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and outcomes by mechanical circulatory support devices.5 Recently,
the IABP-Shock II Trial did not demonstrate improvement in 30-day
survival after implantation of an intra-aortic balloon pump (IABP) in
patients with CSMI.4 It is therefore timely to reassess existing and
future devices that provide circulatory support. How do they differ
in concept? What increase in cardiac output can be achieved?
What are the typical device-related complications, and how do
they compare with the clinical benefits as seen in prospective trials?

Prognosis of post-infarction
cardiogenic shock and predictors
of survival

Predictors of survival in cardiogenic shock:
haemodynamic impairment and/or
multiorgan dysfunction syndrome?
Analysing the results of 1600 patients from the SHOCK trial and
registry6 and from the TRIUMPH trial,7 the following mortality risk
factors have been identified by multivariate modelling: age, anoxic
brain damage, end-organ hypoperfusion, stroke work, left ventricular
(LV) ejection fraction, systolic blood pressure, vasopressor support,
and creatinine clearance. However, cardiogenic shock is not a mere
decrease in cardiac contractile function, but also a multiorgan dys-
function syndrome(MODS) resulting fromperipheral hypoperfusion
with microcirculatory dysfunction, often complicated by a systemic
inflammatory response syndrome (SIRS) and sepsis (Figure 2).4,8 – 13

Once MODS has developed, it is difficult to improve prognosis and
reduce mortality by simply increasing cardiac output with a circula-
tory assist device. Prevention of MODS may depend on three critical
factors:

(1) optimal timing (i.e. early initiation) of mechanical circulatory
support,

(2) optimal level of mechanical circulatory support with re-
establishment of adequate perfusion of critical organs, and

(3) optimal prevention and management of potential device-related
complications (i.e. device malfunction, infection).

Intuitively, one would expect that haemodynamic parameters
would best discriminate between survivors and non-survivors, and
at least for the calculated pressure-flow-product ‘cardiac power
output/index’, this has been demonstrated.14,15 However, in the
IABP-Shock study,10 cardiac index itself was unrelated to patient sur-
vival beyond the first 24 h of CSMI. Likewise, biomarkers of heart
failure (e.g. BNP) were unrelated to prognosis in the first 96 h of
CSMI.

On the other hand, MODS severity (as indicated by the APACHE II
or SAPS II scores10) and biomarkers of SIRS (like Interleukin 6 and re-
ceptor of advanced glycation end-products, RAGE) can predict mor-
tality more accurately than haemodynamic indices (Table 1).16 What
do these unexpected findings imply for mechanical circulatory
support in CSMI?

Consequence of multiorgan dysfunction
syndrome as predictor of survival for
mechanical circulatory support
Although LV contractile failure and low cardiac output are the
primary cause of cardiogenic shock, improving cardiac output
alone may not reverse or even halt the progression of MODS if
initiated too late. Therefore, the haemodynamic improvement of
cardiac index may be a measure of technical success of mechanical cir-
culatory support; however, without limiting the progression of SIRS

Figure 1 Time trends in hospital case fatality rates (CFR) in patients with acute myocardial infarction+ cardiogenic shock in the Worcester (MA,
USA) metropolitan area. Despite the survival improvement resulting from more widespread use of acute interventional reperfusion strategies,
overall cardiogenic shock mortality rates remain high at over 40%. The additional columns (from left to right) represent mortality rates from (A)
the SHOCK study2 (dark grey column: IMS, Initial Medical Stabilisation Group; light grey column: ERV, Early Revascularisation Group); (B) the
TRIUMPH Study52 [all patients with ERV; with (dark grey column) or without (light grey column) the nitric oxide synthase (NOS) inhibitor Tilargi-
nine]; and (C) the IABP SHOCK II Trial4 [all patients with ERV; with (dark grey column) or without (light grey column) intraaortic balloon counter-
pulsation (IABP)]. Modified from Goldberg et al.80
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after differences in patient characteristics were accounted for
(eTable 2 in the Supplement). The overall mean (SE) cost of hos-
pitalization in PVAD recipients was $85 580 ($4165) and re-
mained unchanged over time (Table 2). Mean (SE) cost was
higher in PVAD recipients with cardiogenic shock ($113 695
[$6260]) compared with those with AMI without cardiogenic
shock ($63 485 [$2458]) and PCI without cardiogenic shock or
AMI ($48 900 [$1934]). In comparison, the mean (SE) cost of
hospitalization in IABP recipients was $55 168 ($979).

We also compared patient characteristics and outcomes in
PVAD (n = 1675, unweighted) and IABP (n = 63 384, un-
weighted) recipients after excluding patients who received both
devices during the same hospital stay (Table 3). Compared with
IABP recipients, PVAD recipients were less likely to have car-
diogenic shock, AMI, and undergo coronary artery bypass graft
surgery but more likely to have congestive heart failure or
chronic kidney disease and undergo PCI (P <.001 for all). We
conducted a propensity score–matched analysis (eTable 3 in

Figure 1. Calendar Year Trends in the Use of Percutaneous Ventricular Assist Devices (PVADs) and Intra-aortic Balloon Pumps (IABPs)
in the United States, 2007 Through 2012
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The figure shows estimated use of PVADs and IABPs per million discharges, and
the error bars represent standard errors. A, Use of PVADs increased from 4.6
per million in 2007 to 138 per million in 2012 (P for trend < .001). In contrast,
use of IABPs decreased from 1738 per million in 2008 to 1608 per million in
2012 (P for trend = .02). B, Use of PVADs increased in patients with cardiogenic

shock, acute myocardial infarction (AMI) without cardiogenic shock, and
percutaneous coronary intervention (PCI) without AMI or cardiogenic shock
(P for trend < .001 for all). C, Use of IABPs decreased in patients with
cardiogenic shock and AMI without cardiogenic shock but increased in patients
who underwent PCI without cardiogenic shock or AMI (P for trend < .001 for all).

Table 1. Hospital-Level Characteristics for Percutaneous Ventricular Assist Device (PVAD) Use

Characteristic

Hospitals With PVAD Use, All Indications P Value
for Trend2007 2008 2009 2010 2011

Hospitals using PVADs

Estimated No. (SE) 72 (0.3) 160 (0.4) 346 (0.5) 410 (0.6) 477 (0.6) <.001

% (SE) 1.4 (0.4) 3.1 (0.5) 6.7 (0.7) 7.9 (0.7) 9.3 (0.8) <.001

PVAD procedures per hospital, median (range) 1 (1-6) 1.4 (1-20) 2.5 (1-19) 2.2 (1-19) 2.9 (1-31) <.001

Hospitals implanting ≥10 per year, % (SE) 0 9.0 (4.9) 9.8 (3.5) 8.4 (3.0) 21.4 (3.9) <.001

Bed size, % (SE)a

Small 6.2 (6.0) 3.1 (3.1) 5.9 (2.7) 7.1 (2.7) 8.2 (2.7)

<.001bMedium 6.8 (6.5) 12.1 (5.6) 13.5 (3.9) 17.8 (3.7) 20.5 (3.5)

Large 87.0 (8.6) 84.8 (6.2) 80.5 (4.5) 75.1 (4.2) 71.2 (4.0)

Teaching hospital, % (SE) 66.1 (12.0) 72.7 (7.5) 66.6 (5.2) 70.1 (4.5) 62.2 (4.2) .07

Ownership, % (SE)c

Government …c 8.8 (4.9) 7.5 (3.1) 15.4 (3.9) 6.1 (2.4)

.01d
Private

Nonprofit …c 81.9 (6.6) 83.4 (4.5) 68.0 (4.9) 78.5 (4.0)

For profit …c 9.3 (5.0) 9.1 (3.5) 16.6 (4.0) 15.5 (3.5)

Hospital in urban location, % (SE) 93.6 (6.2) 96.9 (3.0) 87.9 (3.7) 91.8 (2.9) 95.9 (2.0) .15

a Bed size categorization using Agency for Healthcare Research and Quality
methods based on number of hospital beds, hospital’s location, and teaching
status.

b Large vs others, negative trend.

c Hospital ownership information categories differently coded in 2007.
d Trend for private (for profit) vs others.
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1. EVALUATION OF LISTING CRITERIA FOR

CARDIAC TRANSPLANTATION

Two of the previous International Society for Heart and

Lung Transplantation (ISHLT) consensus conferences

have addressed listing criteria for patients awaiting

heart transplantation.1,2 Guidelines from these two

conferences were completed before the acceptance of

!-blocker and device therapies in the clinical treatment

of late-stage heart failure. Guidelines addressing the man-

agement of heart failure are now available from the

European Society of Cardiology (ESC) as well as the

American College of Cardiology (ACC), American Heart

Association (AHA) and Heart Failure Society of America

(HFSA) in the USA; however, these statements are not

comprehensive regarding the criteria for listing patients

for heart transplantation. Thus, the ISHLT has re-

sponded to this urgent need to re-evaluate the listing

criteria to provide succinct and clear guidance to

transplant centers. These recommendations can be

used to update listing and management policies for

potential heart transplant recipients.

1.1. Cardiopulmonary Stress Testing to Guide

Transplant Listing

Recommendations for Cardiopulmonary Stress Testing

to Guide Transplant Listing

Class I:

1. A maximal cardiopulmonary exercise (CPX) test is

defined as one with a respiratory exchange ratio

(RER) "1.05 and achievement of an anaerobic

threshold on optimal pharmacologic therapy

(Level of Evidence: B).

2. In patients intolerant of a !-blocker, a cutoff for

peak VO2
of !14 ml/kg/min should be used to

guide listing (Level of Evidence: B).

3. In the presence of a !-blocker, a cutoff for peak

VO2
of !12 ml/kg/min should be used to guide

listing (Level of Evidence: B).

Class IIa:

1. In young patients (#50 years) and women, it is

reasonable to consider using alternate standards in

conjunction with peak VO2 to guide listing, includ-

ing percent of predicted (!50%) peak VO2
(Level

of Evidence: B).

Class IIb:

1. In the presence of a sub-maximal CPX test (RER

#1.05), use of ventilation equivalent of carbon

dioxide (VE/VCO2) slope of "35 as a determinant

in listing for transplantation may be considered

(Level of Evidence: C).

2. In obese (body mass index [BMI] "30 kg/m
2)

patients, adjusting peak VO2
to lean body mass

may be considered. A lean body mass–adjusted

peak VO2
of #19 ml/kg/min can serve as an

optimal threshold to guide prognosis (Level of

Evidence: B).

Class III:

1. Listing patients based solely on the criterion of a

peak oxygen consumption (VO2) measurement

should not be performed (Level of Evidence: C).

1.1.1 Cardiopulmonary exercise testing. CPX test-

ing is routinely used in the determination of candidacy

for� cardiac� transplantation.1–3� Mancini� et� al� first� dem-

onstrated�the�prognostic�utility�of�CPX�testing.4� Patients

were divided into 3 groups: peak VO2
#14 ml/kg/min

and eligible for transplantation; peak VO2
#14 ml/kg/

min and ineligible for transplantation; and peak VO2

"14 ml/kg/min. Patients with a peak VO2
#14 ml/kg/

min had a significant survival benefit with cardiac

transplantation compared with the group ineligible for

transplantation and who continued on their current

medical regimen. However, the cutoff peak VO2
of 14From the International Society for Heart and Lung Transplantation,
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The site of initial management and intravenous drug
administration was the emergency room in 74%. The
remaining patients received initial treatment in the ICU in
10%, CCU in 7%, a cardiology ward in 5% and a general
medicine ward in 2%.

Details of drug treatment and other therapeutic measures
are presented in Table 3. Overall, IV diuretics were given in
89.7%, vasodilators (mainly nitroglycerine) in 41.1%, ino-
tropic agents in 39% (dobutamine 22.3%, dopamine 13%,
adrenaline and noradrenaline 7.8%, and levosimendan in
6.4%) of cases. Distribution of drug utilization among the
nine studied countries is detailed in Fig. 2.

Table 3 further shows that IV nitrate was more fre-
quently used among patients in CCU, whereas, all classes
of inotropes were most frequently utilized in patients
referred to ICU.

Other important initial non-pharmacological mea-
sures were respiratory support by CPAP in 9.6%,
mechanical ventilation in 16.2%, percutaneous coronary
intervention (PCI) 12.8%, and cardioversion 7.8% in
the whole cohort. CPAP, mechanical ventilation and
cardioversion rates were most frequent in ICU patients
(Table 3).

