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Integration of medical therapy and mechanical circulatory 
support in the management of acute heart failure

Patrick Horn, Malte Kelm, Ralf Westenfeld

A b s t r a c t

Acute heart failure is still characterized by poor prognosis with high mor-
tality. Diagnosis is based on clinical symptoms and hemodynamic measure-
ments. Early coronary revascularization in cardiogenic shock complicating 
myocardial infarction improves outcome. The further contemporary ther-
apeutic options in the management of acute heart failure are limited to 
a  merely symptomatic effect with relief of dyspnea, reduction of volume 
overload and improvement of hemodynamic parameters by vasodilators (in 
hypertension) or inotropic and vasopressor agents (in hypotension). Howev-
er, so far no medical therapy has been shown to positively affect clinical out-
comes of patients with acute heart failure. Early identification of impending 
circulatory collapse coupled with rapid implementation of mechanical circu-
latory support may contribute to mortality reduction as a combined concept 
of the management of acute heart failure.

Key words: acute heart failure, cardiogenic shock, coronary 
revascularization, medical therapy, mechanical circulatory support.

Introduction

Acute heart failure (AHF) can arise as a complication in the acute set-
ting of myocardial infarction and acute coronary syndrome (ACS), but 
today most often (> 75%) AHF arises due to decompensation of preexist-
ing chronic heart failure (CHF) [1]. Chronic heart failure is a growing bur-
den on health care with a prevalence of 1–2% in western countries and 
a rising trend due to aging of the population and contemporary therapy 
leading to improved survival in patients following a myocardial infarction 
[2]. The prognosis of systolic CHF has constantly improved over the last  
20 years with the advent of renin-angiotensin-aldosterone system (RAAS) 
inhibition, the b-adrenergic blockade and device therapy in combination 
reducing the actual 1-year mortality of CHF to 5–10%. In contrast to CHF, 
1-year mortality of patients admitted for AHF still remains devastating 
at 30%, even exceeding 50% in cardiogenic shock [3, 4]. The 10-year 
old SHOCK-trial was the last randomized controlled trial demonstrating 
the prognostic impact of the innovative early reperfusion strategy of the 
infarct-related coronary artery in therapy of cardiogenic shock [5, 6]. But 
besides that, the contemporary therapeutic options in the management 
of AHF are limited to merely symptomatic improvement of hemodynamic 
parameters, reduction of volume overload and relief of dyspnea without 
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Table I. Etiologies and precipitants of acute heart 
failure

•	 Tachycardia (atrial fibrillation/flutter, ventricular 
tachycardia)

•	 Bradycardia (higher degree AV block) 
•	 Hypertensive episode
•	 Volume overload/abrupt stopping or reduction  

of the preexisting diuretics
•	 Deterioration of renal function
•	 Acute myocardial infarction
•	 Acute myocarditis
•	 Progression of valvular heart disease
•	 Acute dysfunction of prosthetic valve

Table II. Symptoms and signs of acute heart failure

Symptoms

•	 Dyspnea
•	 Tachypnea
•	 Orthopnea
•	 Cough
•	 Fatigue
•	 Distress, anxiety

Clinical signs

•	 Third heart sound (S3)

Predictive for wet state vs. dry state:
•	 Peripheral edema
•	 Weight gain
•	 Rales on auscultation (possibly with wheezing)
•	 Jugular venous distension

Predictive for cold state vs. warm state:
•	 Signs of inadequate systemic perfusion (pale color, 

peripheral cyanosis, altered mental status, oliguria)

Table III. Tests for diagnosis and assessment  
of acute heart failure

•	 Pulse oximetry, arterial blood gas analysis
•	 Blood pressure
•	 Electrocardiogram
•	 Chest X-ray
•	 Echocardiography (global and regional systolic 

ventricular function, diastolic ventricular function, 
valvular diseases, pericardial diseases)

•	 Laboratory (troponin if ongoing ischemia is 
suggested, BNP, serum electrolytes, creatinine, 
blood urea nitrogen, hepatic enzymes, international 
normalized ratio)

