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Introduction

The lack of a clear definition and classification of heart failure
(HF) impairs the screening, detection and management of this
devastating disease. In order to simplify the HF diagnosis, it
has been proposed by Cleland et al. in a recent viewpoint that
natriuretic peptide (NP) levels should not only be used to ‘rule
out’ but also as an almost sole criterium to ‘rule in’ the diag-
nosis of HF. The authors further divide HF in five different
phases based upon the presence of congestion, leading to dif-
ferent degrees of intra- and extravascular volume overload.1

Surely, if these hypotheses were correct, it would simplify di-
agnosis of HF tremendously and would overcome a lot of the
different classification schemes currently used. However, this
viewpoint partially contradicts a recent joint consensus docu-
ment of several HF societies in which HF should be defined
based upon symptoms and/or signs caused by a cardiac ab-
normality and corroborated by elevated NP levels and/or ob-
jective evidence of pulmonary or systemic congestion.2

Additionally, an oversimplification does not take into consid-
eration how complex the syndrome congestion actually is.

Diagnosis of congestion

Congestion plays a central role in the pathophysiology, pre-
sentation and prognosis of HF. In 95% of acute HF hospitaliza-
tions, congestion, and not low cardiac output, is the main
reason for presentation to the clinic.3 Additionally, subclinical
congestion is an important driver of symptoms and disease
progression in HF, and residual fluid overload assessed by
clinical exam has been clearly linked to worse outcome. How-
ever, congestion does not equal volume overload, and often,

pressure and volume changes diverge, which complicates the
identification and treatment of HF. Therefore, it is not sur-
prising that the assessment of congestion through current
clinical assessment correlates at best only moderately with
the ‘gold standard’ of an invasive assessment.4,5 Therefore,
Harjola et al.6 purposed a congestion score related to organ
injury assessed through an integrated ultrasonographic
assessment evaluating cardiac, lung and abdominal districts.
Importantly, a more accepted algorithm to detect congestion
has been first purposed by Gheorghiade and recently
adopted by several HF societies.2,7 This comprises not only
the traditional clinical signs and symptoms of congestion
but also objective evidence of pulmonary or systemic conges-
tion assessed by technical exams. Nevertheless, previous ESC
and US HF guidelines give to ultrasonographic examination
only a minor recommendation in HF patients presenting with
dyspnoea, and diagnostic examinations remain confined to
chest radiography and NP measurement.8,9 However, new
ultrasound methods for the detection of elevated intracar-
diac pressures and/or fluid overload have been developed,
which are more sensitive and specific, thereby enabling ear-
lier and more accurate diagnosis and facilitating treatment
strategies.10 In these echographic assessment, inferior vena
cava and internal jugular vein allow to assess central conges-
tion; intrarenal venous flow can facilitate detection of
elevated venous pressures, which might help to assess
diuretic responsiveness, whereas lung ultrasound enables
detection and quantification of extravascular lung fluid.11

Additionally, a comprehensive analysis of echocardiographic
variables allows a non-invasive assessment of intracardiac
pressures (Figure 1). As such, a more widespread adoption
of non-invasive techniques will complement clinical skills,
which should allow for improved diagnosis and management
of patients with known or suspected HF.
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NPs as HF hallmark

A universal accepted threshold for NP’s to include and/or
exclude HF is far from being achieved.12,13 Although NPs
surely have diagnostic and prognostic importance in acute
and advanced HF, they are of limited help to guide HF
therapies.14,15 In addition, the role of NPs to diagnose pa-
tients at risk for HF and those with structural heart disease
without clinical evidence of congestion (Stages A and B) is
questionable.16 Atrial enlargement and left ventricular dila-
tation/hypertrophy are a natural attempt to avoid intracar-
diac pressure elevation in accordance with Laplace law.
Therefore, NPs are not necessarily elevated, and HF diagno-
sis could be delayed and even missed if based only on lab-
oratory test.17 Additionally, clinicians should take into
consideration different cut-offs for heart failure with pre-
served ejection fraction (HFpEF) and heart failure with re-
duced ejection fraction (HFrEF) before they can rule out
patients from having HF.18,19 Moreover, several cardiac con-
ditions such as atrial fibrillation, pulmonary hypertension
and elevated E/e1 ratio are associated with increased NP
levels, whereas mitral regurgitation and pericardial

constriction diuretic/decongestion treatment may decrease
NP levels.20,21 Finally, many other non-cardiac diseases,
such as chronic kidney disease (CKD), anaemia, obesity, en-
docrine–pulmonary diseases and inflammatory disorders,
differently impact NP levels. Therefore, the comparison of
NPs in HF with troponin (TnT) in myocardial infarction does
not appear to be reliable enough (Table 1).