Outcomes

Overall hospital death rate was 12%, the majority due to
cardiogenic shock (43%). More patients with de novo
AHF (14.2%) than patients with a pre-existing episode of
AHF (10.8%) (p = 0.0007) died (Table 4).

There was graded mortality in ICU, CCU and ward
patients (Table 4 and Fig. 3). Hospital mortality in ICU

Table 1 Underlying diseases and precipitating factors of ALARM-HF patients

Characteristics Total De novo AHF p value
de novo
AHF, yes
versus no

Patients hospitalized in p values
among
ICU,
CCU,
ward
patients

Yes Nob ICU CCU Ward

Patients, n (%) 4,953 1,792 (36.2) 3,161 (63.8) 2,247 (45.4) 1,475 (29.8) 1,231 (24.8)
Age (years) \0.0001 \0.0001
\50 9.5 15.4 6.2 10.3 9.6 8.2
51–60 16.5 18.0 15.7 18.0 18.8 11.1
61–70 29.3 28.4 29.8 30.6 29.8 26.2
71–80 29.8 26.1 31.8 28.4 27.9 34.4
[80 14.9 12.1 16.5 12.7 13.9 20.1
Male gender (%) 62.4 63.6 61.7 0.19 62.4 66.9 57.0 \0.0001
Underlying diseases
Chronic systolic heart

failure (%)
36.4 2.6 55.4 \0.0001 35.8 32.1 42.5 \0.0001

Coronary artery disease (%) 30.7 25.4 33.7 \0.0001 29.4 34.2 28.8 0.002
Hypertension (%)a 70.2 66.3 72.4 \0.0001 73.2 68.1 67.3 0.00014
Diabetes (%) 45.3 38.8 49.0 \0.0001 47.9 44.1 42.2 0.003
Atrial fibrillation/flutter (%) 24.4 13.4 30.6 \0.0001 22.2 22.6 30.5 \0.0001
Chronic renal disease

(as reported) (%)
21.4 11.0 27.1 \0.0001 21.2 20.8 22.4 0.60

Anaemia (%) 14.4 8.9 17.4 \0.0001 15.7 12.4 14.2 0.024
COPD/asthma (%) 24.8 15.8 29.7 \0.0001 25.9 23.3 24.4 0.21
Pacemaker (%) 5.5 2.2 7.4 \0.0001 3.9 6.4 7.6 \0.0001

Cardiomyopathy (%) 12.6 6.2 16.3 \0.0001 11.3 13.0 14.6 0.019
Precipitating factors (on admission)
Acute coronary

syndrome (%)
36.9 48.6 30.2 \0.0001 40.9 45.9 18.8 \0.0001

Arrhythmia (%) 26.9 19.1 31.3 \0.0001 27.9 24.9 27.3 0.13
Infection (%) 16.3 12.1 18.7 \0.0001 18.9 12.1 16.7 \0.0001
Poor compliance with

medications (%)
13.4 2.2 19.7 \0.0001 10.9 12.2 19.4 \0.0001

ICU intensive care unit, CCU cardiac care unit, AHF acute heart
failure, COPD chronic obstructive pulmonary disease, ICU/CCU at
least 1 day hospital stay in ICU or CCU, ward no stay in ICU or
CCU
Exact age was not recorded, but only 5-year age categories. Median
age was between 66 and 70 years for the whole cohort, and for

patients admitted to ICU and CCU. Patients admitted to the ward
had median age between 71 and 75 years old
a Systolic blood pressure C140 mmHg or diastolic blood pressure
C90 mmHg or receiving treatment with antihypertensive
medication
b Pre-existing episode(s) of AHF
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patients was highest (17.8%), p \ 0.0001. A need for
referral to ICU seemed to impact negatively not only the
mortality but also the length of stay in the hospital
(Table 4).

Discussion

ALARM-HF is a large survey of hospitalized AHF
patients, including the identification of a large subgroup

Table 2 Hemodynamics and initial findings by de novo or pre-existing episode(s) of AHF and by ICU versus CCU versus ward

Variable De novo AHF p value Patients hospitalized in p valueb

Yes,
n = 1,792

No,
n = 3,161

ICU,
n = 2,247

CCU,
n = 1,475

Ward,
n = 1,231

Median SBP (mmHg) (IQR) 130 (95–160) 130 (103–160) \0.0001 120 (95–160) 130 (100–160) 140 (110–160) \0.0001
SBP \ 100 (mmHg),

no. (%)
466 (26.3) 549 (17.5) \0.0001 617 (27.7) 298 (20.3) 100 (8.3) \0.0001

Median DBP (mmHg) (IQR) 75 (60–90) 80 (60–95) \0.0001 78 (58–95) 80 (60–94) 80 (70–95) \0.0001
Heart rate, median (IQR) 110 (90–122) 107 (90–120) 0.002 110 (90–125) 110 (90–120) 100 (86–118) \0.0001
Cardiogenic shock (%) 19.1 7.5 \0.0001 16.2 12.3 2.9 \0.0001
Pulmonary edema (%) 39.8 35.0 0.0008 38.1 42.8 27.0 \0.0001
Cold extremities (%) 29.3 24.3 0.0001 33.1 26.2 13.2 \0.0001
Normal diuresis at baseline

(%)
55.2 52.6 0.093 47.2 54.3 65.5 \0.0001

Median BNP (IQR)a 908
(415–1,572)

1,040
(576–2,212)

0.020 1108
(552–1,995)

1045
(642–2,136)

700
(313–1,640)

0.009

SBP systolic blood pressure, DBP diastolic blood pressure
a BNP recorded in 307 patients
b p among ICU versus CCU versus ward

Table 3 Treatment during hospitalization ICU versus CCU versus ward

Treatment performed Patients hospitalized in p value

All, n = 4,953
(%)

ICU, n = 2,247
(%)

CCU, n = 1,475
(%)

Ward, n = 1,231
(%)

CPAP 9.6 15.8 6.3 2.2 \0.0001
Mechanical ventilation 16.2 30.0 6.8 2.3 \0.0001
Oral diuretic 60.5 49.1 65.7 75.0 \0.0001
IV diuretic 89.7 89.9 90.3 88.5 0.30

Oral spironolactone/eplerenone 27.5 23.4 28.6 33.7 \0.0001
IV nitrate 41.1 44.0 48.5 27.2 \0.0001
Beta-blocker 37.8 30.7 45.2 42.1 \0.0001
IV inotrope
Adrenaline 3.6 6.6 1.5 0.7 \0.0001
Dobutamine 22.3 30.3 21.8 8.2 \0.0001
Dopamine 13.0 16.0 14.2 6.1 \0.0001
Levosimendan 6.4 7.7 7.3 3.1 \0.0001
Noradrenaline 4.2 8.2 1.3 0.2 \0.0001

Amiodarone 2.6 3.2 2.6 1.7 0.037
Heparin (UFH) 2.0 3.1 1.7 0.2 \0.0001
LMWH 1.0 1.5 0.5 0.8 0.0089
PCI 12.8 13.4 19.1 4.1 \0.0001
CABG 3.0 4.5 2.6 0.7 \0.0001
IABP 4.8 6.1 6.6 0.4 \0.0001
Pacemaker 2.5 3.2 2.4 1.1 0.00085
ICD 1.7 1.2 2.5 1.6 0.0071
Valvular surgery 3.5 5.2 2.5 1.5 \0.0001
Cardioversion 7.8 9.5 6.4 6.3 0.0003

CPAP continuous positive airway pressure, UFH infractionated
heparin, LMWH low molecular weight heparin, PCI percutaneous
coronary intervention, CABG coronary artery bypass grafting, ICD

implantable cardioverter defibrillator, IABP intraaortic balloon
counterpulsation
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patients with HF regardless of symptoms or other considerations 
does not appear to result in significant benefit.644 Limiting fluid 
intake to around 2 L/d is usually adequate for most hospitalized 
patients who are not diuretic resistant or significantly hypona-
tremic. In 1 study, patients on a similar sodium and diuretic regi-
men showed higher readmission rates with higher fluid intake, 
suggesting that fluid intake affects HF outcomes.385 Strict fluid 
restriction may best be used in patients who are either refractory 
to diuretics or have hyponatremia. Fluid restriction, especially 
in conjunction with sodium restriction, enhances volume man-
agement with diuretics. Fluid restriction is important to man-
age hyponatremia, which is relatively common with advanced 
HF and portends a poor prognosis.645,646 Fluid restriction may 
improve serum sodium concentration; however, it is difficult to 
achieve and maintain. In hot or low-humidity climates, exces-
sive fluid restriction predisposes patients with advanced HF to 
the risk of heat stroke. Hyponatremia in HF is primarily due to 
an inability to excrete free water. Norepinephrine and angioten-
sin II activation result in decreased sodium delivery to the distal 
tubule, whereas arginine vasopressin increases water absorption 
from the distal tubule. In addition, angiotensin II also promotes 
thirst. Thus, sodium and fluid restriction in advanced patients 
with HF is important.

7.4.4. Inotropic Support: Recommendations

Class I

1. Until definitive therapy (eg, coronary revasculariza-
tion, MCS, heart transplantation) or resolution of the 
acute precipitating problem, patients with cardiogenic 
shock should receive temporary intravenous inotropic 

support to maintain systemic perfusion and preserve 
end-organ performance. (Level of Evidence: C)

Class IIa

1. Continuous intravenous inotropic support is reason-
able as “bridge therapy” in patients with stage D HF 
refractory to GDMT and device therapy who are eli-
gible for and awaiting MCS or cardiac transplanta-
tion.647,648 (Level of Evidence: B)

Class IIb

1. Short-term, continuous intravenous inotropic support 
may be reasonable in those hospitalized patients pre-
senting with documented severe systolic dysfunction 
who present with low blood pressure and significantly 
depressed cardiac output to maintain systemic per-
fusion and preserve end-organ performance.592,649,650 
(Level of Evidence: B)

2. Long-term, continuous intravenous inotropic support 
may be considered as palliative therapy for symptom 
control in select patients with stage D HF despite opti-
mal GDMT and device therapy who are not eligible 
for either MCS or cardiac transplantation.651–653 (Level 
of Evidence: B)

Class III: Harm

1. Long-term use of either continuous or intermittent, 
intravenous parenteral positive inotropic agents, 
in the absence of specific indications or for reasons 

Table 25. INTERMACS Profiles

Profile* Profile Description Features

1 Critical cardiogenic shock
 (“Crash and burn”)

Life-threatening hypotension and rapidly escalating inotropic/pressor support, with critical organ hypoperfusion often 
confirmed by worsening acidosis and lactate levels.

2 Progressive decline
 (“Sliding fast” on inotropes)

“Dependent” on inotropic support but nonetheless shows signs of continuing deterioration in nutrition, renal function, 
fluid retention, or other major status indicator. Can also apply to a patient with refractory volume overload, perhaps 
with evidence of impaired perfusion, in whom inotropic infusions cannot be maintained due to tachyarrhythmias, 
clinical ischemia, or other intolerance.

3 Stable but inotrope dependent Clinically stable on mild-moderate doses of intravenous inotropes (or has a temporary circulatory support device) after 
repeated documentation of failure to wean without symptomatic hypotension, worsening symptoms, or progressive 
organ dysfunction (usually renal).

4 Resting symptoms on oral therapy 
at home

Patient who is at home on oral therapy but frequently has symptoms of congestion at rest or with activities of daily living 
(dressing or bathing). He or she may have orthopnea, shortness of breath during dressing or bathing, gastrointestinal 
symptoms (abdominal discomfort, nausea, poor appetite), disabling ascites, or severe lower-extremity edema.

5 Exertion intolerant (“housebound”) Patient who is comfortable at rest but unable to engage in any activity, living predominantly within the house or housebound.

6 Exertion limited
 (“walking wounded”)

Patient who is comfortable at rest without evidence of fluid overload but who is able to do some mild activity. Activities of 
daily living are comfortable and minor activities outside the home such as visiting friends or going to a restaurant can 
be performed, but fatigue results within a few minutes or with any meaningful physical exertion.

