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treatment of acute and chronic heart failure
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bradycardia/conduction disturbance, acute mechanical cause under-
lying AHF or acute pulmonary embolism.

Clinical classification can be based on bedside physical examination
in order to detect the presence of clinical symptoms/signs of conges-
tion (‘wet’ vs. ‘dry’ if present vs. absent) and/or peripheral hypoperfu-
sion (‘cold’ vs. ‘warm’ if present vs. absent) (Figure 12.1).514,515 The
combination of these options identifies four groups: warm and wet
(well perfused and congested) —most commonly present; cold and
wet (hypoperfused and congested); cold and dry (hypoperfused with-
out congestion); and warm and dry (compensated, well perfused with-
out congestion). This classification may be helpful to guide therapy in
the initial phase and carries prognostic information.510,514,515

Patients with HF complicating AMI can be classified according to
Killip and Kimball13 into class I, no clinical signs of HF; class II, HF with

rales and S3 gallop; class III, with frank acute pulmonary oedema;
class IV, cardiogenic shock, hypotension (SBP ,90 mmHg) and evi-
dence of peripheral vasoconstriction such as oliguria, cyanosis and
diaphoresis.

Definitions of the terms used in this section related to clinical
presentation of patients with AHF are provided in Table 12.2.

12.2 Diagnosis and initial prognostic
evaluation
The diagnostic workup needs to be started in the pre-hospital set-
ting and continued in the emergency department (ED) in order to
establish the diagnosis in a timely manner and initiate appropriate
management. The greater benefit of early treatment is well estab-
lished in ACS and now needs to be considered in the setting of

Figure 12.1 Clinical profiles of patients with acute heart failure based on the presence/absence of congestion and/or hypoperfusion
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valve lesions.493,494 A recent first report indicated that catheter-
based interventions may be possible for TR.508

12. Acute heart failure

12.1 Definition and classification
AHF refers to rapid onset or worsening of symptoms and/or signs
of HF. It is a life-threatening medical condition requiring urgent
evaluation and treatment, typically leading to urgent hospital
admission.

AHF may present as a first occurrence (de novo) or, more fre-
quently, as a consequence of acute decompensation of chronic
HF, and may be caused by primary cardiac dysfunction or precipi-
tated by extrinsic factors, often in patients with chronic HF. Acute
myocardial dysfunction (ischaemic, inflammatory or toxic), acute
valve insufficiency or pericardial tamponade are among the most
frequent acute primary cardiac causes of AHF. Decompensation
of chronic HF can occur without known precipitant factors, but
more often with one or more factors, such as infection, uncon-
trolled hypertension, rhythm disturbances or non-adherence with
drugs/diet (Table 12.1).

A large number of overlapping classifications of AHF based on dif-
ferent criteria have been proposed.510 – 513 In practice the most use-
ful classifications are those based on clinical presentation at
admission, allowing clinicians to identify patients at high risk of com-
plications and to direct management at specific targets, which cre-
ates a pathway for personalized care in the AHF setting. In most
cases, patients with AHF present with either preserved (90–140
mmHg) or elevated (.140 mmHg; hypertensive AHF) systolic
blood pressure (SBP). Only 5–8% of all patients present with
low SBP (i.e. ,90 mmHg; hypotensive AHF), which is associated
with poor prognosis, particularly when hypoperfusion is also
present.514,515

Another approach is to classify patients according to the presence
of the following precipitants/causes leading to decompensation,
which need to be treated/corrected urgently (see Section 12.3.1):
ACS, hypertensive emergency, rapid arrhythmias or severe

Recommendations for treatment of valvular diseases in patients with heart failure

Recommendations Class a Level b Ref c

2, LVEF <40%, mean 
pressure gradient <40 mmHg), low-dose dobutamine stress echocardiography should be considered to identify those with severe 
aortic stenosis suitable for valve replacement.

IIa C

TAVI is recommended in patients with severe aortic stenosis who are not suitable for surgery as assessed by a ‘heart team’ 
and have predicted post-TAVI survival >1 year. I B 495, 496, 

509

TAVI should be considered in high-risk patients with severe aortic stenosis who may still be suitable for surgery, but in whom TAVI is IIa A 497, 498

In patients with severe aortic regurgitation, aortic valve repair or replacement is recommended in all symptomatic patients and 
in asymptomatic patients with resting LVEF ≤ I C 317

Evidence-based medical therapy in patients with HFrEF is recommended in order to reduce functional mitral regurgitation. I C

Combined surgery of secondary mitral regurgitation and coronary artery bypass grafting should be considered in symptomatic 
patients with LV systolic dysfunction (LVEF <30%), requiring coronary revascularization for angina recalcitrant to medical therapy. IIa C

Isolated surgery of non-ischaemic regurgitant mitral valve in patients with severe functional mitral regurgitation and severe LV systolic 
dysfunction (LVEF <30%) may be considered in selected patients in order to avoid or postpone transplantation. IIb C

HFrEF ¼ heart failure with reduced ejection fraction; LV ¼ left ventricular; LVEF ¼ left ventricular ejection fraction; TAVI ¼ transaortic valve implantation.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

Table 12.1 Factors triggering acute heart failure

Acute coronary syndrome.

Excessive rise in blood pressure.

Infection (e.g. pneumonia, infective endocarditis, sepsis).

Bradyarrhythmia.

Toxic substances (alcohol, recreational drugs).

Drugs (e.g. NSAIDs, corticosteroids, negative inotropic substances, 
cardiotoxic chemotherapeutics).

Exacerbation of chronic obstructive pulmonary disease.

Pulmonary embolism.

Surgery and perioperative complications. 

Increased sympathetic drive, stress-related cardiomyopathy.

Metabolic/hormonal derangements (e.g. thyroid dysfunction, diabetic 
ketosis, adrenal dysfunction, pregnancy and peripartum related 
abnormalities).

Cerebrovascular insult.

Acute mechanical cause: myocardial rupture complicating ACS (free wall 
rupture, ventricular septal defect, acute mitral regurgitation), chest trauma 
or cardiac intervention, acute native or prosthetic valve incompetence 
secondary to endocarditis, aortic dissection or thrombosis.

ACS ¼ acute coronary syndromes; NSAIDs ¼ non-steroidal anti-inflammatory
drugs.
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12.3.4 Management of patients with cardiogenic shock
Cardiogenic shock is defined as hypotension (SBP ,90 mmHg) des-
pite adequate filling status with signs of hypoperfusion (Table 12.2).
The pathogenetic scenarios of cardiogenic shock range from low-
output advanced end-stage chronic HF to acute-onset de novo
cardiogenic shock most often caused by STEMI, but also by various
aetiologies other than ACS. A patient in cardiogenic shock should
undergo immediate comprehensive assessment. ECG and echocar-
diography are required immediately in all patients with suspected
cardiogenic shock. In patients with cardiogenic shock complicating
ACS, an immediate coronary angiography is recommended (within
2 h from hospital admission) with an intent to perform coronary
revascularization.114,535 Invasive monitoring with an arterial line
should be also considered.

There is no agreement on the optimal method of haemodynamic
monitoring in assessing and treating patients in cardiogenic shock,
including pulmonary artery catheterization.

Pharmacologic therapy aims to improve organ perfusion by increas-
ing cardiac output and blood pressure. After fluid challenge, pharmaco-
logic management consists of an inotropic agent and a vasopressor as
needed. Treatment is guided by the continuous monitoring of organ
perfusion and haemodynamics. Pulmonary artery catheterization may
be considered. As a vasopressor, norepinephrine is recommended
when mean arterial pressure needs pharmacologic support. Dobuta-
mine is the most commonly used adrenergic inotrope. Levosimendan
may also be used in combination with a vasopressor.582,583 Levosimen-
dan infusion in cardiogenic shock following AMI on top of dobutamine
and norepinephrine improved cardiovascular haemodynamics without
leading to hypotension.582,583 PDE3 inhibitors may be another option,
especially in non-ischaemic patients.561,584

However, rather than combining several inotropes, device therapy has
to be considered when there is an inadequate response. Recently the
IABP-SHOCK II trial showed that the use of an IABP did not improve
outcomes in patients suffering from AMI and cardiogenic shock.585,586

Therefore, routine use of an IABP cannot be recommended.

12.4 Management of evidence-based oral
therapies

Recommendations regarding oral evidence-based
disease-modifying therapies in patients with acute heart
failure

Recommendations Class a Level b

In case of worsening of chronic HFrEF, every 
attempt should be made to continue evidence-
based, disease-modifying therapies, in the 
absence of haemodynamic instability or contra-
indications.

I C

In the case of de novo HFrEF, every attempt 
should be made to initiate these therapies after 
haemodynamic stabilization.

I C

AHF ¼ acute heart failure; HFrEF ¼ heart failure with reduced ejection
fraction.
aClass of recommendation.
bLevel of evidence.

Oral disease-modifying HF therapy should be continued on ad-
mission with AHF, except in the presence of haemodynamic in-
stability (symptomatic hypotension, hypoperfusion, bradycardia),
hyperkalaemia or severely impaired renal function. In these cases,
the daily dosage of oral therapy may be reduced or stopped tem-
porarily until the patient is stabilized. In particular, beta-blockers
can be safely continued during AHF presentations except in car-
diogenic shock. A recent meta-analysis demonstrated that discon-
tinuation of beta-blockers in patients hospitalized with AHF was
associated with significantly increased in-hospital mortality, short-
term mortality and the combined endpoint of short-term rehos-
pitalization or mortality.587

Recommendations regarding management of patients with cardiogenic shock

Recommendations Class a Level b Ref c

In all patients with suspected cardiogenic shock, immediate ECG and echocardiography are recommended. I C

All patients with cardiogenic shock should be rapidly transferred to a tertiary care center which has a 24/7 service of cardiac 
catheterization, and a dedicated ICU/CCU with availability of short-term mechanical circulatory support. I C

In patients with cardiogenic shock complicating ACS an immediate coronary angiography is recommended (within 2 hours 
from hospital admission) with an intent to perform coronary revascularization. I C

Continous ECG and blood pressure monitoring are recommended. I C

Invasive monitoring with an arterial line is recommended. I C

I C

Intravenous inotropic agents (dobutamine) may be considered to increase cardiac output. IIb C

Vasopressors (norepinephrine preferable over dopamine) may be considered if there is a need to maintain SBP in the 
presence of persistent hypoperfusion. IIb B 558

IABP is not routinely recommended in cardiogenic shock. III B 585, 586

Short-term mechanical circulatory support may be considered in refractory cardiogenic shock depending on patient age, 
comorbidities and neurological function. IIb C

ACS ¼ acute coronary syndrome; CCU ¼ coronary care unit; ECG ¼ electrocardiogram; IABP ¼ intra-aortic balloon pump; ICU ¼ intensive care unit; SBP ¼ systolic blood
pressure.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.
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or in combination. CS is pragmatically defined as a state 
in which ineffective cardiac output caused by a primary 
cardiac disorder results in both clinical and biochemi-
cal manifestations of inadequate tissue perfusion. The 
clinical presentation is typically characterized by persis-
tent hypotension unresponsive to volume replacement 
and is accompanied by clinical features of end-organ 
hypoperfusion requiring intervention with pharmaco-
logical or mechanical support. Although not mandat-
ed, objective hemodynamic parameters for CS can help 
confirm the diagnosis and enable comparison across 
cohorts and clinical trials. Definitions in clinical practice 
guidelines and operationalized definitions used in the 
SHOCK (Should We Emergently Revascularize Occluded 
Coronaries for Cardiogenic Shock) and IABP-SHOCK II 
(Intraaortic Balloon Pump in Cardiogenic Shock II) trials 
are presented in Table 1.1,9,15

HISTORICAL PERSPECTIVES
Before the routine use of early revascularization, MI-
associated CS had an in-hospital mortality exceeding 
80%. A registry trial of 250 patients with acute MI de-
scribed the association between bedside physical ex-
amination (Killip classification) for the assessment of 
heart failure (HF) and the risk of mortality.16 Patients 
with Killip class IV (CS) had a mortality of 81%. Sub-
sequently, the Diamond and Forrester classification us-
ing right-sided heart catheterization described the role 
of cardiac hemodynamics in stratifying risk after acute 
MI in the prereperfusion era.17 Patients in Diamond 
and Forrester subgroup IV with a pulmonary capillary 
wedge pressure (PCWP) >18 mm Hg and a cardiac in-
dex (CI) <2.2 L·min−1·m−2, indicative of CS, had a mor-
tality of 51%.

Treatment efforts to reduce mortality initially focused 
on improvement of hemodynamic parameters by me-
chanical devices. The intra-aortic balloon pump (IABP), 
introduced in a registry cooperative trial, decreased 
systolic blood pressure (SBP), increased diastolic blood 

pressure, and modestly but significantly increased CI.18 
Nevertheless, mortality remained virtually unchanged, 
with only 15 survivors among 87 patients (83% mortal-
ity).18 The early reperfusion era did not affect outcomes 
for shock complicating acute MI. Fibrinolysis was effec-
tive for patients with ST-segment–elevation MI (STEMI) 
in general, but it is less clear if fibrinolysis reduces mor-
tality in those with CS.19,20

The first major breakthrough in CS treatment was 
achieved by the randomized SHOCK trial. Although an 
early invasive strategy coupled with percutaneous coro-
nary intervention (PCI) or coronary artery bypass graft-
ing (CABG) did not reduce 30-day mortality (the primary 
outcome of the trial), a significant mortality reduction 
emerged at 6 and 12 months that persisted at longer-
term follow-up.9,21,22 Subsequent registries confirmed 
the survival advantage of early revascularization.5,6,8

Further efforts to reduce CS mortality have been di-
rected toward improvements in MCS devices. The larg-
est randomized trial in patients with acute MI compli-
cated by CS did not show a benefit with routine IABP 
placement in addition to revascularization.1 As a result, 
there has been a decrease in the use of IABPs in clinical 
practice and a downgrading in guideline recommenda-
tions.23,24 Recently, other percutaneous MCS devices 
have shown promise in the treatment of CS, but more 
data from randomized clinical trials are needed.25

PATHOPHYSIOLOGY
Our understanding of the complexity and pathophysi-
ology of MI-associated CS in particular has evolved 
over the past 2 decades.2,3,25–27 In general, there is a 
profound depression of myocardial contractility re-
sulting in a potentially deleterious spiral of reduced 
cardiac output, low blood pressure, and further cor-
onary ischemia, followed by additional reductions in 
contractility (Figure 1). This cycle may lead to death. 
This classic paradigm also includes compensatory, al-
though pathological, systemic vasoconstriction that 

Table 1. Pragmatic and Clinical Trial Definitions of CS

Clinical Definition SHOCK Trial9* IABP-SHOCK II1† ESC HF Guidelines15

Cardiac disorder that 
results in both clinical 
and biochemical 
evidence of tissue 
hypoperfusion

Clinical criteria:  
SBP <90 mm Hg for ≥30 min OR  
Support to maintain SBP ≥90 mm Hg  
AND  
End-organ hypoperfusion (urine output 
<30 mL/h or cool extremities)

Hemodynamic criteria: 
CI of ≤2.2 L·min−1·m−2 AND  
PCWP ≥15 mm Hg

Clinical criteria: 
SBP <90 mm Hg for ≥30 min OR  
Catecholamines to maintain SBP >90 mm Hg  
AND  
Clinical pulmonary congestion  
AND  
Impaired end-organ perfusion (altered 
mental status, cold/clammy skin and 
extremities, urine output <30 mL/h, or 
lactate >2.0 mmol/L)

SBP <90 mm Hg with adequate volume 
and clinical or laboratory signs of 
hypoperfusion

Clinical hypoperfusion:  
Cold extremities, oliguria, mental 
confusion, dizziness, narrow pulse pressure

Laboratory hypoperfusion:  
Metabolic acidosis, elevated serum lactate, 
elevated serum creatinine

CI indicates cardiac index; CS, cardiogenic shock; ESC, European Society of Cardiology; HF, heart failure; IABP-SHOCK II, Intraaortic Balloon Pump in Cardiogenic 
Shock II; LV, left ventricular; MI, myocardial infarction; PCWP, pulmonary capillary wedge pressure; SBP, systolic blood pressure; and SHOCK, Should We Emergently 
Revascularize Occluded Coronaries for Cardiogenic Shock.

*In setting of MI complicated by predominantly LV dysfunction.
†In setting of acute MI.
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ABSTRACT: Cardiogenic shock is a high-acuity, potentially complex, 
and hemodynamically diverse state of end-organ hypoperfusion that is 
frequently associated with multisystem organ failure. Despite improving 
survival in recent years, patient morbidity and mortality remain high, and 
there are few evidence-based therapeutic interventions known to clearly 
improve patient outcomes. This scientific statement on cardiogenic shock 
summarizes the epidemiology, pathophysiology, causes, and outcomes 
of cardiogenic shock; reviews contemporary best medical, surgical, 
mechanical circulatory support, and palliative care practices; advocates 
for the development of regionalized systems of care; and outlines future 
research priorities.

Cardiogenic shock (CS) is a low-cardiac-output state resulting in life-threat-
ening end-organ hypoperfusion and hypoxia.1,2 Acute myocardial infarction 
(MI) with left ventricular (LV) dysfunction remains the most frequent cause of 

CS.1,3 Advances in reperfusion therapy have been associated with improvements 
in survival, but significant regional disparities in evidence-based care have been 
reported, and in-hospital mortality remains high (27%–51%).1,4–9 Management 
recommendations are distributed between disease-specific statements and guide-
lines, and a dedicated and comprehensive clinical resource in this area is lacking. 
Thus, consolidating the evidence to define contemporary best medical and surgical 
CS practices for both MI-associated CS and other types of CS may be an important 
step in knowledge translation to help attenuate disparities in evidence-based care.

Regional systems of care coupled with treatment algorithms have improved sur-
vival in high-acuity time-sensitive conditions such as MI, out-of-hospital cardiac arrest 
(OHCA), and trauma.10–12 Applying a similar framework to CS management may lead 
to similar improvements in survival, and CS systems of care are emerging within ex-
isting regional cardiovascular emergency care networks; however, guidance from a 
national expert group on structure and systems of care has not been available.13,14 Ac-
cordingly, the purposes of this American Heart Association (AHA) scientific statement 
on CS are to summarize our contemporary understanding of the epidemiology, patho-
physiology, and in-hospital best care practices into a single clinical resource document; 
to suggest a stepwise management algorithm that integrates medical, surgical, and 
mechanical circulatory support (MCS) therapies; and to propose a Mission: Lifeline–
supported pathway for the development of integrated regionalized CS systems of care.

DEFINITION OF CS
Acute cardiac hemodynamic instability may result from disorders that impair func-
tion of the myocardium, valves, conduction system, or pericardium, either in isolation 
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ABSTRACT: Cardiogenic shock is a high-acuity, potentially complex, 
and hemodynamically diverse state of end-organ hypoperfusion that is 
frequently associated with multisystem organ failure. Despite improving 
survival in recent years, patient morbidity and mortality remain high, and 
there are few evidence-based therapeutic interventions known to clearly 
improve patient outcomes. This scientific statement on cardiogenic shock 
summarizes the epidemiology, pathophysiology, causes, and outcomes 
of cardiogenic shock; reviews contemporary best medical, surgical, 
mechanical circulatory support, and palliative care practices; advocates 
for the development of regionalized systems of care; and outlines future 
research priorities.

Cardiogenic shock (CS) is a low-cardiac-output state resulting in life-threat-
ening end-organ hypoperfusion and hypoxia.1,2 Acute myocardial infarction 
(MI) with left ventricular (LV) dysfunction remains the most frequent cause of 

CS.1,3 Advances in reperfusion therapy have been associated with improvements 
in survival, but significant regional disparities in evidence-based care have been 
reported, and in-hospital mortality remains high (27%–51%).1,4–9 Management 
recommendations are distributed between disease-specific statements and guide-
lines, and a dedicated and comprehensive clinical resource in this area is lacking. 
Thus, consolidating the evidence to define contemporary best medical and surgical 
CS practices for both MI-associated CS and other types of CS may be an important 
step in knowledge translation to help attenuate disparities in evidence-based care.

Regional systems of care coupled with treatment algorithms have improved sur-
vival in high-acuity time-sensitive conditions such as MI, out-of-hospital cardiac arrest 
(OHCA), and trauma.10–12 Applying a similar framework to CS management may lead 
to similar improvements in survival, and CS systems of care are emerging within ex-
isting regional cardiovascular emergency care networks; however, guidance from a 
national expert group on structure and systems of care has not been available.13,14 Ac-
cordingly, the purposes of this American Heart Association (AHA) scientific statement 
on CS are to summarize our contemporary understanding of the epidemiology, patho-
physiology, and in-hospital best care practices into a single clinical resource document; 
to suggest a stepwise management algorithm that integrates medical, surgical, and 
mechanical circulatory support (MCS) therapies; and to propose a Mission: Lifeline–
supported pathway for the development of integrated regionalized CS systems of care.

DEFINITION OF CS
Acute cardiac hemodynamic instability may result from disorders that impair func-
tion of the myocardium, valves, conduction system, or pericardium, either in isolation 
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Thirty-Year Trends (1975 to 2005) in the Magnitude of,
Management of, and Hospital Death Rates Associated

With Cardiogenic Shock in Patients With
Acute Myocardial Infarction

A Population-Based Perspective

Robert J. Goldberg, PhD; Frederick A. Spencer, MD; Joel M. Gore, MD;
Darleen Lessard, MS; Jorge Yarzebski, MD, MPH

Background—Limited information is available about potentially changing and contemporary trends in the incidence and
hospital death rates of cardiogenic shock complicating acute myocardial infarction. The objectives of our study were to
examine 3-decade-long trends (1975 to 2005) in the incidence rates of cardiogenic shock complicating acute myocardial
infarction, patient characteristics and treatment practices associated with this clinical complication, and hospital death
rates in residents of a large central New England community hospitalized with acute myocardial infarction at all area
medical centers.

Methods and Results—The study population consisted of 13 663 residents of the Worcester (Mass) metropolitan area
hospitalized with acute myocardial infarction at all greater Worcester medical centers during 15 annual periods between 1975
and 2005. Overall, 6.6% of patients developed cardiogenic shock during their index hospitalization. The incidence rates of
cardiogenic shock remained stable between 1975 and the late 1990s but declined in an inconsistent manner thereafter. Patients
in whom cardiogenic shock developed had a significantly greater risk of dying during hospitalization (65.4%) than those who
did not develop cardiogenic shock (10.6%) (P!0.001). Encouraging increases in hospital survival in patients with cardiogenic
shock, however, were observed from the mid-1990s to our most recent study years. Several patient demographic and clinical
characteristics were associated with an increased risk for developing cardiogenic shock.

Conclusions—Our findings indicate improving trends in the hospital prognosis associated with cardiogenic shock. Given
the high death rates associated with this clinical complication, monitoring future trends in the incidence and death rates
and the factors associated with an increased risk for developing cardiogenic shock remains warranted. (Circulation.
2009;119:1211-1219.)