The notion of intravascular and
extravascular congestion

In the diagram showing congestion grading, Cleland et al.1

suggested that for each HF stage, a concomitant and parallel
fluid overload occurs. Unfortunately, this too is an oversim-
plification as congestion does not equal volume overload
and often pressure and volume changes diverge, which com-
plicates the identification and treatment of HF.22,23 In its es-
sence, congestion indicates excessive vascular crowding of
the central venous bed due to increased cardiac filling pres-
sures. In HF, both an increase in extracellular volume and a

FIGURE 1 Diagnostic algorithm including different clinical echography and laboratory variables for distinguish heart failure stages: During subclinical
HF, cardiovascular risk burden and echocardiographic features may predict HF development. After HF occurrence, clinical examination and detailed
ultrasonographic assessment became priority to recognize cardiac congestion. BNP, B-type natriuretic peptide; IVC, inferior cava vein; LA, left atrium;
LV, left ventricle; PASP, pulmonary artery systolic pressure
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change in the compliance of venous beds can lead to an in-
crease in filling pressure with the former often referred to
as volume overload and the latter volume redistribution.
Due to a rich innervation of α1 and α2 receptors in the
splanchnic system, the compliance state in response to
changes of the sympathetic tone can quickly change,
thereby meeting preload demands of the heart. This in turn
will allow the cardiovascular system to keep meeting the
body’s metabolic demand by tuning venous return to car-
diac output. As such, dynamically increasing the venous re-
turn is achieved by the splanchnic system due to the
recruitment of passive blood volumes, which normally do
not contribute to the effective circulatory volume. Impor-
tantly, these changes (i.e. congestion) can occur very fast
and without a change in total blood volume. It has long
been recognized that central filling pressures often drop
spontaneous following right heart catheterization and trans-
fer to a cardiac care unit even before any vasoactive drugs
have been administered.24 Additionally, the fact that only
half of the patients exhibit a weight gain of more than
0.9 kg the month preceding hospital presentation for acute
HF further indicates that changes in the compliance state
of the venous beds are more important drivers of an in-
crease in congestion.25 Finally, data from direct blood vol-
ume analysis indicate that successful reduction in filling
pressures after decongestive therapy are often not associ-
ated with resolution of blood volume expansion.26,27

The authors further argue that HF treatments have the
best risk reduction in patients with congestion.1 In line with
that thinking, numerous acute short-working agents have
been developed the last decades in an attempt to improve
congestion (dobutamine, serelaxin, nesiritide, tezosentan,
rolofylline, levosimendan, ularitide, etc.). Whereas most of
these drugs have demonstrated faster symptom control
and improvement in central haemodynamics, none of these
therapies have improved outcome. Therefore, the prospect
of improved long-term prognosis with short-term drug ther-
apy only aimed at congestion relief also has shown to be
wrong. Although it is clear that the mechanisms contributing

to congestion (volume overload or volume misdistribution)
overlap and often occur simultaneously in clinical practice,
determining to what extent each mechanism contributes is
probably needed to direct the emphasis of therapy. Pivotal
to understand this process is the fact that the interstitium
buffers most of sodium and water and that the kidney is
the only organ capable of excreting sodium and water in a
regulated fashion.28 Although sodium is retained
iso-osmotically in the extracellular compartment, it is distrib-
uted for 1/4th in the plasma compartment and 3/4th in the
interstitium.29 Therefore, small rises in plasma volume are
always paralleled with a higher rise in interstitial volume.
As such, adequately tackling volume overload not only re-
quires a well-balanced diuretic scheme, but the prerequisite
is optimal perfusion of the kidneys while lowering renal ve-
nous pressure and strategies to enhance plasma-refill
rate.30,31 When volume misdistribution is driving congestion,
the goal of therapy should be to enhance venous capaci-
tance function in order to lower cardiac filling pressures.

