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Evidence for Overturning the Guidelines in Cardiogenic Shock
Christopher M. O’Connor, M.D., and Joseph G. Rogers, M.D.

Cardiogenic shock complicating acute myocardial 
infarction continues to be a devastating event as-
sociated with extremely high mortality. The results 
of the Intraaortic Balloon Pump in Cardiogenic 
Shock II (IABP-SHOCK II) trial,1 now reported in 
the Journal, show that in patients with acute myo-
cardial infarction and hemodynamic compromise 
who undergo revascularization, the routine use 
of an intraaortic balloon pump (IABP), as com-
pared with standard therapy, does not improve 
survival.1

Introduced nearly five decades ago,2 IABP is 
now routinely used as an adjuvant treatment for 
myocardial infarction complicated by cardiogenic 
shock, on the basis of evidence that it is associ-
ated with hemodynamic improvements accompa-
nied by enhanced coronary blood flow, increased 
perfusion of vital organs, maintenance of infarct-
artery patency, and decreased systemic inflam-
mation.3 Until recently, few alternatives have been 
available to support patients with severely com-
promised hemodynamics. Despite a lack of robust 
data from outcomes trials and meta-analyses4,5 
that have shown limited efficacy, international 
guidelines endorse the use of IABP for treating 
post-myocardial infarction shock, with a class I 
recommendation.6,7

The IABP-SHOCK II trial could have affirmed 
contemporary clinical practice and guidelines. 
Instead, it revealed surprising results. In a com-
parison of IABP with standard therapy, the inves-
tigators found no difference in 30-day mortality 
or in any key secondary end points. Although 
IABP was safe, there was no evidence that it was 
associated with hemodynamic improvement — 
a mechanistic effect of IABP that has long been 
considered to be critical for its clinical applica-

tion. Moreover, there were no benefits with re-
spect to renal function or attenuation in lactate 
or C-reactive protein levels.

Conducting a randomized clinical trial in the 
emergency setting of acute myocardial infarc-
tion with shock is exceptionally difficult. In an 
era of rapid intervention in the catheterization 
laboratory and a pervasive perception of lack of 
equipoise, the IABP-SHOCK II investigators should 
be commended for completing a moderate-sized 
trial in 3 years at 37 sites. The results of the trial 
have important clinical implications, but several 
issues must be addressed. First, this 600-patient 
study could be considered too small to be defini-
tive. However, the conclusions are bolstered by 
more than 240 primary end-point events, making 
them far more robust than might be surmised 
from the sample size alone. Second, the patients 
represented a moderate-risk cohort, with a 30-day 
mortality of 40%. This rate is lower than that 
reported in other trials involving patients with 
cardiogenic shock, so the results may not be ap-
plicable to the highest-risk patients. In the decade 
since the original Should We Emergently Revascu-
larize Occluded Coronaries for Cardiogenic Shock 
(SHOCK) trial was reported,8 emphasis on early 
revascularization and increased use of background 
medical therapies would be anticipated to have 
favorably altered the natural history of cardiogen-
ic shock occurring after myocardial infarction, 
leading to lower 30-day mortality. Third, asym-
metry in the number of crossovers may have in-
fluenced the final results analyzed according to 
the intention-to-treat principle. However, a per-
protocol analysis (which included all the patients 
who had confirmed acute myocardial infarction, 
with the exclusion of those who crossed over) and 
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an adjusted multivariate model showed similar 
nonsignificant results. Finally, favorable trends 
with IABP were observed in younger patients and 
in those with a first myocardial infarction, al-
though these findings can be considered only as 
hypothesis-generating. Given the concordance of 
data from the meta-analyses and the current trial, 
the data do not support the routine use of IABP 
in patients with acute myocardial infarction com-
plicated by cardiogenic shock, and the level I 
guideline recommendation is now strongly chal-
lenged. Members of guideline committees and 
clinicians should take note of another example 
of a recommendation that is based on insuffi-
cient data.

The results of the IABP-SHOCK II trial parallel 
those from many recent outcome trials that have 
challenged our understanding of the manage-
ment of acute and chronic heart failure, includ-
ing those regarding the use of pulmonary artery 
catheters9 and the role of revascularization in is-
chemic cardiomyopathy.10

Therapeutic strategies for patients with car-
diogenic shock have changed abruptly and are 
ready for renewed growth and development. Al-
though many will find the results of the IABP-
SHOCK II trial disappointing, we must recognize 
the opportunity to develop novel and innovative 
strategies to treat this condition. Integrated sys-
tems to ensure rapid reperfusion may reduce the 
incidence of shock among patients who have had 
an acute myocardial infarction.11 Secondary analy-
ses of data from the IABP-SHOCK II trial may help 
us understand the mechanisms of the failed re-
sponse. Comparing the patient populations and 
outcomes of the IABP-SHOCK II study groups 
and the concurrent registry cohort may yield im-
portant insights, with therapeutic implications for 
the use of other mechanical devices for circula-
tory support. On the basis of the findings of the 
IABP-SHOCK II trial, we must move forward with 
the understanding that a cardiovascular condi-
tion with 40% mortality at 30 days remains un-

acceptable. Most important, we hope that the 
results of this trial will galvanize a broadly based 
mandate to address this devastating clinical prob-
lem by reestablishing equipoise and international 
engagement in research on novel devices and 
pharmacologic therapies.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

From Duke University, Durham, NC.

This article was published on August 27, 2012, at NEJM.org.
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The Variability of Genetic Disease
Han G. Brunner, M.D.

It is never boring to be a physician because pa-
tients are so different. Each patient has a story 
to tell, and few have disorders that match text-

book descriptions. By the same token, we need 
to be careful when predicting the future for our 
patients, and finding the appropriate therapy is 

The New England Journal of Medicine 
Downloaded from nejm.org by JOHN VOGEL on May 13, 2015. For personal use only. No other uses without permission. 

 Copyright © 2012 Massachusetts Medical Society. All rights reserved. 

