacy endpoint of 30 day mortality (IABP 
group 40%, no IABP group 41%; relative risk [RR] 0·96, 
95% CI 0·79–1·17) or safety endpoints. Moreover there 
were no diff erences in lactate concentrations, dose and 
duration of catecholamine therapy, and renal function.

The newly published 12 month results2 extend and 
strengthen the short-term fi ndings. Mortality was mainly 
determined in the acute phase, but mortality thereafter 
was still substantial. 12 month mortality did not diff er 
between groups (IABP group 52%, no IABP group 51%; 
RR 1·01, 95% CI 0·86–1·18) and there were no meaningful 
diff erences in the subgroup analyses. Importantly, 
no divergence in the mortality curves was observed, 
as was seen with the long-term results of the earlier 
trials SHOCK and BCIS-1.5,6 Furthermore, there were no 
signifi cant diff erences between groups in the frequency 
of reinfarction, stroke, functional class, or quality of life 
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indices. The authors conclude that IABP concomitant 
to early revascularisation does not reduce short-term or 
long-term mortality in acute MI complicated by cardio-
genic shock, and survivors have a good quality of life.

IABP-SHOCK II provides a high level of evidence. On the 
basis of the established defi nition of cardiogenic shock 
from the landmark SHOCK trial, the 30 day mortality 
rates in IABP-SHOCK II were similar to those in the early 
revascularisation group of SHOCK (47%) and the placebo 
group of the TRIUMPH trial (42%), suggesting inclusion of 
patients with similarly severe cardiogenic shock.5,7 Further-
more, IABP-SHOCK II was robust in terms of power, in view 
of the sample size and inclusion of more than 300 primary 
endpoint events. Although there might be concern about 
asymmetry in crossovers and diff erence in use of left 
ventricular assist devices, the results from the per-protocol 
and as-treated analyses at 30 days and 12 months did not 
diff er from the intention-to-treat analyses.

Primarily based on two previously reported meta-
analyses and acknowledging the confl icting evidence 
from registries, joint American Heart Association 
and American College of Cardiology guidelines and 
European Society of Cardiology guidelines recently 
downgraded the class of recommendation and level 
of evidence for IABP therapy in acute MI complicated 
by cardiogenic shock from IB and IC (“should be 
used”), respectively, to IIaB and IIbB (“may/can be 
used”).8–10 With fi ndings in concordance with the 
previous meta-analyses, IABP-SHOCK II endorses the 
downgraded recommendations. Although the results of 
IABP-SHOCK II question the usefulness of IABP therapy 
in cardiogenic shock, there still might be an indication 
for initial stabilisation of severely compromised 
patients, especially in centres without facilities for early 
revascularisation, as an adjunct to thrombolytic therapy, 
or to allow transport to specialised tertiary centres.

Most importantly, this successfully undertaken trial 
should encourage further research, since mortality in 
cardiogenic shock is still unacceptably high. Mechanical 
cardiac assistance remains an appealing treatment 
strategy. Perhaps the more powerful percutaneous left 
ventricular assist devices (eg, extracorporeal membrane 
oxygenation, Impella, TandemHeart) could reduce the use 
of high-dose inotropic drugs or vasopressors, and improve 
in-hospital and long-term outcome.11 An important issue 
will be the identifi cation of patients who might benefi t 
from device therapy versus those who could be harmed. 

Another area of interest is the optimum treatment 
strategy for coronary multivessel disease in cardiogenic 
shock. The upcoming European multicentre CULPRIT-
SHOCK trial (NCT01927549) will compare culprit-vessel 
treatment with complete revascularisation.

Finally, research into pharmacological therapy counter-
acting haemodynamic deterioration and systemic infl am-
matory response syndrome warrants further evaluation. 
This research includes optimising the strategy for use of 
inotropic drugs and vasopressors. Recent novel insight 
into the role of the massive release of monocytes in the 
systemic infl ammatory response after acute MI might also 
lead to new therapeutic options in cardiogenic shock (ie, 
specifi c β-receptor blockers).12
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Intra-aortic balloon counterpulsation in acute myocardial 
infarction complicated by cardiogenic shock (IABP-SHOCK II): 
fi nal 12 month results of a randomised, open-label trial
Holger Thiele, Uwe Zeymer, Franz-Josef Neumann, Miroslaw Ferenc, Hans-Georg Olbrich, Jörg Hausleiter, Antoinette de Waha, Gert Richardt, 
Marcus Hennersdorf, Klaus Empen, Georg Fuernau, Steff en Desch, Ingo Eitel, Rainer Hambrecht, Bernward Lauer, Michael Böhm, Henning Ebelt, 
Steff en Schneider, Karl Werdan*, Gerhard Schuler*, on behalf of the Intraaortic Balloon Pump in cardiogenic shock II (IABP-SHOCK II) trial investigators†

Summary
Background In current international guidelines the recommendation for intra-aortic balloon pump (IABP) use has 
been downgraded in cardiogenic shock complicating acute myocardial infarction on the basis of registry data. In the 
largest randomised trial (IABP-SHOCK II), IABP support did not reduce 30 day mortality compared with control. 
However, previous trials in cardiogenic shock showed a mortality benefi t only at extended follow-up. The present 
analysis therefore reports 6 and 12 month results.

Methods The IABP-SHOCK II trial was a randomised, open-label, multicentre trial. Patients with cardiogenic shock 
complicating acute myocardial infarction who were undergoing early revascularisation and optimum medical therapy 
were randomly assigned (1:1) to IABP versus control via a central web-based system. The primary effi  cacy endpoint 
was 30 day all-cause mortality, but 6 and 12 month follow-up was done in addition to quality-of-life assessment for all 
survivors with the Euroqol-5D questionnaire. A masked central committee adjudicated clinical outcomes. Patients 
and investigators were not masked to treatment allocation. Analysis was by intention to treat. This trial is registered 
at ClinicalTrials.gov, NCT00491036.

