REVIEWS
Congestion in heart failure:
a contemporary look at physiology,
diagnosis and treatment
Eva M. Boorsma1, Jozine M. ter Maaten1, Kevin Damman1, Wilfried Dinh2,3,
Finn Gustafsson4, Steven Goldsmith5,6, Daniel Burkhoff7,8, Faiez Zannad 9,
James E. Udelson7 and Adriaan A. Voors 1 ✉

Abstract | Congestion is the main reason for hospitalization in patients with acute decompensated
heart failure and is an important target for therapy. However, achieving complete decongestion
can be challenging. Furthermore, residual congestion before discharge from hospital is
associated with a high risk of early rehospitalization and death. An improved understanding
of the pathophysiology of congestion is of great importance in finding better and more
personalized therapies. In this Review , we describe the two different forms of congestion —
intravascular congestion and tissue congestion — and hypothesize that differentiating between
and specifically treating these two different forms of congestion could improve the outcomes
of patients with acute decompensated heart failure. Although the majority of these patients
have a combination of both intravascular and tissue congestion, one phenotype can dominate.
Each of these two forms of congestion has a different pathophysiology and requires a different
diagnostic approach. We provide an overview of novel and established biomarkers, imaging
modalities and mechanical techniques for identifying each type of congestion. Treatment with
loop diuretics, the current cornerstone of decongestive treatment, reduces circulating blood
volume and thereby reduces intravascular congestion. However, the osmolality of the circulating
blood decreases with the use of loop diuretics, which might result in less immediate translocation
of fluid from the tissues (lungs, abdomen and periphery) to the circulation when the plasma refill
rate is exceeded. By contrast, aquaretic drugs (such as vasopressin antagonists) predominantly
cause water excretion, which increases the osmolality of the circulating blood, potentially
improving translocation of fluid from the tissues to the circulation and thereby relieving
tissue congestion.
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The treatment of residual congestion is one of the great
est unmet needs in the management of patients with
heart failure. Treatment with loop diuretics, the cur
rent cornerstone of decongestive treatment, reduces
circulating blood volume, and thereby reduces intra
vascular congestion. However, compared with the use of
aquaretic drugs, loop diuretics cause the osmolality
of the circulating blood to decrease, which might result
in less immediate translocation of fluid from the tissues
(lungs, abdomen and periphery) to the circulation when
the plasma refill rate is exceeded. A reduced circulat
ing blood volume without the translocation of a similar
volume of fluid from the tissues results in neurohormo
nal activation and possibly worsening of renal function,
while patients experience persistent clinical signs and
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symptoms of (tissue) congestion, such as dyspnoea, rales
and peripheral oedema.
In this Review, we focus on the important differences
between the two forms of congestion in the intravascular
and the tissue interstitial compartments. The difference
can be observed at the bedside but the distinction is
not routinely made or reported in the literature, where
many patients are described as having general conges
tion. We propose that the distinction between tissue con
gestion and intravascular congestion is of importance
in our understanding and treatment of patients with
decompensated heart failure. In particular, we discuss
the diagnosis and treatment of tissue congestion versus
intravascular congestion in patients with heart failure
and the role of natriuresis versus aquaresis.
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Key points
• Congestion is the main reason for hospitalization in patients with acute decompensated
heart failure.
• Residual congestion at discharge from hospital is associated with higher rates of death
and hospital readmission for heart failure.
• Congestion can be present predominantly in the vascular system (intravascular
congestion) or in the interstitium (tissue congestion), although the majority of patients
have a combination of both intravascular and tissue congestion.
• Intravascular congestion and tissue congestion can be identified and differentiated
with the use of specific diagnostic assessments, such as physical examination,
biomarkers and imaging techniques.
• Loop diuretic therapy reduces circulating blood volume, thereby improving
intravascular congestion; however, these therapies increase plasma osmolality, which
might impede translocation of fluid from the tissues to the circulation.
• Aquaretic drugs, such as vasopressin antagonists, reduce plasma volume and lower
plasma osmolality, which might stimulate translocation of fluid from the tissues to the
circulation.

Definition, epidemiology and grading
Congestion in heart failure is defined as fluid accumula
tion in the intravascular compartment and the interstitial
space, resulting from increased cardiac filling pressures
caused by maladaptive sodium and water retention by
the kidneys1. Congestion is the main reason for hospital
ization in patients with acute (decompensated) heart
failure but the severity of congestion varies widely
between patients.
In a large, long-term European registry, 83% of all
patients admitted to hospital with acute heart failure had
clinical signs or symptoms of congestion2. A large global
cohort study in patients hospitalized for heart failure
found that the incidence of peripheral oedema ranged
from 39.2% in South-E ast Asia to 75.2% in Eastern
Europe and the incidence of rales ranged from 23.9% in
North America to 80.6% in Africa3.
Clinical congestion scores can be used to assess the
degree of congestion. Most clinical congestion scores
are a composite of the severity of orthopnoea, jugular
vein distension and rales (Table 1). Clinical trials tar
geting congestion in patients with acute heart failure
have shown that the incidence of clinically significant
congestion (congestion score 3–18) is as high as 97%;
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however, the inclusion criteria in these trials required a
congestion score of ≥1 for enrolment4,5, thereby exclud
ing patients without signs or symptoms of congestion
from the analysis and probably skewing the total inci
dence of congestion. Approximately 90% of patients
with congestion present with symptoms of dyspnoea4,5
and in the vast majority, if not all, of these patients, loop
diuretic therapy is initiated or intensified6,7.
Incomplete decongestion at discharge from hospital
is associated with higher rates of both death and read
mission to hospital for heart failure. Patients with resi
dual congestion on day 7 of hospitalization have a
more than twofold increase in 180-day mortality and
an almost twofold increase in the risk of rehospitaliza
tion for heart failure compared with patients without
congestion5.