Key Words: cardiogenic shock ! epidemiology ! myocardial infarction ! population

Although numerous clinical complications are associated
with the development of acute myocardial infarction

(AMI), none are more potentially devastating or carry a worse
prognosis than cardiogenic shock.1–7

Clinical Perspective p 1219
Despite marked advances in medical treatment, revascular-
ization techniques, and mechanical support during the past 2
decades, cardiogenic shock is still the most common cause of
hospital mortality associated with AMI.7,8 On the other hand,
data obtained from a limited number of recent studies suggest
possible declines in the hospital mortality associated with
cardiogenic shock,5,7,9–13 partially associated with the imple-

mentation of early revascularization therapy based on recent
practice guidelines.14 Few studies, however, have examined
contemporary and changing trends in the magnitude of or
mortality associated with cardiogenic shock, particularly
from the more generalizable perspective of a population-
based investigation.

In 2 prior publications from the Worcester (Mass) Heart
Attack Study, we described changing trends in the magnitude
of and hospital outcomes associated with cardiogenic shock
in residents of this large central New England metropolitan
area hospitalized with AMI at all area medical centers.6,7 In
the present study, we provide an extended 3-decade-long
(1975 to 2005) perspective into changing trends in the
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Aims Despite advances in the management of patients with acute coronary syndrome (ACS), cardiogenic shock (CS)
remains the leading cause of death in these patients. We describe the evolution of clinical characteristics, in-hospital
management, and outcome of patients with CS complicating ACS.
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Methods
and results

We analysed data from five Italian nationwide prospective registries, conducted between 2001 and 2014, including
consecutive patients with ACS. Out of 28 217 ACS patients enrolled, 1209 (4.3%) had CS: 526 (44%) at the time
of admission and 683 (56%) later on during hospitalization. Over the years, a reduction in the incidence of CS was
observed, even though this was not statistically significant (P for trend= 0.17). The proportions of CS patients with a
history of heart failure declined, whereas the proportion of those with hypertension, renal dysfunction, previous PCI,
and AF significantly increased. The use of PCI considerably increased from 2001 to 2014 [19% to 60%; percentage
change 41, 95% confidence interval (CI) 29–51]. In-hospital mortality of CS patients decreased from 68% (95% CI
59–76) in 2001 to 38% (95% CI 29–47) in 2014 (percentage change −30, 95% CI −41 to −18). Compared with
2001, the risk of death was significantly lower in all of the registries, with reductions in adjusted mortality between
45% and 66%.
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Conclusions Over the last 14 years, substantial changes occurred in the clinical characteristics and management of patients with

CS complicating ACS, with a greater use of PCI and a significant reduction in adjusted mortality rate.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Aims Alhough cardiogenic shock (CS) after acute myocardial infarction (AMI) is more common in elderly patients,
information on the epidemiology of these patients is scarce. This study aimed to assess the trends in prevalence,
characteristics, management, and outcomes of elderly patients admitted with CS complicating AMI between 1995
and 2010, using data from the FAST-MI programme.
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Methods
and results

We analysed the incidence and 1-year mortality of CS in four nationwide French surveys carried out 5 years apart
from 1995 to 2010, including consecutive AMI patients over 1-month periods. Among the 10 610 patients, 3389
were aged ≥75 years, of whom 9.9% developed CS. The prevalence of CS decreased in elderly patients from 11.6%
in 1995 to 6.7% in 2010 (P = 0.02). Over the 15-year period, the characteristics of elderly patients with CS changed,
with more diabetes, hypertension, and hypercholesterolaemia. The use of PCI increased markedly in elderly patients
with and without CS, reaching 51% and 59%, respectively, in 2010. In addition, medical therapy also evolved, with
more patients receiving antithrombotic agents, beta-blockers, and statins. Over time, 1-year mortality decreased by
32% among elderly patients with CS but remained high (59% in 2010). ST-segmet elevation myocardial infarction
and previous AMI were independent correlates of increased 1-year death, while study period was associated with
decreased mortality (2010 vs, 1995: hazard ratio 0.40, 95% confidence interval 0.27–0.61, P < 0.001), along with
early use of PCI.
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Conclusion Cardiogenic shock in elderly patients with AMI remains a major clinical concern. However, 1-year mortality declined

in these patients, a decrease potentially mediated by broader use of PCI and the improvement of global patient
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Background-—Cardiogenic shock (CS) is a serious complication of acute myocardial infarction, and the time of onset of CS has a
potential role in influencing its prognosis. Limited contemporary data exist on this complication, however, especially from a
population-based perspective. Our study objectives were to describe decade-long trends in the incidence, in-hospital mortality, and
factors associated with the development of CS in 3 temporal contexts: (1) before hospital arrival for acute myocardial infarction
(prehospital CS); (2) within 24 hours of hospitalization (early CS); and (3) ≥24 hours after hospitalization (late CS).

Methods and Results-—The study population consisted of 5782 patients with an acute myocardial infarction who were admitted to
all 11 hospitals in central Massachusetts on a biennial basis between 2001 and 2011. The overall proportion of patients who
developed CS was 5.2%. The proportion of patients with prehospital CS (1.6%) and late CS (1.5%) remained stable over time,
whereas the proportion of patients with early CS declined from 2.2% in 2001–2003 to 1.2% in 2009–2011. In-hospital mortality for
prehospital CS increased from 38.9% in 2001–2003 to 53.6% in 2009–2011, whereas in-hospital mortality for early and late CS
decreased over time (35.9% and 64.7% in 2001–2003 to 15.8% and 39.1% in 2009–2011, respectively).

Conclusions-—Development of prehospital and in-hospital CS was associated with poor short-term survival and the in-hospital
death rates among those with prehospital CS increased over time. Interventions focused on preventing or treating prehospital and
late CS are needed to improve in-hospital survival after acute myocardial infarction. ( J Am Heart Assoc. 2017;6:e005566. DOI:
10.1161/JAHA.117.005566.)

Key Words: acute myocardial infarction • cardiogenic shock timing • hospital prognosis • population-based study

C ardiogenic shock (CS) is a serious complication of acute
myocardial infarction (AMI).1–6 The frequency of CS has

either slightly declined or remained unchanged over time, with
reported rates ranging from 3% through 10%, depending, in
part, on the definitions used to define CS and the character-
istics of the populations studied.7–11 Although the hospital
case-fatality rates associated with CS have encouragingly

declined over time, CS remains a major cause of death among
patients hospitalized with AMI.7–11

Understanding the magnitude and impact of the timing of
CS, and factors associated with the time of onset of CS, are
crucial to identifying patients at increased risk for this serious
clinical complication and enhancing their prognosis. Previous
studies have shown that a minority of patients with AMI
developed CS before hospital admission, whereas the majority
developed this complication during their acute hospitalization,
especially during the first 24 hours.7,9,12–16 The pathophys-
iology, hospital management, and outcomes associated with
CS are likely to be different for patients who develop this
complication prehospital or at varying time intervals during
hospitalization for AMI. However, data in this area are very
limited or from the distant past.7,14–16

In several previous publications from our population-based
coronary heart disease surveillance system among residents of
central Massachusetts, we examined trends in the incidence
and hospital case-fatality rates associated with in-hospital CS
among patients hospitalized with AMI.4–6,8 The objectives of the
present study were to describe relatively contemporary decade-
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Background-—Cardiogenic shock (CS) is a serious complication of acute myocardial infarction, and the time of onset of CS has a
potential role in influencing its prognosis. Limited contemporary data exist on this complication, however, especially from a
population-based perspective. Our study objectives were to describe decade-long trends in the incidence, in-hospital mortality, and
factors associated with the development of CS in 3 temporal contexts: (1) before hospital arrival for acute myocardial infarction
(prehospital CS); (2) within 24 hours of hospitalization (early CS); and (3) ≥24 hours after hospitalization (late CS).

Methods and Results-—The study population consisted of 5782 patients with an acute myocardial infarction who were admitted to
all 11 hospitals in central Massachusetts on a biennial basis between 2001 and 2011. The overall proportion of patients who
developed CS was 5.2%. The proportion of patients with prehospital CS (1.6%) and late CS (1.5%) remained stable over time,
whereas the proportion of patients with early CS declined from 2.2% in 2001–2003 to 1.2% in 2009–2011. In-hospital mortality for
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decreased over time (35.9% and 64.7% in 2001–2003 to 15.8% and 39.1% in 2009–2011, respectively).

Conclusions-—Development of prehospital and in-hospital CS was associated with poor short-term survival and the in-hospital
death rates among those with prehospital CS increased over time. Interventions focused on preventing or treating prehospital and
late CS are needed to improve in-hospital survival after acute myocardial infarction. ( J Am Heart Assoc. 2017;6:e005566. DOI:
10.1161/JAHA.117.005566.)
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Background: Cardiogenic shock remains the leading cause of in hospital death in acute myocardial infarction
(AMI) and is associated with a mortality rate of approximately 50%. Here we investigated the 17-year trends
in incidence and prognosis of AMI-induced cardiogenic shock in Västra Götaland in western Sweden, an area
with approximately 1.6million inhabitants. The study period includes the transition from thrombolysis to prima-
ry percutaneous coronary intervention (PCI) as the region-wide therapy of choice for patients with ST-elevation
myocardial infarction (STEMI).
Methods:Data on patients hospitalized in cardiac care units in Västra Götaland, Sweden between 1995 and 2013
were obtained from the SwedishWebsystem for Enhancement of Evidence-based Care in Heart Disease Evaluat-
ed According to Recommended Therapies (SWEDEHEART). We determined the incidence of cardiogenic shock
among patients diagnosed with AMI and the risk of death associated with developing cardiogenic shock. We
fitted logistic regression models to study which factors predicted post-AMI cardiogenic shock. Analyses were
performed on complete case data as well as after multiple imputation of missing data.
Results: Incidence of cardiogenic shock as a complication of AMI declined in western Sweden in the past decade,
from 14% in 1995 to 4% in 2012. The risk of dying once cardiogenic shock had developed increased during the
study period (p b 0.01). Patients presenting with STEMI were more likely to develop cardiogenic shock than
patients presenting with non STEMI (p b 0.001).
Conclusions: The incidence of cardiogenic shock has declined but cardiogenic shock carries a worse prognosis
today than in 1995.

© 2015 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Cardiogenic shock remains the leading cause of in hospital death in
acute myocardial infarction and is associated with a mortality rate of
approximately 50% [1]. Cardiogenic shock may lead to death from he-
modynamic deterioration per se or from target organ hypoperfusion
with subsequent development of multiorgan dysfunction and/or overt
systemic inflammatory syndrome [2,3]. The incidence of cardiogenic
shock in acute myocardial infarction (AMI) has declined in recent de-
cades [4–7]. This declining trend has been ascribed to early reperfusion

strategies, including percutaneous coronary intervention (PCI). Recent-
ly, however, a report from an American cohort detected no difference in
incidence of cardiogenic shock over the past three decades. If anything,
the authors observed a trend towards increasing incidence of cardio-
genic shock [8].

PCI, if performed within 90 min after symptom onset, improves
prognosis in patients with ST-elevation myocardial infarction (STEMI)
and reduces the risk of post-infarct heart failure and cardiogenic shock
compared with thrombolysis [9]. International guidelines therefore
advocate primary PCI as first-line treatment in patients presenting
with STEMI [10,11].

Sweden has a national system of medical and healthcare quality
registries, which contain individualized data concerning diagnoses,
interventions and outcome. In the present manuscript, we present the
trends in incidence and prognosis of AMI-induced cardiogenic shock
from 1995 to 2013 in Västra Götaland in western Sweden, an area
with approximately 1.6 million inhabitants who are served by five
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ABSTRACT

BACKGROUND Mortality in cardiogenic shock (CS) remains high. Early risk stratification is crucial to make adequate

treatment decisions.

OBJECTIVES This study sought to develop an easy-to-use, readily available risk prediction score for short-term

mortality in patients with CS, derived from the IABP-SHOCK II (Intraaortic Balloon Pump in Cardiogenic Shock) trial.

METHODS The score was developed using a stepwise multivariable regression analysis.

RESULTS Six variables emerged as independent predictors for 30-day mortality and were used as score parameters:

age >73 years, prior stroke, glucose at admission >10.6 mmol/l (191 mg/dl), creatinine at admission >132.6 mmol/l
(1.5 mg/dl), Thrombolysis In Myocardial Infarction flow grade <3 after percutaneous coronary intervention, and arterial

blood lactate at admission >5 mmol/l. Either 1 or 2 points were attributed to each variable, leading to a score in 3 risk

categories: low (0 to 2), intermediate (3 or 4), and high (5 to 9). The observed 30-day mortality rates were 23.8%,

49.2%, and 76.6%, respectively (p < 0.0001). Validation in the IABP-SHOCK II registry population showed good

discrimination with an area under the curve of 0.79. External validation in the CardShock trial population (n ¼ 137)

showed short-term mortality rates of 28.0% (score 0 to 2), 42.9% (score 3 to 4), and 77.3% (score 5 to 9; p < 0.001)

and an area under the curve of 0.73. Kaplan-Meier analysis revealed a stepwise increase in mortality between the

different score categories (0 to 2 vs. 3 to 4: p ¼ 0.04; 0 to 2 vs. 5 to 9: p ¼ 0.008).

CONCLUSIONS The IABP-SHOCK II risk score can be easily calculated in daily clinical practice and strongly

correlated with mortality in patients with infarct-related CS. It may help stratify patient risk for short-term mortality

and might, thus, facilitate clinical decision making. (Intraaortic Balloon Pump in Cardiogenic Shock II [IABP-SHOCK II];

NCT00491036) (J Am Coll Cardiol 2017;69:1913–20) © 2017 by the American College of Cardiology Foundation.

C ardiogenic shock (CS) is the most common
cause of in-hospital death in patients with
acute myocardial infarction (AMI) (1).

Despite many therapeutic advances—especially early
primary percutaneous intervention (PCI)—mortality

rates still approach 50% (1,2). Severity of CS and clin-
ical outcome show broad variations. Accurate risk
stratification is a critical task, which must be per-
formed in the acute setting and often influences
further treatment decisions (e.g., use of advanced
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Summarizing current evidence and ESC guideline recommen-
dations for CS management,16,17 a treatment algorithm reflecting
clinical practice is shown in Figure 4. Further details on treatment
of mechanical complications would be beyond the scope of
this review and have been summarized previously.57

Future perspectives
Randomized clinical trials in CS are difficult to perform and only few
randomized clinical trials powered to detect differences in clinical
outcome achieved completion of the required patient number
(Figure 5).7,14 The SHOCK trial was a milestone and the subsequent
widespread application of early revascularization led to a significant
reduction in mortality in clinical practice. The failure of IABP in the
IABP-SHOCK II trial should not be considered as the end of device
therapy itself, it may even more be the seminal trial for the generation
of adequate evidence in device therapy. Cardiovascular research
today is investigating nearly any open question and this should also
be applied more rigorously for CS. Future studies assessing
any drug, intervention, strategy, or support device need therefore
to be judged according to their clinical efficacy. Cardiovascular
researchers should not generally preclude performing these import-
ant randomized trials because a treatment has been adopted for
several decades. Several guidance documents make recommenda-
tions with regard to enrolling patients into randomized trials who
are not themselves able to give informed consent. There are multiple
open questions in CS treatment as reflected by the high number of
recommendations with a level of evidence C in current guide-
lines.16,17,46 This should be the motivation for future research in CS.
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Böhm M, Ebelt H, Schneider S, Schuler G, Werdan K. Intraaortic balloon support
for myocardial infarction with cardiogenic shock. N Engl J Med 2012;367:
1287–1296.

8. Katz JN, Stebbins AL, Alexander JH, Reynolds HR, Pieper KS, Ruzyllo W, Werdan K,
Geppert A, Dzavik V, Van de Werf F, Hochman JS. Predictors of 30-day mortality in
patients with refractory cardiogenic shock following acute myocardial infarction
despite a patent infarct artery. Am Heart J 2009;158:680–687.

9. Sleeper LA, Reynolds HR, White HD, Webb JG, Dzavı́k V, Hochman JS. A severity
scoring system for risk assessment of patients with cardiogenic shock: a report
from the SHOCK Trial and Registry. Am Heart J 2010;160:443–450.

10. Thiele H, Zeymer U, Neumann F-J, Ferenc M, Olbrich H-G, Hausleiter J, de Waha A,
Richardt G, Hennersdorf M, Empen K, Fuernau G, Desch S, Eitel I, Hambrecht R,
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Cardiogenic shock (CS) remains the most common cause of death in patients with acute myocardial infarction although mortality could be
reduced from formerly !80% to 40–50%. In addition to percutaneous coronary intervention or coronary artery bypass grafting, catecholamines,
fluids, intraaortic balloon pumping (IABP), and also active assist devices are widely used for CS management. However, there is only limited
evidence for anyof the above treatments except forearly revascularization and the relative ineffectiveness of IABP. This updated review will there-
fore outline the management of CS complicating acute myocardial infarction with major focus on evidence-based revascularization techniques,
intensive care unit treatment including ventilation, transfusion regimens, adjunctive medication, and mechanical support devices.
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Introduction
Cardiogenic shock (CS) is definedas a stateof critical endorgan hypo-
perfusion due to reduced cardiac output. Notably, CS forms a spec-
trum that ranges from mild hypoperfusion to profound shock.
Established criteria for the diagnosis of CS are: (i) systolic blood pres-
sure ,90 mmHg for .30 min or vasopressors required to achieve a
blood pressure ≥90 mmHg; (ii) pulmonary congestion or elevated
left-ventricular filling pressures; (iii) signs of impaired organ perfusion
with at least one of the following criteria: (a) altered mental status; (b)
cold, clammy skin; (c) oliguria; (d) increased serum-lactate. The diag-
nosis of CS can usually be made on the basis of easy-to-assess clinical
criteria without advanced haemodynamic monitoring although it has
previously been recommended to assess cardiac index and pulmon-
ary capillary wedge pressure.1

Acute myocardial infarction (AMI) with subsequent ventricular dys-
function is the most frequent cause of CS accounting for !80% of
cases. Mechanical complications such as ventricular septal (4%) or
free wall rupture (2%), and acute severe mitral regurgitation (7%)
are less frequent causes of CS after AMI.2 Non-AMI-related CS may
becausedbydecompensatedvalvularheartdisease, acutemyocarditis,
arrhythmias, etc. with heterogeneous treatment options.

Cardiogenic shock complicating AMI occurs in the range from 5 to
15%.3 –5 This translates in !40 000 to 50 000 patients per year in the
USA and !60 000 to 70 000 in Europe.6 Despite advances in treat-
ment mainly by early revascularization with subsequent mortality

reduction, CS remains the leading cause of death in AMI with mortal-
ity rates still approaching 40–50% according to recent registries and
randomized trials.3– 5,7

The underlying causes, the pathophysiology, and treatment of
CS complicating AMI have been reviewed previously.1,6 This
update will outline evidence-based therapeutic management of CS
complicating AMI with major focus on revascularization techniques,
intensive care unit treatment including ventilation, transfusion regi-
mens, adjunctive medication, and mechanical support devices.

Pathophysiology and prognosis
assessment
The pathophysiology of CS is complex and has been summarized
previously.1,6 In brief, ischaemia induces profound depression of
myocardial contractility, which initiates a vicious spiral of reduced
cardiac index and low blood pressure which in combination impair
cardiac power index and further promote coronary ischaemia. The
reduction in cardiac index causes severe tissue hypoperfusion
which is most sensitively measured by serum lactate and may finally
lead to death if the circle is not successfully interrupted by adequate
treatment measures. It has been recognized that CS cannot only
be attributed to the loss of left-ventricular function but is rather
the result of derangements in the entire circulatory system. Initial
compensatory vasoconstriction is subsequently counteracted by
pathological vasodilation. Among others, development of systemic
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Aims The aim of this study was to investigate the clinical picture and outcome of cardiogenic shock and to develop a risk
prediction score for short-term mortality.
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Methods
and results

The CardShock study was a multicentre, prospective, observational study conducted between 2010 and 2012.
Patients with either acute coronary syndrome (ACS) or non-ACS aetiologies were enrolled within 6 h from detection
of cardiogenic shock defined as severe hypotension with clinical signs of hypoperfusion and/or serum lactate
>2 mmol/L despite fluid resuscitation (n = 219, mean age 67, 74% men). Data on clinical presentation, management,
and biochemical variables were compared between different aetiologies of shock. Systolic blood pressure was on
average 78 mmHg (standard deviation 14 mmHg) and mean arterial pressure 57 (11) mmHg. The most common
cause (81%) was ACS (68% ST-elevation myocardial infarction and 8% mechanical complications); 94% underwent
coronary angiography, of which 89% PCI. Main non-ACS aetiologies were severe chronic heart failure and valvular
causes. In-hospital mortality was 37% (n = 80). ACS aetiology, age, previous myocardial infarction, prior coronary
artery bypass, confusion, low LVEF, and blood lactate levels were independently associated with increased mortality.
The CardShock risk Score including these variables and estimated glomerular filtration rate predicted in-hospital
mortality well (area under the curve 0.85).
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Conclusion Although most commonly due to ACS, other causes account for one-fifth of cases with shock. ACS is independently

associated with in-hospital mortality. The CardShock risk Score, consisting of seven common variables, easily stratifies
risk of short-term mortality. It might facilitate early decision-making in intensive care or guide patient selection in
clinical trials.
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Table 1 Baseline characteristics of the study population

Characteristic All (n= 219) ACS (n= 177) Non-ACS (n= 42) P-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age, years 67 (12) 68 (11) 62 (15) 0.03
Age >75 years, n (%) 54 (25) 45 (25) 9 (21) 0.6
Women, n (%) 57 (26) 39 (22) 18 (43) 0.006
BMI, median (IQR) 26.5 (24.2–29.0) 26.6 (24.2–29.0) 25.8 (23.0–29.4) 0.3
Medical history, n (%)

Coronary artery disease 76 (35) 59 (334) 17 (40) 0.4
Previous myocardial infarction 54 (25) 42 (24) 12 (29) 0.5
Prior revascularization

PCI 32 (15) 28(16) 4 (10) 0.3
CABG 16 (7) 10 (6) 6 (14) 0.05

Heart failure 36 (16) 16 (9) 20 (48) <0.001
Hypertension 132 (60) 111 (63) 21 (50) 0.13
Diabetes 62 (28) 56 (32) 6 (14) 0.03
Asthma/COPD 25 (11) 18 (10) 7 (17) 0.2
Renal insufficiency 25 (11) 14 (8) 11 (26) 0.001
Atrial fibrillation 32 (15) 17 (10) 15 (36) <0.001
Stroke/TIA 20 (9) 14 (8) 6 (14) 0.2
Smoker 87 (40) 78 (44) 9 (21) 0.01

Data are presented as numbers and percentages (%), means (standard deviation), and median (IQR).
P-values are for the difference between ACS and non-ACS groups.
ACS, acute coronary syndrome; BMI, body mass index; CABG, coronary artery bypass grafting; IQR, interquartile range; TIA, transient ischaemic attack

Results
Study population
A total of 219 patients were included in the study. Twenty-four per
cent of them had shock at presentation to hospital, whereas 62%
developed shock within the first 24 h from admission. Only 14%
developed shock after 24 h from admission.

Baseline characteristics are described in Table 1. Briefly, mean
age was 67 (12) years, and 74% were men. The main co-morbidities
were hypertension (60%), CAD (35%), and diabetes (28%), while
a history of previous MI (25%) or heart failure (16%) was less
common. At detection of shock, systolic blood pressure was on
average 78 (14) mmHg, diastolic blood pressure 47 (10) mmHg,
mean arterial pressure 57 (11) mmHg, and heart rate 90 (28)
b.p.m. Sinus rhythm was present in 170 (78%) patients and AF
in 34 (16%). Of those 34 patients, 18 had no previous history
of AF. Pacemaker rhythm was present in five (2.3%) patients. Ten
(4.6%) patients had other haemodynamically non-significant rhythm
(five junctional rhythm, two nodal rhythm, two ventricular rhythm,
and one supraventricular tachycardia). Each of the clinical signs
of hypoperfusion was observed very frequently (Table 2). Left
ventricular systolic function was impaired at baseline, with mean
LVEF of 33% (14%). The most common cause of shock was ACS
(81%; n= 177), with non-ACS causes accounting for the remaining
19% (n= 42).