7 Advanced NYHA class III Patient who is clinically stable with a reasonable level of comfortable activity, despite a history of previous decompensation 
that is not recent. This patient is usually able to walk more than a block. Any decompensation requiring intravenous 
diuretics or hospitalization within the previous month should make this person a Patient Profile 6 or lower.

*Modifier options: Profiles 3–6 can be modified with the designation frequent flyer for patients with recurrent decompensations leading to frequent (generally at 
least 2 in last 3 mo or 3 in last 6 mo) emergency department visits or hospitalizations for intravenous diuretics, ultrafiltration, or brief inotropic therapy. Profile 3 can be 
modified in this fashion if the patient is usually at home. If a Profile 7 patient meets the definition of frequent flyer, the patient should be moved to Profile 6 or worse. 
Other modifier options include arrhythmia, which should be used in the presence of recurrent ventricular tachyarrhythmias contributing to the overall clinical course 
(eg, frequent implantable cardioverter-defibrillator shocks or requirement of external defibrillation, usually more than twice weekly); or temporary circulatory support 
for hospitalized patients profiles 1–3.635

INTERMACS indicates Interagency Registry for Mechanically Assisted Circulatory Support; and NYHA, New York Heart Association.
Adapted from Stevenson et al.643
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patients with HF regardless of symptoms or other considerations 
does not appear to result in significant benefit.644 Limiting fluid 
intake to around 2 L/d is usually adequate for most hospitalized 
patients who are not diuretic resistant or significantly hypona-
tremic. In 1 study, patients on a similar sodium and diuretic regi-
men showed higher readmission rates with higher fluid intake, 
suggesting that fluid intake affects HF outcomes.385 Strict fluid 
restriction may best be used in patients who are either refractory 
to diuretics or have hyponatremia. Fluid restriction, especially 
in conjunction with sodium restriction, enhances volume man-
agement with diuretics. Fluid restriction is important to man-
age hyponatremia, which is relatively common with advanced 
HF and portends a poor prognosis.645,646 Fluid restriction may 
improve serum sodium concentration; however, it is difficult to 
achieve and maintain. In hot or low-humidity climates, exces-
sive fluid restriction predisposes patients with advanced HF to 
the risk of heat stroke. Hyponatremia in HF is primarily due to 
an inability to excrete free water. Norepinephrine and angioten-
sin II activation result in decreased sodium delivery to the distal 
tubule, whereas arginine vasopressin increases water absorption 
from the distal tubule. In addition, angiotensin II also promotes 
thirst. Thus, sodium and fluid restriction in advanced patients 
with HF is important.

7.4.4. Inotropic Support: Recommendations

Class I

1. Until definitive therapy (eg, coronary revasculariza-
tion, MCS, heart transplantation) or resolution of the 
acute precipitating problem, patients with cardiogenic 
shock should receive temporary intravenous inotropic 

support to maintain systemic perfusion and preserve 
end-organ performance. (Level of Evidence: C)

Class IIa

1. Continuous intravenous inotropic support is reason-
able as “bridge therapy” in patients with stage D HF 
refractory to GDMT and device therapy who are eli-
gible for and awaiting MCS or cardiac transplanta-
tion.647,648 (Level of Evidence: B)

Class IIb

1. Short-term, continuous intravenous inotropic support 
may be reasonable in those hospitalized patients pre-
senting with documented severe systolic dysfunction 
who present with low blood pressure and significantly 
depressed cardiac output to maintain systemic per-
fusion and preserve end-organ performance.592,649,650 
(Level of Evidence: B)

2. Long-term, continuous intravenous inotropic support 
may be considered as palliative therapy for symptom 
control in select patients with stage D HF despite opti-
mal GDMT and device therapy who are not eligible 
for either MCS or cardiac transplantation.651–653 (Level 
of Evidence: B)

Class III: Harm

1. Long-term use of either continuous or intermittent, 
intravenous parenteral positive inotropic agents, 
in the absence of specific indications or for reasons 

Table 25. INTERMACS Profiles

Profile* Profile Description Features

1 Critical cardiogenic shock
 (“Crash and burn”)

Life-threatening hypotension and rapidly escalating inotropic/pressor support, with critical organ hypoperfusion often 
confirmed by worsening acidosis and lactate levels.

2 Progressive decline
 (“Sliding fast” on inotropes)

“Dependent” on inotropic support but nonetheless shows signs of continuing deterioration in nutrition, renal function, 
fluid retention, or other major status indicator. Can also apply to a patient with refractory volume overload, perhaps 
with evidence of impaired perfusion, in whom inotropic infusions cannot be maintained due to tachyarrhythmias, 
clinical ischemia, or other intolerance.

3 Stable but inotrope dependent Clinically stable on mild-moderate doses of intravenous inotropes (or has a temporary circulatory support device) after 
repeated documentation of failure to wean without symptomatic hypotension, worsening symptoms, or progressive 
organ dysfunction (usually renal).

4 Resting symptoms on oral therapy 
at home

Patient who is at home on oral therapy but frequently has symptoms of congestion at rest or with activities of daily living 
(dressing or bathing). He or she may have orthopnea, shortness of breath during dressing or bathing, gastrointestinal 
symptoms (abdominal discomfort, nausea, poor appetite), disabling ascites, or severe lower-extremity edema.

5 Exertion intolerant (“housebound”) Patient who is comfortable at rest but unable to engage in any activity, living predominantly within the house or housebound.

6 Exertion limited
 (“walking wounded”)

Patient who is comfortable at rest without evidence of fluid overload but who is able to do some mild activity. Activities of 
daily living are comfortable and minor activities outside the home such as visiting friends or going to a restaurant can 
be performed, but fatigue results within a few minutes or with any meaningful physical exertion.

7 Advanced NYHA class III Patient who is clinically stable with a reasonable level of comfortable activity, despite a history of previous decompensation 
that is not recent. This patient is usually able to walk more than a block. Any decompensation requiring intravenous 
diuretics or hospitalization within the previous month should make this person a Patient Profile 6 or lower.

*Modifier options: Profiles 3–6 can be modified with the designation frequent flyer for patients with recurrent decompensations leading to frequent (generally at 
least 2 in last 3 mo or 3 in last 6 mo) emergency department visits or hospitalizations for intravenous diuretics, ultrafiltration, or brief inotropic therapy. Profile 3 can be 
modified in this fashion if the patient is usually at home. If a Profile 7 patient meets the definition of frequent flyer, the patient should be moved to Profile 6 or worse. 
Other modifier options include arrhythmia, which should be used in the presence of recurrent ventricular tachyarrhythmias contributing to the overall clinical course 
(eg, frequent implantable cardioverter-defibrillator shocks or requirement of external defibrillation, usually more than twice weekly); or temporary circulatory support 
for hospitalized patients profiles 1–3.635

INTERMACS indicates Interagency Registry for Mechanically Assisted Circulatory Support; and NYHA, New York Heart Association.
Adapted from Stevenson et al.643
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determined, but the early difference in the rate 
of death suggests that the higher heart rate with 
dopamine may have contributed to the occurrence 
of ischemic events. Whatever the mechanism may 
be, these data strongly challenge the current Am-
erican College of Cardiology–American Heart As-
sociation guidelines, which recommend dopamine 
as the first-choice agent to increase arterial pres-
sure among patients who have hypotension as a 
result of an acute myocardial infarction.7

This study has several limitations. First, do-
pa mine is a less potent vasopressor than norepi-
nephrine; however, we used infusion rates that 

were roughly equipotent with respect to systemic 
arterial pressure, and there were only minor dif-
ferences in the use of open-label norepinephrine, 
most of which were related to early termination 
of the study drug and a shift to open-label norepi-
nephrine because of the occurrence of arrhyth-
mias that were difficult to control. Doses of open-
label norepinephrine and the use of open-label 
epinephrine and vasopressin were similar between 
the two groups. Second, we used a sequential de-
sign, which potentially allowed us to stop the 
study early if an effect larger than that expected 
from observational trials occurred; however, the 
trial was eventually stopped after inclusion of more 
patients than we had expected to be included on 
the basis of our estimates of the sample size. 
Accordingly, all conclusions related to the primary 
outcome reached the predefined power.

In summary, although the rate of death did 
not differ significantly between the group of pa-
tients treated with dopamine and the group treated 
with norepinephrine, this study raises serious con-
cerns about the safety of dopamine therapy, since 
dopamine, as compared with norepinephrine, was 
associated with more arrhythmias and with an 
increased rate of death in the subgroup of pa-
tients with cardiogenic shock.
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Figure 3. Forest Plot for Predefined Subgroup Analysis 
According to Type of Shock.

A total of 1044 patients were in septic shock (542 in 
the dopamine group and 502 in the norepinephrine 
group), 280 were in cardiogenic shock (135 in the do-
pa mine group and 145 in the norepinephrine group), 
and 263 were in hypovolemic shock (138 in the dopa-
mine group and 125 in the norepinephrine group). The 
P value for interaction was 0.87.

APPENDIX
Other investigators and participants in the trial are as follows: R. Kitzberger, U. Holzinger, Medical University of Vienna, Vienna; A. 
Roman, Centre Hospitalier Universitaire St. Pierre; D. De Bels, Brugmann University Hospital; S. Anane, Europe Hospitals St. Elisabeth, 
and S. Brimioulle, M. Van Nuffelen, Erasme University Hospital — all in Brussels; M. VanCutsem, Centre Hospitalier Universitaire de 
Charleroi, Charleroi, Belgium; J. Rico, J.I. Gomez Herreras, Rio Hortega University Hospital, Valladolid, Spain; H. Njimi (trial statisti-
cian), Université Libre de Bruxelles, Brussels; and C. Mélot (independent statistician and physician responsible for conducting sequen-
tial analysis and evaluation of serious adverse effects), Erasme University Hospital, Brussels.
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tio (14). During sepsis, but also in shock
of various etiologies including cardio-
genic shock, this mechanism has been
attributed in part to an increase in so-
called aerobic glycolysis due to the acti-
vation of the Na-K-ATPase pump under
epinephrine-associated beta-2 stimula-
tion (15). The clinical impact of this tran-
sient hyperlactatemia is not established.
Nevertheless, during shock, the thera-
peutic use of epinephrine may decrease
the usefulness of lactate as a marker of
the efficiency of initiated therapy.

In summary, both regimens improved
systemic hemodynamics with a more fa-
vorable profile regarding cardiac energet-
ics and metabolism with the norepineph-
rine-dobutamine combination.

Effects of Epinephrine on Tonometric
Parameters and Renal Function. Despite
similar increases in arterial pressure and

oxygen delivery/consumption in both
groups, the PCO2 gap increased in epineph-
rine-treated patients (Fig. 3). This finding
could suggest that epinephrine increased
splanchnic oxygen utilization and CO2 pro-
duction through a thermogenic effect, es-
pecially if gastric blood flow did not in-
crease to the same extent, inducing a
mismatch between splanchnic oxygen de-
livery and splanchnic oxygen consump-
tion. Another hypothesis is that epi-
nephrine may have decreased mucosal
blood flow along with a decrease in CO2
efflux, the net result being an increase
in the PCO2 gap. Since gastric mucosal
blood flow was not measured in the
present study, it is difficult to interpret
this measurement. Nevertheless, dur-
ing cardiogenic shock, splanchnic
blood flow is directly correlated with
cardiac output (16). Thus, in our pa-

tients in whom cardiac output mark-
edly increased, the increase in the PCO2
gap under epinephrine is likely related
to the thermogenic effects of epineph-
rine. Furthermore, despite a marked in-
crease in epinephrine-treated patients,
the PCO2 gap after 24 hrs of treatment
was no longer different when compared
to norepinephrine-dobutamine pa-
tients. This time-response profile, iden-
tical to lactate kinetics, is highly evoc-
ative of a metabolic effect.

In regard to renal function, both reg-
imens improved diuresis in these oliguric
patients, although the effects of norepi-
nephrine-dobutamine were greater. Cre-
atinine levels also improved without any
differences between regimens.

Altogether, norepinephrine-dobutamine
improves both the adequacy of gastric mu-
cosa perfusion, used as a surrogate for
splanchnic perfusion, and indices of renal
function. By contrast, epinephrine appears
to be associated with potential deleterious
effects on the adequacy of splanchnic per-
fusion (17). Nevertheless, the clinical im-
pact of this transient gastric hypoperfusion
is not established.