Tissue versus intravascular congestion
Fluid accumulation leading to decompensated heart
failure starts in the intravascular compartment8. Conti
nuously increased hydrostatic pressures in the capillary
vessels subsequently lead to tissue congestion (Fig. 1).
The majority of patients with decompensated heart fail
ure have a combination of both intravascular and tissue
congestion, as indicated by the composition of conges
tion scores (Table 1); however, we postulate that one
phenotype can dominate. Typical patients with predo
minant intravascular congestion present with acute-
onset high blood pressure, leading to suddenly increased
pulmonary and cardiac filling pressures 9,10. These
patients generally respond well to treatment with vaso
dilators11,12. In the heart failure guidelines, these patients
are referred to as having the vascular type of conges
tion6. By contrast, patients with predominant tissue
congestion present with a gradual increase in cardiac
filling pressures and slowly progressive pulmonary,
abdominal and peripheral oedema13. Moreover, as a
result of diuretic treatment, the congestive phenotype
can change (that is, intravascular fluid depletion, with
residual tissue congestion). We postulate that these dif
ferent mechanisms of origin of the congestion require
different criteria for diagnosis and different approaches
to treatment.
Differences in pathophysiology
Intravascular congestion. During an episode of acute
decompensated heart failure, a combination of haemo
dynamic and neurohormonal factors leads to sodium
and water retention by the kidneys1. These factors are
variously present during different stages and severities of
heart failure and include low cardiac output, activation
of the renin–angiotensin–aldosterone and natriuretic
peptide axes, the sympatho-sympathetic reflex as a result
of cardiac stretch, and probably other unknown contrib
utors14. The relative contributions of these mechanisms
vary between patients but most patients with acute heart
failure have little or no evidence of cardiogenic shock or
low output15. Regardless of the cause, the end point of
heart failure decompensation is congestion.
Although expansion of plasma volume underlies
the congestion in many if not most patients with acute
heart failure, endogenous fluid reservoirs can also make
www.nature.com/nrcardio
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Table 1 | Commonly used congestion scores in trials on acute heart failure
Sign or
symptom

Peripheral
oedema

Orthopnoea

Dyspnoea

Jugular vein
distension
(cmH2O)

Rales

Fatigue

Plasma
NT-proBNP
level

Points

EVErEST135 and
EMPa-rESPoNSE-aHF136

oPTiMiZE-HF137

Composite
congestion
score
(EVErEST)135

orthoedema score
(CarrESS-HF and
doSE-HF)139

0

Absent or trace

Absent

Absent

Absent

Absent

Trace

1

Slight

1+

Slight

Up to shins

Slight

Moderate

2

Moderate

2+

Moderate

Up to knees

Moderate

Severe

3

Marked

3+

Marked

Up to sacrum

Marked

–

0

None

No

None

No

None

<2 pillows

1

Seldom

–

2 pillows

–

2 pillows

–

2

Frequent

Yes

3 pillows

Yes

3 pillows

≥2 pillows

3

Continuous

–

>30°

–

>30°

–

Not included

Not included

Not included

Not included

Not included

<6

Not included

0

None

No

1

Seldom

–

2

Frequent

On exertion

3

Continuous

At rest

0

<6

<6

<6

1

6–9

6–9

6–9

6–10

2

10–15

10–15

10–15

>10

3

>15

>15

>15

–

Not included

Not included

Not included

Not included

Not included

Not included

Not included

Not included

Tertile 1

Not included

Not included

8

4

0

None

None

1

Basal

<1/3

2

To <50%

>1/3

3

To >50%

–

0

None

No

1

Seldom

–

2

Frequent

Yes

3

Continuous

–

1

Not included

Not included

Not included

2

Tertile 2

3
Maximum
score

aSCENd-H
 F138 Composite
congestion
score
(ProTECT)5,72

–

Tertile 3
18

15

9

8

NT-proBNP, N-terminal pro-B-type natriuretic peptide.

an important contribution, particularly in patients in
whom heart failure decompensation develops quickly
— that is, in the vascular type of congestion referred to
above. The splanchnic veins (the abdominal compart
ment of the venous circulation) are characterized by a
much larger capacity than other veins. The splanchnic
veins contain anywhere from 20% to 50% of the total
blood volume16,17. These veins operate as a functionally
sequestered circulation and act as a blood reservoir that
can be recruited in the event of hypovolaemia. Another
characteristic of the splanchnic veins is a high density
of α-adrenergic receptors18. In patients with acute heart
failure — which is characterized by neurohormonal
overactivation — stimulation of α-adrenergic recep
tors leads to potent venoconstriction and movement of
blood from the abdominal compartment to the circu
lating compartment18. This dysregulation of blood dis
tribution has been suggested to have an important role
Nature Reviews | Cardiology

in acute intravascular congestion19. Administration of
nitroglycerin produces venodilatation and increases the
capacity of the splanchnic system, restoring the balance
of blood distribution in patients with acute heart fail
ure18,20. Therefore, much of the intravascular congestion
that occurs in patients with acute heart failure is likely
to be a mixture of both a gradual expansion in plasma
volume and the shifting of fluid from venous reser
voirs, particularly as sympathetic activity increases with
symptomatic deterioration.
Tissue congestion. The development of tissue oedema
is the result of an imbalance between hydrostatic and
oncotic pressures at the level of the interstitium (Fig. 1). In
brief, the interstitium contains many glycosaminoglycans
(GAGs) branching from one central protein, alongside
collagen and elastin fibres. All the GAGs together form
a strong network, giving structure to the interstitium.
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a Normal state

Lymph vessel

b Compensated heart failure

c Decompensated heart failure

Capillary vessel

Interstitial space

d After treatment with a loop diuretic

Build-up of
interstitial ﬂuid

GAGs
Axis protein

e After treatment with a

vasopressin antagonist
Oncotic pressures
Hydrostatic pressures
Lymph ﬂow

Fig. 1 | Pathophysiology of tissue congestion. a | Under normal healthy conditions, hydrostatic pressures and
oncotic pressures in the capillary vessel and interstitium are in equilibrium. b | During compensated heart failure,
hydrostatic pressure in the capillary vessel rises, and oncotic pressure in the capillary vessel decreases. Compensatory
mechanisms maintain equilibrium. c | During decompensated heart failure, the compensatory mechanisms become
insufficient to maintain equilibrium. Hydrostatic pressures in the capillary vessel and oncotic pressures in the interstitium
keep increasing. Fluid starts to build up in the interstitial space. The glycosaminoglycan (GAG) networks are no longer
bound together. d | After treatment with a loop diuretic, hydrostatic pressures in the capillary vessel return to normal,
allowing some fluid to re-enter the bloodstream. As a result of natriuresis, osmotic pressure in the capillary vessel also
decreases. e | After treatment with a vasopressin antagonist, osmotic pressure in the capillary vessel decreases, and
residual interstitial fluid re-enters the bloodstream.