•	 Invasive hemodynamic monitoring in patients with 
persistent symptoms/uncertain hemodynamics 
(Swan-Ganz catheter)

•	 Coronary angiography

prognostic benefit. In fact, no medical therapy has 
been shown to positively affect clinical outcomes 
of patients with AHF. As dyspnea is the leading 
burden for most patients with AHF, relieving dys-
pnea remains an important therapeutic goal. In 
addition to that, further goals in the management 
of AHF should be to prevent readmission and to 
improve mortality. Recently, new approaches in 
the management of acute heart failure have aris-
en, and involvement of these in the management 
might lead to achieving these goals. 

First, every episode of AHF induces further 
damage not only to the heart, but also to other 
organic systems (kidneys, liver, brain), and ac-
celerates the progression of the chronic disease 
leading to an increase in mortality of further acute 
cardiac decompensation. 

Second, AHF that is hemodynamically non-stable 
(cardiogenic shock) induces microcirculatory disor-
der and systemic inflammatory response syndrome 
(SIRS), leading to multiple organ dysfunction syn-
drome (MODS). The progression to MODS seems to 
be one major determinant of the prognosis of car-
diogenic shock. Therefore, prevention of MODS pres-
ents a new goal in the management of cardiogenic 
shock which might improve the prognosis of AHF.

Early identification of impending circulatory 
collapse coupled with rapid implementation of 
mechanic circulatory support (MCS) may normal-
ize cardiac output, prevent the progress to MODS 
and may contribute to mortality reduction [7, 8].

The purpose of this present paper is to review 
the current state of knowledge about AHF. The 
review focuses on the contemporary therapeutic 
options integrated in a concept including medical 
therapy and mechanical circulatory support which 
might improve the prognosis of patients with AHF 
in the future when tailored to the appropriate pa-
tient at the appropriate time.

Symptoms, signs and diagnosis

The heterogeneous etiologies and triggers of 
AHF are summarized in Table I. Acute heart failure 
with its life-threatening symptoms requires imme-
diate therapy; thus diagnosis and therapy need to 
be performed simultaneously. Acute heart failure 
is diagnosed based on a  focused patient histo-
ry and clinical examination. Regardless of precipi-
tant or underlying etiology, pulmonary congestion 
due to elevated ventricular filling pressure and 
left-sided heart failure is a classical finding in AHF. 
This congestion is manifested in symptoms such 
as dyspnea and rales and, in the case of right heart 
involvement, in edema and weight gain. Fatigue is 
a less specific symptom of critically reduced cardi-
ac output. Characteristic symptoms and signs of 
AHF are summarized in Table II, and an overview 
about the initial tests is presented in Table III. In 
this setting an audible S3 or orthopnea has a pos-
itive predictive value of 61% or 66% respective-
ly for indicating an elevated pulmonary capillary 
wedge pressure (PCWP > 22 mm Hg) [9]. Serum 
concentrations of B-natriuretic peptide (BNP) and 
its inactive precursor N-terminal pro-BNP (NT-pro 
BNP) can be employed as an additional approach 
for ruling out AHF when clinical uncertainty exists. 
For patients presenting with acute onset or wors-
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ening of dyspnea, the exclusion cut-off point is 
100 pg/ml BNP or 300 pg/ml NT-pro BNP, respec-
tively [10, 11]. 

Acute coronary syndrome precipitating AHF 
should be identified by medical history, electrocar-
diogram and cardiac troponin testing. Noteworthy, 
elevated troponin levels are common in AHF in the 
absence of primary ACS and related to endocardial 
malperfusion (supply-demand mismatch) and cy-
tosolic troponin release. Thus, identifying ACS may 
be difficult but remains important since treatment 
algorithms for ACS include early coronary angiog-
raphy, antiplatelets and antithrombotic therapy. 
Factors suggestive of ACS include ischemic chest 
pain and dynamic changes in troponin levels and/
or ECG abnormalities. 

