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Abstract

Aims Acute heart failure (HF) is a frequent and life-threatening syndrome with heterogeneous clinical, haemodynamic, and
neurohormonal features. This article describes the vascular phenotypes associated with acute decompensated chronic HF
(ADCHF), and new-onset acute HF (NOAHF).
Data Synthesis Worsening of chronic HF occurs with full activation of adaptive mechanisms that maintain blood pressure
(BP) and systemic perfusion. Rapid onset of HF in the setting of previous normal functioning heart not only does not allow full
activation of adaptive mechanisms but also generates inappropriate responses from systemic endothelium leading to low
BP/hypotension. Consequently, the treatment of ADCHF is based on diuretics and vasodilators, while in NOAHF, vasoconstric-
tors may be required to maintain BP to allow the correction of the acute cardiac disease.
Conclusions Patients with ADCHF and NOAHF present different vascular phenotypes with treatment implications.
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Case Presentation A: A 65-year-old man with previous myo-
cardial infarction was admitted to the emergency department
for increasing severity of dyspnoea in the last week. He re-
ferred an increased sodium intake associated with travelling.
At admission, he presented with blood pressure (BP) of
120/90 mmHg; heart rate was 95 b.p.m. with weak carotid
pulses and peripheral oxygen saturation (SpO2) of 92%, with
congestion rales in lower pulmonary fields and leg oedema.
The electrocardiogram revealed Q-waves in leads V1–V5
and left ventricular ejection fraction was estimated in 35%
by echocardiogram. High-sensitivity cardiac troponin T
was 54 ng/L, amino-terminal pro B-type natriuretic peptide
(NT-proBNP) 7044 pg/mL, lactate 1.6 mmol/L, and creatinine
1.38 mg/dL. Haemodynamic monitoring was consistent with
acute heart failure (AHF) (Table 1).

Case Presentation B: A 65-year-old man, apparently
healthy, was admitted to the emergency department for sud-
den dyspnoea. At admission, he presented with BP of
90/65 mmHg; heart rate was 110 b.p.m. and SpO2 of 85%,
with diaphoresis, cool extremities, rales, and wheezing in
the entire pulmonary fields. The electrocardiogram revealed
ST-segment elevation in leads V2–V6, and left ventricular

ejection fraction was estimated in 40% by echocardio-
gram. High-sensitivity cardiac troponin T was 19 ng/L,
NT-proBNP 201 pg/mL, lactate 3.8 mmol/L, and creatinine
0.85 mg/dL. Haemodynamic monitoring was consistent
with AHF (Table 1).

Introduction

Heart failure (HF) is a major contributor for the burden of car-
diovascular mortality and morbidity worldwide.1–3 Each year,
more than 1 million people are hospitalized for acute HF
(AHF) in Europe, and similar relative numbers are observed
in the USA.1,4

Acute HF refers to rapid onset or worsening of symptoms
and/or signs of HF.3 Patients with AHF usually present with
the haemodynamic triad of reduced cardiac output (CO), in-
creased cardiac filling pressure (CFP), and augmented systemic
vascular resistance (SVR).5 The pathophysiology of AHF can be
captured as a single but complex set of interactions between
the heart, kidney, autonomic nervous system, peripheral
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vasculature, and a variety of neurohormones, vasoactive and
inflammatory circulating mediators generating a range of clin-
ical and haemodynamic profiles6,7 (Figure 1). In line with these
aspects, AHF is a heterogeneous clinical syndromewith several
previous clinical contexts, precipitating factors, clinical and
haemodynamic features, and prognosis.6,8 Indeed, the disease
comprises patients with new-onset AHF (NOAHF) or acute
decompensated chronic HF (ADCHF); the primary involvement
of coronary arteries, valves, myocardium, or pericardium in
the failing heart; and a wide spectrum of BP from severe
hypertension to haemodynamic collapse leading to in-hospital
mortalities ranging from 1.5% in hypertensive HF to 39.6% in
cardiogenic shock.3,4,6,8 On the other hand, treatment tools
include apparently paradoxical antagonistic strategies like

vasodilators vs. vasoconstrictors and decongestive therapy
vs. fluid support.2,3,8,9

This article describes two different phenotypes of AHF
associated with the NOAHF and ADCHF due to specific inter-
actions of the pathogenic players and the consequent thera-
peutic implications.

