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Abstract
Introduction: A comprehensive assessment of congestion,
including circulating biomarkers, is recommended in patients
with acute heart failure. The circulating biomarkers natriuretic
peptides (NPs) and carbohydrate antigen-125 (CA125) could
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be useful for congestion assessment in ambulatory chronic
heart failure (CHF), but there is only limited information about
their applicability in this context. Therefore, this study aimed to
examine the association of plasma CA125 and NP levels with
clinical and ultrasound congestion parameters in CHF.
Methods: This is a cross-sectional substudy of the Cardioren
Spanish Registry, which enrolled 1,107 patients with CHF from
13 tertiary hospitals in Spain between October 2021 and
February 2022. Through ambulatory visits, we performed a
comprehensive assessment of congestion-related parameters,
including clinical variables (orthopnea, peripheral edema, and
jugular engorgement, represented by the composite con-
gestion score [CCS]), echocardiography variables (lung B-lines
and inferior vena cava [IVC] diameter), and circulating bio-
markers (CA125 and NPs). The association of the NP and CA125
levels with the clinical and echocardiographic congestion
parameters was examined by multiple linear and logistic re-
gression analyses. Results: This substudy included 802 patients
for whom all the biomarker parameters were available {median
age, 74 (interquartile range [IQR], 63–81) years; 65%male}. The
proportion of patients with left ventricular ejection frac-
tion ≥50% and estimated glomerular filtration rate <60 was
34% and 58%, respectively. The median CCS was 0 (IQR: 0–1),
with 45% of the sample exhibiting a median CCS of ≥1. The
jugular engorgement, peripheral edema, and orthopnea rates
were 32%, 21%, and 21%, respectively. A total of 35% of
patients who underwent ultrasound examination showed lung
B-lines, and the median IVC diameter was 16 mm. The median
CA125 and NTproBNP levels were 14 U/mL (IQR: 9–28) and
1,382 pg/mL (IQR: 563–3,219), respectively. Multivariate anal-
ysis showed that higher CA125 levels were independently
associated with higher odds of peripheral edema (p = 0.023)
and lung B-lines (p < 0.001). Further, NTproBNP was positively
associated with jugular engorgement (p < 0.001), orthopnea
(p= 0.034), and enlarged IVC diameter (p= 0.031). Conclusions:
Clinical signs of congestion are frequent in CHF. In the am-
bulatory setting, NTproBNP was associated with parameters
linked to intravascular congestion such as orthopnea, jugular
engorgement, and IVC diameter, whereas CA125 was associ-
ated with extravascular volume overload parameters (pe-
ripheral edema and lung B-lines). © 2024 The Author(s).

Published by S. Karger AG, Basel

Introduction

Patients with chronic heart failure (CHF) frequently
present with symptoms attributed to fluid overload (FO),
also referred to as congestion, which is associated with in-
creased morbidity and mortality [1, 2]. Congestion remains
a primary component of the pathophysiology and presen-

tation of patients with heart failure (HF), with subclinical
and residual congestion considered as markers of worse
prognosis [3]. The diagnosis and quantification of conges-
tion are a clinical challenge because FO may be under-
estimated with traditional clinical assessment based on signs
and symptoms. There is growing interest in tools (imaging
and biomarkers) that can help clinicians better identify and
quantify FO along the entire spectrum of patients with HF
and, thereby, improve diagnostic accuracy, risk stratification,
and themanagement of CHF [4–7].With regard to potential
biomarkers for assessing FO, there is some evidence, al-
though limited, that carbohydrate antigen-125 (CA125) (a
glycoprotein synthesized by mesothelial cells that is classi-
cally associatedwith ovarian cancer) and natriuretic peptides
(NPs) may be valuable in ambulatory CHF cases [7].

CA125 is synthesized by serous epithelial cells in response
to FO and/or inflammatory stimuli [6]. Accordingly, there is
cumulative evidence that supports the value of the glyco-
protein CA125 for FO assessment, especially tissue con-
gestion, in patients with acute heart failure (AHF) [8–12].
Furthermore, it may also have prognostic value and may be
useful for guiding the intensity of diuretic treatment [13–20].
With regard to NPs, they are released in response to volume
and/or pressure overload stress in cardiomyocytes [21–28].
NPs are currently the most widely used biomarkers for
diagnosis and prognostic stratification in HF, but their
usefulness as congestion parameters is limited.

