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a Servicio de Cardiologı́a, Hospital Clı́nico Universitario de Valencia, INCLIVA, Valencia, Spain
b Servicio de Cardiologı́a, Hospital Puerta de Hierro, Majadahonda, Madrid, Spain
cCentre for Cardiovascular Diseases, University Hospital Brussels, Jette, Belgium
d Faculty of Medicine and Pharmacy, Vrije Universiteit Brussel, Brussels, Belgium
eDivision of Cardiology, Department of Medicine, Duke University, and Duke Clinical Research Institute, Durham, North Carolina, United States
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A B S T R A C T

Congestion plays a major role in the pathogenesis, presentation, and prognosis of heart failure and is an

important therapeutic target. However, its severity and organ and compartment distribution vary

widely among patients, illustrating the complexity of this phenomenon. Although clinical symptoms and

signs are useful to assess congestion and manage volume status in individual patients, they have limited

sensitivity and do not allow identification of congestion phenotype. This leads to diagnostic uncertainty

and hampers therapeutic decision-making. The present article provides an updated overview of

circulating biomarkers, imaging modalities (ie, cardiac and extracardiac ultrasound), and invasive

techniques that might help clinicians to identify different congestion profiles and guide the management

strategy in this diverse population of high-risk patients with heart failure.
�C 2022 Sociedad Española de Cardiologı́a. Published by Elsevier España, S.L.U. All rights reserved.
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R E S U M E N

La congestión desempeña un papel fundamental en la patogénesis, la presentación y el pronóstico de la

insuficiencia cardiaca y es un objetivo terapéutico importante. Sin embargo, su gravedad y su

distribución por órganos y compartimentos varı́an mucho entre los pacientes, lo que ilustra la

complejidad de este fenómeno. Aunque los sı́ntomas y signos clı́nicos son útiles para evaluar la

congestión y controlar el estado del volumen en un paciente individual, tienen poca sensibilidad y no

permiten fenotipificar la congestión. Esto conduce a la incertidumbre diagnóstica y dificulta la toma de

decisiones terapéuticas. En este artı́culo se ofrece una visión general actualizada de los biomarcadores

circulantes, las modalidades de imagen (es decir, la ecografı́a cardiaca y extracardiaca) y las técnicas

invasivas que podrı́an ayudar a los clı́nicos a identificar los diferentes perfiles de congestión y guiar la

estrategia de tratamiento para esta población diversa de pacientes de alto riesgo con insuficiencia

cardiaca.
�C 2022 Sociedad Española de Cardiologı́a. Publicado por Elsevier España, S.L.U. Todos los derechos reservados.
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INTRODUCTION

Congestion in heart failure (HF) has traditionally been

considered a hemodynamic concept, defined as increased central

filling pressures that commonly result in or are the consequence of

fluid accumulation in the intravascular and extravascular com-

partments.1,2 However, congestion is not synonymous with fluid

overload, as increased intracardiac pressures are not always

associated with total blood volume expansion and vice versa.3

Congestion and fluid accumulation in HF result from different

mechanisms and complex interactions. Cardiac dysfunction results

in increased backward pressure and volume redistribution.

Additionally, it leads to neurohormonal activation to maintain

an effective circulatory volume and adequate organ perfusion

pressure.4 These biological responses cause sodium and water

avidity in the kidneys, aggravating and perpetuating fluid overload.

Although total blood volume expansion has classically been

considered a homogeneous, simple, and passive condition, current

evidence supports the role of fluid accumulation as a complex,

heterogeneous, and dynamic process that modifies the natural

course of HF syndromes.5,6

CONGESTION PHENOTYPES

The complex, heterogeneous, and dynamic interplay between

the interstitial and intravascular fluid compartments is one of the

main reasons explaining the wide variability in the distribution

and severity of congestion/fluid accumulation among patients

with HF.

Intravascular congestion

Increased central filling pressures are a crucial feature of most

HF decompensations.1 Although this elevation in filling pressures

has been classically considered a consequence of total blood

volume expansion and the inability of the failing heart to

accommodate and distribute central blood volume, changes in

systemic and pulmonary venous capacitance function also play a

crucial and unappreciated role in regulating central hemodynam-

ics.

The venous system can store large amounts of fluid (approxi-

mately 70% of total blood volume), mainly distributed in the low

resistance and high capacitance splanchnic vasculature (storing up

to 20%-30% of the total blood volume-unstressed volume).