In conclusion, a comprehensive diagnostic approach using
clinical, laboratory and technical exams will remain impor-
tant to diagnose and differentiate between signs of conges-
tion and volume overload related to cardiac dysfunction,
especially in the preclinical stages of the disease. A better
identification is needed to reduce the HF syndrome deteri-
oration and might allow to ‘intercept’ HF before it is too
late.
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Table 1 Scheme of potential advantages and disadvantages related to the extensive and unique natriuretic peptide measurement: blood
assay may be supported by integrated ultrasonographic tool

Strength Weakness

Diagnostic accuracy in AHF Wide range of grey zone
Useful for prognostic risk assessment Different threshold for patients screening
Good relationship with E/e1 and invasive measures Reduced threshold in HFpEF
Relevant predictive positive power High variability and mild specificity
Significant correlation with NYHA class Influenced by systemic diseases
Simply and available markers in general population Reduced in certain cardiac disorders
Reliable biomarker for systemic fluid overload Unreliable during initial cardiac remodelling and HF stages
High accuracy with pulmonary congestion in AHF High dependency on BMI sex, age and race
Useful for guiding depletion treatment Inconsistent results for guiding treatment in CHF

Editorial 3455

ESC Heart Failure 2021; 8: 3453–3457
DOI: 10.1002/ehf2.13495



References

1. Cleland JGF, Pfeffer MA, Clark AL,
Januzzi JL, McMurray JJV, Mueller C,
Pellicori P, Richards M, Teerlink JR,
Zannad F, Bauersachs J. The struggle to-
wards a Universal Definition of Heart
Failure-how to proceed? Eur Heart J
2021; 42: 2331–2343.

2. Bozkurt B, Coats AJS, Tsutsui H,
Abdelhamid CM, Adamopoulos S, Albert
N, Anker SD, Atherton J, Böhm M,
Butler J, Drazner MH, Felker GM,
Filippatos G, Fiuzat M, Fonarow GC,
Gomez-Mesa JE, Heidenreich P,
Imamura T, Jankowska EA, Januzzi J,
Khazanie P, Kinugawa K, Lam CSP,
Matsue Y, Metra M, Ohtani T, Piepoli
MF, Ponikowski P, Rosano GMC, Sakata
Y, Seferović P, Starling RC, Teerlink JR,
Vardeny O, Yamamoto K, Yancy C,
Zhang J, Zieroth S. Universal definition
and classification of heart failure: a
report of the Heart Failure Society of
America, Heart Failure Association of
the European Society of Cardiology, Jap-
anese Heart Failure Society and Writing
Committee of the Universal Definition
of Heart Failure: endorsed by Canadian
Heart Failure Society, Heart Failure As-
sociation of India, the Cardiac Society
of Australia and New Zealand, and the
Chinese Heart Failure Association. Eur
J Heart Fail 2021; 23: 352–380.

3. Fang J, Mensah GA, Croft JB, Keenan
NL. Heart failure-related hospitalization
in the U.S., 1979 to 2004. J Am Coll
Cardiol 2008; 52: 428–434.

4. Gheorghiade M, Filippatos G, De Luca L,
Burnett J. Congestion in acute heart fail-
ure syndromes: an essential target of
evaluation and treatment. Am J Med
2006; 119: S3–S10.

5. Boorsma EM, Ter Maaten JM, Damman
K, Dinh W, Gustafsson F, Goldsmith S,
Burkhoff D, Zannad F, Udelson JE, Voors
AA. Congestion in heart failure: a con-
temporary look at physiology, diagnosis
and treatment. Nat Rev Cardiol 2020;
17: 641–655.

6. Harjola VP, Mullens W, Banaszewski M,
Bauersachs J, Brunner-La Rocca HP,
Chioncel O, Collins SP, Doehner W,
Filippatos GS, Flammer AJ, Fuhrmann
V, Lainscak M, Lassus J, Legrand M,
Masip J, Mueller C, Papp Z, Parissis J,
Platz E, Rudiger A, Ruschitzka F,
Schäfer A, Seferovic PM, Skouri H,
Yilmaz MB, Mebazaa A. Organ dysfunc-
tion, injury and failure in acute heart
failure: from pathophysiology to diagno-
sis and management. A review on behalf
of the Acute Heart Failure Committee of
the Heart Failure Association (HFA) of
the European Society of Cardiology
(ESC). Eur J Heart Fail 2017; 19:
821–836.

7. Gheorghiade M, Follath F, Ponikowski P,
Barsuk JH, Blair JE, Cleland JG,
Dickstein K, Drazner MH, Fonarow GC,

Jaarsma T, Jondeau G, Sendon JL,
Mebazaa A, Metra M, Nieminen M, Pang
PS, Seferovic P, Stevenson LW, van
Veldhuisen DJ, Zannad F, Anker SD,
Rhodes A, McMurray JJ, Filippatos G,
European Society of Cardiology; Euro-
pean Society of Intensive Care Medicine.
Assessing and grading congestion in
acute heart failure: a scientific statement
from the acute heart failure committee
of the heart failure association of the Eu-
ropean Society of Cardiology and en-
dorsed by the European Society of
Intensive Care Medicine. Eur J Heart Fail
2010; 12: 423–433.