Findings Between June 16, 2009, and March 3, 2012, 600 patients were assigned to IABP (n=301) or control (n=299). Of 
595 patients completing 12 month follow-up, 155 (52%) of 299 patients in the IABP group and 152 (51%) of 296 patients 
in the control group had died (relative risk [RR] 1·01, 95% CI 0·86–1·18, p=0·91). There were no signifi cant diff erences 
in reinfarction (RR 2·60, 95% CI 0·95–7·10, p=0·05), recurrent revascularisation (0·91, 0·58–1·41, p=0·77), or stroke 
(1·50, 0·25–8·84, p=1·00). For survivors, quality-of-life measures including mobility, self-care, usual activities, pain or 
discomfort, and anxiety or depression did not diff er signifi cantly between study groups.

Interpretation In patients undergoing early revas cularisation for myocardial infarction complicated by cardiogenic 
shock, IABP did not reduce 12 month all-cause mortality.

Funding German Research Foundation; German Heart Research Foundation; German Cardiac Society; 
Arbeitsgemeinschaft Leitende Kardiologische Krankenhausärzte; University of Leipzig—Heart Centre; Maquet 
Cardiopulmonary; Telefl ex Medical.

Introduction
Despite advances in treatment, mainly by early re-
vascularisation, mortality in acute myocardial infarction 
complicated by cardiogenic shock remains high.1–4 Intra-
aortic balloon pump (IABP) counter pulsation has been 
the most widely used mechanical haemodynamic support 
device for nearly fi ve decades.5 It improves diastolic blood 
pressure, thereby improving coronary perfusion, and by 
its afterload reduction properties myocardial oxygen 
consumption is reduced leading to an increase in cardiac 
output.6 However, on the basis of insuffi  cient and con-
fl icting evidence derived only from registry data,7 
American and European guidelines recently downgraded 
IABP use for cardiogenic shock from a class I to a class IIa 
and IIb recom mendation.8–10

Currently, only one suffi  ciently large randomised trial 
of intra-aortic counterpulsation in cardiogenic shock 
secondary to myocardial infarction (IABP-SHOCK II 

trial) has been done. Short-term follow-up data at 
30 days from this trial showed no survival benefi t with 
IABP support by comparison with control.11 However, 
long-term follow-up is necessary, especially since a 
previous trial in cardiogenic shock examining early 
revascularisation with no diff erence after 30 days 
showed a signifi cant mortality benefi t at extended 
follow-up.3,12,13 Therefore, the IABP-SHOCK II trial had 
prespecifi ed intermediate 6 and 12 month follow-up for 
clinical outcome and quality of life.

Methods
Study design
The trial design of the prospective, randomised, open-
label, controlled IABP-SHOCK II trial at 37 German 
centres, and the 30 day results including the primary 
endpoint, have been previously published.11,14 The 
study was investigator-initiated and coordinated by 
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the University of Leipzig—Heart Centre, Leipzig, 
Germany, and the Institut für Herzinfarktforschung, 
Ludwigshafen, Germany, acted as the clinical research 
organisation.

In brief, the main inclusion criterion was cardiogenic 
shock with planned early revascularisation preferably by 
percutaneous coronary intervention (PCI). Cardiogenic 
shock was defi ned by the presence of systemic hypo-
tension, pulmonary congestion, and signs of impaired 
organ perfusion. Exclusion criteria were no intrinsic 
heart action, resuscitation for longer than 30 min, severe 
cerebral defi cit, mechanical causes of cardiogenic shock, 
onset of shock longer than 12 h, severe peripheral artery 
disease precluding IABP insertion, aortic regurgitation 

greater than grade II in severity, age greater than 90 years, 
shock of other cause, and other severe concomitant 
disease with life expectancy less than 6 months. Patients 
with cardiogenic shock who were not eligible for 
randomisation were entered into a registry to defi ne the 
number of screened and excluded patients.

The study was approved by national regulatory auth-
orities and ethics committees of the participating centres. 
Patients or their legally authorised re presenta tives 
provided written informed consent using a previously 
validated and dedicated informed consent process.14 An 
independent data safety monitoring board reviewed 
unmasked data every year and a steering committee was 
responsible for the conduct of the trial.

790 patients with acute myocardial infarction 
 and cardiogenic shock screened 

600 randomised

1 lost to follow-up

1 lost to follow-up

1 withdrew informed consent

190 excluded
  60 no informed consent
  47 resuscitation >30 min
  19 shock duration >12 h
  18 severe peripheral artery disease
  14 participation in another trial
  13 no intrinsic heart activity
  9 mechanical complication
  3 shock of other cause
  3 comorbidity with life expectancy 
  <6 months
  2 severe cerebral deficit
  2 age >90 years

301 randomised to IABP
 288 received IABP
 13 did not receive IABP
   10 died before IABP insertion
   3 protocol violation (2 not suitable for revascularisation, 
    1 serious kinking)

300 included in primary endpoint analysis at 30 day follow-up

299 randomised to control
 269 received control therapy
 30 cross-over to IABP (22 first day, 8 day 1–8)
   4 mechanical complications
   25 protocol violation (5 miscommunication, 5 low output after 
    bypass surgery, 3 in addition to active assist device, 
    12 investigator’s discretion)
   1 unknown reason

298 included in primary endpoint analysis at 30 day follow-up

2 lost to follow-up

299 included in clinical endpoint analysis at 6 month follow-up 296 included in clinical endpoint analysis at 6 month follow-up

299 included in clinical endpoint analysis at 12 month follow-up 296 included in clinical endpoint analysis at 12 month follow-up

301 intended early revascularisation
 287 primary PCI
 3 primary CABG
 11 no revascularisation
   3 not suitable for revascularisation
   4 coronary artery disease with no identifiable culprit lesion
   4 no coronary artery disease (2 apical ballooning
    syndromes, 1 dilated cardiomyopathy, 1 ruptured aortic aneurysm)

299 intended early revascularisation
 288 primary PCI
 3 primary CABG
 8 no revascularisation
   1 not suitable for revascularisation
   2 coronary artery disease with no identifiable culprit lesion
   5 no coronary artery disease (2 apical ballooning syndromes, 
    1 myocarditis, 1 severe aortic stenosis, 1 pulmonary embolism)