Vascular phenotypes of acute heart
failure

In every three patients admitted for AHF, two present with
ADCHF and one with NOAHF.8,9 In the EuroHeart Failure
Survey II, only minor differences were observed in demo-
graphic characteristics between ADCHF and NOAHF, but
comorbidities were more common in patients with ADCHF.8

Valvular disease (44%) and dilated cardiomyopathy (25%)
were more prevalent in patients with ADCHF, and acute myo-
cardial infarction (AMI) (35%) was more frequent in NOAHF.

Acute decompensated chronic heart failure

Patients with ADCHF present with intense activation of adap-
tive mechanisms, including overactivity of the sympathetic

Figure 1 Pathophysiology of acute heart failure. ADCHF, acute decompensated chronic heart failure; BP, blood pressure; CFP, cardiac filling
pressure; CO, cardiac output; NOAHF, new-onset acute heart failure; NR, normal range; RAAS, renin–angiotensin–aldosterone system;
SNS, sympathetic nervous system; SVR = systemic vascular resistance.

Table 1 Haemodynamic parameters of case presentations

Haemodynamic parameters Case A Case B

Clinical assessment Profile C (wet
and cold)

Profile C (wet
and cold)

Mean arterial
blood pressure (mmHg)

102 73

Pulmonary-capillary
wedge pressure (mmHg)

30 25

Cardiac index (L/min/m2) 1.6 1.8
Systemic vascular
resistance (dyn s/cm5)

2105 1333

680 J. Ferreira

ESC Heart Failure 2017; 4: 679–685
DOI: 10.1002/ehf2.12210



nervous system10–12 and overexpression of the renin–angio-
tensin–aldosterone system11,13 leading to a significant
compensatory increase in the SVR that preserves BP and sys-
temic perfusion, even in the presence of sharp reduction of
CO associated with advanced stages of HF (Table 2).

The excessive retention of sodium and water generates
symptomatic pulmonary and systemic congestion but
ensures an appropriate increase in the preload, essential to
exploit the increase in CO conditioned by the Frank–Starling
mechanism.14,15 Cardiac remodelling with ventricular hyper-
trophy and dilatation that occurs in chronic HF16 ensures an
increase in CO in patients with severe ventricular systolic
dysfunction. The acute decompensation is usually triggered
by a non-cardiac (e.g. infection, thyroid dysfunction, anae-
mia, and increased sodium intake) or a superimposed precip-
itating cardiovascular condition (e.g. arrhythmia, myocardial
ischaemia, and pulmonary embolism)2,3 in the setting of a se-
vere but stable cardiac condition (e.g. myocardial, valvular, or
pericardial diseases).

Case presentation A illustrates this vascular phenotype
dominated by normal/increased BP conditioned by a sharp
increase in SVR generated by excessive sympathetic nervous
system and renin–angiotensin–aldosterone system activation.
Despite the pronounced increase in CFP, which generates a
significant pressure gradient between the veins (30 mmHg)
and pulmonary alveoli (negative pressure), the alveolar
oedema is scarce at rest in orthostatic position owing to a
significantly thicker alveolar–capillary barrier.17

Blood biomarkers released or accumulated as a conse-
quence of myocardial injury [cardiac troponins (cTn)] and
stretch {brain natriuretic peptide (BNP) and its biologically
inert amino-terminal pro-peptide [N terminal pro BNP
(NT-proBNP)]}, tissue hypoxia (lactate), or comorbidities
(e.g. creatinine) play a significant role in the diagnosis, risk
stratification and therapy guidance in patients with AHF.
Patients with ADCHF frequently present with abnormal
levels of cTn and very high levels of BNP/NT-proBNP, which
are associated with worse prognosis.18,19 Tissue hypoperfu-
sion can generate some degree of renal dysfunction19 but
is usually insufficient to produce high levels of lactate.20

Clinical and haemodynamic data from the LIDO study,
which mainly enrolled patients with deterioration of severe
chronic HF despite optimum oral therapy, are consistent
with this vascular phenotype.21 Mean value of BP was nor-
mal (114/70 mmHg) despite the sharp reduction of CO
(3.7 L/min) conditioned by a marked increase in mean SVR
(1960 dyn∙s/cm5). Despite the high mean pulmonary-
capillary wedge pressure (25 mmHg), its chronic nature did
not trigger overt pulmonary oedema.