Nonetheless, this ‘‘venous reservoir’’ system contains large

amounts of a1 and a2 adrenergic receptors, making them highly

sensitive to stimulation by the sympathetic nervous system.7

Therefore, impaired storage capacity or increased sympathetic

tone may result in an almost instantaneous volume shift from the

splanchnic vessels to the central circulation, leading to increases in

preload without any changes in total blood volume.8 Several

studies have found a poor correlation between intracardiac

pressures and direct measurement of circulating blood volume

or weight change, clearly arguing against the concept that sodium

and water retention are the sole drivers of increases in filling

pressure.3,9–11

Tissue congestion/fluid overload

Fluid retention leads to a progressive and sustained increase

in hydrostatic pressures in the vascular compartment. Together

with other factors such as vascular permeability and Starling

forces between the plasma and interstitium, part of the fluid

overload is shifted toward the interstitial compartment because

of net capillary filtration.12 Because of markedly increased

lymphatic function,13 interstitial fluid is initially efficiently

drained, without fluid accumulation. Nevertheless, when lymph

flow reaches a plateau, the rate of transudation from capillaries

into the interstitium exceeds lymphatic capacity, and fluid starts

to build up in the interstitial space.14 Several mechanisms can

lead to lymphatic dysregulation in patients with HF. Among

them, decreased lymphatic drainage due to elevated central

venous pressure (CVP), impaired lymph vessel integrity and

compliance, lymphatic valve dysfunction, impaired renal lym-

phodynamics, and maladaptive lymphangiogenesis contribute to

interstitial fluid accumulation.15 Importantly, the interstitium

comprises a network of glycosaminoglycans (GAGs), collagen,

and elastin fibers that attempt to maintain the interstitial

structure and act as a buffer since most water molecules and

cations, such as sodium in the interstitial space, are bound to

these GAGs.14 However, long-term GAG saturation and increased

permeability due to various conditions such as diabetes or

inflammation will alter the integrity of this network and lead to

tissue congestion.

ASSESSMENT OF INTRAVASCULAR CONGESTION

Invasive assessment

Congestion, or the increase of right and left ventricular filling

pressures, are hallmark features of decompensated HF.16 Right

heart catheterization is the most accurate method to evaluate the

elevation in cardiac filling pressures by directly measuring right

atrial pressure (RAP) and the pulmonary arterial wedge pressure.

Persistent high filling pressures usually precede HF hospitaliza-

tions, and implantable pressure sensor devices in the pulmonary

artery (which monitor pulmonary artery pressures) have been

suggested to reduce HF hospitalizations.17 Although it is

considered the gold standard for diagnosing intravascular

congestion,18 routine use of invasive assessment is limited due

to its technical complexity, high cost, and availability. Further-

more, the clinical utility of pressure-guided therapies remains to

be more extensively evaluated. For instance, in the acute setting,

the addition of pulmonary artery catheterization to guide

decongestive therapy did not affect overall mortality and

hospitalization in the Evaluation Study of Congestive Heart

Failure and Pulmonary Artery Catheterization Effectiveness

(ESCAPE trial).19

Similar to invasive cardiac filling pressure measurements, blood

volume status and composition can also be quantified using the

clinically approved blood volume analyzer (BVA) (BVA100TM,

Daxor Corporation, United States of America), which uses the gold

standard indicator dilution technique with an Iodine131-tagged

albumin tracer to provide quantitative measurement of total blood

volume, plasma volume, and red blood cell volume.20 Interestingly,

preliminary data suggest a disconnection between intracardiac

pressures and direct measurement of circulating blood volume

using this technology,3,10 highlighting the concept that congestion

is the product of a distinct cardiovascular pressure-volume

interplay.

Abbreviations

CVP: central venous pressure

HF: heart failure

RAP: right atrial pressure
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Symptoms and signs

Jugular venous pressure

Increased jugular venous pressure is considered one of the most

valuable physical findings indicative of increased central filling

pressures.21 However, its precise estimation is difficult, and there

is significant interobserver variability.22 As a consequence, the

reported accuracy for estimating CVP from the jugular veins ranges

from 43% to 79%.23

Orthponea and bendopnea

The supine position increases venous blood flow from the lower

extremities and the venous reservoirs, which may raise venous

return and elevate pulmonary venous and capillary pressures,

promoting the exacerbation of symptoms of dyspnea in the supine

position. In addition, worsening dyspnea when bending forward is

associated with increased RAP, pulmonary arterial wedge pressure,

and other intravascular congestion features.24

Third heart sound

The third heart sound is the result of early diastolic left

ventricular (LV) filling and abrupt deceleration of the atrioventric-

ular blood flow. The higher the transmitral inflow rate and the

steeper the rapid filling, the greater the deceleration of the LV

inflow, and the more likely a third heart sound will be generated.25

Accordingly, the third heart sound is a surrogate of restrictive

diastolic filling and, thus, of increased LV filling pressures. It shows

high specificity but low sensitivity and also requires clinical

expertise.