Also hemodynamic evaluation can aid one to 
assess severity of AHF and overall prognosis as 
the Killip score [12] or the Stevenson classifica-
tion [13]. The latter classifies the patients into 
hemodynamic profiles based on the absence or 
presence of congestion (“wet” versus “dry”) and 
the adequacy of peripheral perfusion (“warm“ 
versus “cold”) [13]. In addition, a  focused ABC 
assessment of the Airway/Breathing (ventilation, 
oxygenation) and the Circulation (stable (“warm” 
state) or non-stable with low blood pressure/signs 
of inadequate systemic perfusion (“cold” state)) 
might be crucial to guide the early and proper 
maagement (Figure 1). Following airway and oxy-
genation assessment, initial stabilization includes 
prompt correction of hemodynamic and intravas-
cular volume abnormalities.

Therapy

Treat the trigger

Patients with AHF often suffer from significant 
coronary artery disease even in the absence of ACS. 
In patients with ST elevation myocardial infarction 
(STEMI) immediate revascularization is mandatory 
[14, 15]. In patients with non-STEMI ACS and AHF, 
urgent (< 2 h) revascularization is recommended 
by current guidelines [16, 17]. Revascularization by 
percutaneous coronary intervention (PCI) and cor-
onary bypass surgery have been proven to reduce 
mortality in cardiogenic shock subsequent to ACS 
[5, 6], and the patient should be referred for coro-
nary angiogram without delay. 

Tachycardia as precipitant of acute decompen-
sated heart failure should be terminated pharma-
cologically (hemodynamically stable patient) or by 
electrical cardioversion (hemodynamically compro-
mised patient). Vice versa, bradycardia may require 
urgent implantation of a (temporary) pacemaker. 

Secure oxygenation

Sufficient oxygenation is mandatory (SaO2 > 
90%), may require supplementation of additional 
oxygen, and early implementation of non-inva-
sive positive pressure ventilation (NIV) is encour-
aged. However, a previously postulated benefit of 
NIV regarding a reduction in mortality or reduced 
rate of endotracheal intubation could not be con-
firmed in a  recent randomized controlled study 
[18]. Besides the general indication for endotra-
cheal intubation (physical exhaustion, dimin- 

Acute coronary syndrome? Yes
Acute coronary angiography/

revascularization

Congestion?  
Is the patent wet?

Yes No
Adequate fluid removal 

with diuretics?
Ultrafiltration/CVVH

Circulation stable?  
Is the patient warm?  

RR > 85 mm Hg
No

No/High dose 
required

Stabilization with  
intravenous inotropes/

vasopressors

Timely start of 
mechanical circulatory 

suport

Yes No

Airway safe?
Breathing: respiratory stable?

No No
Adequate oxygenation with 

O2

Circulation stable?  
(Is the patent warm?)

Noninvasive  
ventilation

Endotracheal 
intubation

Figure 1. Algorithm for integration of medical therapy and mechanical circulatory support in management of acute 
heart failure. Following airway and oxygenation assessment, initial stabilization includes initiation of rapid correc-
tion of hemodynamic and intravascular volume abnormalities
CVVH – continuous veno-venous hemofiltration.
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ished consciousness) endotracheal intubation 
and conventional mechanical ventilation should 
be considered in case of insufficient oxygenation 
and hemodynamic instability (e.g. a systolic blood 
pressure < 85 mm Hg).

Is the patient “warm” or “cold”? – 
Preservation of circulation for adequate 
perfusion

“Warm” profile, systolic blood pressure  
≥ 110 mm Hg

In patients with a  “warm“ hemodynamic pro-
file and preserved circulation, vasodilators such 
as nitroglycerine reduce cardiac preload and af-
terload, enhance stroke volume and are therefore 
preferred medications to offload the heart. Sere-
laxin as a recombinant vasoactive pregnancy hor-
mone presents a  new pharmacological option in 
the management of AHF with a mainly vasodilative 
effect. In the RELAX-AHF trial, an infusion of sere-
laxin over 24 h in patients with AHF and a systolic 
blood pressure > 125 mm Hg reduced dyspnea and 
hospital length of stay [19]. As a secondary end-
point, a reduction in mortality over 6 months could 
be demonstrated, potentially related to pleiotropic 
effects (inhibition of apoptosis or inflammation). 
However, these promising observations need to be 
confirmed in pre-specified further trials with a re-
duction in mortality being a primary endpoint.