New-onset acute heart failure

Patients with NOAHF usually present with SVR inadequately
elevated for the level of CO, which produces low normal BP
or even hypotension22–24 (Table 2). The Frank–Starling mech-
anism is limited to the venoconstriction-based increase in the
preload, because retention of sodium and water needs time to
expand the volemia. The absence of cardiac remodelling exac-
erbates the reduction of CO even in patients with moderately
reduced ejection fraction.25 The deficiency of these adaptive
mechanisms can be amplified by inappropriate responses of
the hypoperfused endothelium, such as overexpression of
inducible nitric oxide synthase and inflammatory cytokines
(tumour necrosis factor-alpha and interleukin-6)23,26

that reduce catecholamine responsivity, decrease myocardial
contractility, and further depress perfusion pressure.
Consequently, many patients have impending or even cardio-
genic shock8 with a vicious circle of ischaemia, hypotension,
and myocardial dysfunction.25

The AHF is usually triggered by an acute severe cardiac dis-
ease (e.g. myocardial infarction, myocarditis, valve dysfunc-
tion, tamponade, and massive pulmonary embolism)3 in a
previously healthy subject or with a non-cardiac comorbidity.

Case presentation B is the paradigm of this vascular pheno-
type dominated by low BP due to inadequate increase of SVR
for the impaired CO. Despite the absence of expanded
volemia, even a moderate increase in CFP/venous pulmonary
pressures generates significant alveolar oedema8 due to
absence of alveolar–capillary barrier remodelling.17,22

Table 2 Spectrum of clinical, haemodynamic, and neurohormonal features of acute decompensated chronic heart failure and new-onset
acute heart failure

Clinical, haemodynamic, and neurohormonal features Acute decompensated chronic heart failure New-onset acute heart failure

Blood pressure Normal/hypertension Low normal/hypotension
Systemic congestion Moderate/severe Absent/mild
Pulmonary congestion Mild to severe Mild to severe
Cardiac output Depressed Depressed
Cardiac filling pressure Increased Increased
Systemic vascular resistance Very increased Normal to increased
Sympathetic nervous system Very increased Increased
Renin–angiotensin–aldosterone system Very increased Increased
Cytokines/vasodilator mediators Mild increase Moderate/high increase
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Baseline biomarkers of myocardial injury/stretch may be
only slightly elevated in early presenters with NOAHF,
even in the setting of AMI. Indeed, the release kinetics
of cTn and BNP/NT-proBNP are time dependent after the
onset of symptoms.27,28 The development of significant tis-
sue hypoperfusion generates increased levels of lactate,29

but baseline serum creatinine may underestimate the
effective glomerular filtration rate and the extent of renal
injury.30

Haemodynamic data from the SHOCK Trial Registry31 in pa-
tients with AMI and the study from Dekker and colleagues32

in patients with acute mitral regurgitation are consistent with
this vascular phenotype. Mean value of BP was 89/54 and
61/38 mmHg, CO was 3.86 and 2.03 L/min, and SVR was
1257 and 2051 dyn∙s/cm5, respectively, in the SHOCK Trial
Registry and in the Dekker study.

Overlap of vascular phenotypes

The spectrum of clinical, haemodynamic, and neurohor-
monal features generates possible overlap phenotypes in
patients with ADCHF and NOAHF (Table 2). Indeed, a
patient with chronic HF may present with low
BP/hypotension in the setting of a septic precipitating cause
(e.g. pneumonia).

On the other hand, a patient with prior mitral valve pro-
lapse and chronic renal failure may be admitted for NOAHF
with significant systemic congestion caused by acute mitral
regurgitation due to rupture of chordae tendineae.

Clinical haemodynamic profiles

The American and European guidelines for HF2,3 recommend
the clinical assessment of haemodynamic status with the
2 × 2 table based on the degree of congestion (‘dry’ vs.
‘wet’, if absent vs. present) and peripheral hypoperfusion
(‘warm’ vs. ‘cold’, if absent vs. present) in patients with
AHF for guiding therapy. Although these clinical profiles are
based on the four haemodynamic Forrester classes, defined
by pulmonary artery catheterization (pulmonary-capillary
wedge pressure ≤18 vs. >18 mmHg and cardiac index >2.2
vs. ≤2.2 L/min/m2) with significant prognostic impact in
patients with AMI,33 their ability to estimate prognosis is
contradictory.34–36

The majority of patients with ADCHF fit in the profiles B
(wet and warm) and A (dry and warm), whereas patients with
NOAHF can be placed in the profiles B and C (wet and
cold).35,36 Nevertheless, patients with ADCHF and NOAHF
may present with any of all four clinical haemodynamic pro-
files and together with case presentations are illustrative of
the extensive overlap of clinical haemodynamic assessment.
This inadequate phenotyping of patients with AHF

underscores the subjective nature of clinical assessment of
haemodynamic profiles and may lead to ineffective or inap-
propriate treatments.37

Treatment implications

Treatment of AHF is aimed to correct the haemodynamic
derangements responsible for the symptoms and signs,
identify and treat the precipitating/underlying cause, and
implement therapeutic measures to prevent disease
progression.2,3,5

Acute decompensated chronic heart failure

Decongestive therapy with loop diuretics is the cornerstone
in the treatment of patients with ADCHF2,3 (Table 3).
Vasodilators are also a first-line therapy, because they im-
prove all the haemodynamic features of AHF. Indeed, they
reduce SVR, which increases CO, and the final balance is un-
changed BP with improved systemic perfusion. On the other
hand, they reduce CFP and venous pressures, which trans-
lates into reduced fluid transudation and improvement in
pulmonary/peripheral oedema.