Limitations of the Study. The main
limitation is the small number of patients
enrolled in the study that may limit the
conclusions concerning the outcome. Nev-
ertheless, the data obtained will be useful to
plan an outcome-based prospective ran-
domized study. We chose to restrict our
study population to nonischemic cardio-
genic shock, since hemodynamics in car-
diogenic shock associated with myocardial
infarction is highly dependent on the suc-
cess rate and the timing of myocardial rep-
erfusion (18). Based on these results, we are
conducting a prospective randomized dou-
ble-blind study in cardiogenic shock sec-
ondary to acute myocardial infarction to
address this question. We observed more
arrhythmia in the epinephrine group.
While this side effect is well correlated with
the physiology, the present observation
may not provide sufficient basis to defini-
tively conclude that epinephrine causes a
higher rate of tachyarrhythmias given the
small number of patients in the two
groups, with three patients exhibiting
tachyarrhythmias in the epinephrine group
vs. none in the norepinephrine group.

CONCLUSIONS

Perhaps the most challenging aspect to
the care of a patient with severe heart
failure/cardiogenic shock is to decide at
which level of arterial blood pressure

Figure 2. Evolution of mean arterial pressure
(MAP) (top), cardiac index (CI) (middle), and
heart rate (HR) (bottom). Squares, epinephrine-
treated patients; triangles, norepinephrine-
dobutamine-treated patients. *p ! .05 vs. H0;
†p ! .05 vs. H0 and p ! .05 epinephrine vs.
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Figure 3. Evolution of lactate (top), PCO2 gap
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nephrine-treated patients; triangles, norepineph-
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and *p ! .05 epinephrine vs. norepinephrine-
dobutamine.
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Table 2 Major clinical studies using intravenous levosimendan in different clinical settings

Study Patients Levosimendan dosage Comparator Aim Outcomes

HF
Nieminem et al.31 151 with NYHA II–IV 3–36 mg/kgþ

0.05–0.6 mg/kg/min
Dobutamine (6 mg/kg
/min) and placebo

Effects on haemodynamics Levosimendan treatment was
associated with dose-dependent
favourable haemodynamic
responses

Slawsky et al.32 146 with advanced HF 6 mg/kgþ 0.1–0.4 mg/
kg/min

Placebo Effects on haemodynamics and
symptoms

Levosimendan provided favourable
haemodynamic benefit and
symptomatic relief

Kivikko et al.26 146 with
decompensated HF

6 mg/kgþ 0.1–0.4 mg/
kg/min

Placebo Determine whether the
haemodynamic effects of levosi-
mendan are sustained after the
discontinuation of drug infusion

The haemodynamic effects of
levosimendan were maintained
during a 48-h continuous infusion
and for at least 24 h after
discontinuation of a 24-h infusion

Nanas et al.34 18 refractory to
dobutamine and
furosemide

6 mg/kgþ 0.2 mg/kg/
min as adjunctive
therapy

Dobutamine (10 mg/kg/
min)

Magnitude and duration of
haemodynamic effects of a com-
bined infusion of dobutamine and
levosimendan in end-stage HF

The combined treatment improved
haemodynamics and symptoms
for 24 h

Parissis et al.36 27 with decompensated
advanced HF

6 mg/kgþ 0.1–0.4 mg/
kg/min

Placebo Effects on circulating
pro-inflammatory cytokines and
apoptosis mediators

Levosimendan reduced the levels of
IL-6, soluble Fas and Fas-ligand

LIDO Trial49 103 with severe HF 24 mg/kgþ 0.1 mg/kg/
min

Dobutamine (5 mg/kg/
min)

Effects on haemodynamics and
outcomes

Levosimendan improved
haemodynamics and survival at
180 days

CASINO Trial51 227 with
decompensated
low-output HF

16 mg/kgþ 0.2 mg/kg/
min

Dobutamine (10 mg/kg/
min) and placebo

Effects on death and
rehospitalization due to HF
deterioration

Clear mortality benefit in favor of
levosimendan

REVIVE Trial51,52 700 with HF and
symptoms at rest

0.1–0.2 mg/kg/min (I) Placebo Effects on composite clinical
endpoints

Levosimendan produced an early
greater symptom response and
decreased creatinine and BNP
levels

SURVIVE Trial54 1327 with
decompensated HF
requiring inotropes

12mg/kgþ 0.1–0.2 mg/
kg/min

Dobutamine (5–40 mg/
kg/min)

Effects on mortality at 180 days No differences in terms of mortality
between levosimendan and
dobutamine

CS
Lilleberg et al.55 23 after CABG 8 or 24 mg/kg (B) Placebo Effects on systemic and coronary

haemodynamics and myocardial
substrate utilization

Levosimendan improved systemic
and coronary blood flow and did
not increase myocardial oxygen
consumption or change substrate
utilization
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Labriola et al.57 11 with severe LV
dysfunction after CS

12 mg/kgþ 0.1 mg/
kg/min

— Efficacy in low-output syndrome
following CS

In eight patients, cardiac index was
increased by .30% and PCWP
reduced to ,18 mmHg within 3 h

Nijhawan et al.58 18 after CABG 0.2–0.3 mg/kg/min (I) Placebo Efficacy after cardio-pulmonary
bypass

Increased cardiac output and reduced
systemic vascular resistance

Barisin et al.59 31 after CS 12–24 mg/kg (B) Placebo Effects on ischaemic myocardial
impairment during and after
off-pump CABG

Increase in cardiac output, EF, and
decrease in systemic vascular
resistances

Plochl and Rajek56 10 after CS 0.1–0.2 mg/kg/min (I) as
adjunctive therapy

— Effects on haemodynamics in
critically ill post-operative patients

Levosimendan increased cardiac
output and stroke volume with
decreases in systemic vascular
resistance

Ischaemic heart disease
Sonntag et al.70 24 with ACS 24 mg/kg (B) Placebo Effects LV function after coronary

angioplasty
Levosimendan improved the function
of stunned myocardium

De Luca et al.72 26 with AMI 12 mg/kg (B) Placebo Effects on haemodynamics and
coronary flow velocities after
primary angioplasty

Levosimendan improved
haemodynamics and coronary
flow reserve

Michaelis et al.73 10 with CAD 24 mg/kg (B) — Effects on coronary vasculature,
myocardial wall stress and oxygen
uptake

Levosimendan exerted vasodilator
effects on coronary conductance
and resistance arteries, decreasing
myocardial oxygen extraction

RUSSLAN Trial74 504 LV failure
complicating AMI

0.1–0.4 mg/kg/min (I) Placebo Effects on composite clinical
end-points

Incidence of ischaemia and/or
hypotension was similar in all
treatment groups. Mortality was
lower with levosimendan at 14 and
180 days

Shock
Delle Karth et al.80 10 with cardiogenic

shock
0.1 mg/kg/min (I) — Efficacy in cardiogenic shock

following acute ischaemia or
cardiac surgery

Levosimendan treatment resulted in
a significant increase in cardiac
output together with a decrease in
systemic vascular resistance

Lehmann et al.81 10 with cardiogenic
shock undergoing
emergency surgery

6 mg/kgþ 0.2 mg/
kg/min

— Efficacy in high risk patients, with
cardiogenic shock and acute
ischaemia

8 patients survived without any
multiorgan failure

Morelli et al.88 28 with septic shock 0.2 mg/kg/min (I) Dobutamine (5 mg/kg/
min)

Efficacy in sepsis-induced
dysfunction

Levosimendan improvef systemic
haemodynamics and regional
perfusion

(B), bolus only; (I), infusion only.
ACS, acute coronary syndrome; AMI, acute myocardial infarction; CABG, coronary artery bypass grafting; CAD, coronary artery disease; CS, cardiac surgery; EF, ejection fraction; HF, heart failure; LV, left ventricle.

Evidence-based
use

of
levosim
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revascularization (percutaneous coronary intervention or
coronary artery bypass graft surgery) in the invasive group
with the corresponding matched pair from the conservative
group, significantly lower odds of mortality were observed
(odds ratio [OR] 0.37; 95% confidence interval [CI],
0.34-0.39; P < .0001) with revascularization. This lower
mortality was consistently seen across all tested subgroups,
although the test for interaction was significant for most
of the subgroups (except sex) driven by a difference in
magnitude rather than the direction (Figure 3). Specifically,
this lower mortality was seen in the elderly (!75 years)
(44.0% vs 63.6%; OR 0.45; 95% CI, 0.42-0.49;

P < .0001). However, patients younger than 75 years had
larger (64%) lower odds of in-hospital mortality (30.6%
vs 55.1%; P < .0001) in those managed invasively
(Pinteraction < .0001) (Figure 3). Similarly, there were larger
odds of lower mortality in the group managed invasively in
those without diabetes (62% reduction [37.4% vs 60.8%] vs
54% reduction [38.3% vs 57.6%] in those with diabetes;
Pinteraction ¼ .01), when there was no intra-aortic balloon
pump used in either of the patient groups (64% reduction
[35.0% vs 59.8%] vs 54% reduction [39.6% vs 58.8%] in
those where intra-aortic balloon pump was used;
Pinteraction ¼ .02), in patients without chronic kidney dis-
ease (61% reduction [37.2% vs 60.5%] vs 51% reduction
[39.2% vs 57.0%] in those with chronic kidney disease;
Pinteraction ¼ .001), and in those presenting with STEMI
(63% reduction [40.7% vs 65.1%] vs 53% reduction [33.1%
vs 51.4%] in those with non-ST-segment elevation myocar-
dial infarction [NSTEMI]; Pinteraction < .0001) (Figure 3).

There was significantly lower in-hospital mortality over
time both in those managed invasively (43.1% in 2002 to
33.4% in 2011) and those managed conservatively (63.2%
in 2002 to 55.8% in 2011) (Figure 4).

Sensitivity Analysis
The results were largely similar using the logistic regression
analysis on the overall cohort. In the propensity score-adjusted
regression analysis, invasive management was associated with
lower odds ofmortality (adjusted OR 0.72; 95%CI, 0.64-0.81)
after adjustment for baseline characteristics, mode of revas-
cularization, type of myocardial infarction, and intra-aortic

Figure 3 In-hospital mortality among patients with cardiogenic shock managed invasively vs
conservatively in the propensity score-matched cohort.

Figure 2 Trend in use of intra-aortic balloon pump among
patients with cardiogenic shock managed invasively vs
conservatively.
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The observed beneficial effect of IABP therapy as an adjunct to
thrombolysis would support the rationale for IABP therapy of
myocardial and organ recovery.31 Furthermore, it would support

the hypothesis that IABP increases the efficacy of thrombolytic
therapy in STEMI patients with cardiogenic shock by increasing
coronary perfusion.32 However, there are at least three other
explanations for the observed lower mortality in the IABP group
in this setting. First, the IABP-treated patients were on average 7
years younger and the frequency of men was 10% higher. As
known from the current literature, the odds for mortality increase
by 49–60% for every 10 years increase in age.33,34 Also, men have
a lower clinical risk profile than women, particularly in the setting
of cardiogenic shock.35 Second, in the thrombolysis studies,
co-treatment with coronary revascularization was substantially
more frequent in patients who received IABP therapy than in
patients who did not receive IABP therapy. The SHOCK trial
clearly showed that revascularization effectively reduced mortality
in cardiogenic shock patients.36 The revascularization rates in the
SHOCK trial in the emergent revascularization arm and the conser-
vative medical treatment arm, respectively, were 87 and 25% (rela-
tive risk 3.4), whereas the rate of IABP therapy was 86% in both
groups. In comparison, the overall revascularization rates in the
thrombolysis studies from the meta-analysis in the IABP and no
IABP group were 39 and 9% (relative risk 4.0), respectively. Third,
in the thrombolysis studies, the sicker patients may have been con-
sidered too ill to benefit from IABP therapy and others may have
died before they could receive IABP therapy. This phenomenon
may have induced a severe bias towards poor outcomes in the ‘no
IABP’ group. Selection bias tends to make treatment effects appear
larger than they are and the size of these distortions can be as
large or larger than the size of the effects that are being measured.37

In summary, the lower mortality of the patients who received IABP
adjunctive to thrombolysis can be explained by confounding and bias,
rather than by a beneficial effect of IABP therapy per se.