The majority of ACS patients (n= 148; 68% of all patients)
presented with STEMI whereas 19 (9%) had a mechanical com-
plication of MI including 6 ruptures of papillary muscle, 10 of
ventricular septum and 3 of LV free wall. Non-ACS causes con-
sisted mainly of worsening of chronic heart failure (11%), valvular ..
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.. and other mechanical causes (6%), stress-induced cardiomyopathy

(Tako-Tsubo; 2%), and myocarditis (2%).

Acute coronary syndrome and non-acute
coronary syndrome causes of cardiogenic
shock
The characteristics and clinical picture of cardiogenic shock
patients with and without ACS are compared in Tables 1 and 2.
The prevalence of history of CAD or previous MI was similar
in both groups. Patients with non-ACS, in whom previous his-
tory of heart failure was more frequent, had low TnT levels but
significantly higher levels of NT-proBNP at baseline compared
with ACS patients. Levels of TnT on admission were a good
discriminator between patients with and without ACS (AUC 0.91,
95% CI 0.86–0.96; P< 0.001). Nevertheless, although non-ACS
shock comprised a variety of aetiologies, the clinical presentation
and medical treatment were very similar in both patients groups
(Table 2; Supplementarty material online, Table S1). Subjects in the
non-ACS subgroup were on average younger with a high propor-
tion of women. AF was more common in non-ACS patients both
in the medical history (see Table 2) and as rhythm at presentation
(21% vs. 14% in ACS patients, P= 0.2). Nevertheless, new-onset
(no known history of) AF was actually observed more frequently
in ACS patients (n=17) compared with non-ACS patients (n=1).
Pneumonia was diagnosed in six (14%) non-ACS patients, and
other infections in five (12%). Baseline LVEF was similar in both
groups, but moderate to severe mitral regurgitation was observed
in nearly a half of non-ACS shock patients.
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Table 2 Comparison of clinical presentation, biochemistry and mortality of all cardiogenic shock patients and of
those with and without acute coronary syndromes

Characteristic All (n= 219) ACS (n= 177) Non-ACS (n= 42) P-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Systolic blood pressure, mmHg 78 (14) 77 (14) 79 (11) 0.6
Diastolic blood pressure, mmHg 47 (10) 46 (11) 48 (9) 0.3
Mean arterial pressure, mmHg 57 (11) 56 (11) 59 (9) 0.14
Heart rate, b.p.m. 90 (28) 89 (29) 96 (24) 0.1
Sinus rhythm 170 (78) 140 (79) 30 (71) 0.3
Clinical findings, n (%)

Cold periphery 207 (95) 166 (94) 41 (98) 0.4
Confusion 148 (68) 126 (71) 22 (52) 0.04
Oliguria 121 (55) 98 (55) 24 (57) 0.7
Lactate >2 mmol/L 155 (71) 126 (71) 29 (69) 0.9

Resuscitated from cardiac arrest 62 (28) 55 (31) 7 (17) 0.06
Time from detection of shock to study inclusion, min 105 (0–210) 100 (0–195) 120 (28–240) 0.2
Baseline echocardiography

LVEDD (mm) 52 (9) 51 (8) 59 (11) <0.001
LVEF (%) 33 (14) 34 (14) 30 (15) 0.12
LVEF <40% 135 (65) 107 (63) 28 (72) 0.3
Mitral regurgitation (moderate or severe), n (%) 73 (35) 54 (32) 19 (48) 0.07

Biochemistry
Blood haemoglobin (g/L) 128 (22) 129 (22) 127 (21) 0.7
Sodium (mmol/L) 137 (5) 137 (5) 136 (7) 0.3
Potassium (mmol/L) 4.2 (0.8) 4.2 (0.8) 4.4 (0.9) 0.3
Arterial blood lactate (mmol/L) 2.8 (1.7–5.8) 3.0 (1.8–5.8) 2.6 (1.3–5.8) 0.3
Arterial blood pH 7.30 (7.20–7.40) 7.30 (7.20–7.40) 7.30 (7.20–7.40) 0.2
hsTnT (ng/L) 2190 (388–5418) 2873 (1056–7555) 104 (40–389) <0.001
NT-proBNP (pg/mL) 2710 (585–9434) 1948 (472–9093) 6431 (2522–14064) 0.006
Creatinine (mmol/L) 104 (78–140) 101 (79–139) 111 (64–162) 0.8
eGFR (mL/min/1.73 m2) 61 (41–87) 61 (42–86) 61 (32–97) 0.8
CRP (g/L) 16 (4–54) 13 (4–48) 29 (7–91) 0.03

In-hospital length of stay, days 12 (7–25) 11 (6–27) 16 (10–24) 0.11
In-hospital mortality, n (%) 80 (37) 70 (40) 10 (24) 0.06

Data are presented as numbers and percentages (%), mean (standard deviation), and median (IQR).
P-values are for the difference between ACS and non-ACS groups.
ACS, acute coronary syndrome; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate by the Chronic Kidney Disease Epidemiology Collaboration formula;
hsTnT, highly sensitive troponin T; IQR, interquartile range; LVEDD, left ventricular end-diastolic diameter.

Management and procedures are detailed in Supplementarty
material online, Table S1. Overall, 85% of patients received a
vasopressor (norepinephrine, epinephrine, dopamine, vasopressin,
or terlipressin) and 66% an inotrope (dobutamine, levosimendan,
milrinone, or enoximone). The majority of patients received a
vasopressor–inotrope combination. Only vasopressors were given
to 29% of patients and only inotropes to 10%. Rates of vasopressor
and inotrope support were also comparable in ACS and non-ACS
groups. Almost all patients (94%) with ACS aetiology underwent
coronary angiogram, and of these 89% underwent PCI. Of the
remaining 11%, seven patients underwent surgical correction of
mechanical complication, three had only CABG, and nine ACS
patients were treated conservatively.

Mortality and predictors of hospital
death
There were 70 deaths (32%) in the intensive or cardiac care units,
and a total of 80 deaths (37%) during hospital stay. Non-ACS ..
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.. patients had a more favourable course compared with patients with

ACS aetiology (Table 2). Univariate predictors of in-hospital mortal-
ity are shown in Supplementarty material online, Table S2. Adjusted
ORs for factors associated with mortality are shown in Table 3.
Interestingly, ACS was independently associated with worse prog-
nosis (OR 7.4, 95% CI 1.9–29.8; P= 0.005), suggesting clearly bet-
ter survival in patients with other causes of cardiogenic shock. The
Kaplan–Meier survival curve stratified by ACS aetiology is shown
in Figure 1.

The CardShock risk Score for prediction
of in-hospital mortality
Using the variables from Table 3, we created a prediction model
for in-hospital mortality. The prediction model exhibited excellent
discrimination, with an AUC of 0.85 (95% CI 0.79–0.90; P< 0.001)
for hospital mortality compared with an AUC of 0.76 (95% CI
0.69–0.83) for the Sleeper score from the SHOCK trial (Figure 2).13

The prediction model was validated in the IAPB-SHOCK II trial
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Table 2 Comparison of clinical presentation, biochemistry and mortality of all cardiogenic shock patients and of
those with and without acute coronary syndromes

Characteristic All (n= 219) ACS (n= 177) Non-ACS (n= 42) P-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Systolic blood pressure, mmHg 78 (14) 77 (14) 79 (11) 0.6
Diastolic blood pressure, mmHg 47 (10) 46 (11) 48 (9) 0.3
Mean arterial pressure, mmHg 57 (11) 56 (11) 59 (9) 0.14
Heart rate, b.p.m. 90 (28) 89 (29) 96 (24) 0.1
Sinus rhythm 170 (78) 140 (79) 30 (71) 0.3
Clinical findings, n (%)

Cold periphery 207 (95) 166 (94) 41 (98) 0.4
Confusion 148 (68) 126 (71) 22 (52) 0.04
Oliguria 121 (55) 98 (55) 24 (57) 0.7
Lactate >2 mmol/L 155 (71) 126 (71) 29 (69) 0.9

Resuscitated from cardiac arrest 62 (28) 55 (31) 7 (17) 0.06
Time from detection of shock to study inclusion, min 105 (0–210) 100 (0–195) 120 (28–240) 0.2
Baseline echocardiography

LVEDD (mm) 52 (9) 51 (8) 59 (11) <0.001
LVEF (%) 33 (14) 34 (14) 30 (15) 0.12
LVEF <40% 135 (65) 107 (63) 28 (72) 0.3
Mitral regurgitation (moderate or severe), n (%) 73 (35) 54 (32) 19 (48) 0.07

Biochemistry
Blood haemoglobin (g/L) 128 (22) 129 (22) 127 (21) 0.7
Sodium (mmol/L) 137 (5) 137 (5) 136 (7) 0.3
Potassium (mmol/L) 4.2 (0.8) 4.2 (0.8) 4.4 (0.9) 0.3
Arterial blood lactate (mmol/L) 2.8 (1.7–5.8) 3.0 (1.8–5.8) 2.6 (1.3–5.8) 0.3
Arterial blood pH 7.30 (7.20–7.40) 7.30 (7.20–7.40) 7.30 (7.20–7.40) 0.2
hsTnT (ng/L) 2190 (388–5418) 2873 (1056–7555) 104 (40–389) <0.001
NT-proBNP (pg/mL) 2710 (585–9434) 1948 (472–9093) 6431 (2522–14064) 0.006
Creatinine (mmol/L) 104 (78–140) 101 (79–139) 111 (64–162) 0.8
eGFR (mL/min/1.73 m2) 61 (41–87) 61 (42–86) 61 (32–97) 0.8
CRP (g/L) 16 (4–54) 13 (4–48) 29 (7–91) 0.03

In-hospital length of stay, days 12 (7–25) 11 (6–27) 16 (10–24) 0.11
In-hospital mortality, n (%) 80 (37) 70 (40) 10 (24) 0.06

Data are presented as numbers and percentages (%), mean (standard deviation), and median (IQR).
P-values are for the difference between ACS and non-ACS groups.
ACS, acute coronary syndrome; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate by the Chronic Kidney Disease Epidemiology Collaboration formula;
hsTnT, highly sensitive troponin T; IQR, interquartile range; LVEDD, left ventricular end-diastolic diameter.

Management and procedures are detailed in Supplementarty
material online, Table S1. Overall, 85% of patients received a
vasopressor (norepinephrine, epinephrine, dopamine, vasopressin,
or terlipressin) and 66% an inotrope (dobutamine, levosimendan,
milrinone, or enoximone). The majority of patients received a
vasopressor–inotrope combination. Only vasopressors were given
to 29% of patients and only inotropes to 10%. Rates of vasopressor
and inotrope support were also comparable in ACS and non-ACS
groups. Almost all patients (94%) with ACS aetiology underwent
coronary angiogram, and of these 89% underwent PCI. Of the
remaining 11%, seven patients underwent surgical correction of
mechanical complication, three had only CABG, and nine ACS
patients were treated conservatively.

Mortality and predictors of hospital
death
There were 70 deaths (32%) in the intensive or cardiac care units,
and a total of 80 deaths (37%) during hospital stay. Non-ACS ..
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ACS aetiology (Table 2). Univariate predictors of in-hospital mortal-
ity are shown in Supplementarty material online, Table S2. Adjusted
ORs for factors associated with mortality are shown in Table 3.
Interestingly, ACS was independently associated with worse prog-
nosis (OR 7.4, 95% CI 1.9–29.8; P= 0.005), suggesting clearly bet-
ter survival in patients with other causes of cardiogenic shock. The
Kaplan–Meier survival curve stratified by ACS aetiology is shown
in Figure 1.

The CardShock risk Score for prediction
of in-hospital mortality
Using the variables from Table 3, we created a prediction model
for in-hospital mortality. The prediction model exhibited excellent
discrimination, with an AUC of 0.85 (95% CI 0.79–0.90; P< 0.001)
for hospital mortality compared with an AUC of 0.76 (95% CI
0.69–0.83) for the Sleeper score from the SHOCK trial (Figure 2).13

The prediction model was validated in the IAPB-SHOCK II trial
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Table 2 Comparison of clinical presentation, biochemistry and mortality of all cardiogenic shock patients and of
those with and without acute coronary syndromes

Characteristic All (n= 219) ACS (n= 177) Non-ACS (n= 42) P-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Systolic blood pressure, mmHg 78 (14) 77 (14) 79 (11) 0.6
Diastolic blood pressure, mmHg 47 (10) 46 (11) 48 (9) 0.3
Mean arterial pressure, mmHg 57 (11) 56 (11) 59 (9) 0.14
Heart rate, b.p.m. 90 (28) 89 (29) 96 (24) 0.1
Sinus rhythm 170 (78) 140 (79) 30 (71) 0.3
Clinical findings, n (%)

Cold periphery 207 (95) 166 (94) 41 (98) 0.4
Confusion 148 (68) 126 (71) 22 (52) 0.04
Oliguria 121 (55) 98 (55) 24 (57) 0.7
Lactate >2 mmol/L 155 (71) 126 (71) 29 (69) 0.9

Resuscitated from cardiac arrest 62 (28) 55 (31) 7 (17) 0.06
Time from detection of shock to study inclusion, min 105 (0–210) 100 (0–195) 120 (28–240) 0.2
Baseline echocardiography

LVEDD (mm) 52 (9) 51 (8) 59 (11) <0.001
LVEF (%) 33 (14) 34 (14) 30 (15) 0.12
LVEF <40% 135 (65) 107 (63) 28 (72) 0.3
Mitral regurgitation (moderate or severe), n (%) 73 (35) 54 (32) 19 (48) 0.07

Biochemistry
Blood haemoglobin (g/L) 128 (22) 129 (22) 127 (21) 0.7
Sodium (mmol/L) 137 (5) 137 (5) 136 (7) 0.3
Potassium (mmol/L) 4.2 (0.8) 4.2 (0.8) 4.4 (0.9) 0.3
Arterial blood lactate (mmol/L) 2.8 (1.7–5.8) 3.0 (1.8–5.8) 2.6 (1.3–5.8) 0.3
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hsTnT (ng/L) 2190 (388–5418) 2873 (1056–7555) 104 (40–389) <0.001
NT-proBNP (pg/mL) 2710 (585–9434) 1948 (472–9093) 6431 (2522–14064) 0.006
Creatinine (mmol/L) 104 (78–140) 101 (79–139) 111 (64–162) 0.8
eGFR (mL/min/1.73 m2) 61 (41–87) 61 (42–86) 61 (32–97) 0.8
CRP (g/L) 16 (4–54) 13 (4–48) 29 (7–91) 0.03

In-hospital length of stay, days 12 (7–25) 11 (6–27) 16 (10–24) 0.11
In-hospital mortality, n (%) 80 (37) 70 (40) 10 (24) 0.06

Data are presented as numbers and percentages (%), mean (standard deviation), and median (IQR).
P-values are for the difference between ACS and non-ACS groups.
ACS, acute coronary syndrome; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate by the Chronic Kidney Disease Epidemiology Collaboration formula;
hsTnT, highly sensitive troponin T; IQR, interquartile range; LVEDD, left ventricular end-diastolic diameter.
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or terlipressin) and 66% an inotrope (dobutamine, levosimendan,
milrinone, or enoximone). The majority of patients received a
vasopressor–inotrope combination. Only vasopressors were given
to 29% of patients and only inotropes to 10%. Rates of vasopressor
and inotrope support were also comparable in ACS and non-ACS
groups. Almost all patients (94%) with ACS aetiology underwent
coronary angiogram, and of these 89% underwent PCI. Of the
remaining 11%, seven patients underwent surgical correction of
mechanical complication, three had only CABG, and nine ACS
patients were treated conservatively.

Mortality and predictors of hospital
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There were 70 deaths (32%) in the intensive or cardiac care units,
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ACS aetiology (Table 2). Univariate predictors of in-hospital mortal-
ity are shown in Supplementarty material online, Table S2. Adjusted
ORs for factors associated with mortality are shown in Table 3.
Interestingly, ACS was independently associated with worse prog-
nosis (OR 7.4, 95% CI 1.9–29.8; P= 0.005), suggesting clearly bet-
ter survival in patients with other causes of cardiogenic shock. The
Kaplan–Meier survival curve stratified by ACS aetiology is shown
in Figure 1.

The CardShock risk Score for prediction
of in-hospital mortality
Using the variables from Table 3, we created a prediction model
for in-hospital mortality. The prediction model exhibited excellent
discrimination, with an AUC of 0.85 (95% CI 0.79–0.90; P< 0.001)
for hospital mortality compared with an AUC of 0.76 (95% CI
0.69–0.83) for the Sleeper score from the SHOCK trial (Figure 2).13
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Data are presented as numbers and percentages (%), mean (standard deviation), and median (IQR).
P-values are for the difference between ACS and non-ACS groups.
ACS, acute coronary syndrome; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate by the Chronic Kidney Disease Epidemiology Collaboration formula;
hsTnT, highly sensitive troponin T; IQR, interquartile range; LVEDD, left ventricular end-diastolic diameter.

Management and procedures are detailed in Supplementarty
material online, Table S1. Overall, 85% of patients received a
vasopressor (norepinephrine, epinephrine, dopamine, vasopressin,
or terlipressin) and 66% an inotrope (dobutamine, levosimendan,
milrinone, or enoximone). The majority of patients received a
vasopressor–inotrope combination. Only vasopressors were given
to 29% of patients and only inotropes to 10%. Rates of vasopressor
and inotrope support were also comparable in ACS and non-ACS
groups. Almost all patients (94%) with ACS aetiology underwent
coronary angiogram, and of these 89% underwent PCI. Of the
remaining 11%, seven patients underwent surgical correction of
mechanical complication, three had only CABG, and nine ACS
patients were treated conservatively.

Mortality and predictors of hospital
death
There were 70 deaths (32%) in the intensive or cardiac care units,
and a total of 80 deaths (37%) during hospital stay. Non-ACS ..
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ACS aetiology (Table 2). Univariate predictors of in-hospital mortal-
ity are shown in Supplementarty material online, Table S2. Adjusted
ORs for factors associated with mortality are shown in Table 3.
Interestingly, ACS was independently associated with worse prog-
nosis (OR 7.4, 95% CI 1.9–29.8; P= 0.005), suggesting clearly bet-
ter survival in patients with other causes of cardiogenic shock. The
Kaplan–Meier survival curve stratified by ACS aetiology is shown
in Figure 1.

The CardShock risk Score for prediction
of in-hospital mortality
Using the variables from Table 3, we created a prediction model
for in-hospital mortality. The prediction model exhibited excellent
discrimination, with an AUC of 0.85 (95% CI 0.79–0.90; P< 0.001)
for hospital mortality compared with an AUC of 0.76 (95% CI
0.69–0.83) for the Sleeper score from the SHOCK trial (Figure 2).13

The prediction model was validated in the IAPB-SHOCK II trial
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Table 2 Comparison of clinical presentation, biochemistry and mortality of all cardiogenic shock patients and of
those with and without acute coronary syndromes

Characteristic All (n= 219) ACS (n= 177) Non-ACS (n= 42) P-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Systolic blood pressure, mmHg 78 (14) 77 (14) 79 (11) 0.6
Diastolic blood pressure, mmHg 47 (10) 46 (11) 48 (9) 0.3
Mean arterial pressure, mmHg 57 (11) 56 (11) 59 (9) 0.14
Heart rate, b.p.m. 90 (28) 89 (29) 96 (24) 0.1
Sinus rhythm 170 (78) 140 (79) 30 (71) 0.3
Clinical findings, n (%)

Cold periphery 207 (95) 166 (94) 41 (98) 0.4
Confusion 148 (68) 126 (71) 22 (52) 0.04
Oliguria 121 (55) 98 (55) 24 (57) 0.7
Lactate >2 mmol/L 155 (71) 126 (71) 29 (69) 0.9

Resuscitated from cardiac arrest 62 (28) 55 (31) 7 (17) 0.06
Time from detection of shock to study inclusion, min 105 (0–210) 100 (0–195) 120 (28–240) 0.2
Baseline echocardiography

LVEDD (mm) 52 (9) 51 (8) 59 (11) <0.001
LVEF (%) 33 (14) 34 (14) 30 (15) 0.12
LVEF <40% 135 (65) 107 (63) 28 (72) 0.3
Mitral regurgitation (moderate or severe), n (%) 73 (35) 54 (32) 19 (48) 0.07

Biochemistry
Blood haemoglobin (g/L) 128 (22) 129 (22) 127 (21) 0.7
Sodium (mmol/L) 137 (5) 137 (5) 136 (7) 0.3
Potassium (mmol/L) 4.2 (0.8) 4.2 (0.8) 4.4 (0.9) 0.3
Arterial blood lactate (mmol/L) 2.8 (1.7–5.8) 3.0 (1.8–5.8) 2.6 (1.3–5.8) 0.3
Arterial blood pH 7.30 (7.20–7.40) 7.30 (7.20–7.40) 7.30 (7.20–7.40) 0.2
hsTnT (ng/L) 2190 (388–5418) 2873 (1056–7555) 104 (40–389) <0.001
NT-proBNP (pg/mL) 2710 (585–9434) 1948 (472–9093) 6431 (2522–14064) 0.006
Creatinine (mmol/L) 104 (78–140) 101 (79–139) 111 (64–162) 0.8
eGFR (mL/min/1.73 m2) 61 (41–87) 61 (42–86) 61 (32–97) 0.8
CRP (g/L) 16 (4–54) 13 (4–48) 29 (7–91) 0.03

In-hospital length of stay, days 12 (7–25) 11 (6–27) 16 (10–24) 0.11
In-hospital mortality, n (%) 80 (37) 70 (40) 10 (24) 0.06

Data are presented as numbers and percentages (%), mean (standard deviation), and median (IQR).
P-values are for the difference between ACS and non-ACS groups.
ACS, acute coronary syndrome; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate by the Chronic Kidney Disease Epidemiology Collaboration formula;
hsTnT, highly sensitive troponin T; IQR, interquartile range; LVEDD, left ventricular end-diastolic diameter.

Management and procedures are detailed in Supplementarty
material online, Table S1. Overall, 85% of patients received a
vasopressor (norepinephrine, epinephrine, dopamine, vasopressin,
or terlipressin) and 66% an inotrope (dobutamine, levosimendan,
milrinone, or enoximone). The majority of patients received a
vasopressor–inotrope combination. Only vasopressors were given
to 29% of patients and only inotropes to 10%. Rates of vasopressor
and inotrope support were also comparable in ACS and non-ACS
groups. Almost all patients (94%) with ACS aetiology underwent
coronary angiogram, and of these 89% underwent PCI. Of the
remaining 11%, seven patients underwent surgical correction of
mechanical complication, three had only CABG, and nine ACS
patients were treated conservatively.