Figure 1: Trial profi le
IABP=intra-aortic balloon pump. PCI=percutaneous coronary intervention. CABG=coronary artery bypass grafting.
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Randomisation
Randomisation to IABP or control was done centrally, with 
a 1:1 ratio, via an internet-based program and stratifi cation 
according to centre with blocks of six patients per centre. 
Additionally, there was the option to randomly assign 
patients by telephone with pre generated randomisation 
lists, which was used in less than 3% of cases. Patients and 
investigators were not masked to treatment allocation. 
IABP support was recom mended until sustained haemo-
dynamic stabili sation, which was defi ned as systolic blood 
pressure greater than 90 mm Hg for longer than 30 min 
without any inotropic medical support.14 By protocol, 
crossover to IABP in the control group was only allowed 
for patients developing a mechanical complication—eg, 
ventricular septal defect or papillary muscle rupture. All 
other treatment was done according to specifi c recom-
mendations of the German/Austrian S3-Guideline on 
cardiogenic shock including early revascularisation plus 
optimum medical treatment; therefore, the only diff erence 
in treatment between groups was IABP support.15 Follow-
up at 6 and 12 months including quality of life was done by 
a structured telephone interview with interviewers masked 
to the treatment allocation. Any clinical event was verifi ed 
by hospital or general practitioner records.14

Procedures
In addition to the primary study endpoint, 30 day all-
cause mortality,11,14 mortality at 6 and 12 months was 
assessed by protocol.11,14 Furthermore, reinfarction using 
the universal defi nition of myocardial infarction,16 re-
vascu larisation by either PCI or coronary artery bypass 
grafting (CABG), stroke, and implantable cardioverter 
defi brillator implan tation were assessed. A clinical event 
committee masked to the treatment group adjudicated 
the clinical outcome measures using detailed outcome 
defi nitions published previously.14

At 6 and 12 month follow-up, symptoms of heart failure 
according to the New York Heart Association (NYHA) 
classifi cation and angina according to the Canadian 
Cardio vascular Society (CCS) classifi cation were assessed 

in survivors in addition to quality of life with the EuroQol 
EQ-5D-3L questionnaire. This questionnaire is a 
descriptive system of health-related quality of life states 
consisting of fi ve dimensions (mobility, self-care, usual 
activities, pain or discomfort, and anxiety or depression), 
each of which can have one of three responses: no 
problems, some or moderate problems, and extreme 
problems. Additionally, the EQ visual analogue scale 
(EQ VAS) was obtained. The EQ VAS records the 
respondent’s self-rated health on a vertical, visual 
analogue scale on which the endpoints are labelled “Best 
imaginable health state” and “Worst imaginable health 
state”.17 Results were displayed as EQ-5D-3L index value 
with 1 indicating best quality of life and the EQ VAS with 
100 indicating the best subjective health status.18

The secondary endpoints of serial serum lactate 
assessments, creatinine clearance, C-reactive protein, the 
Simplifi ed Acute Physiology Score II, and the process-of-
care outcomes were only assessed during the initial 
hospital phase and have been reported previously.11 Safety 
with respect to the measures of bleeding, stroke, sepsis, 
and peripheral ischaemic vascular complication was only 
assessed for the initial hospital phase up to 30 days. 
Further safety analyses were not done.11

Statistical analysis
The study was powered to detect a 12% absolute 
diff erence for the primary endpoint, 30 day mortality, on 
the assumption of a mortality rate of 56% in the control 
group. To account for two interim analyses, a putative 
centre eff ect, and a 2% dropout rate, 600 patients were 
recruited.11,14 All data were analysed by intention to treat, 
with additional sensitivity analysis done per protocol and 
for the as-treated population for evaluation of data 
robustness.

Survival times were calculated as the time from 
randomisation to the time of death or last known follow-
up. The log-rank test was used to analyse continuous 
survival times and the χ² test was used to compare 
mortality rates. Other endpoints were assessed by Fisher’s 
or χ² test for binary and Mann-Whitney U test for 
quantitative secondary endpoints to compare both 
treatment groups. Cox proportional hazards regression 
modelling was used to identify independent clinical and 
laboratory risk factors at admission associated with 
mortality. All baseline variables related to mortality in the 
univariable analysis (defi ned by p<0·10) were further 
analysed in a stepwise multivariable model. Predefi ned 
subgroup analyses were done for sex, age (groups 
<50 years, 50–75 years, >75 years), diabetes, arterial 
hypertension, ST-elevation versus non-ST-elevation myo-
cardial infarction, anterior versus non-anterior myocardial 
infarction, and previous myocardial infarction. Post-hoc 
subgroups evaluated were hypo thermia versus no 
hypothermia and baseline blood pressure lower than 
80 mm Hg versus 80 mm Hg or higher. The Breslow-Day 
test was used to analyse the interaction of treatment 

IABP (n=299) Control (n=296) Relative risk (95% CI) p value

All-cause mortality 155/299 (52%) 152/296 (51%) 1·01 (0·86–1·18) 0·91

Cardiac mortality 150/299 (50%) 148/296 (50%) 1·00 (0·85–1·18) 0·97

Non-cardiac mortality 5/299 (2%) 4/296 (1%) 1·23 (0·34–4·56) 1·00

Events in 1-year survivors

Reinfarction 13/144 (9%) 5/144 (3%) 2·60 (0·95–7·10) 0·05

Stroke 3/144 (2%) 2/144 (1%) 1·50 (0·25–8·84) 1·00

Recurrent revascularisation 29/144 (20%) 32/144 (22%) 0·91 (0·58–1·41) 0·77

Repeat PCI 22/144 (15%) 25/144 (17%) 0·88 (0·52–1·49) 0·63

Additional CABG 7/144 (5%) 7/144 (5%) 1·00 (0·36–2·78) 1·00

ICD implantation 14/144 (10%) 14/144 (10%) 1·00 (0·49–2·02) 1·00

Data are n/N (%), relative risk (95% CI), or p value. IABP=intra-aortic balloon pump. PCI=percutaneous coronary 
intervention. CABG=coronary artery bypass grafting. ICD=implantable cardioverter defi brillator.