Based on the previous studies discussed above, we
postulated that the assessment of CA125 as a proxy of
tissue congestion and NPs as a proxy of intravascular
congestion might help clinicians to diagnose and better
profile the congestion phenotype in CHF. Accordingly, the
aim of this study was to evaluate the association of CA125
and NP levels with the clinical/echocardiographic pa-
rameters of congestion in a cohort of patients with CHF.

Methods

Study Design and Population
This work is a substudy of the Spanish Cardioren

Registry, which a prospective multicenter registry that
included 1,107 consecutive patients with CHF who at-
tended 13 HF clinics in Spain between October 2021 and
February 2022 [29].

The main objective of this registry was to evaluate the
prevalence and clinical profile of kidney disease in pa-
tients with CHF. HF was diagnosed according to the
current European guidelines, including patients with the
presence of cardinal symptoms (e.g., breathlessness, ankle
swelling, and fatigue) that may be accompanied by signs
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(e.g., elevated jugular venous pressure, pulmonary
crackles, and peripheral edema) with a structural and/or
functional heart abnormality and that justify it [30]. The
only exclusion criterion was refusal to participate. Data
were collected on patient demographics, medical history,
medical, and device therapy at baseline, vital signs, and
physical examination. Data on medical treatment were
obtained directly from the patient’s history and were
verified with the electronic prescription data. This study
protocol was reviewed and approved by the Puerta de
Hierro Hospital Committee (Approval No. H.U.P.H.: PI
232/20) and by the Ethics Committees of the participating
centers and was conducted in compliance with the
Declaration of Helsinki. Written informed consent to
participate in the study has been obtained from all adult
participants and all underaged participants’ parent/legal
guardian/next of kin. Strobe statement is available in the
online supplementary material (for all online suppl.
material, see https://doi.org/10.1159/000541324).

Clinical Congestion Assessment
Clinical congestion was assessed by the composite

congestion score (CCS) [31], which is the sum of the scores
for orthopnea (0: none, 1: seldom, 2: frequent, 3: contin-
uous), peripheral edema (0: absent, 1: slight, 2: moderate, 3:
marked), and jugular engorgement (cmH2O) (0: ≤6, 1: 6–9,
2: 10–15, 3: ≥15). Jugular assessment was conducted with
the patient’s head elevated at an angle of 30°–40°. This
evaluation was conducted bedside by the attending phy-
sician in the HF unit of each center.

Laboratory Analysis
Blood tests includedmeasurements of NPs and CA125.

Both parameters were assessed at baseline (within a 48-h
window from inclusion) and analyzed at the local lab-
oratory of each center. The estimated glomerular filtra-
tion rate (eGFR) was calculated based on creatinine levels
using the 2009 Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation. Blood cell counts
and electrolytes were also evaluated.

Ultrasound Parameters
Information about IVC diameter and the presence of

lung B-lines was obtained in 79% of the patients. US
images were obtained and assessed by the attending HF
physician of each center. Both parameters were evaluated
with the patient in the supine decubitus position. The IVC
diameter was measured in the subcostal position about
2 cm from the right atrium, and the IVC was considered to
be dilated if the diameter was greater than 20 mm [32, 33].
The presence of lung B-lines was assessed with the eight-

zonemethod, that is, four zones on each hemithorax. Lung
B-lines were considered pathological if two or more lung
fields presented with ≥3 B-lines bilaterally [34].

Statistical Analysis
Continuous variables are presented as median

(interquartile range [IQR]) or mean (SD). Categorical
variables are expressed as percentages. For categorical
variables, the χ2 test was used to compare across CCS
categories (CCS = 0 vs. CCS ≥1). For continuous vari-
ables, the t test was used for variables with normal dis-
tributions, and the Wilcoxon test was used for variables
with non-normal distributions.