Mortality and predictors of hospital
death
There were 70 deaths (32%) in the intensive or cardiac care units,
and a total of 80 deaths (37%) during hospital stay. Non-ACS ..
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ACS aetiology (Table 2). Univariate predictors of in-hospital mortal-
ity are shown in Supplementarty material online, Table S2. Adjusted
ORs for factors associated with mortality are shown in Table 3.
Interestingly, ACS was independently associated with worse prog-
nosis (OR 7.4, 95% CI 1.9–29.8; P= 0.005), suggesting clearly bet-
ter survival in patients with other causes of cardiogenic shock. The
Kaplan–Meier survival curve stratified by ACS aetiology is shown
in Figure 1.

The CardShock risk Score for prediction
of in-hospital mortality
Using the variables from Table 3, we created a prediction model
for in-hospital mortality. The prediction model exhibited excellent
discrimination, with an AUC of 0.85 (95% CI 0.79–0.90; P< 0.001)
for hospital mortality compared with an AUC of 0.76 (95% CI
0.69–0.83) for the Sleeper score from the SHOCK trial (Figure 2).13
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Introduction
Most epidemiological data on shock in critically ill patients focus on
severe sepsis and septic shock, which are thought to be the leading
causes of mortality in these patients, with in-hospital mortality
ranging from 20% to 60%.1–4 Although less frequent, cardiogenic
shock (CS) remains a genuine clinical challenge with similar or even
higher mortality rates.4–8 Most epidemiological data for CS focus
on patients with acute myocardial infarction (AMI) and/or those
managed in dedicated intensive care units (ICUs) of cardiology
departments.5–8 Little is known about the most severe forms of
CS, with multi-organ failure, managed in general ICUs.8–10

Considerable progress has been made over the past 15 years
in the management of critically ill patients, but also in the specific
setting of CS. Early revascularization has improved outcomes for
CS patients with AMI.6,7 Use of short-term mechanical circulatory
support has increased, with encouraging results in limited, retro-
spective series.11

Data on profile, management, outcome, and evolution over time
are, however, lacking for these critically ill CS patients admitted to
general ICUs.

We present a 15-year-long (1997–2012) perspective of changing
trends in the incidence of CS among 316 905 ICU admissions, key
features of patients, life-support therapies, in-ICU death rates, and
predictors of in-ICU mortality.

Methods
We used prospectively collected data from the 1997–2012 database
of the Greater Paris area ICUs, the CUB-Réa [Collège des Utilisateurs
de Bases de données en Réanimation (Intensive Care Database User
Group)], which has been described elsewhere.1,12,13 In line with French
regulations for ethical use of personal data, the CUB-Réa project
was approved by the Commission National Informatique et Liberté
(French Data-Protection Watchdog agreement #564407). The present
study was also approved by the ethics committee of the Société de
Réanimation de Langue Française (French Society of Intensive Care
Medicine) with a waiver of informed consent.

CUB-Réa was initially funded by the Paris public hospital system,
Assistance Publique-Hôpitaux de Paris.

Description of patients
Data on 316 905 consecutive admissions to the 32 ICUs (22 uni-
versity hospitals) were extracted from the database for the period
1997–2012. Participating centres are listed in the Supplementary
material online, Appendix S1.

The CS group was defined as all hospital stays with a primary or
secondary diagnosis of CS (ICD-10 code R570).

Usual demographic characteristics (age, sex and co-morbidities)
were collected, as were the characteristics of ICU stays: type
of institution (university or non-university hospital and hospitals
with or without angiography) and centre volume of activity (<400,
400–800, and ≥800 admissions per year), type of admission (direct,
emergency department, or from another ward), and length of
stay in ICU. The severity of illness was assessed by the Simplified
Acute Physiology Score (SAPS) II measured within 24 h of ICU
admission for organ dysfunction:14 respiratory dysfunction [diagnosis, ..
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.. acute respiratory insufficiency (J96.0); acute respiratory distress
syndrome (J80)]; renal dysfunction [diagnosis acute renal insuffi-
ciency (N17.0, N17.1, N17.2, N17.9)]; neurological dysfunction
(diagnosis coma (R40)]; and haematological dysfunction [diagnosis
disseminated intravascular coagulation (D65) and acidosis (E87.2)].15

The occurrence of sepsis, arrhythmia (ventricular arrhythmia I49,
supraventricular arrhythmia I47), and conduction disorders (I44) was
documented.

The use of life support therapies, such as mechanical ventilation,
including non-invasive and invasive ventilation, renal replacement ther-
apy, and catecholamine use was also recorded.

We analysed length of stay in ICU and all ICU outcomes (in-ICU
mortality, discharge home, discharge to other units).

Definitions
Cardiogenic shock was defined as systolic blood pressure ≤90 mmHg
in the absence of hypervolaemia and associated with cyanosis, cold
extremities, changes in mental status, persistent oliguria, or congestive
heart failure.10,16 The definition of CS remained unchanged throughout
the periods studied.

Associated diagnoses that were potential aetiologies of CS
were identified by their ICD-10 codes: decompensated heart
failure (I05–I08, I20, I25, I34–I37, I42, I43, I51), cardiac arrest
(I46), AMI (I21–I24), pulmonary embolism (I26), drug intox-
ication (T36, T42, T43, T46), endocarditis (I33, I38, I39), and
myocarditis (I40).

Statistical analysis
Analyses were made on the whole population and by time-period,
divided into four periods of 4 years (1997–2000, 2001–2004,
2005–2008, and 2009–2012) to assess temporal trends; further
analyses were made according to age group (<60, 60–74, and≥75 years).

For quantitative variables, means (±SD) were calculated, as were
medians and interquartile ranges, when appropriate. Discrete variables
are presented as counts and percentages. Comparisons for discrete
variables were performed using the !2 test. Continuous variables were
studied by analysis of variance. Temporal trends were tested using
linear-by-linear association tests for binary and Jonckheere–Terpstra
tests for continuous variables. Odds ratios (ORs) are presented with
their 95% confidence intervals (CIs).

To account for changes in baseline characteristics of the populations
admitted to ICUs for CS between 1997 and 2012, we used the
distribution of the SAPS-II in the 2009–2012 population to standardize
the death rates for each previous period (1997–2000, 2001–2004,
2005–2008). The standardized death rates therefore represent the
rates that would have been expected if the distribution of the SAPS-II
within each of the first three periods had been similar to that of the
most recent one.17

Subgroup analyses were performed according to causes of CS
(decompensated heart failure, cardiac arrest, AMI, and pulmonary
embolism).

Multivariable analyses of correlates of in-ICU mortality were per-
formed using backward stepwise multiple logistic regression analysis,
with a threshold <0.10 for variable elimination. Variables included
in the final multivariable models were selected ad hoc, accord-
ing to their physiological relevance and potential to be associated
with outcomes. Two multivariable analyses were conducted. The
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Aim To address the paucity of data on the characteristics, outcome and temporal trends in mortality of cardiogenic shock
(CS) patients admitted to intensive care units (ICUs) we examined key features, variations in mortality from CS, and
predictors of death in ICU patients over the past 15 years.
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and results

From the 1997–2012 database of the Collège des Utilisateurs de Bases de données en Réanimation (CUB-Réa) that
prospectively collects data from ICUs in the greater Paris area, we determined temporal trends in the incidence of
CS, patient outcomes [Crude and Simplified Acute Physiology Score (SAPS)-II Standardized Mortality] and predictors
of in-ICU mortality. Of the 316 905 ICU admissions, 19 416 (6.1%) exhibited CS, with incidence increasing from 4.1%
to 7.7% (P< 0.001). Over time, the age of admitted patients decreased by 2.7 years [95% confidence interval (CI),
−2.0 to −3.4] and SAPS-II increased by 5.8% (95% CI 4.8–6.8) from 58.7± 25.3 to 64.5± 23.3 (P< 0.001). Crude
in-ICU mortality declined from 50% to 45% (−5.6%; 95% CI −7.7 to −3.5) as SAPS-II Standardized ICU mortality rates
decreased from 56.5% to 44.2% (P< 0.001). A more recent time-period was an independent correlate of decreased
mortality in multivariate analyses. The decrease in mortality rate was more marked in patients with decompensated
heart failure, cardiac arrest, or acute myocardial infarction.
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first included only variables available on admission: time-period, age
group, gender, type of institution, co-morbidity, SAPS-II, and causes
of CS. The second model added in-ICU management variables (res-
piratory, circulatory, or renal support techniques). Analyses were
repeated using forward stepwise analysis to assess the consistency
of results. Collinearity was assessed by calculating variance inflation
factors.

Statistical analyses were performed using IBM SPSS 23.0 (IBM SPSS,
Inc., Chicago, IL, USA). For all except multivariate analyses, a 2-sided P
value <0.05 was considered statistically significant.

Results
Prevalence of cardiogenic shock among
patients admitted to intensive care units
Of 316 905 hospital admissions between 1997 and 2012, 19 416
(6.1%) were for CS (Figure 1); over the 15-year study period, the
prevalence of CS increased from 4.1% to 7.7%.

Evolution of baseline characteristics
Table 1 shows baseline characteristics of patients over the study
period.

Over time, age decreased by 2.7 years (95% CI −2.0 to −3.4).
The proportion of patients <60 years increased by 8.9% (95% CI
6.9–10.9) whereas that of patients ≥75 years decreased by 4.6%
(95% CI −6.6 to −2.7), even though the absolute number of elderly
patients increased (Table 1).

Causes of CS over the study period are reported in Table 1.
Over time, the occurrence of cardiac arrest increased by 3.6 (95%
CI 1.8–6.0), whereas the occurrence of AMI declined by −2.2 (95%
CI −4.3 to −0.1).

Over time, CS was associated more often with chronic
renal failure (+3.6%, 95% CI 2.5–4.7, P< 0.001) or chronic
obstructive pulmonary disease (+1.8%, 95% CI 1.1–2.4,
P< 0.001).

Disease severity increased with time, with increasing occurrence
of acute respiratory failure, acute respiratory distress syndrome,
acute renal failure, acidosis, and disseminated intravascular coagu-
lation (P< 0.001) (Table 1). The SAPS-II increased by 5.8% points
(95% CI 4.8–6.8) and occurrence of sepsis rose by 8.4% points
(95% CI 6.7–10.2).

Renal replacement therapy increased significantly by 12.4% (95%
CI 10.8–14.0) (Table 1). The use of invasive ventilation increased
non-significantly by 1.4 percentage points (95% CI −0.4–3.3)
whereas the use of non-invasive ventilation decreased by 2.4% (95%
CI −3.6 to −1.3). In contrast, catecholamine use decreased by 9.3%
(95% CI −10.8 to −7.9) (Table 1).

Evolution of mortality and outcome
at discharge
The average crude in-ICU mortality over the entire study period
was 47.4% (9205/19 416) and decreased by −5.6% (95% CI −7.7
to −3.5) from 50.3% (period 1) to 44.8% (period 4), representing
an 11% relative decrease in mortality (Table 1 and Figure 2). ..
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Figure 1 Flow chart of study participants.

When death rates were standardized on the SAPS-II distribution,
mortality decreased gradually over time from 56.5% to 44.2%
(P< 0.001) (Figure 3), representing a 22% relative decrease from
1997 to 2012.

Mortality declined in the <60- and 60–74-year age-groups
but remained unchanged in patients aged ≥75 years (see the
Supplementary material online, Figure S1).

The in-ICU mortality decreased significantly in CS patients
with decompensated heart failure (−16.9%, 95% CI −22.5 to
−11.2, P< 0.001), cardiac arrest (−15.3%, 95% CI −22.4 to
−7.1, P< 0.001) and AMI (−10.3%, 95% CI −18.4 to −0.02,
P= 0.009)—causes that represented the vast majority of patients
(Figure 4). In contrast, the change was non-significant in pul-
monary embolism CS patients (−1.0 percentage points; 95% CI,
−17.6–15.6; P= 0.85).

Correlates of in-intensive care unit
mortality
Factors related to in-ICU mortality are reported in Table 2 and
in the Supplementary material online, Table S1. Both multivariate
analyses found concordant results and, in particular, that mortality
declined progressively with the time-period: mortality in patients
admitted during the most recent period (2009–2012) was half
the mortality of those hospitalized 15 years before. Other factors
independently associated with increased in-ICU mortality were
older age (age ≥75 years: OR 1.91, 95% CI 1.75–2.10), history
of cancer (OR 1.41, 95% CI 1.24–1.60), cardiac arrest (OR 4.53,
95% CI 4.16–4.93), disseminated intravascular coagulation (OR
2.58, 95% CI 2.09–3.17), acidosis (OR 1.43, 95% CI 1.29–1.57),
acute respiratory distress syndrome (OR 1.85, 95% CI 1.68–2.03),
and SAPS-II (each incremental SAPS-II point was associated with a
4% increase in mortality). Conversely, management in a university
hospital (OR 0.76, 95% CI 0.70–0.82), drug intoxication (OR 0.31,
95% CI 0.25–0.37), renal failure (OR 0.84, 95% CI 0.74–0.96),
exacerbation of heart failure (OR 0.65, 95% CI 0.52–0.83) and
sepsis (OR 0.92, 95% CI 0.85–1.00) were associated with a
reduced risk of mortality.
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Of 316 905 hospital admissions between 1997 and 2012, 19 416 (6.1%) were for CS (Figure 1); over the 15-year 
study period, the prevalence of CS increased from 4.1% to 7.7%. 
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Table 1 Characteristics and outcomes in cardiogenic shock patients from 1997 to 2012

1997–2000
(n= 3248)

2001–2004
(n= 4602)

2005–2008
(n= 5179)

2009–2012
(n= 6387)

P-value for
trends

Change from 1997 to
2012 (95% CI)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age, years 66.4± 16.1 65.1±16.5 63.6±16.9 63.7± 16.6 <0.001 −2.7 (−2.0 to −3.4)
<60 941 (29) 1559 (34) 2030 (39) 2419 (38) <0.001 8.9 (6.9 to 10.9)
60–74 1189 (37) 1548 (34) 1629 (31.5) 2062 (32) −4.3 (−6.3 to −2.3)≥75 1116 (34) 1495 (32.5) 1519 (29) 1899 (30) −2.0 (−6.6 to −2.7)

Men 1977 (61) 2877 (62.5) 3315 (64) 4152 (65) <0.001 4.0 (1.9–6.0)
Type of institution

University hospital 2089 (64) 2921 (63.5) 3766 (73) 4736 (74) <0.001 9.8 (7.9–11.8)
Non-university hospital 1159 (36) 1681 (36.5) 1413 (27) 1651 (26) −9.8 (−11.8 to −7.9)
Without 24-h angiography 1602 (49) 2274 (49) 1811 (35) 1711 (27) <0.001 −22.6 (−24.6 to −20.5)
With 24-h angiography 1646 (51) 2328 (51) 3368 (65) 4676 (73) 22.6 (20.5–24.6)

Number of centres according to activity
(admissions/year)
<400 18 (16) 15 (11) 20 (17) 21 (18) <0.001 –≥400–800 18 (51) 22 (62) 17 (51) 12 (36) –≥800 7 (33) 6 (27) 6 (32) 10 (46) –

Admission
Direct 1249 (38.5) 369 (30) 2145 (41) 2007 (31) <0.001 −7.0 (−9.1 to −5.0)
Internal transfer 1262 (39) 1828 (40) 2266 (44) 3031 (47.5) 8.6 (6.5–10.7)
Emergency department 410 (13) 1030 (22) 505 (10) 1116 (17.5) 4.9 (3.4–6.3)

Comorbidity
Chronic kidney disease 185 (6) 340 (7) 406 (8) 594 (9) <0.001 3.6 (2.5–4.7)
COPD 63 (2) 215 (5) 254 (5) 238 (4) <0.001 1.8 (1.1–2.4)
Cancer 215 (7) 308 (7) 409 (8) 431 (7) 0.005 0.1 (−1.0–1.2)

Clinical presentation
SAPS-II 58.7± 25.3 59.3± 24.7 63.8± 23.7 64.5± 23.3 <0.001 5.8 (4.8–6.8)
Acute respiratory failure 1149 (35) 2175 (53) 2984 (58) 3410 (53) <0.001 18.0 (16.0–20.1)
ARDS 230 (7) 447 (10) 644 (12) 685 (11) <0.001 3.6 (2.5–4.8)
Coma 506 (16) 1181 (26) 1631 (31.5) 1673 (26) <0.001 10.6 (8.9–12.2)
Acute renal failure 1039 (32) 1936 (42) 2807 (54) 3468 (54) <0.001 22.3 (20.3–24.3)
Acidosis 258 (8) 650 (14) 1166 (22) 1511 (24) <0.001 15.7 (14.3–17.1)
DIC 78 (2) 175 (4) 257 (5) 283 (4) <0.001 2.0 (1.3–2.7)
Sepsis 649 (20) 1135 (25) 1552 (30) 1815 (28) <0.001 8.4 (6.7–10.2)
Arrhythmia 466 (14) 672 (15) 854 (16.5) 926 (14.5) 0.008 0.2 (−1.4–1.6)
Conduction disorder 172 (5) 245 (5) 259 (5) 282 (4) 0.106 −0.9 (−1.8–0.01)

Leading causes of cardiogenic shock
Decompensated heart failure 964 (30) 1105 (24) 1327 (26) 1705 (27) 0.17 −3 (−5.1 to −0.9)
Cardiac arrest 586 (18) 989 (21.5) 1225 (24) 1397 (22) <0.001 3.6 (1.8–6.0)
Acute myocardial infarction 461 (14) 534 (12) 535 (10) 763 (12) 0.005 −2.2 (−4.3 to −0.1)
Pulmonary embolism 148 (5) 120 (3) 131 (2.5) 186 (3) 0.001 −1.7 (−3.8–0.4)
Drug intoxication 160 (5) 230 (5) 265 (5) 269 (4) 0.077 −0.7 (−2.8–1.4)
Endocarditis 49 (1.5) 66 (1) 126 (2) 153 (2) <0.001 0.9 (−1.2–3.0)
Myocarditis 28 (0.9) 51 (1) 83 (2) 76 (1) 0.108 0.3 (−1.8–2.4)

In-hospital management
Respiratory support 2566 (79) 3809 (83) 4210 (81) 5016 (78.5) <0.001 −0.5 (−2.2–1.3)
Invasive ventilation 2377 (73) 3446 (75) 3987 (77) 4765 (75) 0.001 1.4 (−0.4–3.3)
Non-invasive ventilation 297 (9) 629 (14) 363 (7) 430 (7) <0.001 −2.4 (−3.6 to −1.3)
Catecholamine use 2826 (87) 3990 (86.5) 4129 (79.5) 5048 (79) <0.001 −9.3 (−10.8 to −7.9)
Renal replacement therapy 466 (14) 924 (20) 1342 (26) 1709 (27) <0.001 12.4 (10.8–14.0)

Length of stay in ICU, median [IQR] 10 [3–23] 10 [3–24] 11 [3–26] 12 [4–25] <0.001 –
In-ICU death 1635 (50) 2294 (50) 2416 (46.5) 2860 (45) <0.001 −5.6 (−7.7 to −3.5)
Outcomes in ICU survivor patients n= 1613 n= 2308 n= 2763 n= 3527

Discharge to home 63 (4) 107 (5) 103 (4) 78 (2) <0.001 −0.7 (−1.3 to −0.2)
Discharge to another hospital 431 (27) 567 (24) 628 (23) 733 (21) −1.8 (−3.2 to −0.4)
Intrahospital transfer 1114 (69) 1633 (71) 2009 (73) 2716 (77) 8.3 (6.2–10.3)

Data are number (%), or mean (SD) unless indicated otherwise.
ARDS, acute respiratory distress syndrome; COPD, chronic obstructive pulmonary disease; DIC, disseminated intravascular coagulation; ICU, intensive care unit; IQR,
interquartile range; SAPS, Simplified Acute Physiology Score.
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Aim To address the paucity of data on the characteristics, outcome and temporal trends in mortality of cardiogenic shock
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Figure 2 In-intensive care unit (ICU) mortality (P< 0.001).
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Figure 3 Crude and Simplified Acute Physiology Score (SAPS)-standardized intensive care unit (ICU) mortality rates (P< 0.001). n, number
of patients for whom SAPS-II was available.

Discussion
The present study provides novel data on the epidemiology of
CS managed in ICUs from 1997 to 2012. During this period,
the prevalence of CS practically doubled and CS now accounts
for almost 8% of patients in ICUs. The profile of CS patients
has changed with time: although CS patients are now younger,
they appear more severely affected. Cardiac arrest is an increas-
ing cause of CS, while AMI is less common, now representing
<20%. Despite this more severe profile, crude and SAPS-II
standardized in-ICU mortality have declined markedly over this
15-year period. No single factor explaining this improved early ..
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.. outcome was identified, thus suggesting progress in the overall
process of care, rather than the result of any single therapeutic
measure.