Inotropic therapy with intrinsic vasodilation effect agents
(inodilators) should be considered in patients with resis-
tance to diuretic and/or vasodilator therapy. Actually, a
poor diuretic response identified by a low weight loss
indexed to diuretic use was associated with poorer
prognosis38 and may be used to select patients for
ultrafiltration.2,3

Treatment of a correctable underlying precipitating factor
is essential for the success of therapy.

Table 3 Treatment strategies for acute decompensated chronic
heart failure and new-onset acute heart failure

Acute decompensated chronic
heart failure

New-onset acute
heart failure

Decongestive therapy Vasopressor
Loop diuretics Norepinephrine
Renal replacement therapy Dopamine

Vasodilator Intrathoracic positive pressure
Nitrates Non-invasive ventilation
Nitroprusside Mechanical ventilation
Nesiritide Fluid challenge

Inodilator Circulatory assist device
Dobutamine Intra-aortic balloon pump
Levosimendan ECMO
Milrinone, enoximone Ventricular assist device

Treatment of the
precipitating cause

Treatment of the
underlying cause

ECMO, extracorporeal membrane oxygenation.
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New-onset acute heart failure

The treatment strategy of NOAHF is based on the immediate
clinical stabilization of the patient to allow early
percutaneous/surgical correction of the underlying acute se-
vere cardiac disease, followed by supportive measures until
the recovery.

Vasopressors (norepinephrine preferable over dopa-
mine)39 should be used in the presence of persistent hypo-
tension. These catecholamines offer appropriate inotropic
support,5 and dobutamine should be used cautiously or even
avoided owing to its vasodilation effect. In line with this
vascular phenotype, the use of beta-blockers, angiotensin-
converting enzyme inhibitors, nitrates, and morphine can
precipitate shock.40–43

The cardiogenic respiratory failure should be managed
with positive intrathoracic pressure provided by non-invasive
or invasive mechanical ventilation. Some patients may need a
fluid challenge to compensate the associated reduction in
venous return44 and the absence of systemic congestion.

The refractory cases to this standard management,
presenting with persistent hypotension and/or systemic
hypoperfusion, may be considered for mechanical circulatory
support either before the correction of the acute
underlying cardiac disease or after, as a bridge to recovery.
Supportive measures may include renal replacement
therapy and antibiotics to treat intestinal ischaemia-induced
gram-negative bacteraemia. Failure of pharmacological ther-
apies targeted to endothelial dysfunction (e.g. tilarginine), in-
flammation (e.g. pexelizumab and anti-CD18), and myocardial
protection (e.g. delcasertib) in patients with AMI may
represent a limitation of the simplistic view of its
pathophysiology.45

The recognition that AHF is not a single disease but
rather a set of clinical entities, even with different haemo-
dynamic patterns, may contribute to a better understanding
of failed clinical trials and to improve their future design.6,46

Patients with ADCHF usually present with failure of adap-
tive mechanisms in the setting of progressive heart disease,
which is associated with higher mortality.47 It is unlikely
that a therapy used for a few hours/days during the acute
phase could modify the natural history of heart disease, es-
pecially in the context of significant structural remodelling.
On the other hand, the correction of the underlying cardiac
disease in patients with NOAHF can modify the natural his-
tory of heart disease, as demonstrated by early myocardial
revascularization in patients with AMI complicated by car-
diogenic shock.48

Conclusions

Patients with ADCHF and NOAHF present with the haemo-
dynamic hallmark of AHF—reduced CO and increased CFP
and SVR. However, worsening of chronic HF occurs in a
patient with full activation of adaptive mechanisms that
maintain BP and systemic perfusion. On the other hand,
rapid onset of HF in the setting of previous normal func-
tioning heart not only does not allow full activation of
adaptive mechanisms but also generates inappropriate
responses from systemic endothelium leading to a further
BP drop.