8. 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; Docu-
ment Reviewers. 2016 ESC guidelines
for the diagnosis and treatment of acute
and chronic heart failure: the task force
for the diagnosis and treatment of acute
and chronic heart failure of the Euro-
pean Society of Cardiology (ESC). De-
veloped with the special contribution of
the Heart Failure Association (HFA) of
the ESC. Eur J Heart Fail 2016; 18:
891–975.

9. Yancy CW, Jessup M, Bozkurt B, Butler J,
Casey DE Jr, Colvin MM, Drazner MH,
Filippatos GS, Fonarow GC, Givertz
MM, Hollenberg SM, Lindenfeld J,
Masoudi FA, McBride PE, Peterson PN,
Stevenson LW, Westlake C. 2017 ACC/
AHA/HFSA focused update of the 2013
ACCF/AHA guideline for the manage-
ment of heart failure: a report of the
American College of Cardiology/Ameri-
can Heart Association task force on clini-
cal practice guidelines and the Heart
Failure Society of America. Circulation
2017; 136: e137–e161.

10. Pellicori P, Platz E, Dauw J, Ter Maaten
JM, Martens P, Pivetta E, Cleland JGF,
McMurray JJV, Mullens W, Solomon
SD, Zannad F, Gargani L, Girerd N. Ul-
trasound imaging of congestion in heart
failure: examinations beyond the heart.
Eur J Heart Fail 2020. https://doi.org/
10.1002/ejhf.2032. Epub ahead of print.
PMID: 33118672; PMCID: PMC80
81753.

11. Girerd N, Platz E. Beyond clinical exam-
ination and natriuretic peptides: com-
prehensive quantification of congestion
with ultrasound in ambulatory heart
failure patients. Eur J Heart Fail 2019;
21: 917–920.

12. Mueller C, McDonald K, de Boer RA,
Maisel A, Cleland JGF, Kozhuharov N,
Coats AJS, Metra M, Mebazaa A,
Ruschitzka F, Lainscak M, Filippatos G,
Seferovic PM, Meijers WC, Bayes-Genis

A, Mueller T, Richards M, Januzzi JL Jr,
Heart Failure Association of the Euro-
pean Society of Cardiology. Heart Fail-
ure Association of the European Society
of Cardiology practical guidance on the
use of natriuretic peptide concentra-
tions. Eur J Heart Fail 2019; 21:
715–731.

13. Mueller C, Scholer A, Laule-Kilian K,
Martina B, Schindler C, Buser P,
Pfisterer M, Perruchoud AP. Use of
B-type natriuretic peptide in the evalua-
tion and management of acute dyspnea.
N Engl J Med 2004; 350: 647–654.

14. Felker GM, Anstrom KJ, Adams KF,
Ezekowitz JA, Fiuzat M, Houston-Miller
N, Januzzi JL Jr, Mark DB, Piña IL,
Passmore G, Whellan DJ, Yang H, Coo-
per LS, Leifer ES, Desvigne-Nickens P,
O’Connor CM. Effect of natriuretic
peptide-guided therapy on hospitaliza-
tion or cardiovascular mortality in
high-risk patients with heart failure
and reduced ejection fraction: a ran-
domized clinical trial. JAMA 2017; 318:
713–720.

15. Stienen S, Salah K, Moons AH, Bakx AL,
van Pol P, Kortz RAM, Ferreira JP,
Marques I, Schroeder-Tanka JM, Keijer
JT, Bayés-Genis A, Tijssen JGP, Pinto
YM, Kok WE. NT-proBNP (N-terminal
pro-B-type natriuretic peptide)-guided
therapy in acute decompensated heart
failure: PRIMA II randomized controlled
trial (can NT-ProBNP-guided therapy
during hospital admission for acute de-
compensated heart failure reduce mor-
tality and readmissions?). Circulation
2018; 137: 1671–1683.

16. Kohno M, Horio T, Yokokawa K,
Yasunari K, Ikeda M, Minami M,
Kurihara N, Takeda T. Brain natriuretic
peptide as a marker for hypertensive
left ventricular hypertrophy: changes
during 1-year antihypertensive therapy
with angiotensin-converting enzyme
inhibitor. Am J Med 1995; 98:
257–265.

17. Tsai JP, Sung KT, Su CH, Lai YH, Kuo JY,
Yun CH, Yen CH, Hou CJ, Wu TH, Peng
MC, Hung TC, Yeh HI, Hung CL. Diagnos-
tic accuracy of left atrial remodelling and
natriuretic peptide levels for preclinical
heart failure. ESC Heart Fail 2019; 6:
723–732.