“Warm“ profile, systolic blood pressure 
85–110 mm Hg 

In this setting, the latest heart failure guide-
lines from the European Society of Cardiology 
(ESC) and the American College of Cardiology 
Foundation (ACCF)/American Heart Association 
(AHA) Task Force recommend neither the use of 
vasodilators nor the use of inotropes (IIIc) [11, 20]. 
The latter recommendation is based on concerns 
about myocardial ischemia and cardiac arrhyth-
mias being triggered by inotropic agents. 

“Cold” profile, systolic blood pressure  
< 85 mm Hg or signs of inadequate 
perfusion 

In patients with AHF presenting with a “cold” 
hemodynamic profile, intravenous inotropes 
should be administered according to the ESC and 
ACCF/AHA guidelines to enhance cardiac con-
tractility and to improve systemic perfusion [11, 
20]. However, until now inotropes have failed to 
improve prognosis of AHF. Instead, there are con-
cerns about the side effects mentioned above, 
which may increase mortality [21–23]. 

The most commonly used intravenous inotropes 
include the b-adrenergic agonist dobutamine, the 

phosphodiesterase inhibitor milrinone and (avail-
able in Europe) the calcium-sensitizing agent levo-
simendan as an add-on therapy for AHF refractory 
to standard treatment. Milrinone and levosimen-
dan are potent vasodilators (“inodilators”), reduc-
ing mean arterial pressure to a greater extent than 
dobutamine and thus bearing the risk of hypoten-
sive episodes, making continuous blood pressure 
monitoring necessary [24, 25]. Trials comparing 
inotropes (levosimendan vs. dobutamine) failed to 
show superiority of a single agent [25]: Whereas 
short-term intravenous infusions of levosimendan 
exerted superior hemodynamic effects compared 
to dobutamine, the association with lower mortal-
ity in secondary and post hoc analyses could not 
be confirmed in a prospective setting by the Sur-
vival of Patients with Acute Heart Failure in Need 
of Intravenous Inotropic Support Study (SURVIVE) 
evaluating long-term survival [26]. 

Consequently, the guidelines do not empha-
size a  particular inotrope, although dobutamine 
is recommended in the ESC guidelines receiving 
evidence grade IIa, while levosimendan and mil-
rinone receive evidence grade IIb [11]. The latter 
may be considered in conditions where b-block-
ade is thought to contribute to hypoperfusion by 
blunted dobutamine response.

If blood pressure cannot be maintained with 
inotropes, a  vasopressor may be considered. In 
the ESC guidelines norepinephrine and dopamine 
(at higher doses of 10–20 µg/kg min) are recom-
mended at equivalent evidence grade (IIb) [11], 
although one study has demonstrated inferiority 
of dopamine over norepinephrine due to more ar-
rhythmic events [27]. The drawbacks of the use of 
vasopressors are increased heart rate and myocar-
dial oxygen demand as well as tachyarrhythmias. 
The intended elevation in systemic vascular resis-
tance to maintain the blood pressure increases 
cardiac afterload and the risk of myocardial isch-
emic injury.

Mechanical circulatory support (MCS)  
in cardiogenic shock

In addition to medical therapy, circulatory assist 
systems can be used in patients with fulminant 
cardiogenic shock for hemodynamic stabilization 
and maintenance of perfusion until the underly-
ing cause of shock has been reversed (bridge to 
recovery) or until the definite decision regarding 
a permanent supply (bridge to decision) is made.

The intra-aortic balloon pump (IABP) is implant-
ed percutaneously with a  balloon placed in the 
descending thoracic aorta. Inflation of the balloon 
in diastole and deflation in systole induce higher 
diastolic blood pressure, an improvement of coro-
nary perfusion and unloading of the left ventricle 
by reducing cardiac afterload. Whereas the benefi-
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cial effect with regard to increased cardiac output 
is only marginal, reduction of cardiac afterload is 
effective for unloading the left ventricle especially 
in states of relevant mitral regurgitation. 