The potential clinical relevance and implications of the
GAG networks are discussed in Box 1.
Three protective mechanisms need to be overcome
before interstitial fluid can accumulate8. First, a slightly
lower pressure relative to atmospheric pressure keeps
the interstitial GAG networks together. As long as these
networks are bound together, a small increase in inter
stitial pressure will lead to a large increase in hydrostatic
pressure in the capillary vessels. At a neutral pressure,
when the pressure difference is lost, the force that keeps
the GAG networks together no longer exists, provid
ing room for the accumulation of free fluid (that is,
water not bound to GAGs). Second, the lymphatic sys
tem is highly sensitive to pressure and can increase fluid
removal by 10-fold to 50-fold when hydrostatic pressure
rises21. Third, the lymphatic system drains large amounts
of protein, thereby reducing colloid osmotic pressure
in the interstitium.
Similar mechanisms are in place in the alveoli. A pul
monary capillary pressure of approximately 28 mmHg,
which is 21 mmHg above normal pulmonary capillary
pressure, is enough to overcome colloid osmotic pres
sure in the perialveolar interstitium22. In patients with
acute left-sided heart failure, minimal surpassing of this
threshold is enough to cause life-threatening pulmonary

oedema. However, when pulmonary capillary and artery
pressures are increased chronically, the diameter and
flow in the lymphatic system can gradually increase,
and pulmonary artery pressures as high as 45 mmHg
without pulmonary oedema have been measured23.
Conversely, two factors can lower the threshold for
the development of oedema. First, long-term sodium
saturation of interstitial GAGs changes the form and
function of the GAG networks (Box 1). These changes
reduce the integrity of the GAG network so that a
slight increase in capillary blood pressure is sufficient
to induce oedema. Second, particular comorbidities
increase vascular permeability. One condition is dia
betes mellitus, probably as a result of the destruction
of vascular tissue through the formation of advanced
glycation end-products24,25. Another situation in which
vascular permeability increases is when cytokines
are released, such as during inflammation, sepsis or
ischaemia26–28.
The factors described above explain why particular
patients with heart failure can have extremely high pul
monary capillary pressures without alveolar congestion,
and other patients can develop clinically significant con
gestion with only slightly increased pulmonary capillary
pressures.
www.nature.com/nrcardio
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Box 1 | The role of glycosaminoglycans in tissue congestion
The composition of the interstitium — the space between cells — differs according to the
tissue. Nevertheless, the interstitium always contains a so-called ground substance:
a gel-like structure composed of proteoglycans. These proteoglycans consist of one
axis protein to which many glycosaminoglycans (GAGs) are attached (see the figure).
The GAGs from different proteoglycans are in turn connected through various
hydrogen bridges. Most of the water molecules in the interstitial space are bound to
these GAGs. Small vesicles of free water are present within the gel. Pitting oedema
arises when the free water vesicles become larger and can be mobilized between
the cells and the interstitial gel. All the GAGs together form a strong network, giving
structure to the interstitium. These GAGs are polyanionic and can, therefore, bind
large quantities of cations, namely sodium. In doing so, the GAG network has been
hypothesized to have an important role in sodium homeostasis and to protect
against overt hypernatraemia in heart failure159. Furthermore, increases in sodium
concentration stimulate gene and protein expression of GAGs160, increasing the
capacity of the GAG network to bind sodium. However, long-term saturation of GAGs
with sodium might change their form and function, thereby reducing the integrity
of the network as a whole159,161. In this situation, a slight increase in capillary blood
pressure would be sufficient to induce oedema.

Cell membrane
Hydrogen bridge

GAGs
Axis protein

Interstitial
space

Water
Sodium

Cell membrane

Assessment of intravascular congestion
Currently, the gold standard for assessing intravascular
congestion is to measure right atrial pressure (normally
2–6 mmHg) and pulmonary capillary wedge pressure
(PCWP; normally 3–8 mmHg) by right heart cathe
terization29,30. However, right heart catheterization is
invasive and, therefore, routinely performing this pro
cedure is not attractive. To assess changes in congestion
on a day-to-day basis, non-invasive measurements are
needed, such as changes in jugular venous pressure,
patient-reported symptoms or changes in plasma lev
els of natriuretic peptides between admission to and
discharge from hospital (Fig. 2).
Clinical signs and symptoms
Jugular venous pressure. Distension of the jugular
vein provides an indication of right atrial pressure.
Historically, this assessment was performed with the
jugular venous arch, to measure the distance between
the sternal notch and the collapse of the venous col
umn31. In current clinical practice, assessment of jugular
venous pressure is usually performed by inspection of
the jugular veins and estimating the degree of disten
sion31. However, precise estimation is difficult, and the
sensitivity and specificity for estimating central venous
pressure are poor (57.3% and 43.6%, respectively)32.
Increased jugular venous pressure is indicative of jugular
Nature Reviews | Cardiology

intravascular overfilling and, therefore, we propose that
it is a specific sign of intravascular congestion.
Orthopnoea. Orthopnoea is the result of increased
venous blood flow from the lower extremities when the
patient is in a supine or semi-supine position, which
increases cardiac preload that cannot be processed by
the failing heart. This sudden, additional preload pro
motes an increase in the symptoms of dyspnoea. Given
that orthopnoea results from increased preload rather
than alveolar oedema, we propose that it is a symptom of
intravascular congestion rather than tissue congestion.
Third heart sound. The third heart sound is the result of
rapid filling of the ventricle in the early part of diastole
and rapid deceleration of blood flow in an already-filled
ventricle33. The sound can occur in healthy children
and young adults as a sign of quick heart relaxation.
However, the third heart sound can also be heard in
patients with cardiac volume overload and systolic
dysfunction34. Therefore, we consider the third heart
sound mainly to be a sign of intravascular (or rather
intracardiac) congestion.
Bendopnoea. Bendopnoea is the occurrence of increased
dyspnoea when bending forwards and is associated
with increased right atrial pressure and PCWP35. The
presence of bendopnoea correlates with the presence
of orthopnoea, exercise intolerance and increased jug
ular venous pressure but not with rales or peripheral
oedema35,36. Therefore, bendopnoea seems to be indic
ative of intravascular congestion rather than of tissue
oedema. This notion is supported by the observation
that the presence of bendopnoea correlates with more
advanced disease in patients with pulmonary arterial
hypertension37.
Biomarkers
Natriuretic peptides. The release of natriuretic peptides
into the circulation is induced by increased stretch
and/or pressure of the atria and ventricles38. Therefore,
elevated circulating levels of natriuretic peptides are
likely to be an indication of intravascular and intra
cardiac congestion rather than of tissue congestion.
A reduction in the circulating level of natriuretic pep
tides by ≥30% from hospital admission is generally
considered to be an indicator of successful intravas
cular decongestion and is associated with reductions
in jugular vein distension, vena cava diameter and
wedge pressure, and mortality 39–41. Although these
findings suggest a role for in-hospital therapy guided
by plasma levels of natriuretic peptides, several stud
ies comparing this approach with standard of care
found no significant differences in the combined end
point of rehospitalization and all-cause death, despite
a greater reduction in plasma levels of N-terminal pro-
B-type natriuretic peptide (NT-proBNP) in patients in
the natriuretic peptide-guided treatment group42,43.
Haemoconcentration. Haemoconcentration, the relative
increase in haemoglobin levels in the blood as a result of
a reduction in plasma volume, has also been proposed
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Tissue congestion
Clinical signs
• Pitting oedema
• Rales
• Ascites
Biomarkers
• Bio-ADM
• Soluble CD146
• CA125
Techniques
• Chest radiography
• Pulmonary
ultrasonography
• Thoracic CT scan
• Thoracic impedance
analysis
• Remote dielectric
sensing