John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel




n engl j med 367;14 nejm.org october 4, 2012 1287

The new england 
journal of medicine
established in 1812 october 4, 2012 vol. 367 no. 14

Intraaortic Balloon Support for Myocardial Infarction  
with Cardiogenic Shock

Holger Thiele, M.D., Uwe Zeymer, M.D., Franz-Josef Neumann, M.D., Miroslaw Ferenc, M.D.,  
Hans-Georg Olbrich, M.D., Jörg Hausleiter, M.D., Gert Richardt, M.D., Marcus Hennersdorf, M.D., Klaus Empen, M.D., 

Georg Fuernau, M.D., Steffen Desch, M.D., Ingo Eitel, M.D., Rainer Hambrecht, M.D., Jörg Fuhrmann, M.D., 
Michael Böhm, M.D., Henning Ebelt, M.D., Steffen Schneider, Ph.D., Gerhard Schuler, M.D., and Karl Werdan, M.D., 

for the IABP-SHOCK II Trial Investigators*

A BS TR AC T

From the University of Leipzig–Heart 
Center, Leipzig (H.T., G.F., S.D., I.E., G.S.), 
Klinikum Ludwigshafen and Institut für 
Herzinfarktforschung, Ludwigshafen (U.Z., 
S.S.), Heart Center Bad Krozingen, Bad 
Krozingen (F.-J.N., M.F.), Asklepios Clinic 
Langen-Seligenstadt, Langen (H.-G.O.), 
German Heart Center Munich, Munich 
(J.H.), Heart Center–Segeberger Kliniken, 
Bad Segeberg (G.R.), SLK Kliniken Heil-
bronn, Heilbronn (M.H.), Ernst-Moritz-
Arndt University Greifswald, Greifswald 
(K.E.), Klinikum Links der Weser, Bremen 
(R.H.), Zentralklinik Bad Berka, Bad Berka 
(J.F.), University Clinic of Saarland,  
Homburg/Saar (M.B.), and Martin-Luther 
University Halle-Wittenberg, Halle (H.E., 
K.W.) — all in Germany. Address reprint 
requests to Dr. Thiele at the University of 
Leipzig–Heart Center, Department of In-
ternal Medicine/Cardiology, Strümpellstr. 
39, 04289 Leipzig, Germany, or at thielh@
medizin.uni-leipzig.de.

Drs. Schuler and Werdan contributed 
equally to this article.

*Investigators in the Intraaortic Balloon 
Pump in Cardiogenic Shock II (IABP-
SHOCK II) trial are listed in the Supple-
mentary Appendix, available at NEJM 
.org.

This article was published on August 27, 
2012, at NEJM.org.

N Engl J Med 2012;367:1287-96.
DOI: 10.1056/NEJMoa1208410
Copyright © 2012 Massachusetts Medical Society. 

Background
In current international guidelines, intraaortic balloon counterpulsation is consid-
ered to be a class I treatment for cardiogenic shock complicating acute myocardial 
infarction. However, evidence is based mainly on registry data, and there is a paucity 
of randomized clinical trials.

Methods
In this randomized, prospective, open-label, multicenter trial, we randomly assigned 
600 patients with cardiogenic shock complicating acute myocardial infarction to 
intraaortic balloon counterpulsation (IABP group, 301 patients) or no intraaortic 
balloon counterpulsation (control group, 299 patients). All patients were expected 
to undergo early revascularization (by means of percutaneous coronary intervention 
or bypass surgery) and to receive the best available medical therapy. The primary 
efficacy end point was 30-day all-cause mortality. Safety assessments included major 
bleeding, peripheral ischemic complications, sepsis, and stroke.

Results
A total of 300 patients in the IABP group and 298 in the control group were included 
in the analysis of the primary end point. At 30 days, 119 patients in the IABP group 
(39.7%) and 123 patients in the control group (41.3%) had died (relative risk with 
IABP, 0.96; 95% confidence interval, 0.79 to 1.17; P = 0.69). There were no significant 
differences in secondary end points or in process-of-care measures, including the 
time to hemodynamic stabilization, the length of stay in the intensive care unit, 
serum lactate levels, the dose and duration of catecholamine therapy, and renal func-
tion. The IABP group and the control group did not differ significantly with respect 
to the rates of major bleeding (3.3% and 4.4%, respectively; P = 0.51), peripheral 
ischemic complications (4.3% and 3.4%, P = 0.53), sepsis (15.7% and 20.5%, P = 0.15), 
and stroke (0.7% and 1.7%, P = 0.28).

Conclusions
The use of intraaortic balloon counterpulsation did not significantly reduce 30-day 
mortality in patients with cardiogenic shock complicating acute myocardial infarc-
tion for whom an early revascularization strategy was planned. (Funded by the 
German Research Foundation and others; IABP-SHOCK II ClinicalTrials.gov number, 
NCT00491036.)
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T he rate of death among patients 
with cardiogenic shock complicating acute 
myocardial infarction is high even when 

the patients undergo early revascularization with 
percutaneous coronary intervention (PCI) or coro-
nary artery bypass grafting (CABG).1-4 Intraaortic 
balloon counterpulsation is the most widely used 
form of mechanical hemodynamic support in this 
clinical setting.5 In U.S. and European guidelines, 
the use of an intraaortic balloon in the treatment 
of cardiogenic shock is given a class IB and class 
IC recommendation, respectively.6-8 However, evi-
dence is based mainly on registry data, and there is 
a lack of adequately powered randomized trials. 
A meta-analysis that included only cohort studies 
suggested that the use of an intraaortic balloon 
pump is associated with a reduction by 11% in the 
risk of death.9 In the recent Intraaortic Balloon 
Pump in Cardiogenic Shock (IABP-SHOCK) trial, 
which involved only 45 patients, no significant 
difference was observed with respect to the Acute 
Physiology and Chronic Health Evaluation II 
(APACHE II) score for severity of illness between 
patients assigned to intraaortic balloon counter-
pulsation and those assigned to a control group 
that received standard care, although serial brain 
natriuretic peptide levels were significantly re-
duced in the balloon-pump group.10 The incon-
clusive evidence might be one explanation for the 
current use of intraaortic balloons in only 25 to 
40% of patients with cardiogenic shock, despite 
the recommendations in the guidelines.5 The 
IABP-SHOCK II trial was designed to test the hy-
pothesis that intraaortic balloon counterpulsa-
tion, as compared with the best available medical 
therapy alone, results in a reduction in mortality 
among patients with acute myocardial infarction 
complicated by cardiogenic shock for whom early 
revascularization is planned.

Me thods

Study Oversight
The IABP-SHOCK II trial was a multicenter, open-
label, randomized study. The design of the trial 
has been published previously.11 The trial was de-
signed by the first author and modified by the 
steering committee (see the Supplementary Ap-
pendix, available with the full text of this article 
at NEJM.org); the trial design was approved by the 
ethics committee at each participating center. 
Neither Maquet Cardiopulmonary nor Teleflex 

Medical, both of which supported the study with 
unrestricted grants, had any involvement in the 
study. Data were maintained at the Myocardial 
Infarction Research Institute in Ludwigshafen, 
Germany, where all the statistical analyses were 
performed by independent personnel. The steer-
ing committee vouches for the integrity and com-
pleteness of the data, and the statistician for the 
accuracy of data analysis; all the authors vouch 
for the fidelity of the study to the trial protocol, 
which is available at NEJM.org.