The observed detrimental effect of IABP therapy as an adjunct
to primary PCI in STEMI with cardiogenic shock is contrary to
the expectation that IABP might improve survival in these patients.
It would oppose the suggestion that the underutilization of IABP
therapy is one of the causes of the remainingly high mortality in
this setting.9,10 However, there are two important issues that
need to be addressed concerning the outcome of IABP therapy
in the primary PCI cohorts. First, we cannot rule out the influence
of confounders in non-randomized studies. Nevertheless, in the
NRMI-2 cardiogenic shock cohort, IABP therapy was indepen-
dently associated with a higher 30 day mortality after multivariate
adjustment for age, several clinical risk factors, PCI, and CABG.
Second, IABP therapy may have been preferentially given to
patients in worse condition. In a catheterization setting, it is difficult
to withhold patients from active treatment with IABP, even if their
prognosis is extremely grim. Alternatively, the negative treatment
effect of IABP therapy could also reflect a longer ischaemic time,
as IABP support may have been used for transfer to a primary
PCI facility. Either way, these phenomena may have induced a
severe bias towards poor outcomes in the IABP group, which is
in contrast to the bias noted in the thrombolysis studies. In
summary, one cannot reliably distinguish between an unexpected,
truly detrimental effect of IABP therapy as an adjunct to primary
PCI in STEMI complicated by cardiogenic shock and the influence
of bias and confounding inherent to cohort studies. Therefore, the
results of this analysis must be interpreted cautiously.

Figure 3 Meta-analysis of cohort studies of IABP therapy in
STEMI complicated by cardiogenic shock. (A) The risk differences
in 30 day mortality for the individual studies, for each type of
reperfusion therapy and for the overall analysis. The size of
each square is proportional to the weight of the individual
study. (B) The revascularization procedures, i.e. rescue percuta-
neous coronary intervention (dark blue) and coronary artery
bypass grafting (light blue) in the thrombolysis studies by IABP
group and no IABP group, as well as the weighted overall revas-
cularization rate. Single-coloured bars are used if separate figures
for percutaneous coronary intervention and coronary artery
bypass grafting could not be given. IABP denotes intra-aortic
balloon counterpulsation, NRMI-2 TT denotes cohort from
NRMI-2 study of patients treated with thrombolysis, and
NRMI-2 PCI denotes cohort from NRMI-2 study of patients
treated with primary percutaneous coronary intervention.
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therapy resulted in a significant fall in
BNP levels from initial values of 822.0 !
267.6 ng/mL to 551.0.7 ! 131.6 at day 1
and 510.7 ! 73.9 ng/mL at day 2 (p "
.05). BNP levels subsequently increased
(at 4 days) to 1122.6 ! 398.7 ng/mL.
Thus, in the IABP treatment group, the
drop in BNP levels at days 2 and 3 was
significantly greater than in the standard
therapy group (p " .05), suggesting an
element of left ventricular unloading. In-
terestingly, the changes in BNP were
temporally related to IABP placement and
were greatest up to 48 hrs (when an IAPB
device was still in situ in the IABP group)

and least by day 4 (by which time the
IABP had been removed in most
patients).

Effect of IABP on IL-6 Levels in
Patients With Cardiogenic
Shock

IL-6 levels were elevated in both
groups of patients, reinforcing the con-
cept of systemic inflammatory activation
in CS patients as compared to the control
population. These values remained in-
creased and did not differ significantly

over time or between the two treatment
groups (Fig. 2D).

Confidence intervals for patients with
and without IABP are shown in Table 3.

APACHE II Score, CI, IL-6,
Plasma BNP, and Survival

Data for initial and serial APACHE II
scores are shown in Figure 3A. Among
survivors, the initial APACHE II score
was 18.1 ! 1.7, falling to 13.9 ! 1.6 over
the 4-day observation period, i.e., a fall of
4.2 points (# $4.2). The initial APACHE
II score was significantly higher in non-
survivors (29.9 ! 2.9) and rose still fur-
ther to 30.6 ! 3.9 at day 4, i.e., an in-
crease of 0.7 points (# %0.7). The fall in
APACHE II score of &4 points reflects a
considerable improvement in MODS se-
verity in survivors.

CI and IL-6 levels were also found to
differ between survivors and nonsurvi-
vors (Figs. 3B–D). CI on day 1 was signif-
icantly different among these groups,
while IL-6 levels were significantly lower
at the initial time point, day 1, and day 3
in survivors than in nonsurvivors. BNP
levels showed a poor relationship to sur-
vival. Confidence intervals for surviviors
and nonsurvivors are shown in Table 4.

Receiver operating characteristic
(ROC) curves calculated for the initial
values and shown in Figure 4 demon-
strate the relative accuracy of each of
these variables in predicting survival in
this group of patients. Table 5 shows ac-
curacy data derived from area under the
curve analysis of the ROC curves and
confirms the greater accuracy of APACHE
II scoring over the other identified pa-
rameters in predicting mortality. Of the
other parameters, cardiac index gives the
greatest accuracy and BNP the least.

DISCUSSION

Urgent reperfusion of the infarct-
related artery (IRA) is essential in the
management of patients with AMI (1, 9).
Unfortunately, despite reperfusion, CS
can develop and this is associated with a
high mortality, with over half of the
deaths occurring within 48 hrs of admis-
sion. A vicious cycle develops with low
cardiac output, poor coronary perfusion,
and worsening cardiac contractility (10).
It is increasingly substantiated in the lit-
erature that this initiates a systemic in-
flammatory process characterized by
SIRS and subsequently MODS, with the
possibility that some of the inflammatory

Figure 2. Comparison of Acute Physiology and Chronic Health Evaluation (APACHE) II score (A),
cardiac index (B), plasma brain natriuretic peptide (BNP) (C), and serum interleukin (IL)-6 levels (D)
over 4 days between patients treated with intra-aortic balloon pump counterpulsation (IABP) and
patients not treated by IABP with cardiogenic shock as a complication of acute myocardial infarction.
Plasma BNP levels measured on days 2 and 3 were the only significant differences between treatment
groups (p " .05). For confidence intervals, see Table 3.

Table 3. Mean and confidence intervals to report differences over time: intra-aortic balloon pump
counterpulsation vs. no intra-aortic balloon pump counterpulsation

Characteristics IABP Group (n ' 19)a No IABP Group (n ' 21)a

APACHE II, initial 21.0 (14.2, 27.8) 22.4 (17.6, 27.3)
APACHE II, day 4 18.2 (9.0, 27.4) 20.2 (14.2, 25.8)
Cardiac index, initial 2.3 (1.7, 3.0) 1.7 (1.4, 2.1)
Cardiac index, day 4 3.3 (2.6, 4.0) 3.4 (2.6, 4.2)
BNP, initial 822 (168, 1476) 615 (111, 1120)
BNP, day 4 1122 (52, 2193) 1462 (287, 2637)
Interleukin-6, initial 375 (0,793)a 1157 (0, 4460)a

Interleukin-6, day 4 619 (0, 1802)a 186 (67, 304)a

IABP, intra-aortic balloon pump counterpulsation; APACHE, Acute Physiology and Chronic Health
Evaluation; BNP, brain natriuretic peptide.

aCorrections of the upper limit of 95% confidence interval with the smallest possible value.
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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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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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PCI for a hemodynamically significant stenosis in a patent
infarct artery !24 hours after STEMI as part of a revascu-
larization strategy improves outcome.410,411,413–417 PCI of an
occluded infarct artery 1 to 28 days after MI in asymptomatic
patients without evidence of myocardial ischemia has no
incremental benefit beyond optimal medical therapy with
aspirin, beta blockers, angiotensin-converting enzyme inhib-
itors, and statins in preserving LV function and preventing
subsequent cardiovascular events.418–420 It is important to
note that elective PCI of an occluded infarct artery has not
been studied in patients with New York Heart Association
functional class III or IV heart failure, rest angina, serum
creatinine !2.5 mg/dL, left main or 3-vessel CAD, clinical
instability, or severe inducible ischemia on stress testing in an
infarct zone that is not akinetic or dyskinetic.

5.2.3. Cardiogenic Shock: Recommendations

Class I
1. PCI is recommended for patients with acute MI who

develop cardiogenic shock and are suitable candi-
dates.384,421–423 (Level of Evidence: B)

2. A hemodynamic support device is recommended for
patients with cardiogenic shock after STEMI who do
not quickly stabilize with pharmacological ther-
apy.384,424–427 (Level of Evidence: B)

See Online Data Supplement 22 for additional data regarding
cardiogenic shock.

Cardiogenic shock is the leading cause of in-hospital
mortality complicating STEMI. Revascularization is the only
treatment proven to decrease mortality rates.384,421–423 Al-
though revascularization is almost always accomplished
through PCI, selected patients with severe 3-vessel or left
main disease can benefit from emergency CABG. Revascu-
larization attempts may be futile and not indicated in cases of
severe multiorgan failure.427 Patient selection for revascular-
ization is more important in the elderly, but several observa-
tional reports demonstrate acceptable outcomes in patients
with few comorbidities and a reasonable potential for sur-
vival.428–431 Patients who present to hospitals without PCI
capability are usually emergently transported to a PCI center,
because mortality without transfer is markedly elevated.432

5.2.3.1. Procedural Considerations for Cardiogenic Shock
Patients with cardiogenic shock should receive standard
pharmacological therapies, including aspirin, a P2Y12 recep-
tor antagonist, and anticoagulation.427,433 Inotropic and vaso-
pressor therapy improves perfusion pressure. Historically,
negative inotropes and vasodilators are avoided. IV GP
IIb/IIIa inhibitors have been shown to provide benefit in
observational studies but not in 1 small RCT.433

Endotracheal intubation and mechanical ventilation with
positive end-expiratory pressure is usually necessary in pa-
tients with respiratory failure. Placement of a temporary
pacemaker is indicated for patients with bradycardia or
high-degree atrioventricular heart block. A pulmonary artery
catheter can provide information to dose and titrate inotropes
and pressors. Further hemodynamic support is available with

IABP counterpulsation or percutaneous LV assist devices,
although no data support a reduction in mortality rates.434

Contrast medium injections should be minimized. Orthog-
onal angiograms of the left coronary artery and a left anterior
oblique angiogram of the right coronary artery are usually
sufficient to identify the infarct artery.435 Although most
patients undergoing revascularization will receive a stent as
part of the procedure, there are conflicting data on the impact
of stenting over balloon angioplasty. Some studies reveal
lower mortality rates,436–438 whereas others reveal no bene-
fit439 or higher mortality rates.440 There are no data comparing
the choice of BMS versus DES in cardiogenic shock; how-
ever, BMS are often used because compliance with long-term
DAPT is often unclear in the emergency setting.

In patients with multivessel disease, revascularization of
the noninfarct artery may be necessary to maximize myocar-
dial perfusion. Alternatively, in patients with multivessel
disease and particularly left main disease, emergency CABG
as a primary reperfusion strategy may be preferred.50,441

Refractory cardiogenic shock unresponsive to revasculariza-
tion may necessitate institution of more intensive cardiac
support with a ventricular assist device or other hemodynam-
ic support devices to allow for myocardial recovery or
subsequent cardiac transplantation in suitable patients.

5.2.4. Revascularization Before Noncardiac
Surgery: Recommendations

Class IIa
1. For patients who require PCI and are scheduled for

elective noncardiac surgery in the subsequent 12
months, a strategy of balloon angioplasty, or BMS
implantation followed by 4 to 6 weeks of DAPT, is
reasonable.442–448 (Level of Evidence: B)

2. For patients with DES who must undergo urgent
surgical procedures that mandate the discontinua-
tion of DAPT, it is reasonable to continue aspirin if
possible and restart the P2Y12 inhibitor as soon as
possible in the immediate postoperative period.444

(Level of Evidence: C)

Class III: HARM
1. Routine prophylactic coronary revascularization

should not be performed in patients with stable CAD
before noncardiac surgery.449,450 (Level of Evidence: B)

2. Elective noncardiac surgery should not be per-
formed in the 4 to 6 weeks after balloon angio-
plasty or BMS implantation or the 12 months after
DES implantation in patients in whom the P2Y12

inhibitor will need to be discontinued periopera-
tively.208,447, 451,452 (Level of Evidence: B)

The 2007 and 2009 ACC/AHA Guidelines on Perioperative
Cardiovascular Evaluation and Care for Noncardiac Surgery
gave detailed recommendations for the evaluation of patients
undergoing noncardiac surgery.444 Patients with evidence of
ACS should receive standard therapy, including early revas-
cularization, to minimize the risk of adverse events. Patients
with known significant left main or 3-vessel CAD who would
otherwise benefit from revascularization in terms of survival
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Cardiogenic shock is defined as systemic tissue hypo-
perfusion secondary to inadequate cardiac output despite
adequate circulatory volume and LV filling pressure.
Diagnostic hemodynamic criteria include: a systolic blood
pressure <90 mm Hg for >30 min; a drop in mean arterial
blood pressure >30 mm Hg below baseline, with a cardiac
index (CI) <1.8 L/min/m2 without hemodynamic support
or <2.2 L/min/m2 with support; and a pulmonary capillary
wedge pressure (PCWP) >15 mm Hg (26–28).