Cardiogenic shock has essentially been studied in dedicated car-
diology ICUs, and typically in AMI patients.5–8,16,18–20 Aissaoui
et al.6 reported an overall incidence of 6.5% among 7531 AMI
patients admitted to cardiac ICUs over a 10-year period, with
a declining prevalence between 1995 (6.9%) and 2005 (5.7%).
Goldberg et al.16 reported similar findings with a prevalence of
6.6%, that remained stable from 1975 to the late 1990s and
declined thereafter. Most authors actually assessed the epidemi-
ology of CS in AMI or acute heart failure patients and reported
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Flow-chart pazienti analizzati

Progetto PROSAFE
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Selezione centri: Ti italiane

TI Pazienti
N=300 N=22009

DATI VALIDI
Totale pazienti ammessi nei mesi in cui la % di

pazienti in status 3 o 4 supera la soglia prefissata

TI Pazienti
N=299 N=21291

Selezione pazienti: Pazienti adulti medici
con shock cardiogeno puro senza trauma

TI Pazienti
N=299 N=21291
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Rapporto nazionale TI di altro tipo - Anni 2011, 2012, 2013, 2014, 2015, 2016
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Pazienti (N): 28631
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Missing 22

Età (anni) N %

17-45 1316 4.6
46-65 6823 23.8
66-75 8441 29.5
>75 12051 42.1

Missing 0

Media 70.8
DS 12.8

Mediana 73
Q1−Q3 64−80

Min−Max 17−102

Indice di massa corporea (BMI) N %

Sottopeso 1278 4.5
Normopeso 12249 43.1
Sovrappeso 9564 33.7

Obeso 5314 18.7
Missing 226
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Femmine (N=10821) N %

Non fertile 7230 66.8
Non gravida/Stato sconosciuto 3537 32.7
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Sì 26590 92.9

Missing 3

Comorbilità (top 10) N %

Ipertensione 16462 57.5
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NYHA classe II-III 7512 26.2

BPCO moderata 4969 17.4
Insufficienza Renale moderata o grave 4566 15.9
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Approccio step-up 1167 42.4

Motivi logistico/organizzativi 439 15.9
Approccio step-down 36 1.3

Missing 0

Provenienza (Reparto)
Stesso ospedale (N=25367) N %

Reparto medico 5943 23.4
Reparto chirurgico 5611 22.1

Pronto soccorso 10251 40.4
Altra TI 2010 7.9

Terapia subintensiva 1549 6.1
Missing 3

Provenienza (Reparto)
Altro ospedale (N=3158) N %

Reparto medico 729 23.1
Reparto chirurgico 181 5.7

Pronto soccorso 1386 43.9
Altra TI 743 23.5

Terapia subintensiva 119 3.8
Missing 0

Ricovero in TI programmato N %

No 26780 93.6
Sì 1846 6.4

Missing 5

Progetto PROSAFE

3 Pazienti adulti con shock cardiogeno

Rapporto nazionale TI di altro tipo - Anni 2011, 2012, 2013, 2014, 2015, 2016, 2017
Caratteristiche della popolazione all’ammissione - Pazienti adulti medici con shock cardiongeno puro senza
trauma

Pazienti (N): 19250

Sesso N %
Maschio 11908 61.9

Femmina 7324 38.1
Missing 18

Età (anni) N %
17-45 810 4.2
46-65 4633 24.1
66-75 5567 28.9
>75 8240 42.8

Missing 0
Media 70.9

DS 12.7
Mediana 73
Q1�Q3 64�80

Min�Max 17�99

Indice di massa corporea (BMI) N %
Sottopeso 799 4.2

Normopeso 8113 42.5
Sovrappeso 6480 33.9

Obeso 3703 19.4
Missing 155

Stato gestazionale
Femmine (N=7324) N %

Non fertile 4918 67.2
Non gravida/Stato sconosciuto 2383 32.6

Attualmente gravida 9 0.1
Post partum 10 0.1

Missing 4

Comorbilità N %
No 1491 7.7
Sì 17758 92.3

Missing 1

Comorbilità (top 10) N %
Ipertensione 10745 55.8

Infarto miocardico 5289 27.5
Aritmia 5142 26.7

NYHA classe II-III 4818 25.0
BPCO moderata 3517 18.3

Diabete Tipo II senza terapia insulinica 3174 16.5
Insufficienza Renale moderata o grave 3098 16.1

Malattia vascolare periferica 2797 14.5
Vasculopatia cerebrale 2689 14.0

NYHA classe IV 2524 13.1
Missing 1

Degenza pre TI (giorni)
Media 3.4

DS 10.1
Mediana 0
Q1�Q3 0�2
Missing 21

Provenienza N %
Stesso ospedale 16709 86.8

Altro ospedale 2445 12.7
RSA/lungodegenza 89 0.5

Territorio 6 0.0
Missing 1

Provenienza (Reparto)
Ospedale (N=19154) N %

Reparto medico 5098 26.6
Reparto chirurgico 820 4.3

Pronto soccorso 9962 52.0
Altra TI 2007 10.5

Terapia subintensiva 1266 6.6
Missing 1

Motivo del trasferimento da
Altra TI (N=2007) N %

Competenza specialistica 796 39.7
Approccio step-up 844 42.1

Motivi logistico/organizzativi 349 17.4
Approccio step-down 18 0.9

Missing 0

Provenienza (Reparto)
Stesso ospedale (N=16709) N %

Reparto medico 4520 27.1
Reparto chirurgico 769 4.6

Pronto soccorso 8792 52.6
Altra TI 1437 8.6

Terapia subintensiva 1190 7.1
Missing 1

Provenienza (Reparto)
Altro ospedale (N=2445) N %

Reparto medico 578 23.6
Reparto chirurgico 51 2.1

Pronto soccorso 1170 47.9
Altra TI 570 23.3

Terapia subintensiva 76 3.1
Missing 0

Ricovero in TI programmato N %
No 19202 99.8
Sì 47 0.2

Missing 1

Progetto PROSAFE

3Pazienti adulti medici con shock cardiongeno puro senza trauma

1.

Flow-chart pazienti analizzati

Progetto PROSAFE

Selezione temporale: Anno 2011

Selezione centri: Ti italiane

TI Pazienti
N=300 N=22009

DATI VALIDI
Totale pazienti ammessi nei mesi in cui la % di

pazienti in status 3 o 4 supera la soglia prefissata

TI Pazienti
N=299 N=21291

Selezione pazienti: Pazienti adulti medici
con shock cardiogeno puro senza trauma

TI Pazienti
N=299 N=21291

1 Flow-chart

2.

Flow-chart pazienti analizzati

Progetto PROSAFE

Selezione temporale: Anno 2011

Selezione centri: TI italiane (Italia)
Sono considerate nelle analisi aggregate le sole

TI che hanno raccolto dati validi relativi ad un

periodo temporate maggiore o uguale a 4 mesi

TI Pazienti
N=306 N=485509

DATI VALIDI
Totale pazienti ammessi nei mesi in cui la % di

pazienti in status 3 o 4 supera la soglia prefissata

TI Pazienti
N=306 N=485509

Selezione pazienti: Pazienti adulti medici
con shock cardiongeno puro senza trauma

TI Pazienti
N=284 N=19250

1 Flow-chart

3.

Statistiche calcolate sui soli pazienti ammessi nei mesi con % di status 4 superiore alla soglia prefissata (riammissioni escluse) 



Caratteristiche e comorbidità 
Età, anni %

<65 28.3

65-75 28.9

>75 42.8

Maschi % 61.9

Degenza media pre 
TI (days)

3.1 (±10.1)

Comorbidità % 92.3

Rapporto nazionale TI di altro tipo - Anni 2011, 2012, 2013, 2014, 2015, 2016, 2017
Caratteristiche della popolazione all’ammissione - Pazienti adulti medici con shock cardiongeno puro senza
trauma

Pazienti (N): 19250

Sesso N %
Maschio 11908 61.9

Femmina 7324 38.1
Missing 18

Età (anni) N %
17-45 810 4.2
46-65 4633 24.1
66-75 5567 28.9
>75 8240 42.8

Missing 0
Media 70.9

DS 12.7
Mediana 73
Q1�Q3 64�80

Min�Max 17�99

Indice di massa corporea (BMI) N %
Sottopeso 799 4.2

Normopeso 8113 42.5
Sovrappeso 6480 33.9

Obeso 3703 19.4
Missing 155

Stato gestazionale
Femmine (N=7324) N %

Non fertile 4918 67.2
Non gravida/Stato sconosciuto 2383 32.6

Attualmente gravida 9 0.1
Post partum 10 0.1

Missing 4

Comorbilità N %
No 1491 7.7
Sì 17758 92.3

Missing 1

Comorbilità (top 10) N %
Ipertensione 10745 55.8

Infarto miocardico 5289 27.5
Aritmia 5142 26.7

NYHA classe II-III 4818 25.0
BPCO moderata 3517 18.3

Diabete Tipo II senza terapia insulinica 3174 16.5
Insufficienza Renale moderata o grave 3098 16.1

Malattia vascolare periferica 2797 14.5
Vasculopatia cerebrale 2689 14.0

NYHA classe IV 2524 13.1
Missing 1

Degenza pre TI (giorni)
Media 3.4

DS 10.1
Mediana 0
Q1�Q3 0�2
Missing 21

Provenienza N %
Stesso ospedale 16709 86.8

Altro ospedale 2445 12.7
RSA/lungodegenza 89 0.5

Territorio 6 0.0
Missing 1

Provenienza (Reparto)
Ospedale (N=19154) N %

Reparto medico 5098 26.6
Reparto chirurgico 820 4.3

Pronto soccorso 9962 52.0
Altra TI 2007 10.5

Terapia subintensiva 1266 6.6
Missing 1

Motivo del trasferimento da
Altra TI (N=2007) N %

Competenza specialistica 796 39.7
Approccio step-up 844 42.1

Motivi logistico/organizzativi 349 17.4
Approccio step-down 18 0.9

Missing 0

Provenienza (Reparto)
Stesso ospedale (N=16709) N %

Reparto medico 4520 27.1
Reparto chirurgico 769 4.6

Pronto soccorso 8792 52.6
Altra TI 1437 8.6

Terapia subintensiva 1190 7.1
Missing 1

Provenienza (Reparto)
Altro ospedale (N=2445) N %

Reparto medico 578 23.6
Reparto chirurgico 51 2.1

Pronto soccorso 1170 47.9
Altra TI 570 23.3

Terapia subintensiva 76 3.1
Missing 0

Ricovero in TI programmato N %
No 19202 99.8
Sì 47 0.2

Missing 1
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Non fertile 4918 67.2
Non gravida/Stato sconosciuto 2383 32.6

Attualmente gravida 9 0.1
Post partum 10 0.1
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Sì 17758 92.3

Missing 1
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NYHA classe II-III 4818 25.0
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Malattia vascolare periferica 2797 14.5
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Degenza pre TI (giorni)
Media 3.4
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Mediana 0
Q1�Q3 0�2
Missing 21

Provenienza N %
Stesso ospedale 16709 86.8

Altro ospedale 2445 12.7
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Territorio 6 0.0
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Reparto medico 5098 26.6
Reparto chirurgico 820 4.3

Pronto soccorso 9962 52.0
Altra TI 2007 10.5

Terapia subintensiva 1266 6.6
Missing 1

Motivo del trasferimento da
Altra TI (N=2007) N %

Competenza specialistica 796 39.7
Approccio step-up 844 42.1

Motivi logistico/organizzativi 349 17.4
Approccio step-down 18 0.9

Missing 0

Provenienza (Reparto)
Stesso ospedale (N=16709) N %

Reparto medico 4520 27.1
Reparto chirurgico 769 4.6

Pronto soccorso 8792 52.6
Altra TI 1437 8.6

Terapia subintensiva 1190 7.1
Missing 1

Provenienza (Reparto)
Altro ospedale (N=2445) N %

Reparto medico 578 23.6
Reparto chirurgico 51 2.1

Pronto soccorso 1170 47.9
Altra TI 570 23.3

Terapia subintensiva 76 3.1
Missing 0

Ricovero in TI programmato N %
No 19202 99.8
Sì 47 0.2

Missing 1
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Non gravida/Stato sconosciuto 2383 32.6

Attualmente gravida 9 0.1
Post partum 10 0.1

Missing 4

Comorbilità N %
No 1491 7.7
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Media 3.4
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Altro ospedale 2445 12.7
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Reparto medico 5098 26.6
Reparto chirurgico 820 4.3
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Altra TI 2007 10.5

Terapia subintensiva 1266 6.6
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Motivo del trasferimento da
Altra TI (N=2007) N %

Competenza specialistica 796 39.7
Approccio step-up 844 42.1

Motivi logistico/organizzativi 349 17.4
Approccio step-down 18 0.9
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Provenienza (Reparto)
Stesso ospedale (N=16709) N %

Reparto medico 4520 27.1
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Altra TI 1437 8.6

Terapia subintensiva 1190 7.1
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Provenienza (Reparto)
Altro ospedale (N=2445) N %

Reparto medico 578 23.6
Reparto chirurgico 51 2.1

Pronto soccorso 1170 47.9
Altra TI 570 23.3

Terapia subintensiva 76 3.1
Missing 0

Ricovero in TI programmato N %
No 19202 99.8
Sì 47 0.2

Missing 1
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Condizioni all’Ammissione
Shock Cardiogeno “puro”19250 

Supporto ventilatorio e cardiovascolare 92,6% 

GiViTi CUB-REA (2009-2012) CULPRIT-SHOCK 

SAPS II 64.6 (± 21.9) 64.5 ± 23.3 

Acute respiratory 
Failure % 92.5 53 81.3

Neurological % 36.2 26 67.6

Acute Renal failure % 64.7 54 26.5

Metabolic % 56.3 24 66.3

DIC % 2.3 4

Acute respiratory 
Failure %

Ipossico ipercapnico misto mantenimento viene 
aeree

35.4 4.8 15.2 37.3



2011 2012 2013 2014 2015 2016 2017

Acute 
Respiratory 
Failure %

93 91.8 92.4 93.2 92 91.4 92.6

Neurological 
% 35.3 35.7 33 34.2 36.8 35.4 36.7

Acute Renal 
Failure % 62 64.2 64.2 65 65.1 66.7 65.4

Metabolic % 51.6 51.9 53.8 57.5 58 59.5 59

DIC % 3.1 2 2.5 2 2.2 2.4 1.6

Trend insufficienze d’organo



Eziologia

GiViTi CUB-REA (2009-2012)

Acute Heart Failure 
(With/without PE) %

40.1 
(25.6/14.5) 27

Cardiac Arrest % 36.9 22

Myocardial Infarction % 17.9 12

Arrhythmias % 9.7 14.5

Pulmonary Embolism % 3.9 3

Endocarditis 2

Myocarditis 1

RV Failure 6.6
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Trend: Eziologia
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Scompenso 
sinistro Arresto Cardiaco Infarto Acuto Embolia Polmonare

Età 72,4 (11,9) 69,1(13,4) 69,4 (11,9) 71(13,5)

Comorbidità

Ipertensione % 58,8 55 58,7 52,9

Infarto % 32 26,5 35,8 9,8

BPCO % 22,4 14,8 13,1 14,4

IRA % 28,8 11,8 10 9

Diabete % 18,5 10,9 9,2 12

NYHA II-IV % 35 (NYHA IV 20,9) 20,4 15,6 12,6

Caratteristiche per patologia



Trattamenti

PCI 17,9 34,5 67 8,6

Vasoattivi 97,5 95,1 95,6 96,8

CRRT 13,7 7,1 7,9 7,1

IABP 13,8 14,7 42 1,5

ECMO 1,6 3,3 3,4 1,6

Scompenso 
sinistro Arresto Cardiaco Infarto Acuto Embolia Polmonare

!!!

Trattamenti per patologia

were classified as discrete categories, whereas
remaining diagnoses were merged into a single cate-
gory of other miscellaneous indications. Mortality
rates were defined as the percentage of patients who
died before discharge.

COST ANALYSIS. We used HCUP cost-to-charge ra-
tios for each hospital, based on information from the
Centers for Medicare and Medicaid Services, to adjust
the total charges for each patient and to estimate
costs. When a hospital-specific cost-to-charge ratio
was not available, we used the corresponding state-
level ratio. These estimates were then adjusted for
inflation by using the Consumer Price Index Inpatient
Hospital Services inflation multiplier (8), with 2011 as
the base year. Hospital costs incurred by permanent
device implantation or heart transplantation were
included in all calculations.

STATISTICAL ANALYSIS. An abrupt change in utili-
zation pattern was observed in 2008. Based on this
finding, weighted means for demographic and hos-
pital course characteristics were calculated and
presented as illustrative data for 2004 to 2007 and
for 2008 to 2011 in aggregate. To test for linear and
curvilinear trends in disease characteristics and
outcomes over time, we adopted a method of
variance-weighted regression (9,10). This method-
ology incorporates the standard errors associated
with the estimates of each year but does not as-
sume homogeneity of variance. The threshold for
including yearly estimates was a relative standard
error <30%.

Data from 2005 were excluded from the mortality
trend analysis because 2 of 53 hospitals caused a
significant downward distortion of overall mortality
in a manner inconsistent with all other years exam-
ined. Trend analyses for hospital costs and length of
stay were performed before and after removing the
top 1% of values, with similar results (latter data not
shown).

Multivariable logistic and linear regression was
used to calculate the association among independent
variables, in-hospital mortality, and the total cost of
hospital stay. Hierarchical models were used to ac-
count for clustering of cases by hospital. Length of
stay and total cost of hospital stay were both log-
transformed to achieve less positively skewed distri-
butions. Elixhauser comorbidities affecting $5% of
patients were included as independent variables if
they were significantly associated with outcomes on
bivariate analysis. The significance level was set a
priori at a p value #0.05. Statistical analyses were
performed using SPSS version 21.0 (IBM Corporation,
Armonk, New York) (Online Methods).
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FIGURE 1 Use of MCS Devices Between 2004 and 2011

Use of percutaneous devices, permanent devices, extracorporeal
membrane oxygenation (ECMO), and percutaneous cardiopul-
monary support (PCPS) has grown considerably, whereas rela-
tively little change in use has been observed for intra-aortic
balloon pump (IABP) and nonpercutaneous devices. MCS ¼
mechanical support device.

TABLE 1 Sample Patient and Hospital Demographics

2004–2007 2008–2011

Female 33.5 28.6

Age, yrs

18–34 5.7 4.7

35–49 15.8 12.5

50–64 38.9 35.7

65–79 33.4 35.3

$80 6.2 11.9

Race

White 75.6 70.4

Black 8.8 11.9

Other 15.6 17.7

Primary payer

Medicare 42.5 50.2

Medicaid 9.4 9.8

Private insurance 39.3 33.3

Other* 8.8 6.7

Median household income

0–25th percentile 21.3 27.8

26th–50th percentile 23.8 23.5

51st–75th percentile 24.3 23.1

76th–100th percentile 30.7 23.7

Teaching hospital 79.1 77.3

Urban location 99.0 96.0

Large hospital by bed size 76.6 80.8

Region

Northeast 31.8 24.4

Midwest 22.9 23.7

South 27.9 29.7

West 17.4 22.2

Values are %. *Includes self-pay, no charge, or other.
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ORIGINAL INVESTIGATIONS

National Trends in the Utilization of
Short-Term Mechanical Circulatory Support
Incidence, Outcomes, and Cost Analysis

Robert Stretch, MD,* Christopher M. Sauer, MD, MBA,* David D. Yuh, MD,y Pramod Bonde, MDyz

ABSTRACT

BACKGROUND The number of alternatives to intra-aortic balloon counterpulsation in the treatment of anticipated

and established acute circulatory failure is growing. Despite the clinical importance and significant cost of short-term

mechanical circulatory support (MCS) devices, the state of their present use has not been analyzed on a national scale.

OBJECTIVES The purpose of this study was to characterize the demographics, treatment practices, survival rates, and

cost of short-term MCS.

METHODS In this serial cross-sectional study, we analyzed all adult patients receiving short-term MCS in the United

States from 2004 to 2011 by using the Nationwide Inpatient Sample from the Healthcare Cost and Utilization Project.

RESULTS From 2007 to 2011, use of percutaneous devices for short-term MCS increased by 1,511% compared with a

101% increase in nonpercutaneous devices. Mortality rates declined over this period (p for trend ¼ 0.027) from 41.1% in

2004 to 2007 to 33.4% in 2008 to 2011. A similar trend was observed for the subset of patients with cardiogenic shock,

decreasing from 51.6% to 43.1% (p for trend ¼ 0.012). Hospital costs also declined over this period (p for trend ¼ 0.011).

Multivariable analysis revealed balloon pumps (odds ratio [OR]: 2.00; 95% confidence interval [CI]: 1.58 to 2.52),
coagulopathy (OR: 2.35; 95% CI: 1.88 to 2.94), and cardiopulmonary resuscitation (OR: 3.50; 95% CI: 2.20 to 5.57)

before short-term MCS were among the most significant predictors of mortality.

CONCLUSIONS Use of short-term MCS in the United States has increased rapidly, whereas rates of in-hospital
mortality have decreased. These changes have taken place in the context of declining hospital costs associated

with short-term MCS. (J Am Coll Cardiol 2014;64:1407–15) © 2014 by the American College of Cardiology Foundation.

A cute circulatory collapse is a broad term
referring to failure of the pumping mecha-
nism of the heart and an inability to maintain

adequate organ perfusion. The most common situa-
tion in which it is encountered is cardiogenic shock.
However, similar circulatory collapse can be antici-
pated during procedures that may compromise

hemodynamic stability, including high-risk percuta-
neous coronary intervention (PCI), ablation for ar-
rhythmias, and transcatheter valvular interventions.

Historically, institution of short-term mechanical
circulatory support (MCS) was largely reserved for
patients exhibiting significant circulatory compro-
mise requiring cardiac output augmentation, with a
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increase was accompanied by a concomitant decline
in transfers to other facilities (p for trend ¼ 0.019). In
2008 to 2011, patients with AMI, CHF, or other
miscellaneous diagnoses were discharged home in
approximately 40% of cases, compared with 70.7%
of those with CAD (Table 4). Patients with CAD also
had the lowest incidence of cardiogenic shock of
all groups.

MORTALITY. As illustrated in Figure 2, mortality rates
of short-term MCS recipients have decreased over

time (p for trend ¼ 0.027) (Table 5). This trend was
also observed in the subset of patients with cardio-
genic shock (p for trend ¼ 0.012). Detailed outcome
data for this subgroup are presented in Online Table 1.
Patients 65 to 79 years of age had the highest odds of
mortality. Comorbidities conveying the greatest risk
were coagulopathies and fluid and electrolyte disor-
ders. Other predictors of death included a diagnosis
of cardiogenic shock and use of IABP or cardiopul-
monary resuscitation before short-term MCS. After
adjusting for all other variables, later calendar years
remained predictive of lower mortality.

TABLE 4 Management by Indication for Hospital Stay From
2008 to 2011

AMI CAD CHF HVD Other

Cardiogenic shock 59.5 18.6 56.5 56.0 57.6

Hospital course

Vasopressor use 4.2 1.1 3.7 4.4 5.2

IABP use 39.9 17.4 26.8 51.2 27.7

Intubation 24.3 7.2 27.0 24.6 26.1

CPR administration 7.4 2.2 7.3 8.6 9.8

Permanent device 5.9 1.5 24.8 4.3 11.9

Disposition

Routine 39.7 70.7 37.4 19.4 40.2

Home health care 18.7 11.3 26.8 25.6 20.8

Transfer* 41.6 18.0 35.8 55.0 39.0

Mortality rate 33.5 15.4 34.2 55.3 46.8

Values are %. *Includes short-term hospital, skilled nursing facility, or interme-
diate care.

Abbreviations as in Table 2.
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FIGURE 2 Mortality Rate Associated With Short-Term
Mechanical Circulatory Support (2004 to 2011)

A trend toward decrease in mortality was observed over time for
recipients of short-term circulatory assist devices. CI ¼ confi-
dence interval.

TABLE 5 Multivariable Analysis of Mortality

Odds
Ratio

Lower
95% CI

Upper
95% CI p Value

Age, yrs

18–34 Ref

35–49 1.41 0.85 2.33 0.19

50–64 2.13 1.33 3.41 0.002

65–79 2.41 1.49 3.88 <0.001

$80 1.51 0.85 2.70 0.16

Female 1.44 1.17 1.79 0.001

Hospital characteristics

Teaching hospital* 1.13 0.87 1.47 0.37

Urban location 1.02 0.57 1.84 0.94

Year

2004 Ref

2005 0.30 0.16 0.54 <0.001

2006 0.70 0.39 1.25 0.23

2007 0.43 0.23 0.79 0.007

2008 0.43 0.26 0.71 0.001

2009 0.31 0.19 0.51 <0.001

2010 0.36 0.22 0.58 <0.001

2011 0.30 0.19 0.48 <0.001

Primary diagnosis

AMI Ref

CAD 0.64 0.47 0.88 0.005

CHF 0.92 0.67 1.27 0.61

HVD 1.49 0.98 2.28 0.07

Other 1.56 1.19 2.05 0.001

Cardiogenic shock 1.42 1.14 1.77 0.002

Before heart assist†

CPR administration 3.50 2.20 5.57 <0.001

IABP use 2.00 1.58 2.52 <0.001

Intubation 1.71 1.27 2.30 <0.001

Vasopressor use 1.39 0.75 2.58 0.30

Comorbidities

Coagulopathy 2.35 1.88 2.94 <0.001

Fluid and electrolyte disorders 1.82 1.47 2.25 <0.001

Deficiency anemias 0.44 0.33 0.59 <0.001

CHF 1.38 0.96 1.99 0.08

Diabetes, uncomplicated 0.81 0.64 1.03 0.08

*As classified in the American Heart Association Annual Survey of Hospitals. †Performed or
administered up to 7 days before short-term mechanical circulatory support.