Patients
Patients were eligible for the trial if they present-
ed with an acute myocardial infarction (with or 
without ST-segment elevation) complicated by car-
diogenic shock and if early revascularization (by 
means of PCI or CABG) was planned. A patient 
was considered to be in cardiogenic shock if he 
or she had a systolic blood pressure of less than 
90 mm Hg for more than 30 minutes or needed 
infusion of catecholamines to maintain a systolic 
pressure above 90 mm Hg, had clinical signs of 
pulmonary congestion, and had impaired end-
organ perfusion. The diagnosis of impaired end-
organ perfusion required at least one of the follow-
ing: altered mental status; cold, clammy skin and 
extremities; oliguria with urine output of less than 
30 ml per hour; or serum lactate level higher than 
2.0 mmol per liter.

Patients were not eligible for the study if 
they had undergone resuscitation for more than 
30 minutes; had no intrinsic heart action; were 
in a coma with fixed dilatation of pupils that 
was not induced by drugs; had a mechanical 
cause of cardiogenic shock (e.g., ventricular sep-
tal defect or papillary muscle rupture); had onset 
of shock more than 12 hours before screening; 
had a massive pulmonary embolism, severe pe-
ripheral arterial disease precluding insertion of 
an intraaortic balloon pump, or aortic regurgita-
tion greater than grade II in severity (on a scale 
of I to IV, with higher grades indicating more 
severe regurgitation); were older than 90 years of 
age; were in shock as a result of a condition 
other than acute myocardial infarction; or had a 
severe concomitant disease associated with a life 
expectancy of less than 6 months. Patients in 
cardiogenic shock who were not eligible for ran-
domization were entered into a registry. All pa-
tients or their legally authorized representatives 
provided written informed consent.11
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Treatment

Eligible patients were randomly assigned, in a 1:1 
ratio, to intraaortic balloon counterpulsation (IABP 
group) or no intraaortic balloon counterpulsation 
(control group). Randomization was performed 
centrally with the use of an Internet-based pro-
gram, with stratification according to center.

The intraaortic balloon pump was inserted ei-
ther before the PCI or immediately after the PCI, 
with the timing of the insertion at the discretion 
of the investigator. Support was initiated with the 
use of 1:1 electrocardiographic triggering (i.e., 
balloon inflation and deflation triggered by the 
R wave) and was maintained until there was sus-
tained hemodynamic stabilization, which was 
defined as a systolic blood pressure higher than 

90 mm Hg for more than 30 minutes without 
the need for catecholamines.11 Weaning from the 
pump was achieved by means of reduction of the 
trigger ratio.11 Crossover of patients in the control 
group to intraaortic balloon counterpulsation was 
allowed only if mechanical complications (ventric-
ular septal defect or papillary muscle rupture) de-
veloped after randomization.

All the patients were expected to undergo early 
revascularization and to receive the best available 
medical treatment according to guidelines.6-8,12 
The mode of revascularization (primary PCI with 
treatment of the target lesion only, PCI of the tar-
get lesion plus additional immediate or staged PCI 
of nontarget lesions, or CABG) was left to the 
discretion of the operator. Intensive care treat-

Table 1. Baseline Characteristics of the Patients.*

Characteristic IABP (N = 301) Control (N = 299)

Age — yr

Median 70 69

Interquartile range 58–78 58–76

Male sex — no. (%) 202 (67.1) 211 (70.6)

Weight — kg

Median 80 81

Interquartile range 73–90 73–90

Height — cm

Median 172 175

Interquartile range 165–178 168–180

Body-mass index†

Median 27.5 26.9

Interquartile range 24.7–30.1 24.7–29.4

Cardiovascular risk factors — no./total no. (%)

Current smoking 96/295 (32.5) 108/299 (36.1)

Hypertension 213/296 (72.0) 199/299 (66.6)

Hypercholesterolemia 122/295 (41.4) 105/299 (35.1)

Diabetes mellitus 105/297 (35.4) 90/299 (30.1)

Prior myocardial infarction — no./total no. (%) 71/300 (23.7) 61/299 (20.4)

Prior stroke — no./total no. (%) 24/300 (8.0) 20/299 (6.7)

Known peripheral arterial disease — no./total no. (%) 40/300 (13.3) 33/299 (11.0)

Prior PCI — no./total no. (%) 63/299 (21.1) 52/299 (17.4)

Prior bypass surgery — no./total no. (%) 20/300 (6.7) 12/299 (4.0)

* Patients were randomly assigned to intraaortic balloon counterpulsation (IABP) or no intraaortic balloon counterpulsa-
tion (control); all the patients were expected to undergo early revascularization and to receive the best available medi-
cal therapy. There were no significant differences between the groups in the baseline characteristics listed here. PCI de-
notes percutaneous coronary intervention.

† The body-mass index is the weight in kilograms divided by the square of the height in meters.
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ment was standardized according to the German–
Austrian S3 Guideline, which was provided to all 
study sites.12

End Points
The primary study end point was 30-day all-cause 
mortality. Secondary end points included serial 
assessments of serum lactate levels, creatinine 
clearance (measured with the use of the Cockcroft–
Gault formula13), C-reactive protein levels, and 
severity of disease as assessed with the use of the 
Simplified Acute Physiology Score (SAPS) II. The 
SAPS II is calculated from 17 variables; scores 

range from 0 to 163, with higher scores indicating 
more severe disease.14 We also assessed process-
of-care outcomes including blood pressure and 
heart rate before and after revascularization, the 
time to hemodynamic stabilization, the dose and 
duration of catecholamine therapy, the require-
ment for renal-replacement therapy, the length of 
stay in the intensive care unit, the requirement 
for and length of time on mechanical ventilation, 
and the requirement for implantation of an active 
(percutaneous or surgical) left ventricular assist 
device or for heart transplantation.

Safety end points included severe or life-threat-

Table 2. Clinical Course before Randomization.*

Variable IABP (N = 301) Control (N = 299)

Sign of impaired organ perfusion — no./total no. (%)

Altered mental status 215/300 (71.7) 232/299 (77.6)

Cold, clammy skin and extremities 257/300 (85.7) 245/299 (81.9)

Oliguria 90/300 (30.0) 99/299 (33.1)

Serum lactate >2.0 mmol/liter 226/300 (75.3) 218/298 (73.2)

Serum lactate — mmol/liter

Median 3.6 4.7

Interquartile range 2.1–7.2 2.3–8.2

Fibrinolysis <24 hr before randomization — no. (%) 28 (9.3) 20 (6.7)

Resuscitation before randomization — no. (%) 127 (42.2) 143 (47.8)

Myocardial infarction — no./total no. (%)

Non–ST-segment elevation 96/300 (32.0) 81/298 (27.2)

ST-segment elevation 200/300 (66.7) 212/298 (71.1)

Anterior 136/298 (45.6) 116/296 (39.2)

Systolic blood pressure — mm Hg

Median 89 90

Interquartile range 79–107 80–109

Diastolic blood pressure — mm Hg

Median 55 55

Interquartile range 46–67 45–65

Mean blood pressure — mm Hg†

Median 69 68

Interquartile range 59–80 59–80

Use of catecholamines at randomization — no./total no. (%) 270/301 (89.7) 268/298 (89.9)

Heart rate — beats/min

Median 92 92

Interquartile range 72–110 75–110

Creatinine — mg/dl

Median 1.30 1.26

Interquartile range 1.04–1.67 1.03–1.64
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ening bleeding and moderate bleeding during the 
hospital stay, as assessed according to the Global 
Use of Strategies to Open Occluded Coronary 
Arteries (GUSTO) criteria15; peripheral ischemic 
vascular complications requiring surgical or inter-
ventional therapy; sepsis with clinical signs of in-
fection and elevated procalcitonin levels (2 ng per 
milliliter or higher); and stroke, identified by the 
presence of new neurologic symptoms in con-
junction with signs of ischemia or bleeding on 
computed tomography.