Among patients with advanced heart failure, techno-
logic advances have facilitated the use of surgically
implanted left ventricular assist devices (LVADs) as a
bridge to recovery, bridge to transplant, or for use as
permanent (destination) therapy (29). Biventricular assist
devices and the total artificial heart are also available as a
bridge to transplant for patients with biventricular heart
failure. As a result, the use of MCS devices as a treatment
strategy for patients presenting with advanced heart
failure or cardiogenic shock may be considered. The
primary goal of such a strategy is stabilizing a critically
ill patient before making a decision regarding durable
therapy. Moreover, MCSs may allow for myocardial
recovery, possibly obviating the need for destination
therapy.

The optimal timing of MCS insertion in ADHF and
cardiogenic shock remains unknown and significant
practice variability exists. For patients with advanced HF,
the Interagency Registry for Mechanically Assisted Cir-
culatory Support (INTERMACS) has defined seven clinical
profiles before implantation of a surgical VAD. Cardio-
genic shock is identified by INTERMACS profiles 1 and 2

patients, who either have acutely decompensated or are
failing to respond to aggressive inotrope therapy,
respectively (30). Both INTERMACS 1 and 2 patients may
be considered for temporary MCS support as a bridge to
recovery, surgical MCS, or cardiac transplantation.

Emerging Populations

Given the growing numbers of patients with compromised
cardiac function undergoing percutaneous coronary and
valve therapies new applications for this technology are
emerging. In the adult population, patients with severe,
nonoperable valve disease represent a rapidly growing
population; carefully selected patients may benefit from
cardiac support during percutaneous aortic valvuloplasty
or aortic valve replacement (31,32). Similarly, patients
referred for electrophysiologic procedures with severe
underling LV dysfunction may not tolerate sustained ar-
rhythmias during prolonged electrophysiological map-
ping and ablation procedures (33,34). Finally, patients
with right ventricular (RV) failure are at considerably
higher risk for morbidity and mortality when presenting
with AMI, ADHF, or CS. Use of MCS for RV or biventricular
support has been reported (35–37) and represents an
important new use for this technology. Although not yet
available in the United States, a dedicated RV support
device is under clinical evaluation (35,38).

Many children have or will develop disorders involving
the myocardium. The current therapeutic options for
circulatory support in the pediatric population are quite
limited. Primary indications for circulatory support in
pediatrics include heart failure related to congenital heart

FIGURE 2 Cardiac Effects of Mechanical Support

Illustrations of PV loops after activation of device therapy (gray loops). (A) Intra-aortic balloon pump (IABP) counterpulsation reduces both peak LV systolic
and diastolic pressures and increases LV stroke volume. The net effect is a reduced slope of arterial elastance (Ea2), (B) Percutaneous LV assist devices
(pLVAD: Impella and TandemHeart) significantly reduce LV pressures, LV volumes, and LV stroke volume. The net effect is a significant reduction in cardiac
workload. (C)Veno-arterial extra-corporealmembrane oxygenation (VA-ECMO)without a LV venting strategy increases LV systolic and diastolic pressure, while
reducing LV stroke volume. The net effect is an increase in arterial elastance (Ea).
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with thrombolytic therapy but not in conjunction with pri-
mary angioplasty.10

Despite these initial results, a recent randomized controlled
trial comparing IABPs and medical therapy in patients with
AMI and CS undergoing percutaneous coronary intervention
(PCI) demonstrated that the addition of IABPs did not result
in a significant improvement in multiorgan dysfunction syn-
drome, cardiac index, or systemic inflammatory activation.11

Furthermore, a recent meta-analysis suggested that although
IABPs may have a beneficial effect on hemodynamic param-
eters in infarct-related CS, the existing data do not support a
mortality benefit.12 Finally, another recent meta-analysis
evaluating the use of IABPs in patients with STEMI compli-
cated by CS suggested no improvement in 30-day survival or
LV ejection fraction and an increased risk of stroke and
bleeding complications.13 Given these data, the role of IABPs
in patients with CS is unclear, and further randomized trials
are needed. Despite this ambiguity, the most current Ameri-
can College of Cardiology/American Heart Association14 and
European Society of Cardiology1 guidelines for the manage-
ment of STEMI state that initiation of IABP counterpulsation

is a Class I (Level of Evidence B) indication for the
management of CS not rapidly reversed by pharmacological
therapy.

Surgically Implanted Temporary VADs
Given the minimal circulatory support afforded by IABPs, the
next generation of external VADs was designed to be
surgically implanted and powerful enough to provide full
circulatory support. An early example was the Abiomed BVS
System 5000 (Abiomed, Inc, Danvers, MA), an external,
automated, gravity-filled, pneumatically driven device with
blood inflow from the left atrium returned to the thoracic
aorta (and/or inflow from the right atrium returned to the
pulmonary artery) via transthoracic cannula insertion. It was
first used to support patients with refractory heart failure in
1990,15 and a later 5-year retrospective review demonstrated
successful weaning in 66% of the bridge-to-recovery group
and successful transplantation in 66% of the bridge-to-
transplantation group.16 Next-generation surgically implanted
external VADs such as the CentriMag VAD (Levitronix,
Waltham, MA) were designed to minimize blood trauma and
mechanical failure. This magnetically levitated, centrifugal,
continuous-flow rotary pump was first used for postcar-
diotomy CS and as a bridge to decision in 2006,17 has been
demonstrated to have a low incidence of device-related
complications in a multicenter trial,18 and has recently been
demonstrated to be an effective bridge-to-recovery device in
patients with severe graft rejection after heart transplantation
(1-year survival of 32%).19 Additionally, the cannulas of the
device can be inserted percutaneously.20 The CentriMag
VAD currently has 510k approval for up to 6 hours of
circulatory support and has humanitarian use approval for up
to 30 days of circulatory support in the setting of acute RV
failure. Finally, the Impella Recover 5.0 VAD (Abiomed
Inc), a catheter-mounted microaxial rotary pump inserted into
the LV in a retrograde fashion via femoral artery access after
surgical cut-down that is capable of augmenting cardiac
output by 5.0 L/min, has been shown in single cases to be
effective as a bridge-to-transplantation,21 a bridge-to-
bridge,22 and a bridge-to-recovery device.23,24

Despite advances in surgically implanted external VAD
technology and improvement in the morbidity and mortality
attributable to these devices, important clinical problems
remain, including the need for general anesthesia, systemic
inflammation associated with an open surgical procedure, and
the often prolonged delay associated with operating room
activation. To address these issues while still maintaining the
ability to provide adequate circulatory support, PVADs were
developed.

PVADs: Principles and Devices
An ideal PVAD should have the following characteristics: the
ability to be implanted rapidly and easily via a percutaneous
approach; effective and reliable circulatory support (flow) to
adequately unload the impaired ventricle(s), to maintain
systemic perfusion pressure, and to reverse end-organ dys-
function (even in the setting of increased systemic vascular
resistance); easy, uncomplicated operation after insertion; and

Table 1. Common Causes of Cardiogenic Shock

MI without mechanical complications

MI with mechanical complications (ventricular septal rupture or papillary
muscle/chordal rupture)

Acute decompensation of chronic heart failure

Acute myocarditis

Postcardiotomy

Takotsubo/stress-induced cardiomyopathy

Peripartum cardiomyopathy

Refractory arrhythmias

Cardiac tamponade

Massive pulmonary embolism

Acute rejection after orthotopic heart transplantation

Hypertrophic cardiomyopathy with severe outflow obstruction.

Aortic dissection complicated by acute severe aortic insufficiency and/or MI

MI indicates myocardial infarction.

Figure 1. Clinical spectrum of cardiogenic shock. IABP indi-
cates intra-aortic balloon pressure; ECMO, extracorporeal
membrane oxygenation. Adapted from Samuels et al5 with
permission from the publisher. Copyright © 1999, John Wiley
& Sons Inc.
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function, catecholamine doses, or length of intensive care unit treat-
ment. In addition, no subgroups could be identified with a potential
advantage of IABP support.7 The 12-month follow-up analysis con-
firmed these negative findings with a mortality of 52% in the IABP
vs. 51% in the control group (P ¼ 0.91).10

Since IABP support has been in place for nearly five decades, the
negative results of IABP-SHOCK II triggered some discussions. The
sample size calculation was based on the assumption of a higher
mortality in the control group. However, the mortality was lower
than anticipated and marginally lower in comparison to other previ-
ous trials in CS despite similar baseline characteristics.14,48 Further-
more, as in all negative trials, a type II error cannot be definitely
excluded. A certain cross-over rate might also have influenced the
results. However, the lack of benefit for any of the investigated sec-
ondary study endpoints, the neutral results in all subgroup analyses,
the lack of benefit at 12-month follow-up and in the as-treated ana-
lysis argue against any clinically meaningful IABP effect.10 Further-
more, it has been criticized that timing of IABP insertion was left to
the discretion of the operator resulting in IABP insertion pre-PCI in
only 13.4%.7 However, data on timing of IABP insertion derived
from small registries in CS are limited and conflicting with more
data even showing harm than benefit by IABP insertion before
PCI.49,50 Furthermore, a randomized trial of IABP insertion prior to
PCI in high-risk anterior infarction patients without CS resulted in
no effect on infarct size.51

Consequently, the results of IABP-SHOCK II influenced recent
ESC revascularization guidelines with a further downgrading of the
IABP with a new class IIIA recommendation for the routine use in
CS.16 There is currentlyonly the indication for IABPuse in mechanical
complications with a IIaC recommendation.16

Percutaneous left-ventricular assist devices
Currently available devices include the TandemHeartTM (Cardiac
Assist, Inc, Pittsburgh, USA) and the microaxial Impellaw 2.5, 5.0,
and CP systems (Abiomed Europe, Aachen,Germany). Furthermore,
there is the newly available paracorporeal pulsatile device iVAC 2Lw

(PulseCath BV, The Netherlands). It is introduced percutaneously
through the femoral artery and can provide a pulsatile support of
!2 L/min using an extracorporeal membrane pump via a 17 F
cannula. When the heart is in the systolic phase, blood is aspirated
from the left ventricle through the catheter lumen into the mem-
brane pump. During the diastolic phase, the pump ejects the blood
back through the catheter, subsequently opening the catheter valve
and delivering the blood to the ascending aorta through the side
outflow port, thereby creating an ‘extra heart beat’. The device dir-
ectly unloads the ventricle by active aspiration and simultaneously
creates a counter pulsating flow in the ascending aorta.

The mode of action of different devices has been described pre-
viously.6,43,44 Figure 2 shows the different devices andTable2 provides
an updated overview of technical features and left-ventricular
unloading properties. With respect to evidence, since the publishing
of a meta-analysis in 2009 reporting the results of the only three
randomized trials comparing percutaneous LVADs (two trials
TandemHeartTM; one Impellaw 2.5) vs. IABP, no additional rando-
mized trials have been performed.35 Patients treated with active
LVADs demonstrated higher cardiac index, higher mean arterial
pressure, and lower pulmonary capillary wedge pressure. On the

other hand, bleeding complications and inflammation were more fre-
quent with LVAD therapy with no difference in 30-day mortality
(Figure 1).35 Recent observational studies with the Impellaw device
have suggested some benefit with this device in CS. In a cross-over
evaluation among patients with refractory CS, patients who were
upgraded to Impella 5.0 from 2.5 had a trend to better survival at
discharge.52 In the USpella registry, patients directly treated with
Impella prior to PCI in CS had an overall better survival at hospital
discharge compared with those treated after PCI, even when adjust-
ing for potential confounding variables.53 For the iVAC system, no
trials are available.