Table 1: Clinical outcomes at 12 months

For more on EuroQol see http://
www.euroqol.org
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assignment and subgroup factors. A two-tailed p<0·05 
was regarded as signifi cant. Statistical analyses were done 
with SAS statistical package (version 9.3).

This trial is registered at ClinicalTrials.gov, 
NCT00491036.

Role of the funding source
This investigator-initiated trial was designed by the 
principal investigator and modifi ed and approved by the 
steering committee.14 The funding sources had no 
involvement in the study design, data interpretation, 

drafting of the report, and the fi nal decision to publish, 
as reported previously.14 Data were maintained at the 
coordinating research organisation, the Institut für 
Herzinfarktforschung, which independently undertook 
all statistical analyses. The principal investigator and the 
steering committee had unrestricted data access after 
database closure; the principal investigator prepared the 
fi rst draft of the report, and controlled the decision to 
publish. The steering committee vouches for the integrity 
and completeness of the data and the statistician for the 
accuracy of data analysis.
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Figure 2: Time-to-event curves for all-cause mortality up to 12 months
Event rates represent Kaplan-Meier estimates. Two patients in the IABP group died at days 388 and 419 postrandomisation, which is represented in the Kaplan-Meier 
curves. IABP=intra-aortic balloon pump.

p  value for
interaction

12 month mortality, n (%)

IABPn Control
Relative risk 
(95% CI)

Female
Male
Age <50 years
Age 50–75 years
Age >75 years
Diabetes
No diabetes
History of hypertension
No history of hypertension
STEMI/LBBB
NSTEMI
Anterior STEMI
Non-anterior STEMI
Previous infarction
No previous infarction
Hypothermia
No hypothermia
Blood pressure <80 mm Hg
Blood pressure ≥80 mm Hg

186
409

70
332
193
195
396
410
180
414
181
216
198
131
463
223
372
168
427

 57 (57·6%)
 98 (49·0%)
 9 (25·0%)
 75 (48·4%)
 71 (65·7%)
 57 (54·3%)
 95 (50·0%)
 122 (57·6%)
 29 (35·4%)
 102 (50·5%)
 53 (54·6%)
 53 (47·0%)
 49 (55·1%)
 44 (62·0%)
 111 (49·0%)
 55 (53·0%)
 100 (51·3%)
 47 (58·0%)
 108 (49·5%)

 48 (55·2%)
 104 (49·8%)
 16 (47·1%)
 79 (44·6%)
 57 (67·1%)
 53 (59·0%)
 99 (48·1%)
 102 (51·5%)
 50 (51·0%)
 106 (50·0%)
 46 (54·8%)
 52 (50·5%)
 54 (49·5%)
 31 (51·7%)
 121 (51·3%)
 67 (56·3%)
 85 (48·0%)
 48 (55·2%)
 104 (49·8%)

1·06 (0·76–1·47)
1·00 (0·81–1·20)
0·71 (0·49–1·02)
1·07 (0·88–1·31)
0·96 (0·64–1·43)
0·90 (0·65–1·24)
1·04 (0·86–1·26)
1·14 (0·92–1·41)
0·76 (0·59–0·98)
1·01 (0·83–1·23)
1·00 (0·72–1·37)
0·93 (0·72–1·21)
1·12 (0·84–1·51)
1·27 (0·86–1·89)
0·95 (0·79–1·14)
0·93 (0·70–1·24)
1·10 (0·87–1·31)
1·07 (0·76–1·51)
1·00 (0·82–1·20)

Favours IABP Favours control

1 1·5 20·50 2·5
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Figure 3: Subgroup analyses for all patients with 12 month follow-up
Relative risk and 95% CIs for predefi ned subgroups and the post-hoc subgroups hypothermia versus no hypothermia and baseline systolic blood pressure less than 
80 mm Hg versus 80 mm Hg or higher. STEMI=ST-elevation myocardial infarction. LBBB=left bundle branch block. NSTEMI=non-ST-elevation myocardial infarction. 
IABP=intra-aortic balloon pump.
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Results
Between June 16, 2009, and March 3, 2012, 600 patients 
of 790 initially screened were randomly assigned to 
IABP (n=301) or control (n=299). Figure 1 shows 
revascular isation, study protocol compliance, and 
follow-up. 12 month follow-up was complete in 
595 (99%) patients. The baseline characteristics were 
well balanced between treatment groups.11 The median 
age was 70 years (IQR 58–77) and 413 (69%) were male. 
270 (45%) underwent cardiopulmonary resus citation 
before ran dom isation, 463 (77%) had multi vessel 
coronary artery disease, 538 (90%) reported cate-
cholamine use before randomisation and 22 (4%) 
levosimendan use, and median left ventricular ejection 
fraction was 35% (IQR 25–45). In the 330 (55%) patients 
with data available, the median time from onset of 
angina to randomisation was 4:19 h (IQR 2:32–11:13) 
and from onset of shock to randomisation was 2:17 h 
(IQR 1:19–3:56). The median duration of IABP support 
was 3·0 days (IQR 2·0–4·0, range 1–16 days). 
IABP insertion was done in 37 (12%) patients before 
revascularisation.

Mortality did not diff er signifi cantly between the IABP 
and the control group at 6 months (48·7% vs 49·2%, 
relative risk [RR] 0·99, 95% CI 0·85–1·16, p=0·91) and 
12 months after randomisation (51·8% vs 51·4%, RR 1·01, 
95% CI 0·86–1·18, p=0·91; table 1, fi gure 2). For the 
long-term follow-up at 12 months there was only minor 
variation in the RR estimates when the analyses were 
restricted to the per-protocol population (52·5% vs 

50·0%, RR 1·05, 95% CI 0·89–1·23, p=0·55) or to the 
as-treated population (51·0% vs 52·3%, RR 0·97, 95% CI 
0·82–1·14, p=0·68; appendix). Subgroup analyses 
confi rmed the consistency of the results among all pre-
defi ned and post-hoc defi ned subgroups except for 
patients without a history of hypertension (fi gure 3). 
Mortality did not diff er signifi cantly between IABP 
before and after PCI insertion in the IABP group at 
12 month follow-up (54·6% vs 48·8%, p=0·53).