Multivariate linear and logistic regressions analyses were
used to evaluate the variables associated with CCS, CCS ≥1,
each of the CCS components (edema, orthopnea, and jugular
engorgement), and echocardiographic parameters (lung
B-lines and IVC>20mm). The contribution of the covariates
to the variability of CCS and IVC in the linear regression
analyses was evaluated by R2. The association between the
exposures (NTproBNP andCA125) with the risk of CCS and
IVC (as continuous) was explored by multivariate linear
regression analyses and estimates reported as Beta-
coefficients. For the associations between the exposures
and peripheral edema (yes vs. no), jugular engorgement (yes
vs. no), orthopnea (yes vs. no), and lung-B-comets (yes vs.
no) were assessed by logistic regression. In the multivariable
models, all the variables listed in Table 1 are tested. We
simultaneously tested the linearity assumption for all con-
tinuous variables, and the variables were transformed using
fractional polynomials when appropriate. Next, we derived a
reduced and parsimonious model using backward stepwise
selection on prior knowledge/biological plausibility, inde-
pendent of the p value. The covariates included in the final
models were the New York Heart Association (NYHA)
functional class, eGFR, the presence of diabetes mellitus,
atrial fibrillation, systolic blood pressure, furosemide dose,
hematocrit, and the exposure variables CA125 and
NTproBNP. We set a two-sided p value of <0.05 as the
threshold for statistical significance. The covariates included
in the model were the same as those evaluated in the first
model. STATA 16.1 (Stata Statistical Software, Release 15,
2017; StataCorp LP, USA) was used for the analyses.

Results

Baseline Characteristics
This substudy included 802 patients who had

complete data about biomarkers and other key clinical
and laboratory parameters (Fig. 1). The characteristics
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Table 1. Baseline characteristics stratified by the presence of clinical congestion

Total
(N = 802)

No clinical congestion
(score 0), N = 438 (55%)

Clinical congestion
(score ≥1), N = 364 (45%)

p value

Demographics and medical history
Age, years 74 [63, 81] 71 [60, 79] 77 [67, 83] <0.001
Sex (male), n (%) 523 (65.2) 295 (67.4) 228 (62.6) 0.163
Current smoker, n (%) 66 (8.2) 41 (9.4) 25 (6.9) 0.046
Former smoker, n (%) 346 (43.1) 201 (45.9) 145 (40.0) 0.046
Hypertension, n (%) 551 (68.7) 275 (62.8) 276 (75.8) <0.001
Dyslipidemia, n (%) 501 (62.5) 275 (62.8) 226 (62.1) 0.839
Diabetes, n (%) 324 (40.0) 183 (41.8) 141 (38.8) 0.667
Ischemic etiology, n (%) 317 (39.5) 178 (40.6) 139 (38.2) 0.479
Atrial fibrillation, n (%) 415 (51.7) 189 (43.2) 226 (62.1) <0.001
Valvular heart disease, n (%) 129 (21.1) 72 (16.4) 97 (26.6) <0.001
Kidney disease, n (%) 432 (53.9) 197 (44.9) 235 (64.6) <0.001
COPD, n (%) 139 (17.0) 65 (14.8) 74 (20.3) 0.041
Ictus, n (%) 118 (14.7) 57 (13.1) 61 (16.7) 0.306
Cancer, n (%) 53 (6.6) 30 (6.8) 23 (6.3) 0.649
Dementia, n (%) 21 (2.6) 10 (2.3) 11 (3) 0.514
Charlson comorbidity index 5 [4, 7] 5 [4, 7] 6 [5, 8] <0.001

Vital signs and baseline assessment
Systolic blood pressure, mm Hg 120 [108, 137] 120 [110, 137] 120 [105, 137] 0.822
Diastolic blood pressure,
mm Hg

70 [62, 77] 70 [62, 75] 70 [61, 79] 0.338

Heart rate, bpm 69 [60, 76] 68 [60, 75] 70 [61, 78] 0.019
Body mass index, kg/m2 27 [24, 31] 27 [25, 31] 27 [24, 31] 0.691
NYHA functional class
classification, n (%)

<0.001

I, n (%) 116 (14.5) 99 (22.6) 17 (4.7)
II, n (%) 535 (66.7) 310 (70.8) 225 (61.8)
III, n (%) 149 (18.6) 29 (6.6) 120 (33.0)
IV, n (%) 2 (0.2) 0 (0.0) 2 (0.5)

Orthopnea, n (%) 166 (20.7) – 166 (45.6)
Seldom 115 (14.3) 115 (31.6)
Frequent 45 (5.6) 45 (12.4)
Continuous 6 (0.7) 6 (1.6)