Extracorporeal life-support systems
Integral features of extracorporeal life support (ECLS) systems
or previously called extracorporeal membrane oxygenators are
the blood pump, the heat exchanger, and an oxygenator.54 Main
drawbacks of these devices are large cannula sizes potentially
causing lower limb ischaemia and bleeding complications, frequent
requirement of perfusionists, lack of direct left-ventricular unloading,
rise in afterload, and a limited support time. Furthermore, complica-
tions are substantial with lower extremity ischaemia (16.9%), com-
partment syndrome (10.3%), amputation (4.7%), stroke (5.9%),
major bleeding (40.8%), and significant infection (30.4%) as shown
in a recent meta-analysis of 1866 CS patients.36 Complication rates
may be lowered by greater experience in percutaneous implantation
and by obligatory insertion of an antegrade perfusion cannula. Advan-
tages are the low costs in comparison to other percutaneous LVADs
and the high flow (Table 2). There is limited experience in CS for
percutaneous use for venoarterial ECLS with one single-centre, non-
randomized retrospective analysis showing improved survival rates
with ECLS in comparison to historical control.55 In a more recent pro-
spective report, in-hospital mortality of ECLS patients was as high as
63.2%. The elderly patient group of .62 years and those with cardio-
pulmonary resuscitation were even characterized by a mortality of
100% questioning the unselective use of ECLS.56

Figure 3 Considerations on use of mechanical support for
multiorgan system dysfunction prevention and therapy.
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(Figure 18; eSlides 180, 197, and 207), all are associated
with increased mortality risk at different follow-up times.
Multivariable analysis is based on data registered not at
device implant but at the time of transplant, when organ
failure (affecting the multivariable model) has often been
reversed.8 Device patients may still have more underlying
morbidity and risk at the time of transplant; nevertheless,
the model may not account for it. The effect of MCS
on transplant candidacy and survival on the waiting list
also need to be considered, and this Report alone should

not guide decisions regarding pre-transplant MCS implan-
tation.

The presented risk profiles also shed light on recent
trends in survival. Univariable analysis (Figure 10) showed
early survival improved up until the early 2000s but has
remained unchanged thereafter. The 1-year multivariable
analysis showed more recent transplantation, in 2011 to
2012, was associated with lower risk compared with 2007
(Figure 18, Table 5). Recipients with increasingly higher
risk are being transplanted (e.g., age and comorbidity), and

Table 5 Risk Factors for Mortality for Adult Heart Transplants

Model Variable No. HR 95% CI p-value

1 year mortality, n ¼ 10,739
(Jan 2007–June 2012)a

RVAD 22 3.26 1.60–6.65 0.0012

Temporary circulatory supportb 173 2.31 1.70–3.15 o.0001
Ventilator 322 2.03 1.59–2.61 o.0001
Chronic pulsatile flow BiVAD 254 1.99 1.45–2.73 o.0001
Recipient history of dialysis 278 1.90 1.49–2.44 o.0001
Total artificial heart 113 1.77 1.14–2.74 0.0104
Diagnosis: congenital vs CM 276 1.66 1.18–2.32 0.0034
Previous transplant 336 1.57 1.19–2.08 0.0016
Chronic continuous-flow LVAD 2,351 1.44 1.21–1.73 o.0001
Transplant year: 2007 vs 2011/2012 1,911 1.28 1.07–1.53 0.0081
Previous transfusion 2,476 1.27 1.10–1.47 0.0010
Male recipient/female donor vs male
recipient/male donor

1,598 1.27 1.08–1.50 0.0039

Transplant year: 2008 vs 2011/2012 1,829 1.26 1.05–1.51 0.0136
IV drug therapy for recipient infection 1,093 1.24 1.04–1.47 0.0162
Diagnosis: CAD vs CM 4,206 1.17 1.02–1.34 0.0278
Not hospitalized just before transplant 5,914 0.80 0.70–0.91 0.0010

10 year mortality, n ¼ 11,641
(Jan 1998–June 2003)c

ECMO at time of transplant 28 1.74 1.09–2.79 0.0212

Ventilator at time of transplant 374 1.62 1.40–1.87 o.0001
Diagnosis: not CMd vs CM 86 1.61 1.16–2.24 0.0044
Recipient history of dialysis 308 1.46 1.25–1.71 o.0001
Previous transplant 302 1.34 1.12–1.59 0.0010
Prior pregnancy 1,648 1.30 1.18–1.43 o.0001
Recipient history of diabetes 2,132 1.28 1.19–1.38 o.0001
Diagnosis: congenital vs CM 250 1.24 1.00–1.53 0.0463
Prior cerebrovascular event 666 1.20 1.07–1.34 0.0019
Year of transplant: 1998 vs 2002/2003 2,170 1.19 1.09–1.30 o.0001
PRA Z 20% 594 1.19 1.05–1.34 0.0063
Diagnosis: coronary artery disease vs CM 5,627 1.18 1.11–1.26 o.0001
Year of transplant: 1999 vs 2002/2003 2,037 1.16 1.06–1.27 0.0011
Year of transplant: 2000 vs 2002/2003 2,141 1.15 1.05–1.25 0.0022
On VAD at time of transplant 1,957 1.10 1.02–1.19 0.0176
Donor history of hypertension 1,329 1.10 1.00–1.20 0.0455
Male recipient/female donor vs male recipient/male donor 2,180 1.09 1.00–1.18 0.0374
Not hospitalized at transplant 5,142 0.92 0.86–0.97 0.0054
Defibrillator before transplant 3,491 0.91 0.85–0.97 0.0032
0-4 HLA mismatches (A þ B þ DR) vs 5-6 3,846 0.88 0.83–0.94 o.0001

BiVAD, biventricular assist device; CAD, coronary artery disease; CI, confidence interval; CM, cardiomyopathy; ECMO, extracorporeal membrane
oxygenation; HLA, human leukocyte antigen; HR, hazard ratio; LVAD, left ventricular assist device; PRA, panel reactive antibody; RVAD, right ventricular
assist device; VAD, ventricular assist device.

aThe following continuous variables were associated with increased or decreased risk of mortality: recipient age, recipient height, donor age, transplant
center volume, ischemia time, recipient pre-transplant bilirubin, and recipient pre-transplant creatinine.

bTemporary circulatory support includes extracorporeal membrane oxygenation and temporary pulsatile-flow devices.
cCoronary artery disease, congenital heart disease, valvular disease, retransplantation.
dThe following continuous variables were associated with increased or decreased risk of mortality: recipient age, recipient weight, donor age, donor

weight, transplant center volume, ischemia time, recipient pre-transplant bilirubin, and recipient pre-transplant creatinine.
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The overall freedom from pump exchange for thrombosis
and other device malfunction or infection was 96% at
12 months in the first era (Figure 16), compared with 91% in
the second era (po 0001). This difference likely relates to a
slight increase in pump exchange for thrombosis in the
recent era.7

Quality of life

The quality-of-life indicators out to 24 months post-implant
are compared for the two eras using the EQ-5D Visual

Analog Scale (Figure 17), self-care (Figure 18) and usual
activities (Figure 19) dimensions. The quality-of-life im-
provements at 12 and 24 months have remained consistent
over the past 6 years.

Survival impact of multiple pump replacements

The unusual need for pump exchange has a clearly
detrimental effect on patient survival (Figure 20). One-
year survival after the original continuous-flow implant
is now about 80%, but about 65% after a second implant

Table 6 Adult Primary Continuous-flow LVAD and BiVAD Implants: June 2006 to December 2013 (N ¼ 9,372)

Early hazard Late hazard

Risk factors for death Hazard ratio p-value Hazard ratio p-value

Demographics
Age (older) 1.36 o0.0001
Female 1.20 0.007
BMI (higher) 1.13 o0.0001
Clinical status
History of stroke 1.30 0.03
INTERMACS Level 1 1.69 o0.0001
INTERMACS Level 2 1.44 o0.0001
Destination therapy 1.24 0.0005
Non-cardiac systems
Albumin (lower) 0.90 0.02
Creatinine (higher) 1.05 0.0003
Dialysis 2.37 o0.0001
BUN (higher) 1.06 o0.0001 1.06 0.01
Right heart dysfunction
Right atrial pressure (higher) 1.11 0.02
RVAD in same operation 2.45 o0.0001
Bilirubin (higher) 1.21 o0.0001
Ascites 1.27 0.01
Surgical complexities
History of cardiac surgery 1.43 o0.0001
Concomitant cardiac surgery 1.21 0.0008

BiVAD, biventricular assist device; BMI, body mass index; BTT, bridge to transplant; BUN, blood urea nitrogen; DT, destination therapy; LVAD, left
ventricular assist device; RVAD, right ventricular assist device.

Continuous Flow LVAD/BiVAD Implants: 2008 – 2013, n = 9372
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Event:  Death (censored at transplant and recovery)

Months post implant

Figure 11 Actuarial survival for primary continuous-flow
devices, stratified by age at implant. Depiction is as shown in
Figure 9.

Continuous Flow LVAD/BiVAD Implants: 2008 – 2013, n = 9372
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Level 2: n=3601
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Event:  Death (censored at transplant and recovery)
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Figure 12 Actuarial survival for primary continuous-flow
devices, stratified by INTERMACS level at implant. Depiction is
as shown in Figure 9.
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min) bypass in 40.9% and ECLS only in 59.1%. 31.8% of patients
were weaned from ECLS in the operating room. In the remaining
68.2% of patients, ECLS was continued for another 4 ± 6 days to
support right ventricular and or pulmonary function [17]. No
patient needed a permanent right VAD except 1 patient who
received a BiVAD at the initial operation. Additional procedures
(aortic valve replacement 4.5% and tricuspid valve repair 9.1%)
were performed in 27.3% of the patients, and delayed sternal
closure in 4.5%.

Post-VAD outcomes. In-hospital stay was 73 ± 46 days after
initial ECLS insertion. Bleeding requiring surgical revision occurred
in 4 (18.2%) patients on postoperative day (POD) 10 or 13,
including 3 pericardial and 1 retroperitoneal haematoma. The
mean support time was 221 ± 181 days. After a follow-up period
of 1 year, 16 (72.7%) were still on device, 3 (13.6%) had been
successfully transplanted and 3 patients (13.6%) were died.
Reasons for death were acute myocardial re-infarction (POD 11),
multiorgan dysfunction syndrome (POD 100) and pump
thrombosis with consecutive endothelial infarction (POD 135).
Details of the post-VAD outcomes are given in Table 3.

Thirty-day and in-hospital mortality were 4.5 (n = 1) and 9.1%
(n = 2), respectively. The 1-year survival within this high-risk
patient population was 86.4% (n = 19) and is depicted in Fig. 1.

DISCUSSION

Despite the continuous improvement in devices and medical
care, INTERMACS Level I patients in RCS have the highest early
mortality after implantation of a permanent VAD. In the present
study, we evaluate the success of a bridge-to-bridge strategy for
INTERMACS Level I patients in RCS, consisting of ECLS implant-
ation for haemodynamic stabilization and deferring permanent
VAD implantation to patient stabilization and end-organ recovery.

RCS has a dismal prognosis with early mortality rates ranging
from 40 to 80% [17, 18]. The introduction of VAD and total artificial

hearts has opened up a promising therapy option for patients in
RCS, given the ability of these devices to normalize cardiac
output. Nevertheless, even if this expensive therapy option is per-
formed promptly, in experienced centres mortality rates remain
extensive compared with stable patients undergoing VAD implant-
ation, reaching up to 28.6% in recent years [3, 4]. It has been
emphasized that the beneficial effect of VAD implantation is out-
weighed by the exposure of patients in cardiogenic shock with
high vasopressor support and acute end-organ damage to a sig-
nificant surgical trauma and cardiopulmonary bypass [19].
Furthermore, a certain proportion of patients in cardiogenic shock
undergo cardiopulmonary resuscitation prior to arrival at the VAD
centre, prohibiting immediate VAD implantation due to question-
able neurological outcomes.