Statistical Analysis
The study was powered to detect a difference of 
12 percentage points in 30-day survival rates, as-
suming a rate of 56% in the control group. An inde-
pendent data and safety monitoring board con-
ducted interim analyses after enrollment of 33% 
and 66% of the patients, using a group sequen-
tial design with an O’Brien–Fleming boundary.11 
The global type I error level was set at 0.05. The 
trial could be discontinued if the null hypothesis 
of equal survival rates was rejected at a signifi-
cance level of 0.0005 at the first interim analysis 
or 0.014 at the second interim analysis. The final 

analysis was undertaken at an alpha level of 
0.044. Therefore, 282 patients per group were 
needed to test the null hypothesis with the de-
sired power. The estimate of the sample size took 
into consideration a putative center effect, which 
was assumed to be within a range of ±5% for al-
most all centers (95%). The intraclass correlation 
coefficient was then 0.0013, yielding a total of 588 
patients to be evaluated. To allow for a 2% drop-
out rate, we recruited 600 patients.

All the data were analyzed according to the 
intention-to-treat principle. In addition, a per-
protocol analysis of the primary end point, which 
included data from all patients who had confirmed 
acute myocardial infarction with the exclusion of 
those who crossed over, was performed to evalu-
ate the robustness of the data. For the primary end 
point, the chi-square test was used to compare 
mortality between the two groups. Cumulative 
mortality throughout the first 30 days after ran-
domization was characterized with the use of 
Kaplan–Meier plots, with the log-rank test used 
for the comparison between the two groups. Sec-
ondary end points were assessed with the use of 
Fisher’s exact test or the chi-square test for binary 

Table 2. (Continued.)

Variable IABP (N = 301) Control (N = 299)

Creatinine clearance — ml/min‡

Median 60.7 56.8

Interquartile range 43.4–86.6 39.7–78.1

No. of diseased vessels — no./total no. (%)

1 61/296 (20.6) 65/293 (22.2)

2 81/296 (27.4) 74/293 (25.3)

3 154/296 (52.0) 154/293 (52.6)

Infarct-related artery — no./total no. (%)

Left anterior descending 132/293 (45.1) 121/293 (41.3)

Left circumflex 55/293 (18.8) 57/293 (19.5)

Right coronary artery 73/293 (24.9) 79/293 (27.0)

Left main 26/293 (8.9) 28/293 (9.6)

Bypass graft 7/293 (2.4) 8/293 (2.7)

Left ventricular ejection fraction — %

Median 35 35

Interquartile range 25–45 25–45

* There were no significant differences between the groups with respect to any of the variables listed. To convert the val-
ues for creatinine to micromoles per liter, multiply by 88.4.

† The mean blood pressure, an approximation of the time-weighted average of blood pressure values in large arteries 
during the cardiac cycle, is derived from the area under the curve for invasive blood pressure measurements.

‡ Creatinine clearance was calculated with the use of the Cockcroft–Gault formula.
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end points and a Mann–Whitney U test for quan-
titative end points.

Prespecified subgroup analyses were performed 
in subgroups defined according to sex, age (<50 
years, 50 to 75 years, or >75 years), presence or 
absence of diabetes, presence or absence of arte-
rial hypertension, myocardial infarction with ST-
segment elevation versus myocardial infarction 
without ST-segment elevation, anterior versus non-
anterior myocardial infarction, and previous or no 
previous myocardial infarction. Post hoc subgroup 
analyses were performed in subgroups defined 
according to the presence or absence of induced 
mild hypothermia and systolic blood pressure of 
less than 80 mm Hg versus 80 or more mm Hg 
at the time of randomization.

R esult s

Patients
Between June 16, 2009, and March 3, 2012, we 
screened 790 patients with cardiogenic shock at 
37 centers in Germany (Fig. S1 in the Supplemen-
tary Appendix). A total of 600 of these patients 
(75.9%) were enrolled and were randomly assigned 
to intraaortic balloon counterpulsation (IABP 
group, 301 patients) or no intraaortic balloon coun-
terpulsation (control group, 299 patients). Among 
the patients in the control group, 30 patients 
(10.0%) subsequently underwent insertion of an 

intraaortic balloon pump, most within the first 
24 hours after randomization; in the case of 26 of 
these patients the crossovers were considered to be 
protocol violations. In addition, 13 patients ran-
domly assigned to the IABP group (4.3%) did not 
undergo insertion of an intraaortic balloon pump, 
most often because the patient died before the 
planned insertion. The baseline characteristics 
were well balanced between the two groups (Ta-
bles 1 and 2).

Treatment
The procedure used most often for early revascular-
ization was primary PCI (in 95.8% of the patients) 
(Table S1 in the Supplementary Appendix). Only 
3.5% of patients underwent immediate bypass sur-
gery or initial PCI with subsequent bypass surgery. 
No revascularization was performed in 3.2% of 
the patients (Fig. S1 in the Supplementary Appen-
dix). Concomitant medications and treatments are 
shown in Table S1 in the Supplementary Appen-
dix. The median duration of intraaortic balloon 
pump support was 3.0 days (interquartile range, 
2.0 to 4.0; range, 1 to 16).

Primary and Secondary End Points
One patient in the IABP group was lost to follow-
up before 30 days, and 1 patient in the control 
group withdrew consent; therefore, 300 patients in 
the IABP group and 298 in the control group were 

Table 3. Clinical Outcomes.