Intravascular congestion
Clinical signs
• Increased jugular
venous pressure
• Orthopnoea
• Third heart sound
• Bendopnoea
Biomarkers
• NT-proBNP
• Haemoconcentration
Techniques
• Inferior vena cava
ultrasonography
• Jugular vein
ultrasonography
• Renal ultrasonography
• Implantable pressure
sensors

Fig. 2 | Hypothesized differences between tissue congestion and intravascular
congestion. The figure shows the clinical signs and biomarkers that have been
established as markers of congestion and the techniques used for diagnosis. Some signs
and biomarkers are more indicative of tissue congestion, whereas others are more
indicative of intravascular congestion. bio-ADM, biologically active adrenomedullin;
CA125, carbohydrate antigen 125; NT-proBNP, N-terminal pro-B-type natriuretic peptide.

as a marker of decongestion44,45. In patients with acute
heart failure, haemoconcentration has been associated
with clinical signs and symptoms of more aggressive
decongestion and improved outcomes, including a
lower risk of readmission to hospital for heart fail
ure46–49. In one study, patients with haemodilution after
initial treatment for acute heart failure had more alve
olar oedema and higher body mass at baseline than
patients who had haemoconcentration, which indicates
translocation of fluid from the tissues to the intravascu
lar space50. On the basis of these associations, we con
clude that haemoconcentration is a sign of intravascular
volume status.
Changes in estimated plasma volume can also be
used as a proxy for the plasma refill rate (the rate at
which fluid can be transported from the tissue interstit
ium into the vessels). Given that residual congestion is
a predictor of worse outcome, irrespective of the degree
of haemoconcentration49, aiming to maintain haemat
ocrit at a constant level during decongestive treatment
has been suggested to decongest at a rate that is equal
to the plasma refill rate44. For patients undergoing
haemodialysis, continuous monitoring of haematocrit
levels has been shown to prevent episodes of intra
dialytic hypotension51. To date, this approach has not
been examined in patients with heart failure during
decongestion treatment.
Imaging and monitoring techniques
Inferior vena cava ultrasonography. Measurement of the
inferior vena cava by ultrasonography is an easy method
to estimate right atrial pressure. More specifically,
a decrease of <50% in the diameter of the inferior vena
cava (caval index) during inspiration correlates with a
right atrial pressure of ≥10 mmHg (ref.52). Increasing
inferior vena cava diameters measured in the outpatient
setting are predictive of an increased risk of hospitaliza
tion and death in patients admitted to hospital for heart

failure, and are associated with the presence of clinical
signs and symptoms of both tissue and intravascular
congestion53–55.
Jugular vein ultrasonography. Jugular vein ultrasonogra
phy might be a more accurate and reproducible measure
ment than visual inspection of jugular vein distension.
This approach has been shown to correlate well with con
gestive status and to be a predictor of rehospitalization
for heart failure56,57.
Renal ultrasonography. Under normal circumstances,
patterns of renal venous flow assessed by ultrasonography
are rarely altered by changes in cardiac output58. However,
patterns of renal venous flow are altered by changes in
renal interstitial compliance and increased renal venous
pressures59. In patients with heart failure, two types of
discontinuous renal venous flow patterns can be distin
guished: monophasic and biphasic, with patients with
monophasic flow having worse outcomes59. Patients
with discontinuous renal venous flow at baseline, as
assessed by ultrasonography, have higher plasma levels of
NT-proBNP, higher E/A ratio (a marker of left ventricu
lar function) and more tricuspid valve regurgitation than
patients with continuous renal venous flow58,59. However,
no data are available on the use of renal ultrasonography
to assess the presence of residual congestion.
Implantable pressure sensors. Implantable pressure sen
sors are monitoring devices that can be implanted in the
pulmonary artery, where the device continuously moni
tors pulmonary diastolic pressures. Pulmonary diastolic
pressure is used to estimate PCWP, although various
formulae for this estimation have been reported 60.
In this way, increases in pulmonary artery pressure can
be detected days before clinical signs and symptoms
are present, enabling clinicians to make early adjust
ments to the treatment regimen and thereby avoid the
need to hospitalize the patient. Monitoring pulmonary
artery pressures in patients with heart failure with the
use of an implantable pressure sensor reduces the rate
of hospital admission61,62.

Assessment of tissue congestion
Clinical signs and symptoms
Tissue congestion can be assessed in terms of symptoms
and by physical examination, and the established indi
cators are the presence of rales, ascites and peripheral
oedema. Pitting oedema is highly specific for the pres
ence of interstitial oedema63 but most clinical signs and
symptoms have moderate specificity and poor sensitivity
for diagnosing heart failure as the cause of interstitial
oedema64. Tissue congestion can also be assessed with
the use of biomarkers and imaging methods (Fig. 2).
Biomarkers
Biologically active adrenomedullin. Adrenomedullin
has a prominent role in maintaining the barrier func
tion of the endothelium65. The loss of this barrier function
results in vascular leakage and subsequently pulmonary
and systemic oedema65. Accordingly, higher plasma lev
els of biologically active adrenomedullin are indicative
www.nature.com/nrcardio
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of increased accumulation of interstitial fluid, and cir
culating levels of biologically active adrenomedullin are
elevated in patients with heart failure66,67 and particularly
in those with sepsis68 (another condition characterized by
massive vascular leakage) compared with healthy indi
viduals. High plasma levels of biologically active adreno
medullin are associated with more severe peripheral
oedema and higher jugular venous pressure, the presence
of orthopnoea and hepatomegaly, and increased length of
hospital stay and all-cause mortality69,70. In patients with
acute decompensated heart failure, high levels of biologi
cally active adrenomedullin after 7 days of decongestive
therapy correlate well with the presence of other clinical
signs of residual congestion67,71,72.
Soluble CD146. Soluble CD146 (also known as cell sur
face glycoprotein MUC18) is a protein secreted by the
vein wall tissue in response to stretch73. Plasma levels of
soluble CD146 have been found to be higher in patients
with heart failure than in healthy controls or patients with
non-cardiac dyspnoea74. In patients with acute heart fail
ure, higher plasma levels of soluble CD146 correlate with
the presence of more clinical signs of congestion and a
higher degree of congestion, as assessed by chest radiog
raphy75. The role of circulating levels of soluble CD146
in predicting hospitalization and assessing decongestion
remains to be established.
Carbohydrate antigen 125. Up to two-thirds of patients
admitted to hospital for heart failure have elevated
plasma levels of carbohydrate antigen 125 (CA125; also
known as mucin 16), and elevated levels of CA125 cor
relate with increased morbidity rates and mortality76.
CA125 is released by serous tissue (such as the peri
cardium and pleurae) as a result of mechanical and/or
inflammatory stimuli triggered by oedema77. Plasma
levels of CA125 are higher in patients with peripheral
and/or pulmonary oedema and are further elevated in
patients with serosal effusion compared with patients
with acute heart failure without pronounced serosal
effusion78,79. In patients with myocardial infarction,
increased plasma levels of CA125 predict the onset of
heart failure80. The CHANCE-HF study81 examined the
use of CA125-guided therapy versus standard of care in
patients with acute heart failure and found a lower rate
of rehospitalization for acute decompensated heart fail
ure in the CA125-guided group. Of note, patients allo
cated to the CA125 group were more frequently visited
than patients in the standard of care group and received
intravenous loop diuretics at home depending on their
CA125 levels.
Imaging and monitoring techniques
Chest radiography. Chest radiography can be used to
assess the degree of congestion. Radiographic conges
tion scores correlate well with directly measured mass of
lungs obtained from organ donors82. Patients with heart
failure who are discharged from hospital with higher
radiographic congestion scores have higher rates of
rehospitalization for heart failure83. Interestingly, radio
graphic congestion scores at hospital admission were
not related to patient outcomes in this study83. Chest
Nature Reviews | Cardiology