However, various studies have challenged the 
benefit of IABP. A  meta-analysis demonstrated 
divergent findings regarding a beneficial effect of 
IABP [28–30] on outcome, potentially flawed by 
the heterogeneity of the patients included and by 
publication bias leading to overrepresentation of 
studies with positive findings regarding IABP ef-
fectiveness. The ESC and ACCF/AHA guidelines of 
treatment of patients with STEMI (2012) recently 
downgraded the class of recommendation and 
level of evidence for IABP use in acute myocardi-
al infarction complicated by cardiogenic shock as 
class IIa (ACCF/AHA) [15] or IIb (ESC) [14].

Recently, the only sufficiently powered ran-
domized trial of IABP counterpulsation in cardio-
genic SHOCK secondary to myocardial infarction 
(IABP-SHOCK II) did not show any beneficial ef-
fects of IABP support on 30-day or 12-month sur-
vival in patients with cardiogenic shock receiving 
early revascularization and optimal medical ther-
apy [4]. The results of the IABP-SHOCK II trial en-
dorse the further downgrading of IABP use in this 
setting. 

The IABP support may not provide adequate 
active support in severe cardiogenic shock with 
profound low output. Today, potent circulatory 
assist systems are available allowing organ perfu-
sion even at stages of minimal endogenous myo-
cardial contractility or during prolonged functional 
cardiac arrest (e.g. ventricular fibrillation): 

The axial flow pump (e.g. Impella) is placed 
percutaneously via the femoral artery crossing the 
aortic valve within the left ventricle. The system 
aspirates blood from the left ventricle and expels 
it into the ascending aorta. Depending on the sys-
tem implanted (the larger one requires surgical 
cutdown) a cardiac output of 2.5 up to 5 l/min can 
be provided. Favorable effects of the Impella de-
vice consist of effective unloading of the left ven-
tricle, increased coronary perfusion, augmented 
cardiac output and blood pressure as well as im-
proved organ perfusion as suggested by reduced 
lactate levels [31, 32]. However, so far no reduc-
tion of mortality could be demonstrated in clini-
cal trials employing the Impella device in patients 
with cardiogenic shock compared to IABP [37]. No 
randomized controlled trial (RCT) or meta-analy-
sis is currently availably investigating the effect 
of Impella implantation on mortality compared to 
optimal medical treatment alone. 

Circulatory support with the extracorporeal life 
support (ECLS) device is performed with a  par-
tial cardiopulmonary bypass. Blood is drained 
by a  centrifugal pump through a percutaneously 
implanted venous cannula inserted into the right 

atrium (e.g. via femoral vein access), oxygenated 
and decarboxylated over a membrane and resti-
tuted (e.g. via femoral artery access) into the sys-
temic circulation. Reports of the use of ECLS for 
cardiogenic shock provide first evidence of long-
term survival up to 40–60% in these patients [33, 
34]. Until now, there is no RCT or meta-analysis 
for ECLS systems with mortality as an endpoint. 
However, especially the miniaturization of these 
ECLS devices with minimally invasive percutane-
ously placed cannulae and the option of effective 
long-term (weeks) support establishes new ther-
apy options. The ESC and ACCF/AHA heart failure 
guidelines recommend the use of MCS devices as 
a  “bridge to recovery” concept for patients with 
refractory cardiogenic shock and a potentially re-
versible cause (e.g. viral myocarditis) or a poten-
tially surgically correctable cause (IIa) [11, 20]. In 
addition, MCS may be considered as a “bridge to 
decision” concept in patients deteriorating rapidly 
before a full diagnostic and clinical evaluation can 
be made [11, 20]. The ESC and ACCF/AHA guide-
lines of treatment of patients with STEMI (2012) 
provide a grade IIb recommendation for the im-
plantation of an MCS in patients with refractory 
shock [14, 15]. 