Ultrasound evaluation

Cardiac ultrasound

Left-sided filling pressures

The American Society of Echocardiography and the European

Society of Cardiovascular Imaging have developed a stepwise

algorithm to estimate filling pressures, especially left atrial

pressure. These algorithms integrate mitral pulsed-wave inflow

velocities, mitral annular e’ velocity, E/e’ ratio, peak velocity of

the tricuspid regurgitation (TR) jet, and left atrium maximum

volume index (figure 1).26 This algorithm has shown an overall

accuracy of 87% for estimating LV pressures, with an incremen-

tal benefit when combined with clinical evaluation.27 However,

although this algorithm performs better when estimating LV

filling pressures in individuals with HF and reduced LV ejection

fraction (HFrEF), it is still associated with prognosis in those

with preserved LV ejection fraction.28

Echocardiographic proxies of right-sided HF

Surrogates of right ventricular (RV) function, such as tricuspid

annular plane systolic excursion (TAPSE) or the TAPSE/pulmonary

artery systolic pressure ratio as a noninvasive global marker of RV-

pulmonary arterial coupling, are strongly associated with

prognosis.29,30 Functional TR is the final consequence of RV-

pulmonary arterial uncoupling, pulmonary hypertension and/or

RV dysfunction leading to fluid overload, systemic congestion, and

further RV impairment.31 There are 2 important points regarding

right-sided echo parameters in HF. First, the interplay between

them improves risk stratification. Patients with both RV-pulmo-

nary arterial uncoupling and significant TR are at the highest risk

of events following an episode of HF decompensation and are

associated with severe systemic congestion features.32,33 Second,

the predictive value and clinical impact of these parameters seem

to be higher in patients with HF and preserved LV ejection fraction

(HFpEF) than in those with HFrEF.33 In HFpEF, right heart

dysfunction-pulmonary hypertension constitutes an established

phenotype characterized by severe systemic congestion and an

ominous prognosis that commonly overwhelm left-heart dys-

function features. In contrast, in HFrEF, right heart dysfunction

may be a proxy of advanced HF.

Evaluation of extracardiac congestion using bedside ultrasound

The pressure-volume diagram of a vein shows that compliance is

extremely high in the low-pressure range (figure 2). In other words,

unstressed veins can accept relatively large blood volumes with a

little pressure build-up (functional blood reservoirs). However,

further stretching the vein’s radius due to volume overload and

alterations in venous tone by smooth muscle stimulation (ie,

sympathetically mediated vasoconstriction) will eventually reach

the upper limits of the systemic venous capacitance (maximal

buffering capacity), causing a rapid rise in venous pressures and wall

tension (stressed veins) without further increase in the vein’s luminal

area (maximal dilatation) (figure 2). Nonetheless, studying the

physiological components of the venous system in humans is

invasive and technically challenging, limiting its clinical applicability.

Therefore, there is increased interest in searching for other

noninvasive alternatives to estimating venous capacity.

Point-of-care ultrasound (POCUS) has recently emerged as a

promising diagnostic tool at the bedside to assess extracardiac organ/

vascular congestion and monitor decongestive therapy. POCUS is a

limited, centered, and real-time ultrasound examination consisting of

the focused evaluation of central vessels (inferior vena cava [IVC] and

jugular vein), abdominal compartment (hepatic, portal, and renal

veins), and lungs to detect ultrasonographic findings that may help

clinicians to indirectly monitor venous blood volume, venous

capacitance, and lung congestion. A detailed description of how to

perform POCUS is summarized in the supplementary data.

Central vessels

Inferior vena cava

The IVC is a highly compliant large conduit vessel transferring

blood from organs below the diaphragm to the right heart. In

essence, IVC is an anatomical continuation of the right atrium (RA).

Consequently, as RAP increases, it is transmitted backward into the

IVC, modifying its size and collapsibility.

Although several studies have shown a moderate correlation

between IVC diameter and collapsibility with RAP,34,35 these

parameters yield more accurate results when used to discriminate

between normal/low (IVC diameter < 2.1 cm and collapse > 50%)

vs high CVPs (IVC diameter > 2.1 cm with < 50% collapse).34 In

other words, IVC dimensions and collapsibility can detect elevated

RAP, but they are not sufficiently precise to estimate RAP values.

Moreover, although changes in IVC diameter and collapsibility

have been shown to be useful for monitoring diuretic response36,37

and stratifying risk,38,39 further studies are needed to establish

whether an IVC-guided approach is more effective than usual care

in acute HF (AHF).40

Internal jugular vein ultrasound

The diameter of the internal jugular vein (IJV) in healthy

individuals and euvolemic patients is small (�0.10-0.15?cm) but
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increases several times during a Valsalva maneuver (usually up to