18. Buckley LF, Canada JM, Del Buono MG,
Carbone S, Trankle CR, Billingsley H,
Kadariya D, Arena R, Van Tassell BW,
Abbate A. Low NT-proBNP levels in over-
weight and obese patients do not rule
out a diagnosis of heart failure with pre-
served ejection fraction. ESC Heart Fail
2018; 5: 372–378.

19. van Veldhuisen DJ, Linssen GC, Jaarsma
T, van Gilst WH, Hoes AW, Tijssen JG,
Paulus WJ, Voors AA, Hillege HL. B-type
natriuretic peptide and prognosis in
heart failure patients with preserved

3456 Editorial

ESC Heart Failure 2021; 8: 3453–3457
DOI: 10.1002/ehf2.13495

https://doi.org/10.1002/ejhf.2032
https://doi.org/10.1002/ejhf.2032


and reduced ejection fraction. J Am Coll
Cardiol 2013; 61: 1498–1506.

20. Pan W, Yang D, Yu P, Yu H. Compari-
son of predictive value of NT-proBNP,
sST2 and MMPs in heart failure
patients with different ejection
fractions. BMC Cardiovasc Disord
2020; 20: 208.

21. Lam CS, Rienstra M, Tay WT, Liu LC,
Hummel YM, van der Meer P, de Boer
RA, Van Gelder IC, van Veldhuisen DJ,
Voors AA, Hoendermis ES. Atrial fibril-
lation in heart failure with preserved
ejection fraction: association with exer-
cise capacity, left ventricular filling
pressures, natriuretic peptides, and left
atrial volume. JACC Heart Fail 2017; 5:
92–98.

22. Kruszewski K, Scott AE, Barclay JL,
Small GR, Croal BL, Møller JE, Oh JK,
Hillis GS. Noninvasive assessment of left
ventricular filling pressure after acute
myocardial infarction: a prospective
study of the relative prognostic utility
of clinical assessment, echocardiogra-
phy, and B-type natriuretic peptide. Am
Heart J 2010; 159: 47–54.

23. Palazzuoli A, Evangelista I, Nuti R. Con-
gestion occurrence and evaluation in
acute heart failure scenario: time to re-
consider different pathways of volume
overload. Heart Fail Rev 2020; 25:
119–131.

24. Verbrugge FH, Dupont M, Steels P,
Grieten L, Malbrain M, Tang WH,
Mullens W. Abdominal contributions to
cardiorenal dysfunction in congestive
heart failure. J Am Coll Cardiol 2013;
62: 485–495.

25. Martens P, Nijst P, Mullens W. Current
approach to decongestive therapy in
acute heart failure. Curr Heart Fail Rep
2015; 12: 367–378.

26. Chaudhry SI, Wang Y, Concato J, Gill
TM, Krumholz HM. Patterns of weight
change preceding hospitalization for
heart failure. Circulation 2007; 116:
1549–1554.

27. MillerWL, Mullan BP. Understanding the
heterogeneity in volume overload and
fluid distribution in decompensated
heart failure is key to optimal volume
management: role for blood volume

quantitation. JACC Heart Fail 2014; 2:
298–305.

28. Cotter G, Felker MG, Kirkwood AF, Milo-
Cotter O, O’Connor CM. The pathophys-
iology of acute heart failure. It is all
about fluid accumulation? Am Heart J
2008; 155: 9–18.

29. Mullens W, Verbrugge FH, Nijst P, Tang
WHW. Renal sodium avidity in heart
failure: from pathophysiology to treat-
ment strategies. Eur Heart J 2017; 38:
1872–1882.

30. Nijst P, Verbrugge FH, Grieten L, Dupont
M, Steels P, Tang WHW, Mullens W. The
pathophysiological role of interstitial so-
dium in heart failure. J Am Coll Cardiol
2015; 65: 378–388.

31. Mullens W, Damman K, Harjola VP,
Mebazaa A, Brunner-La Rocca HP,
Martens P, Testani JM, Tang WHW,
Orso F, Rossignol P, Metra M, Filippatos
G, Seferovic PM, Ruschitzka F, Coats
AJ. The use of diuretics in heart failure
with congestion - a position statement
from the Heart Failure Association of
the European Society of Cardiology. Eur
J Heart Fail 2019; 21: 137–155.

Editorial 3457

ESC Heart Failure 2021; 8: 3453–3457
DOI: 10.1002/ehf2.13495