radiography is mostly specific to pulmonary tissue con
gestion; however, increases in pulmonary vascular width
on the chest radiogram are indicative of intravascular
congestion because increased pulmonary vascular width
correlates well with total blood volume (r = 0.80)84.
Pulmonary ultrasonography. Ultrasonography of the
lungs is becoming a generally accepted tool for the evalu
ation of pulmonary oedema6,85. The quantity of water in
the lungs corresponds to the degree of echogenicity found
on ultrasonography86. In the case of interstitial pulmo
nary oedema, the ultrasound beam is reflected by the
oedematous interlobar septa. This situation produces
comet-tail reverberation artefacts called B-lines. The
number of B-lines is indicative of the degree of pulmo
nary oedema, with fewer than five B-lines in the complete
anterolateral scan (28 regions across the chest) indicat
ing no pulmonary oedema and >30 B-lines indicating
severe pulmonary oedema87. The number of B-lines
correlates moderately well with both PCWP (r = 0.48)
and the radiographic congestion score (r = 0.60)88. More
over, lung ultrasonography can also be used to predict
the need for hospitalization for pulmonary oedema
in the outpatient setting, with a higher sensitivity than
clinical congestion scores, E/eʹ ratio and plasma levels of
NT-proBNP89,90. Thoracic ultrasonography can also be
used to identify existing pleural effusion.
Thoracic CT scans. Increased density on high-resolution
pulmonary CT scans correlates well with lung weight and
has been suggested as a gold standard for the assessment
of pulmonary interstitial oedema91,92.
Thoracic impedance analysis. Bioelectrical impedance
analysis is a technique that uses conductance (the inverse
of resistance) to estimate the degree of fluid in a body
compartment. Transthoracic conduction is measured
to estimate pulmonary congestion. In patients with
acute heart failure, bioelectrical impedance analysis is
a good predictor of length of hospital stay and corre
lates well with PCWP, plasma levels of natriuretic pep
tides, E/eʹ ratio and the number of B-lines on thoracic
ultrasonography93–95.
Remote dielectric sensing. Remote dielectric sensing is
another technique to determine intrathoracic fluid con
tent non-invasively. Unlike the electric currents used in
bioelectrical impedance analysis, remote dielectric sens
ing uses electromagnetic signals, which are less depend
ent on body habitus and electrode placement. The lungs
are predominantly composed of air and water, and die
lectric values are highly dependent on the ratio between
these two components. No data exist on the degree to
which remote dielectric sensing might also be used
to detect intravascular congestion. Remote dielectric sens
ing has been shown to correlate with the degree of pulmo
nary oedema measured by chest CT and with pulmonary
pressures measured during right heart catheterization96.
Moreover, medical therapy guided by remote dielectric
sensing in the months after hospitalization significantly
reduced the rate of rehospitalization in an uncontrolled
observational study in patients with heart failure97.
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Treatment of congestion
Natriuresis leads to fluid loss because free water pas
sively follows excreted ions in the tubule of the kidney.
Loop diuretics make use of this property by blocking
the reabsorption of sodium, leading to increased sodium
excretion and urine output (Fig. 3). Inhibition of the
Na+–K+–2Cl− symporter in the thick ascending limb
of the nephron stops the kidney from either diluting or
concentrating the urine. Therefore, natriuresis induced
by the use of loop diuretics creates tubular fluid that is
iso-osmotic to plasma98. In some instances, the loss of
sodium, potassium and chloride might even decrease the
osmolality of the plasma, which prevents interstitial fluid
from fully re-entering the bloodstream. Additionally,
loop diuretics have a direct effect on the macula densa,
leading to renin secretion and a state of further increased
neurohormonal activation99.
An alternative mechanism for producing fluid loss
is through direct promotion of the excretion of free
water — that is, aquaresis (Fig. 3). Aquaresis decreases
urine osmolality and increases blood osmolality and the
concentrations of all blood ions. As a result, transloca
tion of fluid from the interstitium to the intravascular
space is promoted. The prototypical aquaretic drugs
are antagonists of the vasopressin V2 receptor for argi
nine vasopressin (also known as antidiuretic hormone).
In contrast to loop diuretics, V2 receptor antagonists do
not promote neurohormonal activation and do not lead
to worsening renal function100–102.
Given the different modes of action of aquaretic
and natriuretic therapies, aquaretics might have some
advantages over loop diuretics in terms of tissue decon
gestion and avoiding worsening renal function. In Fig. 4,
we propose a treatment algorithm on the basis of the
presence or absence of tissue and/or intravascular con
gestion. In brief, we suggest re-evaluating patients soon
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with SGLT2 inhibitors
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vasopressin
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To pelvis

Fig. 3 | Sites of action of natriuretic and aquaretic drugs in the nephrons. Inhibitors
of the sodium–glucose cotransporter 2 (SGLT2) in the first two-thirds of the proximal
convoluted tubule increase the excretion of sodium and glucose and thereby cause
secondary diuresis. Loop diuretics inhibit sodium reabsorption via sodium–potassium–
chloride cotransporters in the thick ascending limb of the loop of Henle, causing
natriuresis. Antagonists of vasopressin V2 receptors in the collecting duct promote
aquaresis.