Multivariable modelling revealed that older age, history 
of stroke, baseline serum lactate, creatinine con cen-
tration, oliguria, altered mental status, pH lower than 
7·36, and left bundle branch block at admission were 
independent risk factors for mortality (table 2). IABP 
support and time from angina or shock onset to 
randomisation were not predictive of survival.

We noted no signifi cant diff erences in recurrent 
infarction, stroke, requirement for internal cardioverter 
defi brillator (ICD), or additional revascularisation pro-
cedures at 12 month follow-up (table 1).

In assessment of functional status and quality of life, 
the NYHA class was recorded in 253 (88%) of the 286 
1-year survivors (127 [89%] of 142 in the IABP and 126 
[88%] of 144 in the control group). Of these 233 (92%) 
were in NYHA class I or II (115 [91%] of 127 in the IABP 
and 118 [94%] of 126 in the control group, p=0·36). 
Similarly, the CCS class was recorded in 252 (88%) of the 
286 1-year survivors (127 [89%] of 142 in the IABP and 
125 [87%] of 144 in the control group). Of these 125 (98%) 
of 127 versus 124 (99%) of 125 were in CCS class I or II 
(p=1·00). The EQ-5D-3L index value was assessed for 
274 (95%) survivors with 0·9 indicating moderate to good 
quality of life. Quality of life assessment did not diff er 
between treatment groups with respect to the fi ve 
dimensions and the EQ VAS (fi gure 4).

Discussion
In this prospective, randomised trial of patients with 
cardiogenic shock complicating acute myocardial infarc-
tion, IABP support did not increase 6 and 12 month 
survival compared with control, supporting the short-
term 30 day follow-up data (panel). Despite early 
revascularisation and optimum medical therapy in both 
groups, mortality was still slightly higher than 50% at 
1 year follow-up. Nevertheless, for survivors, the self-
reported quality of life was moderate to good.

There are several possible explanations for the absence 
of benefi t. Although experimental and clinical studies 
have shown haemodynamic improvements with IABP, 
its eff ect on cardiac output is only modest with an 
absolute increase in cardiac output of 0·5 L/min.6 
Furthermore, most trials investigating haemodynamic 
IABP eff ects had no control group.6 In the IABP-
SHOCK I randomised pilot trial, no signifi cant dif-
ferences between IABP and control were observed in 
cardiac power output, left ventricular stroke work index, 
and systemic vascular resistance.20 Interestingly, there 

Univariable Stepwise multivariable

Hazard ratio 
(95% CI)

p value Hazard ratio 
(95% CI)

p value

Single vessel coronary artery disease 0·68 (0·51–0·92) 0·01 ·· ··

Mechanical ventilation 1·23 (0·98–1.55) 0·07 ·· ··

Cold, clammy skin and extremities 1·55 (1·11–2·17) 0·01 ·· ··

Current smoking 0·63 (0·49–0·81) 0·0004 ·· ··

History of arterial hypertension 1·33 (1·03–1·72) 0·03 ·· ··

Haemoglobin per 1 mmol/L 0·87 (0·81–0·94) 0·0004 ·· ··

Haematocrit per 10% 0·83 (0·72–0·96) 0·01 ·· ··

Sinus rhythm 0·78 (0·60–1·01) 0·06 ·· ··

ST-elevation myocardial infarction 0·76 (0·60–0·95) 0·02 ·· ··

Age, per 10 years 1·33 (1·20–1·47) <0·0001 1·25 (1·12–1·39) <0·0001

History of stroke 2·18 (1·53–3·11) <0·0001 2·00 (1·37–2·93) 0·0004

Baseline serum lactate, per 10 mmol/L 1·43 (1·29–1·57) <0·0001 1·24 (1·10–1·39) 0·001

Baseline creatinine, per 100 μmol/L 1·38 (1·24–1·54) <0·0001 1·23 (1·08–1·40) 0·002

Altered mental status 1·73 (1·30–2·30) 0·0002 1·57 (1·15–2·16) 0·005

Oliguria (<30 mL/h) 1·73 (1·38–2·18) <0·0001 1·40 (1·08–1·82) 0·01

pH <7·36 at admission 1·58 (1·24–2·01) 0·0002 1·35 (1·02–1·79) 0·04

Left bundle branch block 1·84 (1·37–2·47) 0·0002 1·41 (1·01–1·98) 0·04

All baseline patient variables related to mortality in univariable analysis, defi ned by p<0·10. The fi rst nine variables 
entered into the model were not independently associated with mortality in the stepwise multivariable model. 

Table 2: Predictors of 12 month mortality in univariable and stepwise multivariable Cox regression analysis

See Online for appendix
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was a signifi cant increase in cardiac power output, a 
haemodynamic measure correlating well with mortality,21 
in both groups indicating that initial haemodynamic 
improvements might be more aff ected by revascu-
larisation as well as fl uid and inotropic optimisation than 
by IABP eff ects. Notably, however, there is currently no 
evidence that the use of catecholamines, levosimendan, 
fl uids, or assist devices leads to improved survival. In 
IABP-SHOCK II, no detailed haemodynamic monitoring 
data were available. However, there were no eff ects on 
markers of systemic infl am mation or serum lactate as a 
measure of tissue hypoxia, thereby providing patho-
physiological explanations for the lack of mortality 
benefi t.11 The results were fairly consistent for all 
subgroups studied except for patients without a history 
of hypertension. However, data for any subgroup, in 
particular in a negative trial, are only hypothesis-gener-
ating. Furthermore, the results of the current trial with 
its long-term follow-up are in line with previous registry 
data in the PCI era and two small randomised trials in 
the fi brinolytic and PCI era, which were all negative for 
surrogate and combined clinical endpoints.7,19,22