Regarding the limited data about the effect of 
MCS on outcome, MCS cannot be generally rec-
ommended as first-line treatment in cardiogenic 
shock but may be considered on an individual 
basis targeting fundamental pathophysiological 
aspects that are largely hemodynamic and me-
chanical in nature and cannot be targeted with 
the currently available medical therapy. We rec-
ommend that MCS should not only be considered 
as a further step of escalation in the therapy of re-
fractory cardiogenic shock (high concentration of 
vasopressors and inotropes) but should rather be 
implanted at earlier stages before manifestation 
of awkward circulatory collapse and MODS. Ear-
ly identification of impending circulatory collapse 
coupled with rapid implementation of MCS may 
contribute to mortality reduction [7]. 

Is the patient “wet”? – From diuretics to 
mechanical volume removal

Relief of congestion is one primary goal of AHF 
management. In patients classified as “wet” accord-
ing to bedside hemodynamic profile, loop diuretics 
are the therapy of choice, efficiently reducing vol-
ume overload and relieving dyspnea. In the case of 
resistance to loop diuretics, addition of a  second 
diuretic agent (e.g. thiazide) acting at a more dis-
tant tubular site (sequential nephron blockade) of-
ten facilitates sufficient diuresis and fluid removal 
especially in patients with acute-on-chronic renal 
failure and worsening left ventricular function (car-
diorenal syndrome type I and II) [35]. Continuous 
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infusion of loop diuretics is equipotent to intermit-
tent bolus administration. Administration of high-
dose loop diuretics has been associated with the 
onset of transient worsening renal function with-
out impairing long-term prognosis but provides 
faster relief of congestion and dyspnea [36]. 

Veno-venous ultrafiltration is an alternative or 
additional approach to diuretics that can success-
fully be applied for treatment of volume overload. 
Ultrafiltration removes isotonic intravasal volume. 
Compared to diuretics, potential benefits may 
consist of decreased RAAS-activation and superior 
sodium removal in patients with acute-on-chronic 
heart failure. 

The UNLOAD and CARRESS-HF trials compared 
ultrafiltration with diuretic therapy in patients with 
AHF and volume overload in a  randomized con-
trolled setting. The UNLOAD trial showed superi-
ority of ultrafiltration over diuretics with regard to 
fluid removal, weight loss and readmission rate at  
90 days, but the results were flawed by various 
study limitations with respect to therapy monitor-
ing and administration of diuretic doses [37]. In the 
CARRESS-HF trial no difference was observed be-
tween ultrafiltration and diuretic therapy in terms of 
weight loss or rehospitalization [38]. Further studies 
are needed to determine the ultimate role of ultra-
filtration in patients with AHF. Today, ultrafiltration 
should be reserved as an alternative therapeutic 
approach for selected patients with advanced AHF 
who do not adequately respond to sequential neph-
ron blockade with sufficient diuretic doses.

Tolvaptan (a  vasopressin V2-receptor antago-
nist) may be used to treat patients with resistant 
hyponatremia (thirst and dehydration are recog-
nized adverse effects) but also did not improve life 
quality or mortality compared to placebo [39].

Supportive management

Morphine reduces anxiety and alleviates respi-
ratory distress, both augmenting potentially awk-
ward vasoconstriction with increased afterload. In 
this regard, opiates may not only reduce sympa-
thetic drive but also directly reduce preload due 
to venodilation. 

Conclusions 

Acute heart failure manifested as cardiogen-
ic shock is still characterized by high mortality 
of up to 50%. Whereas recent advances in the 
medical and device therapy have been imple-
mented in guidelines and clinical practice to re-
lieve symptoms (ultrafiltration, new vasodilators 
and new inotropes), neither of these innovations 
has reduced mortality. Until now, only early coro-
nary revascularization in cardiogenic shock com-
plicating myocardial infarction has improved 
outcome.

Safety and effectiveness of MCS devices have 
improved in the last years to a point proving equal 
to heart transplantation about at least 2 years. 
More RCTs are warranted with clearly defined pa-
tient populations suffering from acute heart failure 
and early implantation time points to investigate 
the prognostic benefit of MCS in selected patients. 
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