Consequently, two different vascular phenotypes can
be described for ADCHF (moderate to severe systemic
congestion and very increased SVR generating normal
BP/hypertension) and NOAHF (absence of significant systemic
congestion and inadequately high SVR for the level of CO
leading to low BP/hypotension).

As a corollary, the treatment of ADCHF targets systemic
congestion (diuretics) and SVR (vasodilators), while in
NOAHF, vasoconstrictors may be required to maintain BP to
allow the correction of the underlying cardiac disease, when-
ever possible.

References

1. Mozaffarian D, Benjamin EJ, Go AS,
Arnett DK, Blaha MJ, Cushman M, Das
SR, de Ferranti S, Després JP,
Fullerton HJ, Howard VJ, Huffman MD,
Isasi CR, Jiménez MC, Judd SE, Kissela
BM, Lichtman JH, Lisabeth LD, Liu S,
Mackey RH, Magid DJ, McGuire DK,
Mohler ER 3rd, Moy CS, Muntner P,
Mussolino ME, Nasir K, Neumar RW,
Nichol G, Palaniappan L, Pandey DK,
Reeves MJ, Rodriguez CJ, Rosamond
W, Sorlie PD, Stein J, Towfighi A, Turan
TN, Virani SS, Woo D, Yeh RW, Turner
MB. American Heart Association
Statistics Committee; Stroke Statistics

Subcommittee. Executive summary:
heart disease and stroke statistics—
2016 update: a report from the Ameri-
can Heart Association. Circulation 2016;
133: 447–454.

2. Yancy CW, Jessup M, Bozkurt B, Butler
J, Casey DE, Drazner MH, Fonarow GC,
Geraci SA, Horwich T, Januzzi JL,
Johnson MR, Kasper EK, Levy WC,
Masoudi FA, McBride PE, McMurray
JJV, Mitchell JE, Peterson PN, Riegel B,
Sam F, Stevenson LW, Tang WHW, Tsai
EJ, Wilkoff BL, American College of
Cardiology Foundation/American Heart
Association Task Force on Practice

Guidelines. 2013 ACCF/AHA guideline
for the management of heart failure: a
report of the American College of
Cardiology Foundation/American Heart
Association Task Force on practice
guidelines. Circulation 2013; 128:
e240–e327.

3. Ponikowski P, Voors AA, Anker SD,
Bueno H, Cleland JG, Coats AJ, Falk V,
González-Juanatey JR, Harjola VP,
Jankowska EA, Jessup M, Linde C,
Nihoyannopoulos P, Parissis JT, Pieske
B, Riley JP, Rosano GM, Ruilope LM,
Ruschitzka F, Rutten FH, van der Meer
P, Authors/Task Force Members;

Vascular phenotypes of acute decompensated vs. new-onset heart failure 683

ESC Heart Failure 2017; 4: 679–685
DOI: 10.1002/ehf2.12210



Document Reviewers. 2016 ESC
Guidelines for the diagnosis and treat-
ment of acute and chronic heart failure:
The Task Force for the diagnosis and
treatment of acute and chronic heart
failure of the European Society of
Cardiology (ESC). Developed with the
special contribution of the Heart Failure
Association (HFA) of the ESC. Eur J
Heart Fail 2016; 18: 891–975.

4. Cowie MR, Anker SD, Cleland JGF,
Felker GM, Filippatos G, Jaarsma
T, Jourdain P, Knight E, Massie
B, Ponikowski P, López-Sendón J.
Improving care for patients with acute
heart failure: before, during and after
hospitalization. ESC Heart Failure 2014;
1: 110–145.

5. Ryan JJ, Nicolau JN, Fang JC.
Hemodynamics in heart failure. In Mann
D. L., Felker G. M., eds. Heart Failure: A
Companion to Braunwald’s Heart Disease,
Third ed. Philadelphia, PA: Elsevier-
Saunders; 2016. p 482–498.

6. Felker GM, Pang PS, Adams KF, Cleland
JG, Cotter G, Dickstein K, Filippatos
GS, Fonarow GC, Greenberg BH,
Hernandez AF, Khan S, Komajda M,
Konstam MA, Liu PP, Maggioni AP,
Massie BM, McMurray JJ, Mehra M,
Metra M, O’Connell J, O’Connor CM,
Pina IL, Ponikowski P, Sabbah HN,
Teerlink JR, Udelson JE, Yancy CW,
Zannad F, Gheorghiade M, International
AHFS Working Group. Clinical trials of
pharmacological therapies in acute
heart failure syndromes: lessons learned
and directions forward. Circ Heart Fail
2010; 3: 314–325.