We cannot entirely rule out the possibility that a 
potential benefi cial eff ect of IABP on clinical endpoints 
is confi ned to patients in whom the support was started 
before revascularisation.23 Mortality did not diff er sig-
nifi cantly between patients in whom IABP was started 
before and after revascularisation. However, pre-PCI 
IABP was done in less than 15% of patients and therefore 
no defi nitive conclusions can be drawn. Currently, data 
from observational studies are confl icting with one small 
retrospective registry trial in 48 patients with cardiogenic 
shock showing a benefi t of pre-PCI implantation,23 
whereas in a more recent trial in 173 patients, IABP 
insertion before PCI led to increased creatine kinase 
concentrations and had no eff ect on mortality.24

A negative trial usually raises a question of power. 
Although we cannot defi nitively rule out a type II error, 
the absolute diff erence of only 0·4% in mortality rates 
between the groups together with the lack of benefi t for 
any of the other outcome variables and a trend towards 
more recurrent infarctions in the IABP group compared 
with control make any clinically meaningful positive 
eff ect of IABP unlikely. The event rate in the control 
group was lower than the value initially used in the 
sample size calculation (41·3% vs 56·0%), which might 
have further aff ected statistical power.

In the current trial there was an additional absolute 
10% mortality increase at 12 months by comparison with 
the 30 day results. This diff erence is slightly higher by 
comparison with the only other large randomised 
cardiogenic shock trial that reported long-term follow-up 
(SHOCK trial), which had mortality rates of 46·7% at 
30 days and 53·3% at 12 months in the early 
revascularisation group.3,12,13 These data confi rm that 
mortality in cardiogenic shock is mainly determined in 
the early phase, although the risk of death is still 

substantial after the acute phase. Functional status for 
survivors is relatively good. Similar to the SHOCK trial, 
about 90% of survivors were in NYHA class I/II.13 In the 
current trial, more detailed quality of life assessment was 
done with a standardised questionnaire. Health-related 
quality of life states consisting of fi ve dimensions and a 
visual analogue scale were similar to a general population 
survey.25 The absence of a survival benefi t at long-term 
follow-up in the present study contrasts with the SHOCK 
trial and is probably explained by the diff erent inter-
ventions. Revascularisation might have long-term 
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Figure 4: Quality of life at 6 and 12 month follow-up for patients alive
(A) Health-related quality of life states in the fi ve dimensions of mobility, self-care, usual activities, pain or 
discomfort, and anxiety or depression for patients in the IABP and control groups. (B) Box plot of the visual 
analogue scale of self-rated health for patients in the IABP and control groups. IABP=intra-aortic balloon pump.
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mortality eff ects by salvaging myocardium, whereas 
IABP support does not have an eff ect on myocardial 
damage.26 The fairly low rate of ICD implantations of 
10% might be explained by a survivor selection bias and 
refl ects the favourable functional status of survivors. 
Patients surviving might have left ventricular function at 
follow-up above established cutoff  criteria for ICD 
implantation. In IABP-SHOCK II, no additional infor-
mation about left ventricular function and remodelling at 
follow-up was available.

Risk of death varied substantially among patients with 
cardiogenic shock complicating myocardial infarction. 
An objective and readily available measure to assess 
mortality risk for individual patients is crucial to guide 
treatment. However, no easy score for risk prediction is 
currently available and used in clinical practice. Several 
previous analyses revealed diff erent clinical, laboratory, 
angiographic, and haemodynamic measures as pre-
dictors mainly for short-term but also partly for long-
term mortality in patients with cardiogenic shock 
undergoing early revascularisation by PCI.12,27–30 In the 
current analysis, outcome predictors were similar to 
those in previous analyses including age, history of 
stroke, oliguria, left bundle branch block, and creatinine 
concentration. Of note, the readily available baseline 
serum lactate indicating the severity of end-organ 
hypoxia was one of the strongest predictors of long-term 
mortality. Previous trials in cardiogenic shock did not 
measure serum lactate systematically and the measure 
was therefore not used in multivariable modelling. Base-
line serum lactate together with age and oliguria might 

therefore be integrated in mortality risk assessment in 
clinical practice.

This study has several strengths, including its size, 
multicentre design, recruitment of a broad risk, real world 
population managed with current, guideline-supported 
drugs and interventional techniques, and near complete 
clinical follow-up. In view of the broad inclusion criteria 
less than a quarter of initially screened patients were not 
eligible for the trial, suggesting broad generalisability of 
the results in interventionally treated patients with cardio-
genic shock. Owing to the low number of surgically 
treated patients the eff ects of IABP might not be applicable 
to patients undergoing imme diate bypass surgery. 
Masking of treatment allocation was not possible because 
of the nature of the intervention. However, several 
methods to avoid bias were imple mented, such as a 
central randomisation system, a masked clinical event 
committee, and high standard requirements concerning 
the experience of centres and investigators.

In conclusion, this randomised, multicentre trial 
showed that IABP support did not reduce 12 month 
mortality in patients with cardiogenic shock complicating 
myocardial infarction undergoing early revascularisation. 
Quality of life was good for survivors of cardiogenic 
shock at 6 and 12 months.
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Panel: Research in context

Systematic review
To further evaluate the relative eff ect of IABP versus control we did an updated meta-
analysis of studies comparing the two interventions in patients with cardiogenic shock 
complicating acute myocardial infarction. We searched Medline, Embase, Central (the 
Cochrane Controlled Clinical Trials Register), ClinicalTrials.gov, and proceedings from major 
cardiology scientifi c sessions for randomised controlled trials comparing IABP versus 
control in cardiogenic shock with an early revascularisation strategy. Studies with 
comparison of IABP to an active assist device and studies in the fi brinolytic era were 
excluded. We used the keywords “cardiogenic shock”, “shock”, “assist device”, “intraaortic 
balloon pump”, “infarction”, and “randomised”. The search was limited to studies published 
between Jan 1, 1980, and Aug 7, 2013.