after initiation of diuretic treatment. The presence of
intravascular congestion is likely to prevent the translo
cation of fluid from the tissues to the intravascular space;
therefore, intravascular congestion should be treated
first. However, when intravascular congestion is no
longer present, but signs and symptoms remain, treat
ment should be shifted towards fluid translocation, for
instance by adding an aquaretic drug. Potential therapies
to reduce residual congestion are discussed below.
Increasing natriuresis
Loop diuretics and thiazides. Heart failure guidelines
currently recommend the use of loop diuretics and/or
thiazide diuretics to reduce the clinical signs and symp
toms of congestion in patients with chronic or acute
heart failure6,103, including heart failure with preserved
ejection fraction. Reduction of (cardiovascular) mortal
ity with loop diuretics and thiazides has not been proven,
but one meta-analysis showed a reduction in the risk of
death and worsening heart failure with loop and thiazide
diuretic therapies, and these drugs seem to improve
exercise capacity104.
Mineralocorticoid-receptor antagonists. Mineralocorticoidreceptor antagonists inhibit the effects of aldosterone,
thereby increasing sodium excretion and potassium
retention105. The beneficial effects of mineralocorticoid-
receptor antagonists on clinical outcomes in patients
with chronic heart failure with reduced ejection frac
tion have been shown in two large randomized clinical
trials106,107. In patients with left ventricular dysfunction
after myocardial infarction, patients receiving 25–50 mg
of eplerenone daily had significantly greater reductions
in body mass and higher haemoconcentrations than
patients receiving placebo, indicating a diuretic effect of
eplerenone108. However, in the RALES trial109 in patients
with severe chronic heart failure, no increase in natriu
resis could be identified in patients receiving 12.5–
50.0 mg of spironolactone (equivalent to 25–100 mg
of eplerenone) 110. Conversely, doses of ≥100 mg of
spironolactone daily have been shown to increase
natriuresis111,112 but did not lead to better decongestion
compared with standard of care in patients with acute
heart failure113.
Acetazolamide. Acetazolamide, a carbonic anhydrase
inhibitor, blocks the reabsorption of sodium and bicar
bonate in the proximal convoluted tubule, resulting
in natriuresis and self-limiting metabolic acidosis.
Acetazolamide was a popular diuretic in the 1950s but
the use of this drug gradually declined after the intro
duction of loop diuretics. However, several small studies
in patients with heart failure have shown that acetazola
mide given in addition to loop diuretics might increase
natriuresis compared with the use of loop diuretics
alone114–116.
Fluid redistribution
Vasopressin antagonists: increasing aquaresis. Arginine
vasopressin is a hormone secreted by the posterior pitu
itary gland in response to increased osmolality of the
blood. Arginine vasopressin acts on three receptors:
www.nature.com/nrcardio
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Acute
phase

decompensated heart failure have been confirmed in
several other studies100,120,121.

Patient with suspected acute HF
Treatment aimed at increasing natriuresis
Timely
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Increased intracardiac pressures
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Fig. 4 | Treatment algorithm for intravascular congestion and tissue congestion.
In patients with acute heart failure (HF), we suggest first treating intravascular congestion
with the use of natriuretic drugs. When intravascular congestion is no longer present,
but signs and symptoms remain, treatment should be shifted towards fluid translocation,
for instance by adding an aquaretic drug. bio-ADM, biologically active adrenomedullin;
CA125, carbohydrate antigen 125; IVC, inferior vena cava; JVP, jugular venous pressure;
NT-proBNP, N-terminal pro-B-type natriuretic peptide.

V1a, V1b and V2. Activation of the V1a receptor induces
vasoconstriction, increased platelet aggregation and
myocyte hypertrophy, whereas the V1b receptor is located
in the anterior pituitary and has a role in the cortisol
axis. Blockade of V2 receptors results in decreased
expression of aquaporin 2 (the transporter responsible
for the greatest amount of water reabsorption in the
kidneys) in the late distal tubules and the collecting
ducts8. Therefore, blocking the effects of vasopressin
leads to potent aquaresis. By increasing aquaresis but not
natriuresis, intravascular osmotic pressure rises117, hypo
thetically allowing fluid to migrate from the interstitium
to the vasculature.
The EVEREST trial4, the first and largest trial on
the effects of tolvaptan (a V2 receptor antagonist) in
patients with heart failure, showed no improvement
in the dual primary end point of all-cause mortality
and cardiovascular death or hospitalization for heart
failure with tolvaptan therapy compared with placebo.
However, tolvaptan therapy had short-term benefi
cial effects on dyspnoea, clinical congestion scores
and change in body mass and/or net fluid loss in the
EVEREST4 and TACTICS-HF118 trials. These effects
were most pronounced in patients with hyponatraemia,
suggesting an important role for the change in plasma
osmolality with tolvaptan therapy. Moreover, these
patients had no significant changes in blood pressure
and only modest changes in filling pressures, and renal
function was unchanged or improved over time com
pared with patients receiving placebo119. These find
ings again support the hypothesis that interstitial fluid
translocates into the blood as a result of changes in
plasma osmolality. The beneficial effects of tolvaptan
therapy on fluid loss and dyspnoea in patients with acute
Nature Reviews | Cardiology

SGLT2 inhibitors: combining natriuresis and increasing osmosis. Sodium–glucose cotransporter 2 (SGLT2)
inhibitors cause natriuresis by inhibition of glucose
transport, which is driven by concurrent sodium trans
port in the proximal convoluted tubule in the kidney.
Therapy with the SGLT2 inhibitor dapagliflozin has
been shown to reduce mortality and hospitalizations
for heart failure compared with placebo in patients with
heart failure with reduced ejection fraction122. Although
the mechanism of this benefit remains to be elucidated,
natriuretic effects are generally thought to be impor
tant123. However, one study hypothesized a larger role
for aquaresis, suggesting the possibility of using SGLT2
inhibitors in the treatment of tissue congestion, similar
to the use of vasopressin antagonists124. Outcomes of
other trials on the use of SGLT2 inhibitors in patients
with heart failure are expected soon (Table 2).
Hypertonic saline: increasing osmosis. Infusion of a
hypertonic saline solution theoretically increases the
osmotic pressure of the intravascular compartment,
attracting fluid from both the interstitium and the
cells. Moreover, renal flow is thought to increase, which
might result in improved availability of diuretic drugs at
their site of action: the kidney125. Taken together, these
effects would result in an increased diuretic response
to decongestive therapies. Preliminary data from one
group showed an increased reduction in body mass,
preserved renal function and reductions in the length
of hospital stay, rate of rehospitalization and mortality
with the use of hypertonic saline infusion in addition
to loop diuretic therapy compared with loop diuretics
alone in patients with acute heart failure126,127. However,
high-quality, blinded, randomized clinical trials have not
yet been performed.
Compression therapy: increasing hydrostatic pressure.
Compression therapy (multi-layered bandaging, man
ual lymphatic drainage and/or compression stockings)
is advised as the main conservative treatment to improve
lymphatic function and venous circulation, for instance
in patients with venous insufficiency128. However, com
pression therapy for the reduction of oedema in heart
failure is controversial. Concern about increasing car
diac preload and pulmonary pressures has prohibited
conclusive advice on the use of this therapy in patients
with heart failure129,130.
Increasing lymphatic flow. Animal studies indicate that
olprinone, a phosphodiesterase type 3 inhibitor, increases
lymphatic flow in patients with acute heart failure131.
Splanchnic nerve block. The abdominal vascular com
partment is the largest pool of intravascular blood. As a
result of sympathetic nerve overactivity in heart failure,
vasoconstriction in this compartment forces venous
blood to the thoracic compartment18. Preliminary data
on the ability of splanchnic nerve blockade to inter
fere with this process showed a decrease in PCWP
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Table 2 | recent and ongoing trials targeting natriuresis or aquaresis in heart failure
Trial

year of
publication

Study design intervention

Study
population (n)