Outcome
IABP 

(N = 300)
Control 

(N = 298) P Value

Relative Risk  
with IABP
(95% CI)

number (percent)

Primary end point: all-cause mortality at 30 days 119 (39.7) 123 (41.3) 0.69 0.96 (0.79–1.17)

Reinfarction in hospital 9 (3.0) 4 (1.3) 0.16 2.24 (0.70–7.18)

Stent thrombosis in hospital 4 (1.3) 3 (1.0) 0.71 1.32 (0.30–5.87)

Stroke in hospital 2 (0.7) 5 (1.7) 0.28 0.40 (0.08–2.03)

Ischemic 2 (0.7) 4 (1.3) 0.45 0.49 (0.09–2.71)

Hemorrhagic 0 1 (0.3) 0.50 —

Peripheral ischemic complications requiring intervention 
in hospital

13 (4.3) 10 (3.4) 0.53 1.29 (0.58–2.90)

Bleeding in hospital*

Life-threatening or severe 10 (3.3) 13 (4.4) 0.51 0.76 (0.34–1.72)

Moderate 52 (17.3) 49 (16.4) 0.77 1.05 (0.74–1.50)

Sepsis in hospital 47 (15.7) 61 (20.5) 0.15 0.77 (0.54–1.08)

* Bleeding during the hospital stay was assessed according to the Global Use of Strategies to Open Occluded Coronary 
Arteries (GUSTO) criteria.
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included in the analysis of the primary end point. 
At 30 days, mortality was similar among patients 
in the IABP group and those in the control group 
(39.7% and 41.3%, respectively; relative risk with 
IABP, 0.96; 95% confidence interval [CI], 0.79 to 
1.17; P = 0.69) (Table 3 and Fig. 1). Only minor 
differences in the relative risk estimates were ob-
served in an analysis restricted to the per-protocol 
population (mortality, 37.5% in the IABP group 
and 41.4% in the control group; relative risk, 0.91; 
95% CI, 0.74 to 1.11; P = 0.35) or in multivariate 
modeling with adjustment for variables including 
non–ST-segment elevation myocardial infarction, 
anterior myocardial infarction, resuscitation be-
fore randomization, and clinical site (relative risk, 
0.95; 95% CI, 0.68 to 1.32; P = 0.75).

Results with respect to the primary end points 
were consistent in all prespecified and post hoc 
subgroups (Fig. 2). Among the 277 patients in 
whom an intraaortic balloon pump was inserted 
and who underwent revascularization, there was 
no significant difference in mortality between the 
37 patients (13.4%) in whom the balloon pump 
was inserted before revascularization and the 
240 patients (86.6%) in whom the balloon pump 
was inserted after revascularization (mortality, 
36.4% and 36.8%, respectively; P = 0.96).

There were no significant differences between 
study groups with respect to process-of-care out-
comes (Table S1 in the Supplementary Appendix). 
There was a trend toward a higher rate of implan-
tation of a ventricular assist device in the control 
group than in the IABP group. A total of 33 pa-
tients (5.5%) received ventricular assist devices, 
and the mortality among these patients was higher 
than that among patients who did not receive a 
ventricular assist device (69.7% vs. 38.8%, P<0.001).

Serum lactate levels were similar in the two 
groups (Fig. S2 in the Supplementary Appen-
dix). Renal function at baseline and during daily 
follow-up did not differ significantly between 
the groups (Fig. S3 in the Supplementary Ap-
pendix). C-reactive protein levels were significant-
ly lower at baseline in the control group than in 
the IABP group but were similar in the two 
groups at daily follow-up measurements (Fig. S4 
in the Supplementary Appendix). The SAPS II 
score, which was a measure of disease severity, 
was significantly lower in the IABP group than 
in the control group at days 2 and 3 but not at 
baseline or day 4 (Fig. S5 in the Supplementary 
Appendix).

Safety
The results with respect to safety end points are 
shown in Table 3. There were no significant dif-
ferences between the IABP group and the control 
group with respect to the rates of stroke, bleeding, 
sepsis, or peripheral ischemic complications re-
quiring intervention in the hospital. There were 
also no significant differences in the rates of re-
infarction or stent thrombosis.

Discussion

In this large, randomized trial involving patients 
with cardiogenic shock complicating acute myo-
cardial infarction, for whom early revascularization 
was planned, intraaortic balloon pump support 
did not reduce 30-day mortality. These results are 
reinforced by a lack of significant between-group 
differences in multiple secondary end points and 
process-of-care outcomes.

Death in patients with cardiogenic shock can 
result from one or more of three factors: hemo-
dynamic deterioration, occurrence of multiorgan 
dysfunction, and development of the systemic in-
flammatory response syndrome.10,16 Our trial pro-
vides some information regarding the effect of 
intraaortic balloon counterpulsation on all these 
factors. There was no immediate improvement in 
blood pressure or heart rate among patients in 
whom an intraaortic balloon pump was inserted, 
as compared with those who did not have a bal-
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Figure 1. Time-to-Event Curves for the Primary End Point.

Time-to-event curves are shown through 30 days after randomization for 
the primary end point of all-cause mortality. Event rates represent Kaplan–
Meier estimates.
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loon pump inserted. Although there was a posi-
tive effect of intraaortic balloon counterpulsation 
on multiorgan dysfunction at day 2 and day 3, as 
assessed with the use of the SAPS II, this effect 
was not evident at day 4. There were also no 
significant effects on C-reactive protein level or 
serum lactate level, which were assessed as mea-
sures of inflammation and tissue oxygenation.

Experimental and clinical studies have indi-
cated that intraaortic balloon counterpulsation 
results in a hemodynamic benefit as a result of 
afterload reduction and diastolic augmentation 
with improvement in coronary perfusion.17 How-
ever, the effects on cardiac output are modest and 
might not be sufficient to reduce mortality.17 In 
a recent, small, randomized trial, there were no 
significant differences in cardiac power output, 

left ventricular stroke-work index, or systemic vas-
cular resistance between patients assigned to in-
traaortic balloon counterpulsation and those as-
signed to a control group.18

The use of intraaortic balloon counterpulsation 
before coronary revascularization may make the 
revascularization procedure safer by improving left 
ventricular unloading.19 However, in the current 
trial, there was no mortality benefit in the sub-
group of patients in whom the intraaortic balloon 
pump was inserted before the start of revascu-
larization, as compared with those in whom it 
was inserted after revascularization. In another 
recent randomized trial involving patients with 
large anterior infarctions but without cardiogenic 
shock, insertion of a balloon pump before PCI, 
as compared with control treatment (no intraaor-
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Figure 2. Subgroup Analyses of the Primary End Point.