7. Schrier RW, Abraham WT. Hormones
and hemodynamics in heart failure. N
Engl J Med 1999; 341: 577–585.

8. Nieminen MS, Brutsaert D, Dickstein K,
Drexler H, Follath F, Harjola V-P,
Hochadel M, Komajda M, Lassus J,
Lopez-Sendon JL, Ponikowski P, Tavazzi
L, on behalf of the EuroHeart Survey
Investigators. EuroHeart Failure Survey
II (EHFS II): a survey on hospitalized
acute heart failure patients: description
of population. Eur Heart J 2006; 27:
2725–2736.

9. Yancy CW, Lopatin M, Stevenson LW, De
Marco T, Fonarow GC, ADHERE
Scientific Advisory Committee and
Investigators. Clinical presentation,
management, and in-hospital outcomes
of patients admitted with acute decom-
pensated heart failure with preserved
systolic function: a report from the
Acute Decompensated Heart Failure
National Registry (ADHERE) Database.
J Am Coll Cardiol 2006; 47: 76–84.

10. Chidsey CA, Braunwald E, Morrow AG.
Catecholamine excretion and cardiac
stores of norepinephrine in congestive
heart failure. Am J Med 1965; 39:
442–451.

11. Levine TB, Francis GS, Goldsmith SR,
Simon AB, Cohn JN. Activity of the
sympathetic nervous system and renin–

angiotensin system assessed by plasma
hormone levels and their relation to he-
modynamic abnormalities in congestive
heart failure. Am J Cardiol 1982; 49:
1659–1666.

12. Kaye DM, Lambert GW, Lefkovits J,
Morris M, Jennings G, Esler MD.
Neurochemical evidence of cardiac sym-
pathetic activation and increased central
nervous system norepinephrine turn-
over in severe congestive heart failure.
J Am Coll Cardiol 1994; 23: 570–578.

13. Francis GS, Benedict C, Johnston DE,
Kirlin PC, Nicklas J, Ling CS, Kubo SH,
Rudin-Toretsky E, Yusuf S. Comparison
of neuroendocrine activation in patients
with left ventricular dysfunction with
and without congestive heart failure:
a substudy of the Studies of
Left Ventricular Dysfunction (SOLVD).
Circulation 1990; 82: 1724–1729.

14. Patterson SW, Starling EH. On the me-
chanical factors which determine the
output of the ventricles. J Physiol 1914;
48: 357–379.

15. Frank O. On the dynamics of cardiac
muscle. Am Heart J 1959; 58: 282–317.

16. Florea VG, Mareyev VY, Samko AN,
Orlova IA, Coats AJ, Belenkov YN. Left
ventricular remodelling: common pro-
cess in patients with different primary
myocardial disorders. Int J Cardiol
1999; 68: 281–287.

17. Kingsbury MP, Huang W, Donnelly JL,
Jackson E, Needham E, Turner MA,
Sheridan DJ. Structural remodelling of
lungs in chronic heart failure. Basic Res
Cardiol 2003; 98: 295–303.

18. Peacock WF, De Marco T, Fonarow GC,
Diercks D, Wynne J, Apple FS, Wu
AHB. Cardiac troponin and outcome in
acute heart failure. N Engl J Med 2008;
358: 2117–2126.

19. O’Connor CM, Starling RC, Hernandez
AF, Armstrong PW, Dickstein K,
Hasselblad V, Heizer GM, Komajda BM,
Massie BM, Gottlieb SS, Hill JA,
Hollander JE, Howlett JG, Hudson MP,
Kociol RD, Krum H, Laucevicius A, Levy
WC, Méndez GF, Metra M, Mittal S, Oh
B-H, Pereira NL, Ponikowski P, Tang
WHW, Tanomsup S, Teerlink JR,
Triposkiadis F, Troughton RW, Voors
AA, Whellan DJ, Zannad F, Califf RM.
Effect of nesiritide in patients with acute
decompensated heart failure. N Engl J
Med 2011; 365: 32–43.

20. Kawase T, Toyofuku M, Higashihara T,
Okubo Y, Takahashi L, Kagawa Y,
Yamane K, Mito S, Tamekiyo H, Otsuka
M, Okimoto T, Muraoka Y, Masaoka Y,
Shiode N, Hayashi Y. Validation of lac-
tate level as a predictor of early mortal-
ity in acute decompensated heart
failure patients who entered intensive
care unit. J Cardiol 2015; 65: 164–170.