Primary end
point

Secondary end
pointsa

Status

Increase in mean
net fluid balance
(P = 0.048) and total
urine output at 24 h
(P = 0.505) and
at 48 h (P = 0.832)

Completed

refs

Natriuresis: combination of loop and thiazide diuretics
Ng et al.

2013

Retrospective Metolazone
analysis
in addition to
furosemide
versus
furosemide
single therapy

CLOROTIC

NA

Randomized,
controlled

Thiazide
Changes in
Acute
diuretics
decompensated body mass and
versus placebo, HF (304)
dyspnoea VAS
in addition to
loop diuretic
treatment

Length of hospital
Recruiting
stay, mortality
(all-cause and HF) and
rehospitalizations
(all-cause and HF)

141

Prospective
comparison of
metolazone versus
chlorothiazide for
acute decompens
ated heart failure
with diuretic
resistance

NA

Randomized,
open-label

Oral
metolazone
5 mg versus
intravenous
chlorothiazide
500 mg

Net urine output
at 48 h, net fluid
balance over 12 h
and 24 h, and body
mass change
after 48 h

Recruiting

142

Increase in mean
Acute
decompensated hourly urine
output (P = 0.383)
HF (242)
and incidence
of worsening
renal function
(P = 0.819)

Acute
Net urine
decompensated output at 24 h
HF with
unresponsive
and ineffective
diuresis (48)

140

Natriuresis: mineralocorticoid-receptor antagonists
ATHENA-HF

2017

Randomized,
controlled

High-dose
Acute
spironolactone decompensated
(100 mg) versus HF (360)
placebo or
low-dose
spironolactone
(25 mg)

Decrease
in plasma
NT-proBNP level
from baseline
to 96 h (P = NS)

Decrease in clinical
congestion score,
dyspnoea, increase
in net urine output
and net body mass
change (P = NS
for all)

Completed

113

Ferreira et al.

2014

Single-blinded Spironolactone Acute
50–100 mg
decompensated
versus
HF (100)
standard of
care

Proportion of
patients free
from congestion
on day 3
(P = 0.001)

Change in body mass Completed
(P = NS), decrease in
plasma NT-proBNP
level (P = 0.05)
and proportion of
patients receiving
oral furosemide on
day 3 (P < 0.001)

143

Randomized,
controlled

Change in body
mass between
baseline and
day 7

Change in estimated Recruitment
jugular venous
complete
pressure on physical
examination, change
in 6-min walking test,
change in dyspnoea
VAS and change on
Likert scale

144

Combined rate
of worsening
HF or cardio
vascular death
(HR 0.74)

HF hospitalization
Completed
(HR 0.75), change
in KCCQ score
(HR 1.18), worsening
renal function
(HR 0.71) and
all-cause mortality
(HR 0.83)

122

Combination
of mortality, HF
rehospitalizations
within 30 days
and worsening HF
(P = 0.014)

136

Pilot study of
NA
natriuretic versus
standard doses of
mineralocorticoid
receptor antagonists in heart failure
and loop diuretic
resistance in
outpatients

Spironolactone Worsening HF
100 mg versus (20)
spironolactone
25 mg

Natriuresis: sodium–glucose cotransporter 2 inhibitorsb
DAPA-HF

2019

Randomized,
controlled

Dapagliflozin
10 mg versus
placebo

Chronic HFrEF
(4,744)

EMPARESPONSE

NA

Randomized,
controlled

Empagliflozin
10 mg versus
placebo

Combination
Acute
decompensated of dyspnoea
relief, diuretic
HF (80)
response, length
of hospital stay
and change
in plasma
NT-proBNP level
(P = NS)

Completed
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Table 2 (cont.) | recent and ongoing trials targeting natriuresis or aquaresis in heart failure
Trial

year of
publication

Study design intervention

Study
population (n)

Primary end
point

Secondary end
pointsa

Status

refs

Recruitment
complete

145,146

Natriuresis: sodium–glucose cotransporter 2 inhibitorsb (cont.)
EMPEROR-
Reduced and
EMPERORPreserved

NA

Randomized,
controlled

Empagliflozin
10 mg versus
placebo

Chronic HFrEF
or HFpEF
(3,600 and
5,750)

Composite of
time to first
HF event, HF
hospitalizations
or death

Adjudicated HF
hospitalization,
worsening renal
function, time to
onset of T2DM,
change in KCCQ
score from baseline

RECEDE-CHF

NA

Randomized,
controlled,
crossover

Empagliflozin
25 mg versus
placebo

Stable HF and
T2DM (34)

Net urinary
output

Glomerular filtration Recruiting
rate, plasma cystatin
C levels and urinary
sodium excretion

147

DAPA-Shuttle 1

NA

Randomized,
controlled

Dapagliflozin
10 mg versus
placebo

Stable HFrEF
and T2DM (40)

Change
in urinary
osmolyte
concentration

Recruiting
Concentration of
plasma copeptin,
tissue sodium
content on 23Na-MRI,
and changes in
muscle and liver
lipid content

148

ELSI

NA

Randomized,
controlled

Empagliflozin
10 mg versus
placebo

Chronic
HFmrEF (84)

Lower-leg skin
sodium content
(23Na-MRI)

Sodium excretion,
skin sodium and
water content,
plasma NT-proBNP
level and vascular
stiffness

Recruiting

149

ERADICATE-HF

NA

Randomized,
controlled

Ertugliflozin
15 mg versus
placebo

Chronic HF and Fractional
T2DM (36)
excretion of
sodium after
1 and 12 weeks

Glomerular
filtration rate,
effective renal
plasma flow and
plasma RAAS
hormone levels

Recruiting

150

EMPAG-HF

NA

Randomized,
controlled

Empagliflozin
25 mg versus
placebo

Acute
Total urinary
decompensated output in 5 days
HF and T2DM
(60)

Worsening renal
function, worsening
HF, liver function
and net fluid output

Recruiting

151

EMBRACE-HF

NA

Randomized,
controlled

Empagliflozin
10 mg versus
placebo

Chronic HF (60) Change in
pulmonary
artery diastolic
pressure

Recruiting
Changes in
other right heart
pressures, KCCQ
score, 6-min walking
test, plasma BNP
level and HbA1c

152

EMPULSE

NA

Randomized,
controlled

Empagliflozin
10 mg versus
placebo

Stabilized,
acute
decompensated
HF (500)

Combination of
time to death,
HF events, time
to first HF event
and change in
KCCQ

Change >10 points Recruitment
on KCCQ, change in starting
plasma NT-proBNP
level, days alive
out of hospital,
rehospitalization
within 30 days and
diuretic effect

153

Natriuresis: carbonic anhydrase inhibitors
Kataoka et al.