�1 cm). In patients with elevated RAP or intravascular congestion,

the diameter of the IJV increases at rest, leading to a reduced IJV

ratio. An IJV ratio < 4 is considered abnormal (the ratio may

decrease < 2 in severe congestion) (figure 3) and predicts worse

outcomes independent of natriuretic peptide values.41,42

Abdominal compartment

Hepatic veins

Hepatic veins (HV) drain into the RA through IVC. Therefore,

HV flow patterns closely correlates with pressure changes in the RA

(analogous to jugular venous pulse tracing) (figure 4). The normal

HV waveform is triphasic with 4 components, including a

retrograde A wave (atrial systole), anterograde S wave (ventricular

systole), transitional V wave (atrial overfilling transition wave),

and an anterograde D wave (ventricular diastole).34

There is a systolic predominance in HV flow in individuals with

low or normal RA pressures.In contrast, this systolic predominance

is lost when RAP increases.20 In patients with RV dysfunction or

hemodynamically significant TR, there is a reversal of the S wave-

to = D wave ratio (S < D) or even a retrograde S wave as a

consequence of the regurgitation of blood into the RA and the

inability of the failing ventricle to move the tricuspid annulus

toward the cardiac apex. However, although TR and RV dysfunction

commonly coexist, the S wave does not become retrograde in the

absence of severe TR.43 Therefore, a detailed echocardiographic

examination should be performed if the HV Doppler signal shows a

retrograde S wave.43

Portal vein

Portal vein flow alterations have been proposed as a marker of

venous congestion and RV dysfunction.44–47 Given its relatively

low perfusion pressure (approximately 10 mmHg), portal inflow

is highly sensitive to elevations of outflow (downstream)

pressures from the right heart. Therefore, when RAP is elevated

(as in right-sided HF), and the maximal buffering capacity of the

IVC has been reached, pressure variations in the RA during the

cardiac cycle are transmitted into the portal system, increasing

portal flow pulsatility (PPI > 30%) (figure 5). Similarly, reductions

in splanchnic venous capacitance due to sympathetic activation

can also contribute to portal inflow alterations as a consequence of

the volume shift (autotransfusion) from splanchnic reservoir

vessels. Interestingly, preliminary findings suggest that PPI is

highly dynamic and improves considerably with diuretics.48

Although further studies are needed to confirm the usefulness of

portal venous flow evaluation by Doppler ultrasound in HF, we

envision that it might add valuable information to currently

established protocols like IVC and lung ultrasound (LUS).

Renal venous ultrasound

Elevation of CVP and intra-abdominal pressure are transmitted

backward, causing increased interstitial and tubular hydrostatic

pressure within the encapsulated kidney. Recently, ultrasound

techniques to assess renal blood flow have demonstrated the

utility of pulsed-wave Doppler evaluation to identify renal

congestion.49,50 In normal conditions, intrarenal veins exhibit

continuous flow independent of renal function. However, intrar-

enal veins become less compliant as CVP increases, dampening the

continuous flow to a discontinuous pattern. Further increases in

CVP may ultimately lead to a single flow phase in diastole

(monophasic intrarenal venous flow [IRVF] pattern), in which renal

venous outflow may exclusively depend on RV filling51 (figure 6).

Given the association between IRVF and CVP pressures, some

may argue that an altered IRVF pattern is simply an alternative

measure indicative of elevated CVP. However, because the kidneys

are encapsulated organs, renal venous outflow does not depend

exclusively on CVP but also on extrinsic factors that may exert

Figure 1. Noninvasive assessment of cardiac filling pressure. Elevated left ventricular filling pressure is defined as either E/A ratio � 2, or if E/A is < 2, at least 2 of the

3 parameters shown must be above cutoff values. Surrogates of right ventricular (RV) function such as tricuspid annular plane systolic excursion (TAPSE) and the

TAPSE/pulmonary artery systolic pressure (PASP) ratio, and the severity of tricuspid regurgitation are noninvasive markers of increased right-sided filling pressures.

E/A, mitral early diastolic velocity/atrial diastolic velocity ratio; E/e0, mitral early diastolic velocity/average early diastolic e0 velocity ratio; LA, left atrial; LAP, left

atrial pressure; TR, tricuspid regurgitation.

Figure 2. Venous system compliance of. At low transmural pressures, apparent

compliance is extremely high as the vein becomes fully rounded (continuous

line). However, at unphysiologically high transmural pressures, compliance is

quite low (dashed line).
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extrarenal compression (eg, ascites, visceral edema, engorgement

of splanchnic circulation). Furthermore, IRVF might become

disrupted because of sympathetically mediated reductions in

systemic and intrarenal venous capacitance irrespective of other

metrics indicative of increased cardiac filling pressures. Indeed, a

high proportion of patients admitted with AHF exhibit discontin-

uous IRVF patterns at admission,52which strongly correlates with

clinical outcomes independent of conventional prognostic factors,

including CVP.51,53 Interestingly, preliminary data suggest that

IRVF patterns are dynamic and may change with decongestive

treatment,52,54 opening a new avenue for renal venous ultrasound

as a potential marker for diagnosis and treatment guidance.