Jugular engorgement, n (%) 255 (31.8) – 255 (70.1)
6–9 174 (21.7) 174 (47.8)
10–15 57 (7.1) 57 (15.7)
≥15 24 (3.0) 24 (6.6)

Peripheral edema, n (%) 170 (21.2) – 170 (47.8)
Slight 135 (16.8) 135 (37.1)
Moderate 27 (3.4) 27 (7.4)
Marked 8 (1.0) 8 (2.2)

Clinical congestion score 0 [0, 1] 0 [0, 0] 2 [1, 3] <0.001
Echocardiography

LVEF, % 40 [30, 55] 39 [30, 51] 42 [30, 58] 0.047
LVEF >50%, n (%) 271 (33.8) 129 (29.5) 142 (39.0) 0.017
TAPSE, mm 19 [16, 21] 20 [17, 22] 18 [15, 20] <0.001
sPAP, mm Hg 40 [31, 52] 37 [30, 48] 45 [34, 55] <0.001
LA volume, mL 78 [56, 107] 74 [51, 102] 83 [58, 110] 0.010
IVC, mma 16 [14, 20] 15 [13, 17] 19 [15, 23] <0.001
Inferior vein cava dilatation,
n (%)a

148 (23.1) 27 (8.0) 121 (39.7) <0.001

Lung B-lines, n (%)b 221 (34.7) 54 (16.1) 167 (55.5) <0.001
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of the patients according to the presence of clinical
congestion are shown in Table 1. The median age of the
study sample was 74 years (IQR, 63–81 years), and 65%
of the patients were men. Kidney failure was present in
58% of patients, defined as a glomerular filtration rate
(GFR) below 60 mL/min/1.73 m2. At the time of the
visit, 16% of patients had an estimated GFR (eGFR)
below 30 mL/min/1.73 m. Two-thirds (66%) of the
patients were classified as having stable function based

on NYHA class II and the number of patients with
preserved left ventricular ejection fraction (≥50%) was
271 (34%). The median NTproBNP and CA125 values
were 1,382 pg/mL (IQR: 563–3,219) and 14 U/mL (IQR,
9–28), respectively. The number of patients with or-
thopnea, jugular engorgement, and peripheral edema
was 166 (21%), 255 (32%), and 170 (21%), respectively.
The median CCS was 0 (IQR, 0–1), with 45% of the
sample having a score of ≥1. The median IVC diameter

Table 1 (continued)

Total
(N = 802)

No clinical congestion
(score 0), N = 438 (55%)

Clinical congestion
(score ≥1), N = 364 (45%)

p value

Laboratory data
Sodium, mEq/L 140 [139–142] 141 [139, 142] 140 [138, 142] 0.054
Potassium, mEq/L 4.6 [4.2–4.9] 4.6 [4.3, 4.9] 4.5 [4.1, 4.8] <0.001
Urea, mg/dL 60 [43–83] 54 [40, 75] 66 [49, 95] <0.001
Creatinine, mg/dL 1.2 [0.9, 1.6] 1.1 [0.9, 1.5] 1.3 [1.0, 1.8] <0.001
eGFR, mL/min/1.73 m2 53.2 [36.1, 76.8] 60.4 [39.2, 83.4] 46.4 [31.7, 65.4] <0.001
Kidney failure stage, n (%)
(KDIGO classification)

<0.001

I 110 (13.7) 86 (19.6) 24 (6.6)
II 224 (27.9) 135 (30.8) 89 (24.5)
IIIa 149 (18.5) 74 (16.9) 75 (20.6)
IIIb 187 (23.3) 88 (20.1) 99 (27.2)
IV 119 (14.8) 51 (11.6) 68 (18.7)
V 13 (1.6) 4 (0.9) 9 (2.5)

Albuminuriac, n (%) 0.002
<30 mg/g 427 (53.2) 251 (57.3) 176 (48.4)
30–300 mg/g 207 (25.8) 104 (23.7) 103 (28.3)
>300 mg/g 51 (6.4) 22 (5.0) 29 (28.0)