The forest plot shows the relative risk (with 95% confidence intervals) of the primary end point according to sub-
groups. Included are all patients with 30-day follow-up data. LBBB denotes left bundle-branch block, MI myocardial 
infarction, and STEMI ST-segment elevation myocardial infarction.
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tic balloon pump), did not reduce the infarct size.20 
Other randomized trials involving patients with-
out cardiogenic shock, several of which were per-
formed before the advent of coronary stenting, 
also showed no clinical benefit from the use of 
balloon counterpulsation.9

In this trial, we sought to minimize crossover 
from the control group to the IABP group. To do 
so, we selected hospitals that do not require the 
routine use of the intraaortic balloon pump in this 
clinical setting, and we specified that balloon 
pumps should be used in the control group only 
for patients in whom mechanical complications 
developed. Despite these efforts, 30 crossovers 
occurred; 26 of these were inconsistent with the 
protocol, and 12 of these 26 were based entirely on 
the discretion of the investigator. These 12 pa-
tients had baseline characteristics that were simi-
lar to those of patients who did not cross over, 
which suggests that no clear objective criteria led 
to the protocol violation. In addition, the cross-
overs occurred mainly in five centers, which fur-
ther suggests that there was a subjective basis for 
the decision to initiate intraaortic balloon pump 
therapy.

The trial protocol allowed for the insertion of a 
ventricular assist device on the basis of the inves-
tigator’s clinical judgment. Currently, there are no 
well-defined clinical criteria for the insertion of 
ventricular assist devices, and scientific evidence 
is scarce. Only three randomized trials involving 
a total of 100 patients have compared ventricular 
assist with intraaortic balloon counterpulsation.21 
The use of ventricular assist devices was low in 
our trial. However, there was a trend toward a 
higher rate of implantation of ventricular assist 
devices in the control group than in the IABP 
group. This finding might have been a conse-
quence of the lack of well-defined criteria for 
device insertion and an assumption by the inves-
tigators that ventricular assist was more likely to 
be necessary when the patient did not receive bal-
loon pump support.22 Ventricular assist devices 
provide greater hemodynamic benefit than bal-
loon counterpulsation but are associated with a 
higher rate of adverse events and no proven sur-
vival benefit.5,21,23 On the basis of existing data, 
current guidelines do not recommend ventricu-
lar assist devices as first-line therapy for patients 
with acute myocardial infarction and cardiogenic 
shock.8

Our trial had a number of limitations. First, 
blinding was not possible because of the nature 

of the intervention. To minimize bias, we made 
use of a central randomization system, and the 
members of the clinical events committee were 
unaware of the group assignments. Second, we 
did not obtain hemodynamic measurements or 
assess laboratory inflammatory markers other 
than blood pressure, heart rate, and C-reactive 
protein levels, although data on these variables 
are available from previous trials.24-27 Third, the 
slightly lower mortality in our trial — approxi-
mately 40%, as compared with 42 to 48% in 
other randomized trials and registries — might 
suggest that our trial included a higher percent-
age of patients with mild or moderately severe 
cardiogenic shock, a factor that could preclude 
generalization of the results to patients with the 
most severe forms of cardiogenic shock.1-4,28 How-
ever, on the basis of a post hoc analysis, there 
was no mortality benefit of intraaortic balloon 
counterpulsation among patients with a systolic 
blood pressure of less than 80 mm Hg. Fourth, 
given the negative overall result, we cannot de-
finitively rule out a type II error; however, the 
minor absolute difference in mortality, together 
with the lack of benefit with respect to second-
ary end points, makes any clinically meaningful 
positive effect unlikely. Finally, we do not yet have 
any information about longer-term outcomes. 
Since intraaortic balloon counterpulsation was 
used for a median of only 3 days, it seems unlikely 
that any beneficial effect will become evident later 
than 30 days. Nevertheless, further assessments 
are planned at 6 months and at 12 months for 
further corroboration of the 30-day findings.

In conclusion, we conducted a randomized, 
controlled trial of intraaortic balloon pump sup-
port in patients with cardiogenic shock compli-
cating myocardial infarction for whom early re-
vascularization was planned. Use of intraaortic 
balloon counterpulsation, as compared with con-
ventional therapy, did not reduce 30-day mortality.

Supported by grants from the German Research Foundation, 
the German Heart Research Foundation, the German Cardiac 
Society, Arbeitsgemeinschaft Leitende Kardiologische Kranken-
hausärzte, and the University of Leipzig–Heart Center and by 
unrestricted grants from Maquet Cardiopulmonary and Teleflex 
Medical.

Dr. Thiele reports receiving consulting fees from Eli Lilly, 
grant support on behalf of his institution from Eli Lilly and 
Terumo, and lecture fees from AstraZeneca, Boehringer Ingel-
heim, Daiichi Sankyo, Eli Lilly, the Medicines Company, and 
Terumo; Dr. Zeymer, serving on the board of Daiichi Sankyo and 
Eli Lilly and receiving consulting and lecture fees from Daiichi 
Sankyo, Eli Lilly, and the Medicines Company; Dr. Richardt, re-
ceiving lecture fees from Maquet Cardiovascular; Dr. Böhm, re-
ceiving consulting fees from AstraZeneca, Bayer, Boehringer 

The New England Journal of Medicine 
Downloaded from nejm.org by JOHN VOGEL on May 13, 2015. For personal use only. No other uses without permission. 

 Copyright © 2012 Massachusetts Medical Society. All rights reserved. 



n engl j med 367;14 nejm.org october 4, 20121296

Intr aaortic Balloon Support in Cardiogenic Shock

Ingelheim, Daiichi Sankyo, Medtronic, Merck, Novartis, Pfizer, 
Sanofi Aventis, and Servier and lecture fees from AstraZeneca, 
AWD.pharma Dresden, Bayer, Berlin-Chemie, Boehringer Ingel-
heim, Daiichi Sankyo, Merck, Novartis, Pfizer, Sanofi Aventis, 
and Servier; Dr. Schneider, serving on the ethics committee of 
Landesärztekammer Baden-Württemberg, receiving payment for 
manuscript preparation from Biosense Webster, Grupo Ferrer, 
and Nycomed, and receiving money on behalf of the clinical re-
search organization at his institution from Abbott Vascular, 
AstraZeneca, Bayer Schering, Bayer Vital, Biotronik, Bristol-Myers 
Squibb, Boehringer Ingelheim, Cordis, Daiichi Sankyo, Diagenics, 
Enverdis, Eli Lilly, GlaxoSmithKline, Guidant, IKKF, Impulse Dy-

namics, Medtronic, Merck, Novartis, Roche Diagnostics, Sanofi 
Aventis, Schering-Plough, Siemens, St. Jude Medical, Takeda 
Pharma, Trommsdorff, and Vifor Pharma; and Dr. Werdan, 
serving on the board of Biotest and Servier, receiving grant sup-
port on behalf of his institution from Biotest and Servier, and 
receiving lecture fees from Biotest, Brahms, Maquet Cardiovas-
cular, and Servier. No other potential conflict of interest rele-
vant to this article was reported.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

We thank the patients who agreed to participate in this trial 
and the staff who helped recruit patients.