However, further studies are needed to elucidate whether a

therapeutic strategy based on the IRVF pattern in combination

with other Doppler echocardiography-derived venous conges-

tion-related findings is associated with improved clinical out-

comes in patients with HF.

Circulating biomarkers

Natriuretic peptides

Brain natriuretic peptide (BNP) and N-terminal pro-b-type

natriuretic peptide (NT-proBNP) are useful markers for diagnosis

and risk stratification in HF syndromes.55,56 Both are well-known

surrogates of increased left-filling pressures and pulmonary

arterial wedge pressure in patients with HF.55,57 However, their

usefulness for assessing and grading fluid accumulation and tissue

congestion is limited. For instance, ischemia and atrial fibrillation

are associated with increased ventricular wall tension without

necessarily being linked to congestion.55 Likewise, other factors

such as age, body mass index, and renal function strongly influence

plasma levels of natriuretic peptides (NPs).55 Thus, it is essential to

consider these factors when interpreting NP levels.

Overall, greater reductions over time in NP levels identify

patients with a better prognosis. For instance, in AHF, a more than

30% decrease in NPs has been established as a cutoff for identifying

clinical and hemodynamic improvement.55 However, although

there is a clear relationship between cardiac filling pressures and

prognosis, changes in NPs may show only a weak or moderate

relationship with surrogates of decongestion in AHF.14

Soluble ST2

Soluble suppression of tumorigenicity 2 (ST2) is a member of

the Toll-like/interleukin-1 receptor superfamily.58 The soluble

circulating form (sST2) has been shown to be a valuable marker for

risk stratification in acute or chronic HF.59,60 As a marker of

Figure 3. Internal jugular vein assessment. An internal jugular vein ratio < 4 is considered abnormal. The ratio may decrease < 2 in severe congestion.

Figure 4. Normal hepatic vein waveform mirrors changes in CVP. CVP, central venous pressure; ECG, electrocardiogram tracing; HV, hepatic vein.
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congestion, sST2 positively correlates with echocardiographic

indicators of right-sided HF61 and invasively measured central

venous and pulmonary wedge pressures.62More recently, sST2 has

also been identified as a surrogate of diuretic resistance.63 The

mechanisms behind sST2 upregulation in AHF seem to be related

to the peripheral release of proinflammatory cytokines by

activated vascular endothelial cells and lungs in response to

hemodynamic congestion and inflammation.64,65 However, more

studies are required to evaluate the exact role of this biomarker as

a surrogate of congestion and the utility of serial assessment for

monitoring and guiding decongestion.

CD146

A cluster of differentiation 146 (CD146) is a glycoprotein

expressed on endothelial cells, smooth muscle cells, and pericytes

within the whole vascular tree.66 This protein interacts with

various ligands and mediates pleiotropic functions in vessel

homeostasis.66 D146 is overexpressed in AHF syndromes and is

associated with inflammation, vascular injury, and endothelial

dysfunction.67,68

Higher CD146 levels have been reported in patients with AHF

and clinical surrogates of congestion.69 A peripheral venous stress

Figure 5. Portal pulsatility index. Normal portal vein waveform and alterations with venous congestion.

Figure 6. Normal intrarenal venous flow and alterations with venous congestion and increased intra-abdominal pressure. CVP, central venous pressure.

R. de la Espriella et al. / Rev Esp Cardiol. 2023;76(1):47–5752



study performed by inflating a pressure cuff over forearm veins

induced a rapid and pronounced increase in circulating CD146 in

the congested arm.70 These data suggest that CD146 could

potentially be a reliable biomarker of venous congestion. However,

the evidence endorsing the association of this biomarker with

other parameters of congestion and its clinical utility for

characterizing the profile of congestion is limited.

ASSESSMENT OF TISSUE CONGESTION

Volume overload is usually a more gradual phenomenon

resulting from the avidity of sodium and water in the renal

tubule, an imbalance between the hydrostatic and oncotic

pressures of the intravascular and interstitial compartment, and

reduced lymphatic reserve.

Symptoms and signs

Systemic tissue congestion

Ascites and peripheral edema usually indicate interstitial/third

space fluid accumulation. Peripheral edema offers high specificity

for diagnosing tissue congestion. However, its sensitivity is low,18

as other comorbidities such as venous insufficiency, renal failure,

and hypoalbuminemia may also contribute to its presence.

Likewise, serosal effusions are also found in several conditions

other than HF.