21. Follath F, Cleland JGF, Just H, Papp JGY,
Scholz H, Peuhkurinen K, Harjola VP,
Mitrovic V, Abdalla M, Sandell E-P,
Lehtonen L, for the Steering Committee

and Investigators of the LIDO Study.
Efficacy and safety of intravenous
levosimendan compared with dobuta-
mine in severe low-output heart failure
(the LIDO study): a randomised
double-blind trial. Lancet 2002; 360:
196–202.

22. Cotter G, Moshkovitz Y, Milovanov O,
Salah A, Blatt A, Krakover R, Vered Z,
Kaluski E. Acute heart failure: a novel
approach to its pathogenesis and treat-
ment. Eur J Heart Fail 2002; 4:
227–234.

23. Kohsaka S, Menon V, Lowe AM, Lange
M, Dzavik V, Sleeper LA, Hochman JS.
Systemic inflammatory response syn-
drome after acute myocardial infarction
complicated by cardiogenic shock. Arch
Intern Med 2005; 165: 1643–1650.

24. Jeger RV, Lowe AM, Buller CE, Pfisterer
ME, Dzavik V, Webb JG, Hochman JS,
Jorde UP. Hemodynamic parameters
are prognostically important in cardio-
genic shock but similar following early
revascularization or initial medical sta-
bilization: a report from the SHOCK
Trial. Chest 2007; 132: 1794–1803.

25. Reynolds HR, Hochman JS. Cardiogenic
shock. Current concepts and improving
outcomes. Circulation 2008; 117:
686–697.

26. Théroux P, Armstrong PW, Mahaffey
KW, Hochman JS, Malloy KJ, Rollins S,
Nicolau JC, Lavoie J, Luong TM,
Burchenal J, Granger CB. Prognostic sig-
nificance of blood markers of inflamma-
tion in patients with ST-segment
elevation myocardial infarction under-
going primary angioplasty and effects
of pexelizumab, a C5 inhibitor: a
substudy of the COMMA trial. Eur Heart
J 2005; 26: 1964–1970.

27. Mueller C. Biomarkers and acute coro-
nary syndromes: an update. Eur Heart J
2014; 35: 552–556.

28. Morita E, Yasue H, Yoshimura M, Ogawa
H, Jougasaki M, Matsumura T,
Mukoyama M, Nakao K. Increased
plasma levels of brain natriuretic pep-
tide in patients with acute myocardial
infarction. Circulation 1993; 88: 82–91.

29. Thiele H, Zeymer U, Neumann FJ,
Ferenc M, Olbrich HG, Hausleiter J,
Richardt G, Hennersdorf M, Empen K,
Fuernau G, Desch S, Eitel I, Hambrecht
R, Furhmann J, Bohm M, Ebelt H,
Schneider S, Schuler G, Werdan K, for
the IABP-SHOCK II Trial Investigators.
Intraortic balloon support for myocar-
dial infarction with cardiogenic shock.
N Engl J Med 2012; 367: 1287–1296.

30. Waikar SS, Bonventre JV. Creatinine ki-
netics and the definition of acute kidney
injury. J Am Soc Nephrol 2009; 20:
672–679.

31. Fincke R, Hochman JS, Lowe AM,
Menon V, Slater JN, Webb JG, LeJemtel
TH, Cotter G. Cardiac power is the stron-
gest hemodynamic correlate of mortality
in cardiogenic shock: a report from the

684 J. Ferreira

ESC Heart Failure 2017; 4: 679–685
DOI: 10.1002/ehf2.12210



SHOCK Trial Registry. J Am Coll Cardiol
2004; 44: 340–348.

32. Dekker A, Reesink K, van der Veen F,
van Ommen G, Geskes G, Soemers A,
Maessen J. Intra-aortic balloon pumping
in acute mitral regurgitation reduces
aortic impedance and regurgitation frac-
tion. Shock 2003; 19: 334–338.

33. Forrester JS, Diamond G, Chaterjee K,
Swan HJ. Medical therapy of acute myo-
cardial infarction by application of
hemodynamic subsets (second of two
parts). N Engl J Med 1976; 295:
1404–1413.

34. Shah MR, Hasselblad V, Stinnett SS,
Gheorghiade M, Swedeberd K, Califf
RM, O’Connor CM. Hemodynamic
profiles of advanced heart failure: asso-
ciation with clinical characteristics and
long-term outcomes. J Card Fail 2001;
7: 105–113.

35. Nohria A, Tsang SW, Fang JC, Lewis
EF, Jarcho JA, Mudge GH, Stevenson
LW. Clinical assessment identifies he-
modynamic profiles that predict out-
comes in patients admitted with heart
failure. J Am Coll Cardiol 2003; 41:
1797–1804.