References

1. Hochman JS, Sleeper LA, Webb JG, et 
al. Early revascularization in acute myocar-
dial infarction complicated by cardiogenic 
shock. N Engl J Med 1999;341:625-34.
2. Babaev A, Frederick PD, Pasta DJ, Ev-
ery N, Sichrovsky T, Hochman JS. Trends 
in management and outcomes of patients 
with acute myocardial infarction compli-
cated by cardiogenic shock. JAMA 2005; 
294:448-54.
3. Goldberg RJ, Spencer FA, Gore JM, 
Lessard D, Yarzebski J. Thirty-year trends 
(1975 to 2005) in the magnitude of, man-
agement of, and hospital death rates as-
sociated with cardiogenic shock in pa-
tients with acute myocardial infarction: a 
population-based perspective. Circulation 
2009;119:1211-9.
4. Jeger RV, Radovanovic D, Hunziker 
PR, et al. Ten-year incidence and treat-
ment of cardiogenic shock. Ann Intern 
Med 2008;149:618-26.
5. Thiele H, Allam B, Chatellier G, 
Schuler G, Lafont A. Shock in acute myo-
cardial infarction: the Cape Horn for tri-
als? Eur Heart J 2010;31:1828-35.
6. Antman EM, Anbe DT, Armstrong PW, 
et al. ACC/AHA guidelines for the man-
agement of patients with ST-elevation 
myocardial infarction — executive sum-
mary: a report of the American College of 
Cardiology/American Heart Association 
Task Force on Practice Guidelines (Writ-
ing Committee to Revise the 1999 Guide-
lines for the Management of Patients with 
Acute Myocardial Infarction). Circulation 
2004;110:588-636. [Erratum, Circulation 
2005;111:2013.]
7. Van de Werf F, Bax J, Betriu A, et al. 
Management of acute myocardial infarc-
tion in patients presenting with persistent 
ST-segment elevation: the Task Force on 
the Management of ST-Segment Elevation 
Acute Myocardial Infarction of the Euro-
pean Society of Cardiology. Eur Heart J 
2008;29:2909-45.
8. Wijns W, Kolh P, Danchin N, et al. 
Guidelines on myocardial revasculariza-
tion. Eur Heart J 2010;31:2501-55.
9. Sjauw KD, Engström AE, Vis MM, et 
al. A systematic review and meta-analysis 
of intra-aortic balloon pump therapy in ST-
elevation myocardial infarction: should 
we change the guidelines? Eur Heart J 
2009;30:459-68.

10. Prondzinsky R, Lemm H, Swyter M, et 
al. Intra-aortic balloon counterpulsation in 
patients with acute myocardial infarction 
complicated by cardiogenic shock: the 
prospective, randomized IABP SHOCK 
Trial for attenuation of multiorgan dys-
function syndrome. Crit Care Med 2010; 
38:152-60.
11. Thiele H, Schuler G, Neumann F-J, et 
al. Intraaortic balloon counterpulsation 
in acute myocardial infarction complicat-
ed by cardiogenic shock: design and ratio-
nale of the Intraaortic Balloon Pump in 
Cardiogenic Shock II (IABP-SHOCK II) 
trial. Am Heart J 2012;163:938-45.
12. Werdan K, Ru♯ M, Buerke M, Delle-
Karth G, Geppert A, Schöndube FA. Car-
diogenic shock due to myocardial infarc-
tion: diagnosis, monitoring and treatment 
— a German-Austrian S3 Guideline. 
Dtsch Arztebl Int 2012;109:343-51.
13. Cockcroft DW, Gault MH. Prediction 
of creatinine clearance from serum cre-
atinine. Nephron 1976;16:31-41.
14. Le Gall JR, Lemeshow S, Saulnier F. A 
new Simplified Acute Physiology Score 
(SAPS II) based on a European/North 
American multicenter study. JAMA 1993; 
270:2957-63. [Erratum, JAMA 1994;271: 
1321.]
15. The GUSTO Investigators. An interna-
tional randomized trial comparing four 
thrombolytic strategies for acute myocar-
dial infarction. N Engl J Med 1993;329: 
673-82.
16. Hochman JS. Cardiogenic shock com-
plicating acute myocardial infarction: ex-
panding the paradigm. Circulation 2003; 
107:2998-3002.
17. Scheidt S, Wilner G, Mueller H, et al. 
Intra-aortic balloon counterpulsation in 
cardiogenic shock — report of a coopera-
tive clinical trial. N Engl J Med 1973; 
288:979-84.
18. Prondzinsky R, Unverzagt S, Russ M, 
et al. Hemodynamic effects of intra-aortic 
balloon counterpulsation in patients with 
acute myocardial infarction complicated 
by cardiogenic shock: the prospective, 
randomized IABP SHOCK trial. Shock 
2012;37:378-84.
19. Abdel-Wahab M, Saad M, Kynast J, et 
al. Comparison of hospital mortality with 
intra-aortic balloon counterpulsation inser-
tion before versus after primary percutane-

ous coronary intervention for cardiogenic 
shock complicating acute myocardial in-
farction. Am J Cardiol 2010;105:967-71.
20. Patel MR, Smalling RW, Thiele H, et 
al. Intra-aortic balloon counterpulsation 
and infarct size in patients with acute an-
terior myocardial infarction without shock: 
the CRISP AMI randomized trial. JAMA 
2011;306:1329-37.
21. Cheng JM, den Uil CA, Hoeks SE, et 
al. Percutaneous left ventricular assist de-
vices vs. intra-aortic balloon pump coun-
terpulsation for treatment of cardiogenic 
shock: a meta-analysis of controlled tri-
als. Eur Heart J 2009;30:2102-8.
22. Wilson SR, Mudge GH Jr, Stewart GC, 
Givertz MM. Evaluation for a ventricular 
assist device: selecting the appropriate 
candidate. Circulation 2009;119:2225-32.
23. Unverzagt S, Machemer MT, Solms A, 
et al. Intra-aortic balloon pump counter-
pulsation (IABP) for myocardial infarc-
tion complicated by cardiogenic shock. 
Cochrane Database Syst Rev 2011;7: 
CD007398.
24. Thiele H, Lauer B, Hambrecht R, Bou-
driot E, Cohen HA, Schuler G. Reversal of 
cardiogenic shock by percutaneous left-
atrial-to-femoral arterial bypass assis-
tance. Circulation 2001;104:2917-22.
25. Thiele H, Sick P, Boudriot E, et al. 
Randomized comparison of intra-aortic 
balloon support versus a percutaneous 
left ventricular assist device in patients 
with revascularized acute myocardial in-
farction complicated by cardiogenic 
shock. Eur Heart J 2005;26:1276-83.
26. Fincke R, Hochman JS, Lowe AM, et 
al. Cardiac power is the strongest hemo-
dynamic correlate of mortality in cardio-
genic shock: a report from the SHOCK 
trial registry. J Am Coll Cardiol 2004; 
44:340-8.
27. Prondzinsky R, Unverzagt S, Lemm 
H, et al. Interleukin-6, -7, -8 and -10 pre-
dict outcome in acute myocardial infarc-
tion complicated by cardiogenic shock. 
Clin Res Cardiol 2012;101:375-84.
28. The TRIUMPH Investigators. Effect of 
tilarginine acetate in patients with acute 
myocardial infarction and cardiogenic 
shock: the TRIUMPH randomized con-
trolled trial. JAMA 2007;297:1657-66.
Copyright © 2012 Massachusetts Medical Society.