Pulmonary tissue congestion

The main manifestations of pulmonary tissue congestion are

rales and pleural effusion. However, their discriminatory accuracy

for estimating congestion in HF is limited, and their absence does

not exclude pulmonary congestion in HF patients.71

Ultrasound evaluation

Lung ultrasound

LUS is a quantitative, simple, and rapid method for identifying

and quantifying extravascular lung fluid. In a normally aerated

lung, the pleural line (A-line) will be the only structure that can be

visualized with LUS. A-lines are visualized as hyperechogenic, thin,

and horizontal lines that move with respiration due to visceral and

parietal pleura sliding during the respiratory cycle. In patients with

suspected or confirmed HF, the increased extravascular lung water

and interlobular septa thickening due to edema creates vertical

reverberation artifacts known as ‘‘B-lines’’ (figure 7). When these

B-lines are numerous, they merge and form confluent zones,

identifying zones of alveolar edema (figure 7). LUS is already

widely used for diagnosis and prognosis in different HF scenari-

os.72–74 Furthermore, the number and location of B-lines seem to

be dynamic and change rapidly after decongestive therapy, making

them an attractive marker for monitoring lung decongestion.

Nonetheless, some caveats need to be acknowledged when

using LUS in daily clinical practice. First, B-lines are only an

expression of lung aeration loss. Accordingly, LUS does not

distinguish between the nature of fluid (transudate vs exudate),

the reason for interlobular septal thickening (ie, fibrosis, edema), or

the mechanism responsible for the transudation of fluid from the

vessel to the interstitium (increased hydrostatic pressure or

increased vascular permeability). Therefore, LUS should always be

interpreted in the proper clinical context and in addition to other

clinical and biochemical markers. Second, the optimal cutoff values

for risk stratification in different clinical scenarios should be

defined in larger prospective studies. Finally, although small

controlled studies suggest the clinical utility of guiding therapy,75

larger randomized trials are required to demonstrate that LUS

guided-treatment is safe, improves symptoms and quality of life,

and long-term outcomes.

Circulating biomarkers

Carbohydrate antigen 125

Carbohydrate antigen 125 (CA125) is a high molecular weight

glycoprotein encoded by the MUC16 gene in humans.76 It is

expressed on the surface of serous cells as a membrane-bound

protein and is released to the circulation in a soluble form.76 This

biomarker is widely used for monitoring ovarian cancers.76

However, CA125 is also upregulated in other cancers and benign

conditions related to volume expansion.76 The exact trigger for

CA125 upregulation is unknown. However, activation of mesothe-

lial cells in response to elevated hydrostatic pressure, mechanical

stress, and inflammatory stimuli are postulated as the main ones.76

Cumulative evidence supports the association between circulating

CA125 levels and parameters of congestion and fluid overload,

especially proxies of tissue congestion/serosal effusions.76 For

instance, in a large study in patients with AHF, the presence of

pleural effusion, the severity of TR, and peripheral edema were

factors strongly associated with CA125 levels.77 Additionally,

recent small studies also support the association of this glycopro-

tein with renal venous congestion and elevated intra-abdominal

pressures in patients with AHF.78,79

Figure 7. Lung ultrasound via the 8 chest zone method.
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This biomarker has some remarkable properties. First, CA125

changes are strongly associated with disease severity and clinical

outcomes, especially during the first weeks following an episode of

worsening HF (transitional phase).76,80 A longitudinal study of

946 consecutive patients discharged for AHF showed that the long-

term trajectory delineated by repeated measures of CA125

predicted long-term mortality (low risk when the biomarker

decreased and high risk when it remained high or increased during

follow-up).81 Second, circulating CA125 levels are not substantially

modified by age, kidney function, ischemic etiology, atrial

fibrillation, or LV ejection fraction.76 These advantageous proper-

ties suggest a clinical utility in the full spectrum of patients with HF

and for monitoring the course of the disease. Additionally, 2 small

randomized clinical trials show the potential of this biomarker for

guiding diuretic therapy in patients with a recent episode of

worsening HF.82,83 In CHANCE-HF, 380 patients with a recent HF

decompensation and CA125 � 35 U/mL were randomized to

standard care vs CA125-guided therapy. In the CA125 arm, up/

down titration of diuretics was more frequent, which translated

into a reduction of 1-year HF hospitalizations.82

To correctly interpret CA125 levels in HF, some aspects must be

highlighted. First, there is a time gap between congestion onset and

CA125 upregulation and release (lagged effect). Accordingly,

patients with long-standing fluid overload are more likely to

show elevated circulating CA125 plasma levels. For instance, in

patients with a more acute onset (minutes to hours), those with

predominantly intravascular redistribution will probably show no

CA125 upregulation.76 Second, CA125 has a long-circulating half-

life (7-12 days).76 Thus, serial assessment of CA125 for monitoring

decongestion should be performed in the first weeks and not

during the first days of decompensation.76

Bio-adrenomedullin

Adrenomedullin (ADM) is thought to maintain vascular

integrity and permeability barrier function.84 In HF, current

evidence indicates the utility of the bioactive form of ADM (bio-

ADM) as a proxy for congestion and fluid accumulation.85 For

instance, bio-ADM is positively associated with the severity of

clinical congestion score in AHF patients.86 Furthermore, in

patients with stable advanced HFrEF, bio-ADM correlated posi-

tively with surrogates of high intravascular pressures (pulmonary

capillary wedge pressure, mean RAP, and NT-proBNP).87 Likewise,

other studies indicated that bio-ADM also correlates with other

surrogates of tissue congestion (CA125, edema).86,88 Therefore, we

postulate that bio-ADM may reflect the integrated assessment of

vascular and tissue congestion types as a marker of vascular

Figure 8. Central illustration. Multiparametric and integrative approach to congestion diagnostics.