2019

Observational, Acetazolamide Acute HF
(18) or stable,
prospective
250–500 mg
chronic HF with
intravenous
hypochloraemia
(12)

Short-term
increase in
plasma chloride
level (P = 0.013)
and long-term
increase in
plasma chloride
level (P < 0.0001)

Haemoconcentration Completed
and worsening renal
function (P = NS
for both)

154

Imiela et al.

2017

Randomized,
open-label

Net fluid output
and natriuresis
over the first
4 days (P = NS
for both)

Cumulative fluid
balance after
4 days (P = 0.035)
and presence of
dyspnoea on day 4
(P < 0.001)

155
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Acetazolamide Acute
dose adjusted decompensated
to body mass
HF (20)
(250–500 mg)
intravenous
versus standard
of care

Completed
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Table 2 (cont.) | recent and ongoing trials targeting natriuresis or aquaresis in heart failure
Trial

year of
publication

Study design intervention

Study
population (n)

Primary end
point

Secondary end
pointsa

Status

refs

Decongestion
achieved on
day 3 without
need to escalate
treatment

All-cause mortality,
HF readmission
within 3 months,
length of hospital
stay and changes in
EuroQol-5 score

Recruiting

156

Worsening renal
Recruiting
function, inotropic
or vasopressor need,
arrhythmias, death,
plasma bicarbonate
levels and plasma
BNP levels

157

Natriuresis: carbonic anhydrase inhibitors (cont.)
ADVOR

NA

Randomized,
controlled

Acetazolamide Acute
500 mg
decompensated
intravenous
HF (519)
versus placebo

ACETA

NA

Randomized,
controlled

Acetazolamide Acute
Diuresis and
500 mg
decompensated negative fluid
intravenous
balance
HF (90)
versus placebo

Aquaresis: vasopressin antagonists
EVEREST

2007

Randomized,
controlled

Tolvaptan
30 mg versus
placebo

All-cause
Acute
decompensated mortality
(HR 0.98) and
HF (4,133)
composite of
cardiovascular
mortality and HF
hospitalizations
(HR 1.04)

Decrease in body
mass on day 1
(P < 0.001), increase
in plasma sodium
level on day 7
(P < 0.001), presence
of patient-assessed
dyspnoea on day
1 (P < 0.001) and
incidence of clinical
worsening of HF
(P = 0.62)

Completed

4

AQUAMARINE

2016

Randomized,
controlled,
open-label

Tolvaptan
15 mg versus
standard of
care

Acute
decompensated
HF with
impaired renal
function (217)

Increase in
cumulative
urine output
over 48 h (mean
difference
1,564 ml;
P < 0.001)

Patient-reported
dyspnoea after 48 h
(P = 0.02), worsening
renal function
(P = NS), furosemide
dose after 48 h
(P < 0.001) and
change in plasma
BNP level (P = 0.602)

Completed

158

AVANTI

NA

Randomized,
controlled

Pecavaptan
30 mg versus
placebo (part
A) or versus
furosemide
(part B)

Acute
decompensated
HF with
incomplete
decongestion
(414)

Part A: change
in body mass
and plasma
creatinine level.
Part B: change in
body mass and
BUN:creatinine
ratio

Incidence of
Recruiting
treatment-emergent
adverse events
(including serious
adverse events)
and change in
augmentation index

134

BNP, B-type natriuretic peptide; BUN, blood urea nitrogen; HF, heart failure; HFmrEF; heart failure with mid-range ejection fraction; HFpEF, heart failure with
preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; KCCQ, Kansas City Cardiomyopathy Questionnaire; NA , not applicable; NS, not
significant; NT-proBNP, N-terminal pro-B-type natriuretic peptide; RAAS, renin–angiotensin–aldosterone system; T2DM, type 2 diabetes mellitus; VAS, visual
analogue scale. aSome trials have additional secondary end points not listed in the table. bGiven that ≥43 trials to assess sodium–glucose cotransporter 2 inhibitors
are ongoing, only selected trials have been included in the table.

and patient-reported symptoms and an increase in
cardiac output19,132.
Extracorporeal blood ultrafiltration. Blood ultrafiltra
tion is performed with a transmembrane pressure gradi
ent in an extracorporeal unit to filter free water directly
from the plasma. Several clinical trials have investigated
extracorporeal ultrafiltration as an alternative to (loop)
diuretic therapy in patients with acute heart failure.
All but one trial found that extracorporeal ultrafiltration
was superior in terms of reducing the rates of both short-
term and long-term rehospitalizations and mortality133.
Moreover, ultrafiltration resulted in greater net fluid
loss than standard of care. However, patients treated

with extracorporeal ultrafiltration also had significantly
more treatment-related adverse events, such as infec
tion requiring antibiotics and bleeding requiring trans
fusion133. To date, insufficient knowledge about patient
selection and adjustment of the filtration rate prohibits
the general use of extracorporeal blood ultrafiltration.
Guidelines advise the use of extracorporeal ultrafiltra
tion as a bail-out option for residual congestion despite
treatment with a combination of diuretics103.

Future perspectives
Several clinical trials are addressing the clinical unmet
need to find better and additive decongestive therapies.
Clinical trials published in the past 13 years and ongoing
www.nature.com/nrcardio
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trials to assess the effect of decongestive therapies on
either mortality and hospitalization or end points related
to sodium homeostasis or plasma volume measurements
are described in Table 2. Of particular interest is the
AVANTI trial134 into the use of pecavaptan, a dual V1a–V2
receptor antagonist, in patients with acute heart failure
and incomplete decongestion despite standard therapy
including loop diuretics.

Conclusions
Residual congestion is frequently found in patients who
are hospitalized for heart failure and is associated with a
poor prognosis and a high rate of (short-term) rehospi
talization. Therefore, better treatments or the improve
ment of current therapies are needed to treat residual
congestion. An improved understanding of the patho
physiology of congestion will lead to better treatment
of these patients with severe symptoms. Intravascular
congestion and tissue congestion have important dif
ferences. Clinical assessments, biomarkers, emerging
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