36. Ahmad T, Desai N, Wilson F, Schulte P,
Dunning A, Jacoby D, Allen L, Fiuzat
M, Rogers J, Felker GM, O’Connor C,
Patel CB. Clinical implications of clus-
ter analysis-based classification of
acute decompensated heart failure
and correlation with bedside hemody-
namic profiles. PLoS One 2016; 11:
e0145881.

37. Ahmad T, Pencina MJ, Schulte PJ,
O’Brien E, Whellan DJ, Piña IL, Kitzman
DW, Lee KL, O’Connor CM, Felker M.
Clinical implications of chronic heart
failure phenotypes defined by cluster

analysis. J Am Coll Cardiol 2014; 64:
1765–1774.

38. Valente MA, Voors AA, Damman K, Van
Veldhuisen DJ, Massie BM, O’Connor
CM, Metra M, Ponikowski P, Teerlink
JR, Cotter G, Davison B, Cleland JG,
Givertz MM, Bloomfield DM, Fiuzat M,
Dittrich HC, Hillege HL. Diuretic re-
sponse in acute heart failure: clinical
characteristics and prognostic signifi-
cance. Eur Heart J 2014; 35:
1284–1293.

39. De Backer D, Biston P, Devriendt J, Madl
C, Chochrad D, Aldecoa C, Brasseur A,
Defrance P, Gottignies P, Vincent JL,
SOAP II Investigators. Comparison of
dopamine and norepinephrine in the
treatment of shock. N Engl J Med 2010;
362: 779–789.

40. Chen ZM, Pan HC, Chen YP, Peto R,
Collins R, Jiang LX, Xie JX, Liu LS,
COMMIT collaborative group. Early
intravenous then oral metoprolol in
45,852 patients with acute myocardial
infarction: randomised placebo-
controlled trial. Lancet 2005; 366:
1622–1632.

41. ISIS-4 (Fourth International Study of In-
farct Survival) Collaborative Group.
ISIS-4: a randomised factorial trial
assessing early oral captopril, oral
mononitrate, and intravenous magne-
sium sulphate in 58,050 patients with
suspected acute myocardial infarction.
Lancet 1995; 345: 669–685.

42. ACE Inhibitor Myocardial Infarction
Collaborative Group. Indications for
ACE inhibitors in the early treatment of
acute myocardial infarction: systematic
overview of individual data from
100,000 patients in randomized trials.
Circulation 1998; 97: 2202–2212.

43. Meine TJ, Roe MT, Chen AY, Patel MR,
Washam JB, Ohman EM, Peacock WF,
Pollack CV Jr, Gibler WB, Peterson ED,
CRUSADE Investigators. Association of
intravenous morphine use and out-
comes in acute coronary syndromes: re-
sults from the CRUSADE Quality
Improvement Initiative. Am Heart J
2005; 149: 1043–1049.

44. Cournand A, Motley HL, Werko L.
Physiological studies of the effects of in-
termittent positive pressure breathing
on cardiac output in man. Am J Physiol
1948; 152: 162–174.

45. Seabra-Gomes R, Ferreira J. Cardiogenic
shock—developments and treatment
strategies. Eur Cardiol 2009; 5: 48–52.

46. Solomon SD, Desai AS. Acute heart fail-
ure. One syndrome or many? J Am Coll
Cardiol 2017; 69: 3040–3041.

47. Greene SJ, Hernandez AF, Dunning A,
Ambrosy AP, Armstrong PW, Butler J,
Cerbin LP, Coles A, Ezekowitz JA, Metra
M, Starling RC, Teerlink JR, Voors AA,
O’Connor CM, Mentz RJ. Hospitalization
for recently diagnosed versus worsening
chronic heart failure: from the
ASCEND-HF trial. J Am Coll Cardiol
2017; 69: 3029–3039.

48. Hochman JS, Sleeper LA, Webb JG,
Sanborn TA, White HD, Talley
JD, Buller CE, Jacobs AK, Slater JN,
Col J, McKinlay SM, Picard MH,
Menegus MA, Boland J, Dzavik V,
Thompson CR, Wong SC, Steingart R,
Forman R, Aylward PE, Godfrey E,
Desvigne-Nickens P, LeJemtel TH,
for the SHOCK Investigators. Early
revascularization in acute myocardial
infarction complicated by cardiogenic
shock. N Engl J Med 1999; 341:
625–634.

Vascular phenotypes of acute decompensated vs. new-onset heart failure 685

ESC Heart Failure 2017; 4: 679–685
DOI: 10.1002/ehf2.12210