Figure 9. A: 2-dimensional (2D) regional and compartmental distribution of congestion by physical examination, circulating biomarkers, and imaging techniques.

B: the graph has 3 axes, that refer to rising levels of pulmonary congestion and systemic congestion, acknowledging the different steps of compartmental

distribution (intravascular and tissular congestion). This representation is actually the 3-dimensional (3D) version of the 2D graph presented in panel A. This 3D

conceptual approach provides congestion coordinates, thus categorizing all dimensions of congestion all at once. In the example provided herein, the patient has

predominantly systemic congestion (score 7/10) but also a moderate amount of pulmonary congestion (score 5/10). On the Y-axis, we can observe that the patient

has intravascular congestion, and is transitioning toward tissue congestion. Bio-ADM, bioadrenomedullin; CA125, carbohydrate antigen 125; IVC, inferior vena

cava; LV, left ventricular; LUS, lung ultrasound; NT-proBNP, N-terminal pro-b-type natriuretic peptide; PAWP, pulmonary artery wedge pressure; PPI, portal flow

pulsatility index; POCUS, point-of-care ultrasound.
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permeability. Interestingly, in patients with clinical signs of

residual congestion 7 days after hospital admission, bio-ADM

levels were high at baseline and remained persistently elevated

during this first week of hospitalization.89However, the role of this

biomarker for monitoring and guiding diuretic therapy requires

further and more in-depth evaluation.

HOW TO INTEGRATE THESE TECHNIQUES: A PRACTICAL
MULTIPARAMETRIC APPROACH

Moving from traditional clinical assessment to a more

comprehensive and multiparametric approach (figure 8) may

allow us to better profile the severity and distribution of

congestion. Furthermore, integrating imaging techniques and

circulating biomarkers together with the clinical history and

physical examination may improve the diagnostic accuracy of

congestion status, revealing the predominant congestion pheno-

type. Therefore, we propose an integrative approach using NPs,

CA125, and bio-ADM as circulating biomarkers and LUS and

venous ultrasound as imaging techniques figure 9A). Patients can

be classified according to their regional (ie, pulmonary and

systemic) and compartmental (ie, intravascular and tissue)

distribution of congestion. For instance, we envision 2 extreme

situations. On the one hand, patients with right-sided HF may have

a more gradual clinical onset, with a predominant systemic

congestion distribution, with elevated CA125 and bio-ADM plasma

levels as surrogate markers of tissue congestion and ultrasound

evidence of reduced venous capacitance (ie, dilated IVC, portal

pulsatility index > 30%, discontinuous intrarenal venous flow). On

the other hand, those with a predominantly left-sided HF may have

a more acute clinical presentation with pulmonary congestion

assessed by LUS, higher NPs plasma levels, and E/e’ � 15 as

surrogate markers of increased left-sided filling pressures and

normal or mildly abnormal CA125, bio-ADM, and venous ultra-

sound parameters. In between, we will find diverse degrees of

overlap that may also change over time (figure 9B). The

identification of the predominant congestion phenotype and

changes over time by this multiparametric approach may allow:

a) early detection of subclinical congestion; b) more accurate

monitoring of congestion status; and c) improved treatment

decision-making moving into a more precision medicine scenario.

Regarding therapeutic implications, we postulate that patients

with predominantly intravascular congestion may benefit more

from modulation of vascular tone rather than aggressive decon-

gestive strategies. Conversely, those with predominant tissue

congestion/volume overload may be eligible for a more intensive

diuretic approach while maintaining the vascular refill. Further

studies are warranted to test the last postulates.

CONCLUSION

Accurate assessment of congestion remains a challenge in daily

clinical practice. Traditional clinical assessment has crucial

limitations and drawbacks. A multiparametric approach including

widely available imaging techniques and circulating biomarkers

may improve its characterization and optimize depletive treat-

ments.
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33. Santas E, Miñana G, Palau P, et al. Right Heart Dysfunction and Readmission Risk
Across Left Ventricular Ejection Fraction Status in Patients With Acute Heart
Failure. J Card Fail. 2021;27:1090–1098.

34. Beigel R, Cercek B, Luo H, Siegel RJ. Noninvasive evaluation of right atrial pressure. J
Am Soc Echocardiogr. 2013;26:1033–1042.