The New England Journal of Medicine 
Downloaded from nejm.org by JOHN VOGEL on May 13, 2015. For personal use only. No other uses without permission. 

 Copyright © 2012 Massachusetts Medical Society. All rights reserved. 



n engl j med 368;1 nejm.org january 3, 201380

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

c o r r e s p o n d e n c e

Intraaortic Balloon Support for Cardiogenic Shock

To the Editor: In the study by Thiele et al. (Oct. 
4 issue)1 on the use of intraaortic balloon coun-
terpulsation (IABP) in patients with cardiogenic 
shock caused by acute myocardial infarction, the 
authors’ conclusion that IABP did not significantly 
reduce 30-day mortality has to be taken with cau-
tion. In one fourth of the patients in the study, 
the right coronary artery was the infarct-related 
vessel and right ventricular infarction might have 
contributed to the hemodynamics.

Furthermore, the average systolic blood pres-
sure was 89 mm Hg, and the mean heart rate was 
92 beats per minute. In many patients, the inclu-
sion criterion of low blood pressure was appar-
ently not fulfilled, and these patients were in-
cluded on the basis of the use of catecholamines. 
The criteria for such use in almost 90% of patients 
are not presented, and the use in patients with 
acute heart failure with a systolic blood pressure 
of more than 85 mm Hg has a class IIIC indica-
tion in recent European Society of Cardiology (ESC) 
guidelines.2 Thus, a major benefit of improving 

hemodynamics without the use of catecholamines 
might not have been realized. Other findings 
— a significant benefit of IABP in patients un-
der the age of 50 years and a positive trend in 
patients without a history of myocardial infarc-
tion or hypertension — point to the possibility that 
patients with less extensive vascular disease might 
benefit from IABP.
Franz X. Kleber, M.D.
Charité University Medicine Berlin 
Berlin, Germany 
fxk@gmx.eu
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To the Editor: In the study by Thiele et al., al-
most 50% of the patients in the IABP group had 
a systolic blood pressure of 90 mm Hg or higher 
at randomization and before IABP insertion. This 
was achieved by the use of catecholamines, which 
reached nearly 90%. This high rate of catechola-
mine use may have offset the potential benefits of 
IABP by increasing the heart rate and cardiac after-
load, leading to worsened myocardial ischemia. 
IABP should have been used as the primary ther-
apy in the IABP group rather than as an addi-
tional therapy to catecholamines.

On the basis of the findings of this study, the 
ESC has downgraded the recommendation for the 
use of IABP in such patients from IC to IIB while 
leaving the recommendation for the use of cate-
cholamines at IIA,1 despite a lack of evidence in 
support of such use. In our opinion, catecholamine 
use should be restricted to patients in whom ad-

this week’s letters

80 Intraaortic Balloon Support for Cardiogenic Shock

82 Antiretroviral Preexposure Prophylaxis for HIV 
Prevention

84 C-Reactive Protein, Fibrinogen, and Cardiovascular 
Risk

86 Physicians’ Warnings for Unfit Drivers

88 History of Tuberculosis and Drug Resistance

90 ADAMTS13 Antibody Depletion by Bortezomib 
in Thrombotic Thrombocytopenic Purpura

The New England Journal of Medicine 
Downloaded from nejm.org by JOHN VOGEL on May 13, 2015. For personal use only. No other uses without permission. 

 Copyright © 2013 Massachusetts Medical Society. All rights reserved. 



correspondence

n engl j med 368;1 nejm.org january 3, 2013 81

equate blood pressure cannot be achieved with 
IABP. This obviously cannot be proven or refuted 
on the basis of this landmark study but should be 
taken into consideration when interpreting its 
results.
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The authors reply: In our study, some patients 
might have had concomitant right ventricular in-
farction in addition to the inclusion criterion of 
left heart failure with pulmonary congestion. How-
ever, we did not assess right ventricular electro-
cardiographic leads or systematically perform ex-
tended hemodynamic monitoring for assessment 
of severe right ventricular infarction. We used a 
definition of cardiogenic shock similar to the 
one that was used in two previous randomized 
trials.1,2 In these studies, patients were included 
if they had a systolic blood pressure of either less 
than 90 mm Hg or less than 100 mm Hg plus signs 
of end-organ hypoperfusion. As a consequence, the 
baseline systolic blood pressure in our study was 
similar to that in the original Should We Emer-
gently Revascularize Occluded Coronaries for Car-
diogenic Shock (SHOCK) trial (89 mm Hg) and 
the Tilarginine Acetate Injection in a Randomized 
International Study in Unstable MI Patients with 
Cardiogenic Shock (TRIUMPH) trial (88 mm Hg). 
The rate of catecholamine use of 90% indicates 
the severity of cardiogenic shock in our study. In 
the SHOCK trial, catecholamine use at random-
ization was not reported; in the TRIUMPH trial, 
the rate was 100% because of slightly different 
inclusion criteria requiring persistent cardiogenic 
shock. However, the blood-pressure inclusion cri-
terion is only one measure of cardiogenic shock. 
Even more important is the state of impaired end-
organ perfusion. Therefore, the class IIIC recom-
mendation for catecholamine use in acute heart 

failure does not apply to the patient population 
that we studied.

The ESC has not downgraded the recommen-
dation for IABP use on the basis of our study. 
The downgrading was based on the limited IABP 
evidence, which was summarized previously and 
challenged in previous guideline recommenda-
tions.3 The effect of our study on guideline rec-
ommendations needs to be elucidated in the 
future.

Because the results of our trial were negative 
for IABP, all subgroup analyses are only hypoth-
esis-generating. It should be pointed out that there 
was no significant interaction for any of the sub-
groups that we studied, including patients who 
did not receive catecholamines at randomization. 
Given the lack of benefit of IABP in patients with 
anterior myocardial infarction without cardio-
genic shock, any benefit in those with less severe 
cardiovascular disease or less severe cardiogenic 
shock is unlikely.4 We appreciate the potential 
benefit of catecholamines and also the differen-
tial IABP use in this setting, which we hope will 
lead to further well-designed studies to respond 
to many important issues with respect to cardio-
genic shock.
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