The clinical endpoint death for the 12 month follow-up was analysed. In addition to the 
IABP-SHOCK II trial we identifi ed only one small randomised pilot trial leading to a total of 
640 patients, of which follow-up was available for 627 patients.19 We pooled results using 
a random eff ects model. Data synthesis and statistical analyses were done with the 
Cochrane Collaboration Review Manager (RevMan, version 5.1.1). There were no 
signifi cant diff erences in the risk of death (relative risk 1·03, 95% CI 0·88–1·19, p=0·75).

Interpretation
In this pooled analysis, mortality with IABP was not superior to that with control 
treatment without mechanical support in patients in cardiogenic shock undergoing 
early revascularisation.
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correctly stated that the underlying 
mechanism of cardiogenic shock is 
depression of myocardial contractility, 
they argue that this is due to extensive 
acute myocardial infarction. We take 
the view that failure of contractility 
with or without cardiogenic shock 
is not necessarily determined by the 
extent of infarction but that both can 
result from sudden impairment of 
energy supply.

Tremendous headway has been 
made by interventionist cardiologists 
with coronary angiography, insertion 
of stents, bypass surgery, and the early 
infusion of thrombolytic agents—all 
with the aim of improving blood 
supply. But there have been few 
interventions directed specifi cally to 
the injured myocardium. Yet, it is a 
functioning myocardium that will 
determine survival. When there is an 
excessively high plasma free fatty 
acid (FFA) concentration, as in early 
acute myocardial infarction,3 with 
inadequate glucose availability, normal 
oxidative metabolism is no longer 
possible, so ATP stores run down.

Improvement of coronary artery 
perfusion will not sustain contractility 
if the balance of substrates is awry. 
To put it simply, pumps deprived of 
energy do not work.

While further research into 
pharmacological therapy counter-
acting haemodynamic deterioration 
is certainly warranted, far more focus 
is needed on redressing the imbalance 
in myocardial metabolism that occurs 
during acute ischaemia. To this end, 
strategies to reduce adrenaline-
stimulated tissue lipolysis and plasma 
FFA concentrations, such as the use 
of nicotinic acid analogues,4 and to 
increase glucose availability,5 seem to be 
the best bet. Glucose-insulin-potassium 
infusions also reduce circulating FFA 
by inhibiting its release from adipose 
tissue, as observed in the IMMEDIATE 
trial.5 The focus should be on metabolic 
measures that maintain myocardial ATP 
concentrations and availability.
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condemning many users to reverting 
to lethal cigarettes. 

We do not think we could have done 
more to eliminate the risk of our work 
being used to open the market for 
nicotine e-cigarettes in New Zealand, 
as Rehab Auf suggests. Our study was 
done independently of any industry 
infl uence, in a transparent manner. To 
have adjusted the study sample size in 
light of the recorded abstinence rates 
was not possible, because the analysis 
plan did not allow for interim analyses. 
Auf asserts the ability of e-cigarettes 
to reduce the number of cigarettes 
smoked should not be regarded as a 
harm reduction measure. The argument 
rests on a concern that e-cigarettes 
might be used by people who would 
not otherwise have used nicotine 
products. This assertion is founded on 
the US Centers for Disease Control and 
Prevention report showing a doubling 
of e-cigarette use by never smoking US 
middle school students between 2011 
and 2012 in which “use” was defi ned 
as greater than or equal to 1 day use in 
the past 30 days, and only 20% of ever 
e-cigarette users reported ever using 
conventional cigarettes.3 

Christopher Doyle and colleagues 
imply involvement of the tobacco 
industry in our trial, which we refute. 
We do not think that our discussion 
favoured e-cigarettes over patches or 
“glossed over” diff erences in adverse 
events. We believe our treatment of the 
data was appropriately conservative. 
Indeed, we stated that a higher number 
and proportion of adverse events 
occurred in the nicotine e-cigarette 
group than in the patches group.1

Dual use is a valid concern. What is as 
yet unknown is whether it is largely a 
temporary state before quitting.

We did not suggest that e-cigarettes 
should be funded for tobacco control 
in any country, including developing 
countries, where the tobacco burden 
is greatest. However, we note that 
smoking cessation treatment is a 
recognised element of comprehensive 
approaches to global tobacco control.4 
E-cigarettes are unlikely to be funded 

Management of acute 
myocardial infarction
The ischaemic myocardium should 
have more priority in the management 
of acute myocardial infarction. 

Krischan Sjauw and Jan Piek1 
recently commented on the IABP-
SHOCK trial (Nov 16, p 1638)2 and 
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Another important factor is time. 
A randomised trial2 of early in-
ambulance thrombolysis versus primary 
percutaneous coronary intervention 
showed no ischaemic cardiogenic 
shock among patients assigned to 
prehospital thrombolysis. Although 
time has no eff ect on 30-day survival, 
it is associated with the probability 
of developing ischaemic cardiogenic 
shock. Among patients randomised in 
the fi rst 2 h after ischaemic myocardial 
infarction, cardiogenic shock was less 
frequent with lytic therapy compared 
with primary percutaneous coronary 
intervention, whereas rates were 
similar in patients randomised later 
than 2 h.2 The pathophysiology of 
ischaemic cardiogenic shock does not 
allow us to wait until it is clinically 
clear. Concentrations of interleukin-6 
and tumour necrosis factor have been 
shown to be elevated on admission in 
patients having myocardial infarction 
initially in Killip Class I and who later 
developed ischaemic cardiogenic shock.3

We favour an aggressive monitoring 
of ventricular function not only with 
haemodynamic data but also with 
myocardium thickness and contractility 
by echocardiography to detect initial 
signs of left ventricular failure, which 
causes 75% of  ischaemic cardiogenic 
shock.4,5 Serial echocardiography before 
ischaemic cardiogenic shock is the best 
and simplest method for monitoring 
changes in left ventricular systolic 
and diastolic function over time after 
infarction and primary percutaneous 
coronary intervention because the 
myocardium might recover function  
hours or days after reperfusion. Maybe 
the IABP could be used before it”leaks”.
I declare that I have no confl icts of interest.
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Holger Thiele and colleagues1 reported 
the 12-month results of  intra-
aortic balloon pump (IABP) in acute 
myocardial infarction complicated 
by cardiogenic shock. IABP effects 
on cardiogenic shock could be at 
two levels: on the amount of left 
ventricular mass aff ected by infarction 
and on the vascular peripheral bed 
tone. The dysfunction of one of these 
mechanisms would negatively aff ect 
the other. We are probably expecting 
too much of IABP effi  cacy. 