35. Taniguchi T, Ohtani T, Nakatani S, et al. Impact of Body Size on Inferior Vena Cava
Parameters for Estimating Right Atrial Pressure: A Need for Standardization? J Am
Soc Echocardiogr. 2015;28:1420–1427.

36. Krishnan DK, Pawlaczyk B, McCullough PA, Enright S, Kunadi A, Vanhecke TE.
Point-of-Care Ultraportable Echocardiography Predicts Diuretic Response in
Patients Admitted with Acute Decompensated Heart Failure. Clin Med Insights
Cardiol. 2016;10:201–208.

37. Tchernodrinski S, Lucas BP, Athavale A, et al. Inferior vena cava diameter change
after intravenous furosemide in patients diagnosed with acute decompensated
heart failure. J Clin Ultrasound. 2015;43:187–193.

38. Goonewardena SN, Gemignani A, Ronan A, et al. Comparison of hand-carried
ultrasound assessment of the inferior vena cava and N-terminal pro-brain natri-
uretic peptide for predicting readmission after hospitalization for acute decom-
pensated heart failure. JACC Cardiovasc Imaging. 2008;1:595–601.

39. Pellicori P, Carubelli V, Zhang J, et al. IVC diameter in patients with chronic heart
failure: relationships and prognostic significance. JACC Cardiovasc Imaging.
2013;6:16–28.

40. Jobs A, Vonthein R, König IR, et al. Inferior vena cava ultrasound in acute decom-
pensated heart failure: design rationale of the CAVA-ADHF-DZHK10 trial. ESC Heart
Fail. 2020;7:973–983.

41. Pellicori P, Kallvikbacka-Bennett A, Dierckx R, et al. Prognostic significance of
ultrasound-assessed jugular vein distensibility in heart failure. Heart.
2015;101:1149–1158.

42. Pellicori P, Shah P, Cuthbert J, et al. Prevalence, pattern and clinical relevance of
ultrasound indices of congestion in outpatients with heart failure. Eur J Heart Fail.
2019;21:904–916.

43. Vahanian A, Beyersdorf F, Praz F, et al. 2021 ESC/EACTS Guidelines for the
management of valvular heart disease: Developed by the Task Force for the
management of valvular heart disease of the European Society of Cardiology
(ESC) and the European Association for Cardio-Thoracic Surgery (EACTS). Rev
Esp Cardiol. 2022;75:524.

44. Beaubien-Souligny W, Benkreira A, Robillard P, et al. Alterations in Portal Vein Flow
and Intrarenal Venous Flow Are Associated With Acute Kidney Injury After Cardiac
Surgery: A Prospective Observational Cohort Study. J Am Heart Assoc.
2018;7:e009961.

45. Bouabdallaoui N, Beaubien-Souligny W, Oussaı̈d E, et al. Assessing Splanchnic
Compartment Using Portal Venous Doppler and Impact of Adding It to the EVEREST
Score for Risk Assessment in Heart Failure. CJC Open. 2020;2:311–320.

46. Eljaiek R, Cavayas YA, Rodrigue E, et al. High postoperative portal venous flow
pulsatility indicates right ventricular dysfunction and predicts complications in
cardiac surgery patients. Br J Anaesth. 2019;122:206–214.

47. Singh NG, Kumar KN, Nagaraja PS, Manjunatha N. Portal venous pulsatility fraction,
a novel transesophageal echocardiographic marker for right ventricular dysfunc-
tion in cardiac surgical patients. Ann Card Anaesth. 2020;23:39–42.

48. Argaiz ER, Rola P, Gamba G. Dynamic Changes in Portal Vein Flow during Decon-
gestion in Patients with Heart Failure and Cardio-Renal Syndrome: A POCUS Case
Series. Cardiorenal Med. 2021;11:59–66.

49. Kitai T, Tang WHW. Intrarenal Venous Flow: A Distinct Cardiorenal Phenotype or
Simply a Marker of Venous Congestion? J Card Fail. 2021;27:35–39.

50. Tang WHW, Kitai T. Intrarenal Venous Flow: A Window Into the Congestive Kidney
Failure Phenotype of Heart Failure? JACC Heart Fail. 2016;4:683–686.

51. Iida N, Seo Y, Sai S, et al. Clinical Implications of Intrarenal Hemodynamic
Evaluation by Doppler Ultrasonography in Heart Failure. JACC Heart Fail.
2016;4:674–682.

52. Ter Maaten JM, Dauw J, Martens P, et al. The Effect of Decongestion on Intrarenal
Venous Flow Patterns in Patients With Acute Heart Failure. J Card Fail. 2021;27:29–
34.

53. Yamamoto M, Seo Y, Iida N, et al. Prognostic Impact of Changes in Intrarenal
Venous Flow Pattern in Patients With Heart Failure. J Card Fail. 2021;27:20–28.
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