CI ¼ confidence interval; Ref ¼ reference; other abbreviations as in Table 2.
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A cute circulatory collapse is a broad term
referring to failure of the pumping mecha-
nism of the heart and an inability to maintain

adequate organ perfusion. The most common situa-
tion in which it is encountered is cardiogenic shock.
However, similar circulatory collapse can be antici-
pated during procedures that may compromise

hemodynamic stability, including high-risk percuta-
neous coronary intervention (PCI), ablation for ar-
rhythmias, and transcatheter valvular interventions.

Historically, institution of short-term mechanical
circulatory support (MCS) was largely reserved for
patients exhibiting significant circulatory compro-
mise requiring cardiac output augmentation, with a
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Aims The aim of this study was to investigate the clinical picture and outcome of cardiogenic shock and to develop a risk
prediction score for short-term mortality.
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Methods
and results

The CardShock study was a multicentre, prospective, observational study conducted between 2010 and 2012.
Patients with either acute coronary syndrome (ACS) or non-ACS aetiologies were enrolled within 6 h from detection
of cardiogenic shock defined as severe hypotension with clinical signs of hypoperfusion and/or serum lactate
>2 mmol/L despite fluid resuscitation (n = 219, mean age 67, 74% men). Data on clinical presentation, management,
and biochemical variables were compared between different aetiologies of shock. Systolic blood pressure was on
average 78 mmHg (standard deviation 14 mmHg) and mean arterial pressure 57 (11) mmHg. The most common
cause (81%) was ACS (68% ST-elevation myocardial infarction and 8% mechanical complications); 94% underwent
coronary angiography, of which 89% PCI. Main non-ACS aetiologies were severe chronic heart failure and valvular
causes. In-hospital mortality was 37% (n = 80). ACS aetiology, age, previous myocardial infarction, prior coronary
artery bypass, confusion, low LVEF, and blood lactate levels were independently associated with increased mortality.
The CardShock risk Score including these variables and estimated glomerular filtration rate predicted in-hospital
mortality well (area under the curve 0.85).
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Conclusion Although most commonly due to ACS, other causes account for one-fifth of cases with shock. ACS is independently

associated with in-hospital mortality. The CardShock risk Score, consisting of seven common variables, easily stratifies
risk of short-term mortality. It might facilitate early decision-making in intensive care or guide patient selection in
clinical trials.
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Table 1 Baseline characteristics of the study population

Characteristic All (n= 219) ACS (n= 177) Non-ACS (n= 42) P-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age, years 67 (12) 68 (11) 62 (15) 0.03
Age >75 years, n (%) 54 (25) 45 (25) 9 (21) 0.6
Women, n (%) 57 (26) 39 (22) 18 (43) 0.006
BMI, median (IQR) 26.5 (24.2–29.0) 26.6 (24.2–29.0) 25.8 (23.0–29.4) 0.3
Medical history, n (%)

Coronary artery disease 76 (35) 59 (334) 17 (40) 0.4
Previous myocardial infarction 54 (25) 42 (24) 12 (29) 0.5
Prior revascularization

PCI 32 (15) 28(16) 4 (10) 0.3
CABG 16 (7) 10 (6) 6 (14) 0.05

Heart failure 36 (16) 16 (9) 20 (48) <0.001
Hypertension 132 (60) 111 (63) 21 (50) 0.13
Diabetes 62 (28) 56 (32) 6 (14) 0.03
Asthma/COPD 25 (11) 18 (10) 7 (17) 0.2
Renal insufficiency 25 (11) 14 (8) 11 (26) 0.001
Atrial fibrillation 32 (15) 17 (10) 15 (36) <0.001
Stroke/TIA 20 (9) 14 (8) 6 (14) 0.2
Smoker 87 (40) 78 (44) 9 (21) 0.01

Data are presented as numbers and percentages (%), means (standard deviation), and median (IQR).
P-values are for the difference between ACS and non-ACS groups.
ACS, acute coronary syndrome; BMI, body mass index; CABG, coronary artery bypass grafting; IQR, interquartile range; TIA, transient ischaemic attack

Results
Study population
A total of 219 patients were included in the study. Twenty-four per
cent of them had shock at presentation to hospital, whereas 62%
developed shock within the first 24 h from admission. Only 14%
developed shock after 24 h from admission.

Baseline characteristics are described in Table 1. Briefly, mean
age was 67 (12) years, and 74% were men. The main co-morbidities
were hypertension (60%), CAD (35%), and diabetes (28%), while
a history of previous MI (25%) or heart failure (16%) was less
common. At detection of shock, systolic blood pressure was on
average 78 (14) mmHg, diastolic blood pressure 47 (10) mmHg,
mean arterial pressure 57 (11) mmHg, and heart rate 90 (28)
b.p.m. Sinus rhythm was present in 170 (78%) patients and AF
in 34 (16%). Of those 34 patients, 18 had no previous history
of AF. Pacemaker rhythm was present in five (2.3%) patients. Ten
(4.6%) patients had other haemodynamically non-significant rhythm
(five junctional rhythm, two nodal rhythm, two ventricular rhythm,
and one supraventricular tachycardia). Each of the clinical signs
of hypoperfusion was observed very frequently (Table 2). Left
ventricular systolic function was impaired at baseline, with mean
LVEF of 33% (14%). The most common cause of shock was ACS
(81%; n= 177), with non-ACS causes accounting for the remaining
19% (n= 42).

The majority of ACS patients (n= 148; 68% of all patients)
presented with STEMI whereas 19 (9%) had a mechanical com-
plication of MI including 6 ruptures of papillary muscle, 10 of
ventricular septum and 3 of LV free wall. Non-ACS causes con-
sisted mainly of worsening of chronic heart failure (11%), valvular ..
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.. and other mechanical causes (6%), stress-induced cardiomyopathy

(Tako-Tsubo; 2%), and myocarditis (2%).

Acute coronary syndrome and non-acute
coronary syndrome causes of cardiogenic
shock
The characteristics and clinical picture of cardiogenic shock
patients with and without ACS are compared in Tables 1 and 2.
The prevalence of history of CAD or previous MI was similar
in both groups. Patients with non-ACS, in whom previous his-
tory of heart failure was more frequent, had low TnT levels but
significantly higher levels of NT-proBNP at baseline compared
with ACS patients. Levels of TnT on admission were a good
discriminator between patients with and without ACS (AUC 0.91,
95% CI 0.86–0.96; P< 0.001). Nevertheless, although non-ACS
shock comprised a variety of aetiologies, the clinical presentation
and medical treatment were very similar in both patients groups
(Table 2; Supplementarty material online, Table S1). Subjects in the
non-ACS subgroup were on average younger with a high propor-
tion of women. AF was more common in non-ACS patients both
in the medical history (see Table 2) and as rhythm at presentation
(21% vs. 14% in ACS patients, P= 0.2). Nevertheless, new-onset
(no known history of) AF was actually observed more frequently
in ACS patients (n=17) compared with non-ACS patients (n=1).
Pneumonia was diagnosed in six (14%) non-ACS patients, and
other infections in five (12%). Baseline LVEF was similar in both
groups, but moderate to severe mitral regurgitation was observed
in nearly a half of non-ACS shock patients.
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Table 2 Comparison of clinical presentation, biochemistry and mortality of all cardiogenic shock patients and of
those with and without acute coronary syndromes

Characteristic All (n= 219) ACS (n= 177) Non-ACS (n= 42) P-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Systolic blood pressure, mmHg 78 (14) 77 (14) 79 (11) 0.6
Diastolic blood pressure, mmHg 47 (10) 46 (11) 48 (9) 0.3
Mean arterial pressure, mmHg 57 (11) 56 (11) 59 (9) 0.14
Heart rate, b.p.m. 90 (28) 89 (29) 96 (24) 0.1
Sinus rhythm 170 (78) 140 (79) 30 (71) 0.3
Clinical findings, n (%)

Cold periphery 207 (95) 166 (94) 41 (98) 0.4
Confusion 148 (68) 126 (71) 22 (52) 0.04
Oliguria 121 (55) 98 (55) 24 (57) 0.7
Lactate >2 mmol/L 155 (71) 126 (71) 29 (69) 0.9

Resuscitated from cardiac arrest 62 (28) 55 (31) 7 (17) 0.06
Time from detection of shock to study inclusion, min 105 (0–210) 100 (0–195) 120 (28–240) 0.2
Baseline echocardiography

LVEDD (mm) 52 (9) 51 (8) 59 (11) <0.001
LVEF (%) 33 (14) 34 (14) 30 (15) 0.12
LVEF <40% 135 (65) 107 (63) 28 (72) 0.3
Mitral regurgitation (moderate or severe), n (%) 73 (35) 54 (32) 19 (48) 0.07

Biochemistry
Blood haemoglobin (g/L) 128 (22) 129 (22) 127 (21) 0.7
Sodium (mmol/L) 137 (5) 137 (5) 136 (7) 0.3
Potassium (mmol/L) 4.2 (0.8) 4.2 (0.8) 4.4 (0.9) 0.3
Arterial blood lactate (mmol/L) 2.8 (1.7–5.8) 3.0 (1.8–5.8) 2.6 (1.3–5.8) 0.3
Arterial blood pH 7.30 (7.20–7.40) 7.30 (7.20–7.40) 7.30 (7.20–7.40) 0.2
hsTnT (ng/L) 2190 (388–5418) 2873 (1056–7555) 104 (40–389) <0.001
NT-proBNP (pg/mL) 2710 (585–9434) 1948 (472–9093) 6431 (2522–14064) 0.006
Creatinine (mmol/L) 104 (78–140) 101 (79–139) 111 (64–162) 0.8
eGFR (mL/min/1.73 m2) 61 (41–87) 61 (42–86) 61 (32–97) 0.8
CRP (g/L) 16 (4–54) 13 (4–48) 29 (7–91) 0.03

In-hospital length of stay, days 12 (7–25) 11 (6–27) 16 (10–24) 0.11
In-hospital mortality, n (%) 80 (37) 70 (40) 10 (24) 0.06

Data are presented as numbers and percentages (%), mean (standard deviation), and median (IQR).
P-values are for the difference between ACS and non-ACS groups.
ACS, acute coronary syndrome; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate by the Chronic Kidney Disease Epidemiology Collaboration formula;
hsTnT, highly sensitive troponin T; IQR, interquartile range; LVEDD, left ventricular end-diastolic diameter.

Management and procedures are detailed in Supplementarty
material online, Table S1. Overall, 85% of patients received a
vasopressor (norepinephrine, epinephrine, dopamine, vasopressin,
or terlipressin) and 66% an inotrope (dobutamine, levosimendan,
milrinone, or enoximone). The majority of patients received a
vasopressor–inotrope combination. Only vasopressors were given
to 29% of patients and only inotropes to 10%. Rates of vasopressor
and inotrope support were also comparable in ACS and non-ACS
groups. Almost all patients (94%) with ACS aetiology underwent
coronary angiogram, and of these 89% underwent PCI. Of the
remaining 11%, seven patients underwent surgical correction of
mechanical complication, three had only CABG, and nine ACS
patients were treated conservatively.

Mortality and predictors of hospital
death
There were 70 deaths (32%) in the intensive or cardiac care units,
and a total of 80 deaths (37%) during hospital stay. Non-ACS ..
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ACS aetiology (Table 2). Univariate predictors of in-hospital mortal-
ity are shown in Supplementarty material online, Table S2. Adjusted
ORs for factors associated with mortality are shown in Table 3.
Interestingly, ACS was independently associated with worse prog-
nosis (OR 7.4, 95% CI 1.9–29.8; P= 0.005), suggesting clearly bet-
ter survival in patients with other causes of cardiogenic shock. The
Kaplan–Meier survival curve stratified by ACS aetiology is shown
in Figure 1.

The CardShock risk Score for prediction
of in-hospital mortality
Using the variables from Table 3, we created a prediction model
for in-hospital mortality. The prediction model exhibited excellent
discrimination, with an AUC of 0.85 (95% CI 0.79–0.90; P< 0.001)
for hospital mortality compared with an AUC of 0.76 (95% CI
0.69–0.83) for the Sleeper score from the SHOCK trial (Figure 2).13

The prediction model was validated in the IAPB-SHOCK II trial
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Table 2 Comparison of clinical presentation, biochemistry and mortality of all cardiogenic shock patients and of
those with and without acute coronary syndromes

Characteristic All (n= 219) ACS (n= 177) Non-ACS (n= 42) P-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Systolic blood pressure, mmHg 78 (14) 77 (14) 79 (11) 0.6
Diastolic blood pressure, mmHg 47 (10) 46 (11) 48 (9) 0.3
Mean arterial pressure, mmHg 57 (11) 56 (11) 59 (9) 0.14
Heart rate, b.p.m. 90 (28) 89 (29) 96 (24) 0.1
Sinus rhythm 170 (78) 140 (79) 30 (71) 0.3
Clinical findings, n (%)

Cold periphery 207 (95) 166 (94) 41 (98) 0.4
Confusion 148 (68) 126 (71) 22 (52) 0.04
Oliguria 121 (55) 98 (55) 24 (57) 0.7
Lactate >2 mmol/L 155 (71) 126 (71) 29 (69) 0.9

Resuscitated from cardiac arrest 62 (28) 55 (31) 7 (17) 0.06
Time from detection of shock to study inclusion, min 105 (0–210) 100 (0–195) 120 (28–240) 0.2
Baseline echocardiography

LVEDD (mm) 52 (9) 51 (8) 59 (11) <0.001
LVEF (%) 33 (14) 34 (14) 30 (15) 0.12
LVEF <40% 135 (65) 107 (63) 28 (72) 0.3
Mitral regurgitation (moderate or severe), n (%) 73 (35) 54 (32) 19 (48) 0.07

Biochemistry
Blood haemoglobin (g/L) 128 (22) 129 (22) 127 (21) 0.7
Sodium (mmol/L) 137 (5) 137 (5) 136 (7) 0.3
Potassium (mmol/L) 4.2 (0.8) 4.2 (0.8) 4.4 (0.9) 0.3
Arterial blood lactate (mmol/L) 2.8 (1.7–5.8) 3.0 (1.8–5.8) 2.6 (1.3–5.8) 0.3
Arterial blood pH 7.30 (7.20–7.40) 7.30 (7.20–7.40) 7.30 (7.20–7.40) 0.2
hsTnT (ng/L) 2190 (388–5418) 2873 (1056–7555) 104 (40–389) <0.001
NT-proBNP (pg/mL) 2710 (585–9434) 1948 (472–9093) 6431 (2522–14064) 0.006
Creatinine (mmol/L) 104 (78–140) 101 (79–139) 111 (64–162) 0.8
eGFR (mL/min/1.73 m2) 61 (41–87) 61 (42–86) 61 (32–97) 0.8
CRP (g/L) 16 (4–54) 13 (4–48) 29 (7–91) 0.03

In-hospital length of stay, days 12 (7–25) 11 (6–27) 16 (10–24) 0.11
In-hospital mortality, n (%) 80 (37) 70 (40) 10 (24) 0.06

Data are presented as numbers and percentages (%), mean (standard deviation), and median (IQR).
P-values are for the difference between ACS and non-ACS groups.
ACS, acute coronary syndrome; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate by the Chronic Kidney Disease Epidemiology Collaboration formula;
hsTnT, highly sensitive troponin T; IQR, interquartile range; LVEDD, left ventricular end-diastolic diameter.

Management and procedures are detailed in Supplementarty
material online, Table S1. Overall, 85% of patients received a
vasopressor (norepinephrine, epinephrine, dopamine, vasopressin,
or terlipressin) and 66% an inotrope (dobutamine, levosimendan,
milrinone, or enoximone). The majority of patients received a
vasopressor–inotrope combination. Only vasopressors were given
to 29% of patients and only inotropes to 10%. Rates of vasopressor
and inotrope support were also comparable in ACS and non-ACS
groups. Almost all patients (94%) with ACS aetiology underwent
coronary angiogram, and of these 89% underwent PCI. Of the
remaining 11%, seven patients underwent surgical correction of
mechanical complication, three had only CABG, and nine ACS
patients were treated conservatively.

Mortality and predictors of hospital
death
There were 70 deaths (32%) in the intensive or cardiac care units,
and a total of 80 deaths (37%) during hospital stay. Non-ACS ..
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ACS aetiology (Table 2). Univariate predictors of in-hospital mortal-
ity are shown in Supplementarty material online, Table S2. Adjusted
ORs for factors associated with mortality are shown in Table 3.
Interestingly, ACS was independently associated with worse prog-
nosis (OR 7.4, 95% CI 1.9–29.8; P= 0.005), suggesting clearly bet-
ter survival in patients with other causes of cardiogenic shock. The
Kaplan–Meier survival curve stratified by ACS aetiology is shown
in Figure 1.

The CardShock risk Score for prediction
of in-hospital mortality
Using the variables from Table 3, we created a prediction model
for in-hospital mortality. The prediction model exhibited excellent
discrimination, with an AUC of 0.85 (95% CI 0.79–0.90; P< 0.001)
for hospital mortality compared with an AUC of 0.76 (95% CI
0.69–0.83) for the Sleeper score from the SHOCK trial (Figure 2).13

The prediction model was validated in the IAPB-SHOCK II trial
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Table 2 Comparison of clinical presentation, biochemistry and mortality of all cardiogenic shock patients and of
those with and without acute coronary syndromes

Characteristic All (n= 219) ACS (n= 177) Non-ACS (n= 42) P-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Systolic blood pressure, mmHg 78 (14) 77 (14) 79 (11) 0.6
Diastolic blood pressure, mmHg 47 (10) 46 (11) 48 (9) 0.3
Mean arterial pressure, mmHg 57 (11) 56 (11) 59 (9) 0.14
Heart rate, b.p.m. 90 (28) 89 (29) 96 (24) 0.1
Sinus rhythm 170 (78) 140 (79) 30 (71) 0.3
Clinical findings, n (%)

Cold periphery 207 (95) 166 (94) 41 (98) 0.4
Confusion 148 (68) 126 (71) 22 (52) 0.04
Oliguria 121 (55) 98 (55) 24 (57) 0.7
Lactate >2 mmol/L 155 (71) 126 (71) 29 (69) 0.9

Resuscitated from cardiac arrest 62 (28) 55 (31) 7 (17) 0.06
Time from detection of shock to study inclusion, min 105 (0–210) 100 (0–195) 120 (28–240) 0.2
Baseline echocardiography

LVEDD (mm) 52 (9) 51 (8) 59 (11) <0.001
LVEF (%) 33 (14) 34 (14) 30 (15) 0.12
LVEF <40% 135 (65) 107 (63) 28 (72) 0.3
Mitral regurgitation (moderate or severe), n (%) 73 (35) 54 (32) 19 (48) 0.07

Biochemistry
Blood haemoglobin (g/L) 128 (22) 129 (22) 127 (21) 0.7
Sodium (mmol/L) 137 (5) 137 (5) 136 (7) 0.3
Potassium (mmol/L) 4.2 (0.8) 4.2 (0.8) 4.4 (0.9) 0.3
Arterial blood lactate (mmol/L) 2.8 (1.7–5.8) 3.0 (1.8–5.8) 2.6 (1.3–5.8) 0.3
Arterial blood pH 7.30 (7.20–7.40) 7.30 (7.20–7.40) 7.30 (7.20–7.40) 0.2
hsTnT (ng/L) 2190 (388–5418) 2873 (1056–7555) 104 (40–389) <0.001
NT-proBNP (pg/mL) 2710 (585–9434) 1948 (472–9093) 6431 (2522–14064) 0.006
Creatinine (mmol/L) 104 (78–140) 101 (79–139) 111 (64–162) 0.8
eGFR (mL/min/1.73 m2) 61 (41–87) 61 (42–86) 61 (32–97) 0.8
CRP (g/L) 16 (4–54) 13 (4–48) 29 (7–91) 0.03

In-hospital length of stay, days 12 (7–25) 11 (6–27) 16 (10–24) 0.11
In-hospital mortality, n (%) 80 (37) 70 (40) 10 (24) 0.06

Data are presented as numbers and percentages (%), mean (standard deviation), and median (IQR).
P-values are for the difference between ACS and non-ACS groups.
ACS, acute coronary syndrome; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate by the Chronic Kidney Disease Epidemiology Collaboration formula;
hsTnT, highly sensitive troponin T; IQR, interquartile range; LVEDD, left ventricular end-diastolic diameter.

Management and procedures are detailed in Supplementarty
material online, Table S1. Overall, 85% of patients received a
vasopressor (norepinephrine, epinephrine, dopamine, vasopressin,
or terlipressin) and 66% an inotrope (dobutamine, levosimendan,
milrinone, or enoximone). The majority of patients received a
vasopressor–inotrope combination. Only vasopressors were given
to 29% of patients and only inotropes to 10%. Rates of vasopressor
and inotrope support were also comparable in ACS and non-ACS
groups. Almost all patients (94%) with ACS aetiology underwent
coronary angiogram, and of these 89% underwent PCI. Of the
remaining 11%, seven patients underwent surgical correction of
mechanical complication, three had only CABG, and nine ACS
patients were treated conservatively.

Mortality and predictors of hospital
death
There were 70 deaths (32%) in the intensive or cardiac care units,
and a total of 80 deaths (37%) during hospital stay. Non-ACS ..
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ACS aetiology (Table 2). Univariate predictors of in-hospital mortal-
ity are shown in Supplementarty material online, Table S2. Adjusted
ORs for factors associated with mortality are shown in Table 3.
Interestingly, ACS was independently associated with worse prog-
nosis (OR 7.4, 95% CI 1.9–29.8; P= 0.005), suggesting clearly bet-
ter survival in patients with other causes of cardiogenic shock. The
Kaplan–Meier survival curve stratified by ACS aetiology is shown
in Figure 1.

The CardShock risk Score for prediction
of in-hospital mortality
Using the variables from Table 3, we created a prediction model
for in-hospital mortality. The prediction model exhibited excellent
discrimination, with an AUC of 0.85 (95% CI 0.79–0.90; P< 0.001)
for hospital mortality compared with an AUC of 0.76 (95% CI
0.69–0.83) for the Sleeper score from the SHOCK trial (Figure 2).13

The prediction model was validated in the IAPB-SHOCK II trial
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Table 2 Comparison of clinical presentation, biochemistry and mortality of all cardiogenic shock patients and of
those with and without acute coronary syndromes

Characteristic All (n= 219) ACS (n= 177) Non-ACS (n= 42) P-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Systolic blood pressure, mmHg 78 (14) 77 (14) 79 (11) 0.6
Diastolic blood pressure, mmHg 47 (10) 46 (11) 48 (9) 0.3
Mean arterial pressure, mmHg 57 (11) 56 (11) 59 (9) 0.14
Heart rate, b.p.m. 90 (28) 89 (29) 96 (24) 0.1
Sinus rhythm 170 (78) 140 (79) 30 (71) 0.3
Clinical findings, n (%)

Cold periphery 207 (95) 166 (94) 41 (98) 0.4
Confusion 148 (68) 126 (71) 22 (52) 0.04
Oliguria 121 (55) 98 (55) 24 (57) 0.7
Lactate >2 mmol/L 155 (71) 126 (71) 29 (69) 0.9

Resuscitated from cardiac arrest 62 (28) 55 (31) 7 (17) 0.06
Time from detection of shock to study inclusion, min 105 (0–210) 100 (0–195) 120 (28–240) 0.2
Baseline echocardiography

LVEDD (mm) 52 (9) 51 (8) 59 (11) <0.001
LVEF (%) 33 (14) 34 (14) 30 (15) 0.12
LVEF <40% 135 (65) 107 (63) 28 (72) 0.3
Mitral regurgitation (moderate or severe), n (%) 73 (35) 54 (32) 19 (48) 0.07

Biochemistry
Blood haemoglobin (g/L) 128 (22) 129 (22) 127 (21) 0.7
Sodium (mmol/L) 137 (5) 137 (5) 136 (7) 0.3
Potassium (mmol/L) 4.2 (0.8) 4.2 (0.8) 4.4 (0.9) 0.3
Arterial blood lactate (mmol/L) 2.8 (1.7–5.8) 3.0 (1.8–5.8) 2.6 (1.3–5.8) 0.3
Arterial blood pH 7.30 (7.20–7.40) 7.30 (7.20–7.40) 7.30 (7.20–7.40) 0.2
hsTnT (ng/L) 2190 (388–5418) 2873 (1056–7555) 104 (40–389) <0.001
NT-proBNP (pg/mL) 2710 (585–9434) 1948 (472–9093) 6431 (2522–14064) 0.006
Creatinine (mmol/L) 104 (78–140) 101 (79–139) 111 (64–162) 0.8
eGFR (mL/min/1.73 m2) 61 (41–87) 61 (42–86) 61 (32–97) 0.8
CRP (g/L) 16 (4–54) 13 (4–48) 29 (7–91) 0.03

In-hospital length of stay, days 12 (7–25) 11 (6–27) 16 (10–24) 0.11
In-hospital mortality, n (%) 80 (37) 70 (40) 10 (24) 0.06

Data are presented as numbers and percentages (%), mean (standard deviation), and median (IQR).
P-values are for the difference between ACS and non-ACS groups.
ACS, acute coronary syndrome; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate by the Chronic Kidney Disease Epidemiology Collaboration formula;
hsTnT, highly sensitive troponin T; IQR, interquartile range; LVEDD, left ventricular end-diastolic diameter.