As mentioned in Thiele and 
colleagues‘ report,1 some clinical signs 
of ischaemic cardiogenic shock (ie, 
oliguria, serum lactate concentrations, 
creatinine concentrations, pH) were 
independent risk factors for mortality.1 
IABP could help if the shock is not 
already plain and clear; any subsequent 
increase of cardiac index is indirect—
secondary to any improvement 
of cardiac perfusion and reduced 
afterload. The powerful reperfusive 
action of percutaneous coronary 
intervention could overlap with any 
myocardial eff ects of IABP, some other 
effects are related to the reduction 
of vascular resistances but during 
ischaemic cardiogenic shock peripheral 
vascular tone might be  lost. In this 
scenario, IABP could not work properly.

Authors’ reply
We thank Michael Oliver and Lionel 
Opie, and Roberto Gaeta for their 
interest in our work.1

Oliver and Opie point out that in the 
setting of infarct-related cardiogenic 
shock deregulations in energy supply, 
especially the accumulation of plasma 
free fatty acids and impaired glucose 
metabolism, are major determinants 
of contractility failure. They further 
argue that therapies directed towards 
correction of these metabolic changes 
(eg, glucose-insulin-potassium 
infusions) might positively affect 
clinical outcome. However, in the 
IMMEDIATE trial2 of patients with 
suspected acute coronary syndromes 
cited by Oliver and Opie, glucose-
insulin-potassium infusions did 
not reduce the rate of progression 
to myocardial infarction (primary 
endpoint), nor 30-day mortality, 
and should therefore not be over-
interpreted.1 We agree that the idea 
of counteracting metabolic disorders 
during acute ischaemia is plausible 
and should be a target for future 
research.

Gaeta argues that intra-aortic 
balloon counterpulsation (IABP) 
might be beneficial in the very 
early stages of evolving cardiogenic 
shock before it becomes clinically 
apparent. To detect the initial 
onset of shock, he suggests serial 
echocardiographic monitoring 
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of left ventricular function. Most 
patients with a final diagnosis of 
infarct-related cardiogenic shock 
already present in shock upon arrival 
in the hospital—ie, shock develops 
in the ambulatory setting. For 
obvious reasons, echocardiographic 
monitoring is not feasible in these 
patients. For patients who present in 
the hospital with acute myocardial 
infarction without shock we believe 
that the most important step to 
prevent progression to cardiogenic 
shock is prompt reperfusion and not 
serial echocardiographic monitoring 
with potential IABP insertion. After 
early reperfusion, close monitoring 
for signs of developing cardiogenic 
shock is indeed mandatory. However, 
once reperfused, progression to 
cardiogenic shock in a patient 
who was initially clinically stable is 
uncommon. It remains speculative 
if early IABP is benefi cial in the small 
subset of patients who develop 
shock in the clinical course after 
reperfusion. Notably, the IABP-
SHOCK II trial exclusively enrolled 
patients with overt cardiogenic shock 
(hypotension and signs of impaired 
organ perfusion).
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WHO guidelines on fl uid 
resuscitation in children 
with shock

Deaths of children in hospitals often 
occur within 24 h of admission. Many 
of these deaths could be prevented if 
very sick children are identifi ed soon 
after their arrival in the health-care 
facility and appropriate treatment 
started immediately. In response 
to this need, WHO developed 
and published Emergency Triage 
Assessment and Treatment guidelines, 
and included an abbreviated chapter 
in the Pocket Book of Hospital Care for 
Children, fi rst edition in 2005.

In 2011, the Fluid Expansion as 
Supportive Therapy (FEAST) study 
examined the management of children 
with fever and signs of impaired 
perfusion in African hospitals and 
concluded that fl uid boluses in children 
with shock were potentially harmful.1 

In a comment published in the BMJ on 
Jan 14, 2014,2 the researchers involved 
in the FEAST trial criticised WHO for 
not revising the relevant guidance—
notably the Pocket Book of Hospital 
Care for Children, second edition.3  The 
Pocket Book,3 which is a compilation of 
hundreds of WHO recommendations, 
is widely used by doctors, nurses, and 
health-care workers responsible for 
the care of young children at fi rst-level 
referral hospitals. 

The results of the FEAST trial were 
shared with WHO and the expert 
group in 2011 (when the reviews 
for the second edition of the Pocket 
Book were already well underway). 
The results were clearly important, 
but several issues had to be taken 
into consideration before they 
could be incorporated into policy 
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In his Offline (Nov 30, p 1768),1 
Richard Horton rightly rails against 
the acceptance of pharmaceutical 
and nutritional industry funding 
and promotion at the recent 
Developmental Origins of Health 
and Disease meeting in Singapore. 
In view of the leadership that Horton 
and The Lancet have shown in raising 
the profi le of global health, the time 
is ripe for The Lancet to consider 
its own position on unacceptable 
promotion and the potential infl uence 
of commercial concerns, whose fi rst 
interest is certainly not the health of 
the world population. 

As an example, the US Institute of 
Medicine sent a copy of the Lancet 
special issue of the Global Burden 
of Disease Study (GBD) 2010 to 
members shrink-wrapped with a six-
page advertising leafl et for an anti-
obesity drug. Presumably, The Lancet 
and its publishers benefitted from 
this advertising being shrink-wrapped 
with the journal? It is diffi  cult not to be 
struck by the coincidence of this advert 
accompanying the GBD 2010 report, 
which clearly advanced the notion 
that obesity and related problems 
are eclipsing issues such as maternal, 
infant, and child under nutrition as 
threats to global health and wellbeing.
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