Table 3: Post-ventricular assist device outcomes

In-hospital stay (days, mean ± SD) 73 ± 46
Intensive care unit stay (days, mean ± SD) 30 ± 25
Intermittend haemofiltration, n (%) 10 (45.5)

Duration (days, mean ± SD) 3 ± 5
Duration of intubation (days, mean ± SD) 11 ± 7
Major bleeding, n (%)

Pericardial 3 (13.6)
Retroperitoneal 1 (4.5)

Duration of VAD support (days, mean ± SD) 221 ± 181
Mortality, n (%)

Thirty-day mortality 1 (4.5)
In-hospital mortality 2 (9.1)
One-year survival 19 (86.4)

Causes of death, n (%)
Myocardial reinfarction 1 (4.5)
Multiorgan dysfunction syndrome 1 (4.5)
Pump thrombosis 1 (4.5)

VAD: ventricular assist device; SD: standard deviation.

Table 2: Clinical parameters before extracorporeal life support and before ventricular assist device

Before ECLS Before VAD P-value

Creatinine (mg/dl) 1.86 ± 0.91 1.32 ± 0.52 0.02
MDRD-GFR (ml/min/1.78 m2) 48.73 ± 26.64 66.26 ± 28.33 0.01
Bilirubin (mg/dl) 2.03 ± 1.30 3.08 ± 2.13 0.05
Aspartate aminotransferase (U/l) 1426 ± 2176 277 ± 259 0.04
Alanine aminotransferase (U/l) 982 ± 1466 357 ± 447 0.04
MELD-XI score (pts) 18.43 ± 7.72 16.08 ± 8.59 0.05
FiO2 (%) 52 ± 18 26 ± 23 <0.01
Positive end-expiratory pressure (mbar) 7 ± 3 5 ± 4 0.02
Peak inspired pressure (mbar) 21 ± 4 17 ± 4 0.01
Noradrenaline (μg/kg/min) 0.408 ± 0.355 0.056 ± 0.097 <0.01
Levosimendan (μg/kg/min) 0.056 ± 0.085 0.010 ± 0.032 0.06
Dobutamine (μg/kg/min) 4.362 ± 5.268 0.056 ± 0.097 0.06
Haemoglobin (mg/dl) 11.1 ± 2.0 9.6 ± 0.9 <0.01
Platelets (×109) 166 ± 111 69 ± 47 <0.01
C-reactive protein (mg/dl) 11.29 ± 9.45 13.21 ± 6.80 0.80
Leucocytes (×109) 14.0 ± 7.9 11.1 ± 3.5 0.21

Unless otherwise indicated, data expressed as mean ± SD.
MDRD-GFR: Modification of Diet in Renal Disease—Glomerular Filtration Rate; MELD-XI: Model for End-stage Liver Disease—excluding INR; FiO2: fraction of
inspired oxygen; ECLS: extracorporeal life support; VAD: ventricular assist device.

J. Riebandt et al. / European Journal of Cardio-Thoracic Surgery4
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preoperative MCS may adversely impact post-transplant 
outcomes, with controversial results.12,19,20 Notwithstanding 
this, outcomes of patients with profiles 1 and 2 who under-
went emergency HT in our cohort were inferior to those of 
patients undergoing VAD implantation as a bridge to HT in 
the INTERMACS registry.17 Moreover, in a recent single-
center study, patients with profiles 1 and 2 who underwent 
VAD implantation as a bridge to HT had a significantly higher 
survival than those primarily listed for emergency HT.21

In Spain, the use of MCS as a bridge to HT has been his-
torically very infrequent, and almost restricted to temporary 
devices. Currently, this reality is changing, both in view of the 
unsatisfactory results of the previous strategy and also condi-
tioned by a new scenario of increasing scarcity of donors and 
waiting list times.3 As of 2010, after the end of the present study, 
a new policy for donor heart allocation has been approved in 
our country. Since then, the highest waiting list priority level 

(ONT status 0) is reserved only for HT candidates supported 
on a temporary MCS device or for those experiencing severe 
complications of a long-term implantable VAD, such as infec-
tion, embolism, or mechanical dysfunction. In recent years, 
Spanish multicenter registries have shown a steady increase 
in the number of temporary MCS devices implanted3 and HT 
performed in temporarily supported candidates nationwide,22 
although the implantation of long-term durable VADs remains 
as almost anecdotic. Therefore, the extension of the use of 
long-term durable VADs emerges as a major challenge for 
Spanish healthcare authorities in the future years.

Our study has several limitations. Because of its observa-
tional, retrospective, nonrandomized design, information, 
selection and confusion biases may not be ruled out com-
pletely. Also, given the peculiarities of our organ procurement 
and allocation system, results may not be reproducible in other 
countries, therefore, external validity is not warranted. Finally, 

Figure 4. Long-term survival after heart transplanta-
tion. A, Entire cohort. B, Patients discharged alive 
from hospital after heart transplantation. INTER-
MACS indicates Interagency Registry for Mechani-
cally Assisted Circulatory Support.
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The overall freedom from pump exchange for thrombosis
and other device malfunction or infection was 96% at
12 months in the first era (Figure 16), compared with 91% in
the second era (po 0001). This difference likely relates to a
slight increase in pump exchange for thrombosis in the
recent era.7

Quality of life

The quality-of-life indicators out to 24 months post-implant
are compared for the two eras using the EQ-5D Visual

Analog Scale (Figure 17), self-care (Figure 18) and usual
activities (Figure 19) dimensions. The quality-of-life im-
provements at 12 and 24 months have remained consistent
over the past 6 years.

Survival impact of multiple pump replacements

The unusual need for pump exchange has a clearly
detrimental effect on patient survival (Figure 20). One-
year survival after the original continuous-flow implant
is now about 80%, but about 65% after a second implant

Table 6 Adult Primary Continuous-flow LVAD and BiVAD Implants: June 2006 to December 2013 (N ¼ 9,372)

Early hazard Late hazard

Risk factors for death Hazard ratio p-value Hazard ratio p-value

Demographics
Age (older) 1.36 o0.0001
Female 1.20 0.007
BMI (higher) 1.13 o0.0001
Clinical status
History of stroke 1.30 0.03
INTERMACS Level 1 1.69 o0.0001
INTERMACS Level 2 1.44 o0.0001
Destination therapy 1.24 0.0005
Non-cardiac systems
Albumin (lower) 0.90 0.02
Creatinine (higher) 1.05 0.0003
Dialysis 2.37 o0.0001
BUN (higher) 1.06 o0.0001 1.06 0.01
Right heart dysfunction
Right atrial pressure (higher) 1.11 0.02
RVAD in same operation 2.45 o0.0001
Bilirubin (higher) 1.21 o0.0001
Ascites 1.27 0.01
Surgical complexities
History of cardiac surgery 1.43 o0.0001
Concomitant cardiac surgery 1.21 0.0008

BiVAD, biventricular assist device; BMI, body mass index; BTT, bridge to transplant; BUN, blood urea nitrogen; DT, destination therapy; LVAD, left
ventricular assist device; RVAD, right ventricular assist device.

Continuous Flow LVAD/BiVAD Implants: 2008 – 2013, n = 9372
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Figure 11 Actuarial survival for primary continuous-flow
devices, stratified by age at implant. Depiction is as shown in
Figure 9.

Continuous Flow LVAD/BiVAD Implants: 2008 – 2013, n = 9372

Levels 4-7, n=1789
Deaths=405

al

Level 1: n=1391
Deaths=381

%
 S

ur
vi

va

Level 2: n=3601
Deaths=942

Level 3: n=2591
Deaths=544

% Deaths 942

P < .0001

Event:  Death (censored at transplant and recovery)

Months post implant

Figure 12 Actuarial survival for primary continuous-flow
devices, stratified by INTERMACS level at implant. Depiction is
as shown in Figure 9.
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and 50% after a third implant. Thus, solutions to prevent
pump malfunction and pump thrombosis are of great
importance.

Time-related causes of mortality

The time-related risks for the major causes of death are
depicted in Figure 21. During the early phase, the risk of
multi-system organ failure mortality persists out to about
4 months before it merges with a constant hazard. After the
first 3 months, neurologic causes of death have the greatest
risk during the remainder of the first year. When extended
out to 4 to 5 years, the gradually increasing late hazard for
death from infection and multi-system organ failure is
apparent (Figure 22).

Medical therapy

The medical arm of INTERMACS (MEDAMACS) was
launched in January 2013. Data were collected on 70
patients in 12 hospitals, focusing on INTERMACS Levels
4 to 7, as depicted in Table 9. MEDAMACS tracks these
patients and their changing profiles over time to assess
survival, function, quality of life and eventual consideration
of VAD for ambulatory heart failure in those considered
“less sick” on recommended medical therapies.

Table 7 CF-LVAD/BiVAD Implants: January 2008 to December 2013 (N ¼ 9,372)

Patient profile at time of implant

Implant date era

Total2008–2010 2011–2013

n % n % n %

1 Critical cardiogenic shock 464 16.0% 927 14.3% 1,391 14.8%
2 Progressive decline 1,250 43.0% 2,351 36.4% 3,601 38.4%
3 Stable but inotrope-dependent 659 22.7% 1,932 29.9% 2,591 27.7%
4 Resting symptoms 370 12.7% 941 14.6% 1,311 14.0%
5 Exertion-intolerant 84 2.9% 192 3.0% 276 2.9%
6 Exertion-limited 49 1.7% 79 1.4% 129 1.4%
7 Advanced NYHA Class 3 30 1.0% 43 1.0% 73 1.0%
Total 2,906 100.0% 6,465 100.0% 9,371 100.0%

CF, continuous flow; NYHA, New York Heart Association.

Continuous Flow LVAD/BiVAD Implants: 2008 – 2013 n = 9372

BTR, n= 46
Deaths= 4
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p < .0001 Other, n= 40
Deaths= 12

Event:  Death (censored at transplant and recovery)

Months post implant

Figure 13 Actuarial survival for primary continuous-flow
devices, stratified by strategy at implant. Depiction is as shown
in Figure 9. BTR, bridge to recovery; DT, destination therapy;
BTT, bridge to transplant; BTC, bridge to candidacy.
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Figure 14 Actuarial survival for primary continuous-flow
devices, stratified by severity of renal dysfunction. Depiction is
as shown in Figure 9. Creat, serum creatinine (mg/dl); BUN, blood
urea nitrogen (mg/dl).

Continuous Flow LVAD/BiVAD Implants: 2008 – 2013 n = 9372

Survival by Right Heart Failure Risk Factors
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Figure 15 Actuarial survival for primary continuous-flow
devices, stratified by severity of right ventricular dysfunction.
Depiction is as shown in Figure 9. RAP, right atrial pressure
(mm Hg); Bilirubin in mg/dl.
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3.-­‐	
  Outcome	
  and	
  DesPnaPon	
  Therapy:	
  	
  
	
  

	
  	
  

state   o f    the   ar t    in   
ADVANCED	
  HEART	
  FAILURE 	
  

C L I N I C A L 	
   P R A C T I C E 	
   AND 	
   O RGAN I Z A T I ONA L 	
  MODE L S 	
  

SESION	
  III:	
  	
  Cardiogenic	
  shock	
  Protocol	
  

Short&term)
MCS)devices

Cardiac)
Recovery

Wean)and)
remove)device

MOD)and)
Neurological)
recovery

Palia=ve)Care

Heart)transplant)
or)

Durable)VADs

Yes No

No

Yes

Advanced	
   Heart-­‐Failure	
   and	
  
Heart	
  Transplant	
  Team:	
  
	
  
Mul>disciplinary	
   evalua>on	
   and	
  
lis>ng	
   pa>ent	
   or	
   	
   durable	
   VAD	
  
inser>on	
  



Conclusions:	
  
	
   	
  	
  

§  Cardiogenic	
  shock	
  mortality	
  remain	
  very	
  high	
  

§  Short-­‐term	
  MCS	
  devices	
  are	
  useful	
  in	
  Refractory	
  CS,	
  but	
  
opPmal	
  Pming	
  and	
  device	
  selecPon	
  are	
  under	
  
invesPgaPon	
  

§  End-­‐organ	
  recovery	
  and	
  improve	
  in	
  clinical	
  profile	
  is	
  
associated	
  with	
  berer	
  prognosis	
  

§  Heart	
  Team:	
  healthcare	
  providers	
  have	
  to	
  cooperate	
  to	
  
improve	
  survival	
  of	
  CS	
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