Management and procedures are detailed in Supplementarty
material online, Table S1. Overall, 85% of patients received a
vasopressor (norepinephrine, epinephrine, dopamine, vasopressin,
or terlipressin) and 66% an inotrope (dobutamine, levosimendan,
milrinone, or enoximone). The majority of patients received a
vasopressor–inotrope combination. Only vasopressors were given
to 29% of patients and only inotropes to 10%. Rates of vasopressor
and inotrope support were also comparable in ACS and non-ACS
groups. Almost all patients (94%) with ACS aetiology underwent
coronary angiogram, and of these 89% underwent PCI. Of the
remaining 11%, seven patients underwent surgical correction of
mechanical complication, three had only CABG, and nine ACS
patients were treated conservatively.

Mortality and predictors of hospital
death
There were 70 deaths (32%) in the intensive or cardiac care units,
and a total of 80 deaths (37%) during hospital stay. Non-ACS ..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
.. patients had a more favourable course compared with patients with

ACS aetiology (Table 2). Univariate predictors of in-hospital mortal-
ity are shown in Supplementarty material online, Table S2. Adjusted
ORs for factors associated with mortality are shown in Table 3.
Interestingly, ACS was independently associated with worse prog-
nosis (OR 7.4, 95% CI 1.9–29.8; P= 0.005), suggesting clearly bet-
ter survival in patients with other causes of cardiogenic shock. The
Kaplan–Meier survival curve stratified by ACS aetiology is shown
in Figure 1.

The CardShock risk Score for prediction
of in-hospital mortality
Using the variables from Table 3, we created a prediction model
for in-hospital mortality. The prediction model exhibited excellent
discrimination, with an AUC of 0.85 (95% CI 0.79–0.90; P< 0.001)
for hospital mortality compared with an AUC of 0.76 (95% CI
0.69–0.83) for the Sleeper score from the SHOCK trial (Figure 2).13

The prediction model was validated in the IAPB-SHOCK II trial
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Diastolic blood pressure, mmHg 47 (10) 46 (11) 48 (9) 0.3
Mean arterial pressure, mmHg 57 (11) 56 (11) 59 (9) 0.14
Heart rate, b.p.m. 90 (28) 89 (29) 96 (24) 0.1
Sinus rhythm 170 (78) 140 (79) 30 (71) 0.3
Clinical findings, n (%)

Cold periphery 207 (95) 166 (94) 41 (98) 0.4
Confusion 148 (68) 126 (71) 22 (52) 0.04
Oliguria 121 (55) 98 (55) 24 (57) 0.7
Lactate >2 mmol/L 155 (71) 126 (71) 29 (69) 0.9

Resuscitated from cardiac arrest 62 (28) 55 (31) 7 (17) 0.06
Time from detection of shock to study inclusion, min 105 (0–210) 100 (0–195) 120 (28–240) 0.2
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LVEDD (mm) 52 (9) 51 (8) 59 (11) <0.001
LVEF (%) 33 (14) 34 (14) 30 (15) 0.12
LVEF <40% 135 (65) 107 (63) 28 (72) 0.3
Mitral regurgitation (moderate or severe), n (%) 73 (35) 54 (32) 19 (48) 0.07

Biochemistry
Blood haemoglobin (g/L) 128 (22) 129 (22) 127 (21) 0.7
Sodium (mmol/L) 137 (5) 137 (5) 136 (7) 0.3
Potassium (mmol/L) 4.2 (0.8) 4.2 (0.8) 4.4 (0.9) 0.3
Arterial blood lactate (mmol/L) 2.8 (1.7–5.8) 3.0 (1.8–5.8) 2.6 (1.3–5.8) 0.3
Arterial blood pH 7.30 (7.20–7.40) 7.30 (7.20–7.40) 7.30 (7.20–7.40) 0.2
hsTnT (ng/L) 2190 (388–5418) 2873 (1056–7555) 104 (40–389) <0.001
NT-proBNP (pg/mL) 2710 (585–9434) 1948 (472–9093) 6431 (2522–14064) 0.006
Creatinine (mmol/L) 104 (78–140) 101 (79–139) 111 (64–162) 0.8
eGFR (mL/min/1.73 m2) 61 (41–87) 61 (42–86) 61 (32–97) 0.8
CRP (g/L) 16 (4–54) 13 (4–48) 29 (7–91) 0.03

In-hospital length of stay, days 12 (7–25) 11 (6–27) 16 (10–24) 0.11
In-hospital mortality, n (%) 80 (37) 70 (40) 10 (24) 0.06

Data are presented as numbers and percentages (%), mean (standard deviation), and median (IQR).
P-values are for the difference between ACS and non-ACS groups.
ACS, acute coronary syndrome; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate by the Chronic Kidney Disease Epidemiology Collaboration formula;
hsTnT, highly sensitive troponin T; IQR, interquartile range; LVEDD, left ventricular end-diastolic diameter.

Management and procedures are detailed in Supplementarty
material online, Table S1. Overall, 85% of patients received a
vasopressor (norepinephrine, epinephrine, dopamine, vasopressin,
or terlipressin) and 66% an inotrope (dobutamine, levosimendan,
milrinone, or enoximone). The majority of patients received a
vasopressor–inotrope combination. Only vasopressors were given
to 29% of patients and only inotropes to 10%. Rates of vasopressor
and inotrope support were also comparable in ACS and non-ACS
groups. Almost all patients (94%) with ACS aetiology underwent
coronary angiogram, and of these 89% underwent PCI. Of the
remaining 11%, seven patients underwent surgical correction of
mechanical complication, three had only CABG, and nine ACS
patients were treated conservatively.

Mortality and predictors of hospital
death
There were 70 deaths (32%) in the intensive or cardiac care units,
and a total of 80 deaths (37%) during hospital stay. Non-ACS ..
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.. patients had a more favourable course compared with patients with

ACS aetiology (Table 2). Univariate predictors of in-hospital mortal-
ity are shown in Supplementarty material online, Table S2. Adjusted
ORs for factors associated with mortality are shown in Table 3.
Interestingly, ACS was independently associated with worse prog-
nosis (OR 7.4, 95% CI 1.9–29.8; P= 0.005), suggesting clearly bet-
ter survival in patients with other causes of cardiogenic shock. The
Kaplan–Meier survival curve stratified by ACS aetiology is shown
in Figure 1.

The CardShock risk Score for prediction
of in-hospital mortality
Using the variables from Table 3, we created a prediction model
for in-hospital mortality. The prediction model exhibited excellent
discrimination, with an AUC of 0.85 (95% CI 0.79–0.90; P< 0.001)
for hospital mortality compared with an AUC of 0.76 (95% CI
0.69–0.83) for the Sleeper score from the SHOCK trial (Figure 2).13

The prediction model was validated in the IAPB-SHOCK II trial
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Aim To address the paucity of data on the characteristics, outcome and temporal trends in mortality of cardiogenic shock
(CS) patients admitted to intensive care units (ICUs) we examined key features, variations in mortality from CS, and
predictors of death in ICU patients over the past 15 years.
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Methods
and results

From the 1997–2012 database of the Collège des Utilisateurs de Bases de données en Réanimation (CUB-Réa) that
prospectively collects data from ICUs in the greater Paris area, we determined temporal trends in the incidence of
CS, patient outcomes [Crude and Simplified Acute Physiology Score (SAPS)-II Standardized Mortality] and predictors
of in-ICU mortality. Of the 316 905 ICU admissions, 19 416 (6.1%) exhibited CS, with incidence increasing from 4.1%
to 7.7% (P< 0.001). Over time, the age of admitted patients decreased by 2.7 years [95% confidence interval (CI),
−2.0 to −3.4] and SAPS-II increased by 5.8% (95% CI 4.8–6.8) from 58.7± 25.3 to 64.5± 23.3 (P< 0.001). Crude
in-ICU mortality declined from 50% to 45% (−5.6%; 95% CI −7.7 to −3.5) as SAPS-II Standardized ICU mortality rates
decreased from 56.5% to 44.2% (P< 0.001). A more recent time-period was an independent correlate of decreased
mortality in multivariate analyses. The decrease in mortality rate was more marked in patients with decompensated
heart failure, cardiac arrest, or acute myocardial infarction.
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Conclusions Patients with CS represent a greater proportion of patients admitted to ICUs over the past 15 years, having

become younger but more critically ill. Although their mortality has decreased, suggesting improved overall patient
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CS, patient outcomes [Crude and Simplified Acute Physiology Score (SAPS)-II Standardized Mortality] and predictors
of in-ICU mortality. Of the 316 905 ICU admissions, 19 416 (6.1%) exhibited CS, with incidence increasing from 4.1%
to 7.7% (P< 0.001). Over time, the age of admitted patients decreased by 2.7 years [95% confidence interval (CI),
−2.0 to −3.4] and SAPS-II increased by 5.8% (95% CI 4.8–6.8) from 58.7± 25.3 to 64.5± 23.3 (P< 0.001). Crude
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decreased from 56.5% to 44.2% (P< 0.001). A more recent time-period was an independent correlate of decreased
mortality in multivariate analyses. The decrease in mortality rate was more marked in patients with decompensated
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Discussion
The present study provides novel data on the epidemiology of
CS managed in ICUs from 1997 to 2012. During this period,
the prevalence of CS practically doubled and CS now accounts
for almost 8% of patients in ICUs. The profile of CS patients
has changed with time: although CS patients are now younger,
they appear more severely affected. Cardiac arrest is an increas-
ing cause of CS, while AMI is less common, now representing
<20%. Despite this more severe profile, crude and SAPS-II
standardized in-ICU mortality have declined markedly over this
15-year period. No single factor explaining this improved early ..
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.. outcome was identified, thus suggesting progress in the overall
process of care, rather than the result of any single therapeutic
measure.

Cardiogenic shock has essentially been studied in dedicated car-
diology ICUs, and typically in AMI patients.5–8,16,18–20 Aissaoui
et al.6 reported an overall incidence of 6.5% among 7531 AMI
patients admitted to cardiac ICUs over a 10-year period, with
a declining prevalence between 1995 (6.9%) and 2005 (5.7%).
Goldberg et al.16 reported similar findings with a prevalence of
6.6%, that remained stable from 1975 to the late 1990s and
declined thereafter. Most authors actually assessed the epidemi-
ology of CS in AMI or acute heart failure patients and reported
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of in-ICU mortality. Of the 316 905 ICU admissions, 19 416 (6.1%) exhibited CS, with incidence increasing from 4.1%
to 7.7% (P< 0.001). Over time, the age of admitted patients decreased by 2.7 years [95% confidence interval (CI),
−2.0 to −3.4] and SAPS-II increased by 5.8% (95% CI 4.8–6.8) from 58.7± 25.3 to 64.5± 23.3 (P< 0.001). Crude
in-ICU mortality declined from 50% to 45% (−5.6%; 95% CI −7.7 to −3.5) as SAPS-II Standardized ICU mortality rates
decreased from 56.5% to 44.2% (P< 0.001). A more recent time-period was an independent correlate of decreased
mortality in multivariate analyses. The decrease in mortality rate was more marked in patients with decompensated
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Figure 1 Classification of acute heart failure patients by geographical area. A: clinical profile classification by geographical area. B: systolic
blood pressure (SBP) classification by geographical area. C: congestion/hypoperfusion classification by geographical area. ACS-HF, acute heart
failure and associated acute coronary syndromes; CS, cardiogenic shock; DHF, decompensated heart failure; HT-HF, hypertensive heart failure;
PO, pulmonary oedema; RHF, right heart failure.

non-parametric test (Kruskal–Wallis test). Categorical variables were
reported as percentages and compared using chi-square test or Fisher’s
exact test if any expected cell count was less than 5. For categorical
variables with more than two possible values, exact P-values were
estimated according to the Monte Carlo method. Univariable analysis
was applied to both continuous and categorical variables.

Baseline characteristics and type of treatments were reported by
clinical profile classification. In-hospital and 1-year post-discharge out-
comes were also reported stratified by clinical profile, SBP classification
and congestion/hypoperfusion. Plots of the Kaplan–Meier curves for
time to all-cause death, time to HF hospitalization and time to all-cause
death or HF hospitalization were performed for each clinical profile and
for each SBP category. In addition to unadjusted Kaplan–Meier curves,
Cox proportional hazard models with multivariable adjustment by clin-
ical relevant variables such age, gender, chronic kidney disease, chronic
obstructive pulmonary disease and cancer, have been performed.

Furthermore, for each outcome, Kaplan–Meier curves have been
generated for a different time point (T0): moment of admission, 1
month post-discharge, and 3, 6 and 12 months post-discharge, and
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. outcomes in each group were compared using log-rank test. A Tukey’s
adjustment of log-rank has been performed and all clinical profiles and
SBP categories were pairwise compared for each time point and each
outcome.

A two-sided P-value of <0.05 was considered statistically significant.
All analyses were performed using SAS statistical software version

9.4 (SAS Institute, Inc., Cary, NC, USA).

Results
From April 2011 to June 2015, 16 012 patients were enrolled in
the ESC-HF-LT Registry. Of these, 6629 patients (41.4% of the total
database) were hospitalized with a primary diagnosis of AHF and
9383 patients (58.6%) were ambulatory patients with chronic HF.
At 1 year, 411 AHF patients were lost to follow up, representing
6.2% of the study population. Median follow-up time was 378
(288–415) days.
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Aims To identify differences in clinical epidemiology, in-hospital management and 1-year outcomes among patients
hospitalized for acute heart failure (AHF) and enrolled in the European Society of Cardiology Heart Failure Long-Term
(ESC-HF-LT) Registry, stratified by clinical profile at admission.
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Methods
and results

The ESC-HF-LT Registry is a prospective, observational study collecting hospitalization and 1-year follow-up data
from 6629 AHF patients. Among AHF patients enrolled in the registry, 13.2% presented with pulmonary oedema
(PO), 2.9% with cardiogenic shock (CS), 61.1% with decompensated heart failure (DHF), 4.8% with hypertensive heart
failure (HT-HF), 3.5% with right heart failure (RHF) and 14.4% with AHF and associated acute coronary syndromes
(ACS-HF). The 1-year mortality rate was 28.1% in PO, 54.0% in CS, 27.2% in DHF, 12.8% in HT-HF, 34.0% in RHF
and 20.6% in ACS-HF patients. When patients were classified by systolic blood pressure (SBP) at initial presentation,
1-year mortality was 34.8% in patients with SBP <85 mmHg, 29.0% in those with SBP 85–110 mmHg, 21.2% in
patients with SBP 110–140 mmHg and 17.4% in those with SBP >140 mmHg. These differences tended to diminish
in the months post-discharge, and 1-year mortality for the patients who survived at least 6 months post-discharge
did not vary significantly by either clinical profile or SBP classification.
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Conclusion Rates of adverse outcomes in AHF remain high, and substantial differences have been found when patients were
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Aims To identify differences in clinical epidemiology, in-hospital management and 1-year outcomes among patients
hospitalized for acute heart failure (AHF) and enrolled in the European Society of Cardiology Heart Failure Long-Term
(ESC-HF-LT) Registry, stratified by clinical profile at admission.
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Methods
and results

The ESC-HF-LT Registry is a prospective, observational study collecting hospitalization and 1-year follow-up data
from 6629 AHF patients. Among AHF patients enrolled in the registry, 13.2% presented with pulmonary oedema
(PO), 2.9% with cardiogenic shock (CS), 61.1% with decompensated heart failure (DHF), 4.8% with hypertensive heart
failure (HT-HF), 3.5% with right heart failure (RHF) and 14.4% with AHF and associated acute coronary syndromes
(ACS-HF). The 1-year mortality rate was 28.1% in PO, 54.0% in CS, 27.2% in DHF, 12.8% in HT-HF, 34.0% in RHF
and 20.6% in ACS-HF patients. When patients were classified by systolic blood pressure (SBP) at initial presentation,
1-year mortality was 34.8% in patients with SBP <85 mmHg, 29.0% in those with SBP 85–110 mmHg, 21.2% in
patients with SBP 110–140 mmHg and 17.4% in those with SBP >140 mmHg. These differences tended to diminish
in the months post-discharge, and 1-year mortality for the patients who survived at least 6 months post-discharge
did not vary significantly by either clinical profile or SBP classification.
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Aims To identify differences in clinical epidemiology, in-hospital management and 1-year outcomes among patients
hospitalized for acute heart failure (AHF) and enrolled in the European Society of Cardiology Heart Failure Long-Term
(ESC-HF-LT) Registry, stratified by clinical profile at admission.
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Methods
and results

The ESC-HF-LT Registry is a prospective, observational study collecting hospitalization and 1-year follow-up data
from 6629 AHF patients. Among AHF patients enrolled in the registry, 13.2% presented with pulmonary oedema
(PO), 2.9% with cardiogenic shock (CS), 61.1% with decompensated heart failure (DHF), 4.8% with hypertensive heart
failure (HT-HF), 3.5% with right heart failure (RHF) and 14.4% with AHF and associated acute coronary syndromes
(ACS-HF). The 1-year mortality rate was 28.1% in PO, 54.0% in CS, 27.2% in DHF, 12.8% in HT-HF, 34.0% in RHF
and 20.6% in ACS-HF patients. When patients were classified by systolic blood pressure (SBP) at initial presentation,
1-year mortality was 34.8% in patients with SBP <85 mmHg, 29.0% in those with SBP 85–110 mmHg, 21.2% in
patients with SBP 110–140 mmHg and 17.4% in those with SBP >140 mmHg. These differences tended to diminish
in the months post-discharge, and 1-year mortality for the patients who survived at least 6 months post-discharge
did not vary significantly by either clinical profile or SBP classification.
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Figure 3 Kaplan–Meier curves for all-cause death at different time points: at admission (A), and at 1, 3, 6, and 12 months post-discharge
(B). ACS-HF, acute heart failure and associated acute coronary syndromes; CS, cardiogenic shock; DHF, decompensated heart failure; HT-HF,
hypertensive heart failure; PO, pulmonary oedema; RHF, right heart failure.

One-year outcomes
Similar to previous registries,25–28 1-year outcome rates of each
clinical profile considered by the ESC-HF-LT Registry remain unac-
ceptably high, confirming that hospitalization for AHF represents
a change in the trajectory of the disease process. This finding can
be explained by the fact that in-hospital therapeutic approaches to
these patients have remained practically unchanged during the last
few decades.

In the ESC-HF-LT Registry, the proportion of cardiovascular
deaths (57.5%) is lower than in the ESC-HF Pilot study (66%) and
lower than in the Italian IN-HF Outcome registry (71%).

Present data reveal that 20% of patients are discharged despite
persistent signs and symptoms of HF. A negligible decrease or an
increase in body weight suggest a possible failure to relieve clini-
cal congestion during index hospitalization, which may potentially
contribute to the high post-discharge event rate in the registry.
Furthermore, for some AHF patients, natriuretic peptide levels
do not decrease, or decrease insufficiently during hospitalization.
Although the complete mechanisms are unknown, an insufficient
decrease or re-elevation of natriuretic peptides during hospital-
ization suggests residual haemodynamic congestion as a result of
suboptimal treatment.29 ..
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.. The highest rate of 1-year death was observed in patients admit-
ted with CS, and the highest rate of 1-year HF re-hospitalization
was noted in patients with RHF. Patients with HT-HF and ACS-HF
had the best survival during hospitalization and throughout the
follow-up. These patients presented with high or normal SBP, had
a lower index of non-cardiac co-morbidities, and were discharged
with minimal residual congestion, better NYHA class and better
renal function when compared to other clinical profiles. Further-
more, identification of aetiological factors and precipitants, as well
as aetiological treatment (coronary interventions or hypertension
treatment) is easier in these two clinical profiles.

Differences in 1-year outcome among clinical profiles and SBP
categories depend on the time of the analysis. In particular, when
performed later after discharge, differences in outcome rates
among clinical profiles tend to disappear, and all clinical profiles
have comparable 1-year outcomes between 6 and 12 months
post-discharge. ACS-HF and HT-HF patients tend to equalize
1-year mortality rate of CS patients after 6 months post-discharge.
A similar finding was found when 1-year outcomes were compared
among SBP categories, and after 6 months post-discharge, no
differences in 1-year outcome were noted.

This finding can be relevant for future clinical trials enrolling
patients hospitalized for AHF at different time intervals
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European Journal of Heart Failure © 2017 European Society of Cardiology
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Héctor Bueno (Spain), John G. F. Cleland (UK), Andrew J. S. Coats (UK),
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bradycardia/conduction disturbance, acute mechanical cause under-
lying AHF or acute pulmonary embolism.

Clinical classification can be based on bedside physical examination
in order to detect the presence of clinical symptoms/signs of conges-
tion (‘wet’ vs. ‘dry’ if present vs. absent) and/or peripheral hypoperfu-
sion (‘cold’ vs. ‘warm’ if present vs. absent) (Figure 12.1).514,515 The
combination of these options identifies four groups: warm and wet
(well perfused and congested) —most commonly present; cold and
wet (hypoperfused and congested); cold and dry (hypoperfused with-
out congestion); and warm and dry (compensated, well perfused with-
out congestion). This classification may be helpful to guide therapy in
the initial phase and carries prognostic information.510,514,515

Patients with HF complicating AMI can be classified according to
Killip and Kimball13 into class I, no clinical signs of HF; class II, HF with

rales and S3 gallop; class III, with frank acute pulmonary oedema;
class IV, cardiogenic shock, hypotension (SBP ,90 mmHg) and evi-
dence of peripheral vasoconstriction such as oliguria, cyanosis and
diaphoresis.

Definitions of the terms used in this section related to clinical
presentation of patients with AHF are provided in Table 12.2.

12.2 Diagnosis and initial prognostic
evaluation
The diagnostic workup needs to be started in the pre-hospital set-
ting and continued in the emergency department (ED) in order to
establish the diagnosis in a timely manner and initiate appropriate
management. The greater benefit of early treatment is well estab-
lished in ACS and now needs to be considered in the setting of

Figure 12.1 Clinical profiles of patients with acute heart failure based on the presence/absence of congestion and/or hypoperfusion
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valve lesions.493,494 A recent first report indicated that catheter-
based interventions may be possible for TR.508

12. Acute heart failure

12.1 Definition and classification
AHF refers to rapid onset or worsening of symptoms and/or signs
of HF. It is a life-threatening medical condition requiring urgent
evaluation and treatment, typically leading to urgent hospital
admission.

AHF may present as a first occurrence (de novo) or, more fre-
quently, as a consequence of acute decompensation of chronic
HF, and may be caused by primary cardiac dysfunction or precipi-
tated by extrinsic factors, often in patients with chronic HF. Acute
myocardial dysfunction (ischaemic, inflammatory or toxic), acute
valve insufficiency or pericardial tamponade are among the most
frequent acute primary cardiac causes of AHF. Decompensation
of chronic HF can occur without known precipitant factors, but
more often with one or more factors, such as infection, uncon-
trolled hypertension, rhythm disturbances or non-adherence with
drugs/diet (Table 12.1).

A large number of overlapping classifications of AHF based on dif-
ferent criteria have been proposed.510 – 513 In practice the most use-
ful classifications are those based on clinical presentation at
admission, allowing clinicians to identify patients at high risk of com-
plications and to direct management at specific targets, which cre-
ates a pathway for personalized care in the AHF setting. In most
cases, patients with AHF present with either preserved (90–140
mmHg) or elevated (.140 mmHg; hypertensive AHF) systolic
blood pressure (SBP). Only 5–8% of all patients present with
low SBP (i.e. ,90 mmHg; hypotensive AHF), which is associated
with poor prognosis, particularly when hypoperfusion is also
present.514,515

Another approach is to classify patients according to the presence
of the following precipitants/causes leading to decompensation,
which need to be treated/corrected urgently (see Section 12.3.1):
ACS, hypertensive emergency, rapid arrhythmias or severe

Recommendations for treatment of valvular diseases in patients with heart failure

Recommendations Class a Level b Ref c

2, LVEF <40%, mean 
pressure gradient <40 mmHg), low-dose dobutamine stress echocardiography should be considered to identify those with severe 
aortic stenosis suitable for valve replacement.

IIa C

TAVI is recommended in patients with severe aortic stenosis who are not suitable for surgery as assessed by a ‘heart team’ 
and have predicted post-TAVI survival >1 year. I B 495, 496, 

509

TAVI should be considered in high-risk patients with severe aortic stenosis who may still be suitable for surgery, but in whom TAVI is IIa A 497, 498

In patients with severe aortic regurgitation, aortic valve repair or replacement is recommended in all symptomatic patients and 
in asymptomatic patients with resting LVEF ≤ I C 317

Evidence-based medical therapy in patients with HFrEF is recommended in order to reduce functional mitral regurgitation. I C

Combined surgery of secondary mitral regurgitation and coronary artery bypass grafting should be considered in symptomatic 
patients with LV systolic dysfunction (LVEF <30%), requiring coronary revascularization for angina recalcitrant to medical therapy. IIa C

Isolated surgery of non-ischaemic regurgitant mitral valve in patients with severe functional mitral regurgitation and severe LV systolic 
dysfunction (LVEF <30%) may be considered in selected patients in order to avoid or postpone transplantation. IIb C

HFrEF ¼ heart failure with reduced ejection fraction; LV ¼ left ventricular; LVEF ¼ left ventricular ejection fraction; TAVI ¼ transaortic valve implantation.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

Table 12.1 Factors triggering acute heart failure

Acute coronary syndrome.

Excessive rise in blood pressure.

Infection (e.g. pneumonia, infective endocarditis, sepsis).

Bradyarrhythmia.

Toxic substances (alcohol, recreational drugs).

Drugs (e.g. NSAIDs, corticosteroids, negative inotropic substances, 
cardiotoxic chemotherapeutics).

Exacerbation of chronic obstructive pulmonary disease.

Pulmonary embolism.

Surgery and perioperative complications. 

Increased sympathetic drive, stress-related cardiomyopathy.

Metabolic/hormonal derangements (e.g. thyroid dysfunction, diabetic 
ketosis, adrenal dysfunction, pregnancy and peripartum related 
abnormalities).

Cerebrovascular insult.

Acute mechanical cause: myocardial rupture complicating ACS (free wall 
rupture, ventricular septal defect, acute mitral regurgitation), chest trauma 
or cardiac intervention, acute native or prosthetic valve incompetence 
secondary to endocarditis, aortic dissection or thrombosis.

ACS ¼ acute coronary syndromes; NSAIDs ¼ non-steroidal anti-inflammatory
drugs.
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Aims To identify differences in clinical epidemiology, in-hospital management and 1-year outcomes among patients
hospitalized for acute heart failure (AHF) and enrolled in the European Society of Cardiology Heart Failure Long-Term
(ESC-HF-LT) Registry, stratified by clinical profile at admission.
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Methods
and results

The ESC-HF-LT Registry is a prospective, observational study collecting hospitalization and 1-year follow-up data
from 6629 AHF patients. Among AHF patients enrolled in the registry, 13.2% presented with pulmonary oedema
(PO), 2.9% with cardiogenic shock (CS), 61.1% with decompensated heart failure (DHF), 4.8% with hypertensive heart
failure (HT-HF), 3.5% with right heart failure (RHF) and 14.4% with AHF and associated acute coronary syndromes
(ACS-HF). The 1-year mortality rate was 28.1% in PO, 54.0% in CS, 27.2% in DHF, 12.8% in HT-HF, 34.0% in RHF
and 20.6% in ACS-HF patients. When patients were classified by systolic blood pressure (SBP) at initial presentation,
1-year mortality was 34.8% in patients with SBP <85 mmHg, 29.0% in those with SBP 85–110 mmHg, 21.2% in
patients with SBP 110–140 mmHg and 17.4% in those with SBP >140 mmHg. These differences tended to diminish
in the months post-discharge, and 1-year mortality for the patients who survived at least 6 months post-discharge
did not vary significantly by either clinical profile or SBP classification.
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Conclusion Rates of adverse outcomes in AHF remain high, and substantial differences have been found when patients were

stratified by clinical profile or SBP. However, patients who survived at least 6 months post-discharge represent a
more homogeneous group and their 1-year outcome is less influenced by clinical profile or SBP at admission.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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ABSTRACT

BACKGROUND Vasopressor agents could have certain specific effects in patients with cardiogenic shock (CS) after

myocardial infarction, which may influence outcome. Although norepinephrine and epinephrine are currently the most

commonly used agents, no randomized trial has compared their effects, and intervention data are lacking.

OBJECTIVES The goal of this paper was to compare in a prospective, double-blind, multicenter, randomized study, the

efficacy and safety of epinephrine and norepinephrine in patients with CS after acute myocardial infarction.

METHODS The primary efficacy outcome was cardiac index evolution, and the primary safety outcome was the

occurrence of refractory CS. Refractory CS was defined as CS with sustained hypotension, end-organ hypoperfusion and

hyperlactatemia, and high inotrope and vasopressor doses.

RESULTS Fifty-seven patients were randomized into 2 study arms, epinephrine and norepinephrine. For the primary

efficacy endpoint, cardiac index evolution was similar between the 2 groups (p ¼ 0.43) from baseline (H0) to H72. For the

main safety endpoint, the observed higher incidence of refractory shock in the epinephrine group (10 of 27 [37%] vs.

norepinephrine 2 of 30 [7%]; p ¼ 0.008) led to early termination of the study. Heart rate increased significantly with

epinephrine from H2 to H24 while remaining unchanged with norepinephrine (p < 0.0001). Several metabolic changes
were unfavorable to epinephrine compared with norepinephrine, including an increase in cardiac double product

(p ¼ 0.0002) and lactic acidosis from H2 to H24 (p < 0.0001).

CONCLUSIONS In patients with CS secondary to acute myocardial infarction, the use of epinephrine compared

with norepinephrine was associated with similar effects on arterial pressure and cardiac index and a higher incidence of

refractory shock. (Study Comparing the Efficacy and Tolerability of Epinephrine and Norepinephrine in Cardiogenic Shock

[OptimaCC]; NCT01367743) (JAmColl Cardiol 2018;72:173–82)©2018by theAmericanCollege of Cardiology Foundation.

ISSN 0735-1097/$36.00 https://doi.org/10.1016/j.jacc.2018.04.051

From the aService de Réanimation Médicale Brabois, CHRU Nancy, Pôle Cardio-Médico-Chirurgical, Vandoeuvre-les-Nancy,
INSERM U1116, Faculté de Médecine, Vandoeuvre-les-Nancy, and Université de Lorraine, Nancy, France; bUniversité de
Strasbourg (UNISTRA), Faculté de médecine, Hôpitaux Universitaires de Strasbourg, Service de réanimation, Nouvel Hôpital
Civil, Strasbourg, France; cMédecine Intensive Réanimation, CHRU Bretonneau, Tours, France; dMedical ICU, Cochin Uni-
versity Hospital (APHP), Paris, France, and Paris Descartes University, Paris, France; eSurgical ICU, Hôpital Nord, AP-HM, Aix
Marseille Université, Marseille, France; fService de Réanimation Médicale, Groupement Hospitalier Mulhouse Sud Alsace–
Hôpital Emile Muller, Mulhouse, France; gDepartment of Intensive Care, François Mitterrand University Hospital, Dijon, Lipness
Team, INSERM Research Center LNC-UMR1231 and LabExLipSTIC, University of Burgundy, Dijon, and INSERM CIC 1432, Clinical
Epidemiology, University of Burgundy, Dijon, France; hHeart and Lung Center, Cardiology, Helsinki University and Helsinki
University Hospital, Helsinki, Finland; iService de Réanimation, Hôpital Mercy, Metz, France; jINSERM CIC1433, Nancy University
Hospital, Nancy, France; kInserm UMR-S 942, Hôpital Lariboisière, Paris, Department of Anaesthesiology and Intensive Care,
Lariboisière Hospital, and Université Paris Diderot-Sorbonne Paris Cité, Paris, France; and the lMedical-Surgical Intensive
Care Unit, Teaching Hospital of Limoges, Limoges, and INSERM CIC 1435, Teaching Hospital of Limoges, Limoges, France.

Listen to this manuscript’s
audio summary by
JACC Editor-in-Chief
Dr. Valentin Fuster.

J O U R N A L O F T H E AM E R I C A N C O L L E G E O F C A R D I O L O G Y VO L . 7 2 , N O . 2 , 2 0 1 8

ª 2 0 1 8 B Y T H E AM E R I C A N C O L L E G E O F C A R D I O L O G Y F O UN DA T I O N

P U B L I S H E D B Y E L S E V I E R

SECONDARY HEMODYNAMIC AND METABOLIC

EFFICACY ENDPOINTS. Regarding the study drugs,
the dose needed to obtain a MAP of 70 mm Hg was 0.7
! 0.5 mg/kg/min in the epinephrine group and 0.6 !
0.7 mg/kg/min in the norepinephrine group (p ¼ 0.66).
There was no statistically significant difference with
regard to duration (p ¼ 0.15), the dose at different
time points (from H0 to H72; p ¼ 0.66), and the
maximal dose (p ¼ 0.79) of study drugs in the 2
groups (Online Table 4). The evolution of SAP

(p ¼ 0.11), diastolic arterial pressure (p ¼ 0.13), and
MAP (p ¼ 0.80) during the first 3 days of the study was
similar between groups (Online Table 5).

Mean heart rate increased significantly in the
epinephrine group, whereas it did not change signif-
icantly in the norepinephrine group (p ¼ 0.031)
(Central Illustration, Online Table 3). The evolution of
stroke volume index (p ¼ 0.25) and cardiac power
index (p ¼ 0.064) was similar between groups
(Figure 2). Cardiac double product, a surrogate of

FIGURE 2 Hemodynamic, Metabolic, and Cardioenergetic Parameters at Baseline (H0) and at H2, H4, H6, H12, H24, H48 and H72
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epinephrine from H2 to H24 while remaining unchanged with norepinephrine (p < 0.0001). Several metabolic changes
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Extra corporeal membrane oxygenation in the
therapy of cardiogenic shock (ECMO-CS):
rationale and design of the multicenter
randomized trial
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Aims Extracorporeal membrane oxygenation (ECMO) in veno-arterial configuration represents an increasingly used
method for circulatory support. ECMO in cardiogenic shock offers rapid improvement of circulatory status and
significant increase in tissue perfusion. Current evidence on the use of ECMO in cardiogenic shock remains
insufficient. The aim of the ECMO-CS trial is to compare two recognized therapeutic approaches in the management
of severe cardiogenic shock: early conservative therapy and early implantation of veno-arterial ECMO on the
background of standard care.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Methods Eligible patients have either rapidly deteriorating or severe cardiogenic shock, defined using echocardiography,

hemodynamic and metabolic criteria. Patients are randomized to the one of two arms: immediate veno-arterial
ECMO therapy or early conservative therapy. All other diagnostic and therapeutic procedures are performed as per
current standard of care, including other cardiovascular interventions (i.e. percutaneous coronary intervention or
cardiac surgery). Follow-up includes visits at 30 days, 6 months and 12 months. Primary endpoint is a composite of
death from any cause, resuscitated circulatory arrest, and implantation of another mechanical circulatory support
device at 30 days. The sample size of 120 individuals (60 in each arm) provides 80% power to detect 50% reduction
of primary endpoint, at alpha= 0.05. Patient recruitment started in October 2014.
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Conclusion The results of the ECMO-CS trial may significantly influence current practice in the management of patients with

severe and rapidly deteriorating cardiogenic shock. ECMO-CS trial registration number is NCT02301819.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Keywords cardiogenic shock • extracorporeal membrane oxygenation • extracorporeal life support •

clinical trial

Introduction
Extracorporeal membrane oxygenation (ECMO) in veno-arterial
configuration represents an increasingly used method for cir-
culatory support. Extracorporeal blood flow may exceed
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University Hospital, Prague, Czech Republic, Tel.: + 420 724 371 594, Email: Jan.Belohlavek@vfn.cz
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. 5 L/min and veno-arterial ECMO can, therefore, either sup-
port or fully substitute the cardiac pump and pulmonary gas
exchange.1 ECMO has been used for many years in neonates
and infants with pulmonary hypertension and severe respiratory
failure.2–5 During the past two decades increasing number of

© 2017 The Authors
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reports has been published showing successful application of
veno-arterial ECMO also in adult patients with rapidly progress-
ing severe cardiogenic shock6–11 or with refractory cardiac
arrest.9,11–20

Current clinical Guidelines of the European Society of Car-
diology recommend consideration of ECMO use in patients
with cardiogenic shock, remaining unstable despite administra-
tion of inotropes, vasopressors, ventilatory support, reperfusion
and revascularization21 or as a “bridge to decision” to stabi-
lize hemodynamics.22 However, this recommendation is based on
expert consensus. Currently, there are no prospective randomized
trials available, focusing on the use of ECMO in patients with severe
cardiogenic shock.9–11

Therapy with veno-arterial ECMO in cardiogenic shock offers
rapid improvement of circulatory status and significant increase in
tissue perfusion. On the other hand, ECMO is an invasive method,
requiring anticoagulation, and the use of ECMO is, therefore, asso-
ciated with possible complications, i.e. bleeding or leg ischemia.23

Veno-arterial ECMO may also negatively influence the left ventric-
ular functions.24 Furthermore, implantation of ECMO represents
also considerable financial costs and mortality remains high despite
the improvement of circulatory status.25,26

The aim of the ExtraCorporeal Membrane Oxygenation in the
therapy of Cardiogenic Shock (ECMO-CS) trial is to compare two
recognized therapeutic approaches in the management of severe
cardiogenic shock: early conservative therapy and early implanta-
tion of veno-arterial ECMO on the background of standard care.

Study design
Overview
The ECMO-CS is a multi-center randomized prospective trial
focused on the efficacy of ECMO in the therapy of advanced
cardiogenic shock. The trial was approved by Ethics Committees of
all participating centers and is registered at ClinicalTrials.gov with
No. NCT02301819. First subject was randomized in 2014 and the
last patient-last visit is projected to 2019.

Eligible patients for ECMO-CS trial have rapidly deteriorating or
severe cardiogenic shock defined in inclusion criteria (Table 1) and
do not meet exclusion criteria (Table 2). Subjects are randomized
using web-based randomization system in 1:1 ratio to the one of
two arms: immediate ECMO therapy or early conservative therapy.
In the invasive group, veno-arterial ECMO is inserted according
to the local practice with flow settings to ensure sufficient tissue
perfusion. All other diagnostic and therapeutic procedures includ-
ing other cardiovascular interventions (i.e. percutaneous coronary
intervention or cardiac surgery) are performed according to the
current standard of care at the tertiary cardiovascular center.
Acute implantation of other mechanical support devices (including
ECMO in the conservative group) is allowed in the case of shock
progression, ie. rapid deterioration of hemodynamic or metabolic
status (defined as a need for increasing doses of vasopressors or a
rise of serum lactate by 3 mmol/L within a minimum of 30 minutes
after randomization). Follow-up includes visits at 30 days, 6 months
and 12 months. ..
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Table 1 Inclusion criteria of the ECMO-CS trial.

Patients must fulfil criteria for rapidly
deteriorating (A) or severe (B) cardiogenic shock:

A. Rapidly deteriorating cardiogenic shock is defined as
a progressive hemodynamic instability necessitating repeated
bolus administration of vasopressors to maintain mean arterial
pressure> 50 mmHg+ impaired left ventricle systolic function
(left ventricle ejection fraction (LVEF)< 35% or LVEF 35-55%
in case of severe mitral regurgitation or aortic stenosis)

B. Severe cardiogenic shock is defined by all following criteria:

1. Hemodynamic:

Cardiac Index (CI)< 2.2 L/min/m2+ norepinephrine
dose> 0.1 μg/kg/min+ dobutamine dose> 5 μg/kg/min
or Systolic blood pressure<100 mmHg+ norepinephrine
dose> 0.2 μg/kg/min+ dobutamin dose> 5 μg/kg/min+
(LVEF< 35% or LVEF 35-55%+ severe mitral regurgitation or
aortic stenosis)

2. Metabolic:

Lactate – two consecutive values≥ 3 mmol/L (with at least
30 min interval between samples), with non-decreasing trend on
steady doses of inotropes and/or vasopressors
or SvO2 – two consecutive values< 50% (with at least 30 min
interval between samples), with non-increasing trend on steady
doses of inotropes and/or vasopressors

3. Hypovolemia must be excluded:

Central venous pressure> 7 mmHg or pulmonary capillary
wedge pressure>12 mmHg

All patients should provide written informed consent with the
participation in the study. If patient status does not allow to
give informed consent, it will be provided retrospectively after
improvement of clinical conditions. If a patient deceases, remains
unconscious or with significant brain dysfunction, written informed
consent will be obtained from a patient’s next of kin. If informed
consent is not obtained, all acquired data will be removed from the
database and will not be used in the analysis.

Endpoints
Primary endpoint is defined as a composite of death from any
cause, resuscitated circulatory arrest, and implantation of another
mechanical circulatory support device at 30 days. Secondary end-
points include all-cause mortality at 30 days, at 6 months and at
1 year, neurological outcome (according to Cerebral Performance
Category scale) at 30 days, intensive care unit stay duration, hos-
pital stay duration, need for intubation, renal replacement therapy
and duration of mechanical ventilation.

Sample size was determined to detect clearly clinically signif-
icant 50% reduction of primary endpoint with 80% power at
alpha= 0.05. The calculation indicates enrollment of 120 subjects
(60 individuals in each arm).
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Table 2 Exclusion criteria of the ECMO-CS trial.

1 Age<18 years

2. Life expectancy lower than 1 year

3. High suspicion of pulmonary embolism or cardiac tampon-
ade as a cause of shock

4. Significant bradycardia or tachycardia which might be
responsible for hemodynamic instability and not treated by
pacing or cardioversion

5. Cardiac arrest survivors remaining comatose

6. Hyperthrophic obstructive cardiomyopathy

7. Peripheral artery disease disabling insertion of outflow
cannula to femoral artery

8. Moderate to severe aortic regurgitation

9. Aortic dissection

10. Uncontrolled bleeding or TIMI major bleeding within last 6
months

11. Known cognitive dysfunction with CPC≥ 3

Participating Centers
All participating sites are tertiary cardiovascular centers experi-
enced in the management of severely compromised patients with
cardiogenic shock and in the therapy with veno-arterial ECMO.
All sites are fully equipped for the management of these patients
according to the current standards of care and recommendations
of the European Society of Cardiology. All sites offer 24/7 cathlab
service for acute and emergency cases.

Conclusion
Despite the fact, that veno-arterial ECMO is increasingly used in
the therapy of severe or rapidly progressing cardiogenic shock,
current evidence for this strategy is clearly insufficient and data
from a prospective randomized trial are lacking. The results of the
ECMO-CS trial may significantly influence current practice in the
management of patients with severe and deteriorating cardiogenic
shock.
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Extra corporeal membrane oxygenation in the
therapy of cardiogenic shock (ECMO-CS):
rationale and design of the multicenter
randomized trial
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Aims Extracorporeal membrane oxygenation (ECMO) in veno-arterial configuration represents an increasingly used
method for circulatory support. ECMO in cardiogenic shock offers rapid improvement of circulatory status and
significant increase in tissue perfusion. Current evidence on the use of ECMO in cardiogenic shock remains
insufficient. The aim of the ECMO-CS trial is to compare two recognized therapeutic approaches in the management
of severe cardiogenic shock: early conservative therapy and early implantation of veno-arterial ECMO on the
background of standard care.
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Methods Eligible patients have either rapidly deteriorating or severe cardiogenic shock, defined using echocardiography,

hemodynamic and metabolic criteria. Patients are randomized to the one of two arms: immediate veno-arterial
ECMO therapy or early conservative therapy. All other diagnostic and therapeutic procedures are performed as per
current standard of care, including other cardiovascular interventions (i.e. percutaneous coronary intervention or
cardiac surgery). Follow-up includes visits at 30 days, 6 months and 12 months. Primary endpoint is a composite of
death from any cause, resuscitated circulatory arrest, and implantation of another mechanical circulatory support
device at 30 days. The sample size of 120 individuals (60 in each arm) provides 80% power to detect 50% reduction
of primary endpoint, at alpha= 0.05. Patient recruitment started in October 2014.
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Conclusion The results of the ECMO-CS trial may significantly influence current practice in the management of patients with

severe and rapidly deteriorating cardiogenic shock. ECMO-CS trial registration number is NCT02301819.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Keywords cardiogenic shock • extracorporeal membrane oxygenation • extracorporeal life support •

clinical trial

Introduction
Extracorporeal membrane oxygenation (ECMO) in veno-arterial
configuration represents an increasingly used method for cir-
culatory support. Extracorporeal blood flow may exceed
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. 5 L/min and veno-arterial ECMO can, therefore, either sup-
port or fully substitute the cardiac pump and pulmonary gas
exchange.1 ECMO has been used for many years in neonates
and infants with pulmonary hypertension and severe respiratory
failure.2–5 During the past two decades increasing number of
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