UACR, mg/g 20.7 [6.5, 55.5] 16.0 [5.6, 45.0] 22.0 [8.1, 80.3] 0.002
Glycosylated hemoglobin, % 5.9 [5.5, 6.5] 6.0 [5.6, 6.5] 5.9 [5.5, 6.4] 0.217
NTproBNP, pg/mL 1,382 [563, 3,219] 907 [365, 2,040] 2,199 [938, 4,927] <0.001
CA125, U/mL 14 [9, 28] 12 [8, 20] 18 [11, 41] <0.001
Hemoglobin, g/dL 13.7 [12.3, 15.1] 14.0 [12.7, 15.5] 13.3 [11.9, 14.6] <0.001
Hematocrit, % 42.0 [38.0, 46.0] 43.3 [39.0, 47.0] 40.5 [36.7, 45.0] <0.001

Treatment
Furosemide, n (%) 569 (70.9) 264 (60.3) 305 (83.8) <0.001
Furosemide dose, mg 40 [0, 80] 20 [0, 40] 60 [20, 80] <0.001
Thiazide, n (%) 109 (13.7) 32 (7.3) 77 (21.3) <0.001
MRA, n (%) 485 (60.5) 283 (64.6) 202 (55.5) 0.009
ACEi/ARB/ARNI, n (%) 627 (78.2) 367 (83.8) 260 (71.4) <0.001
SGLT2i, n (%) 501 (61.2) 293 (65.5) 208 (55.2) 0.026
Beta-blockers, n (%) 657 (81.9) 371 (84.7) 286 (78.6) 0.025
Statins, n (%) 542 (67.6) 303 (69.2) 239 (65.7) 0.289

ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor blockers; CA125, cancer antigen-125; COPD,
chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; ICD, implantable cardioverter-defibrillator; LA
volume, left atrial volume; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonists; NYHA, New York
Heart Association; SLGT2i, sodium-glucose cotransporter inhibitors; sPAP, systolic pulmonary artery pressure; TAPSE, tricuspid
annular plane systolic excursion; NTproBNP, N-terminal pro-brain natriuretic peptide; TAPSE, tricuspid annular plane systolic
excursion. Data are expressed as n (%), or median [IQR]. aData available in 636 patients. bData available in 641 patients. cData
available in 685 patients.
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was 16 mm (IQR, 14–20), and 35% of the sample
presented with pathological lung B-lines.

Patients with at least one sign of congestion (cor-
responding to a CCS of ≥1) tended to be older and have
a higher prevalence of valvular heart disease. They
showed worse function based on their NYHA class and
a higher burden of comorbidities such as hypertension,
atrial fibrillation, anemia, kidney dysfunction, and
chronic obstructive pulmonary disease. Further, their
left ventricular ejection fraction was higher, and they
showed lower tricuspid annular plane systolic excur-
sion and increased systolic pulmonary artery pressure.
Accordingly, these patients were more frequently
treated with a more intensive diuretic regimen but a
lower prescription of mineralocorticoid receptor an-
tagonists, β-blockers, renin angiotensin aldosterone
system inhibitors, and sodium-glucose cotransporter
inhibitors.

CA125 and NTproBNP as Markers for Assessing
Clinical Congestion
Composite Congestion Score
Multivariate analysis showed that CA125 and

NTproBNP were significant, positive, and linearly
associated with CCS (Fig. 2a). The contribution of
CA125 to the variability of the model (R2) was higher
than that of NTproBNP. Indeed, after NYHA class
(R2: 59%, p < 0.001) and furosemide dose equivalents
(R2: 16%, p < 0.001), CA125 was the third most
significant variable in terms of R2 (R2: 5%, p < 0.001).
In comparison, the magnitude of the contribution of
NTproBNP was lower (R2: 1%, p < 0.001). The list of

all the covariates independently associated with CCS
and their corresponding R2 values are shown in
Figure 3.

Orthopnea
Patients experiencing orthopnea exhibited increased

plasma levels of NTproBNP and CA125 (Table 2). The
multivariate logistic regression model showed that
NTproBNP (p = 0.034), but not CA125 (p = 0.614), was
positively associated with higher odds of presenting with
orthopnea (Fig. 2d).

Jugular Engorgement
Patients with jugular engorgement displayed higher

values of NTproBNP and CA125 (Table 2). After
multivariate adjustment, NTproBNP (p < 0.001) was
found to be significantly and positively associated with
the presence of jugular engorgement, whereas CA125
showed only borderline association (p = 0.053)
(Fig. 2b).

Peripheral Edema
Raw data showed that the NTproBNP and CA125

levels were higher in patients with peripheral edema
(Table 2). After multivariate adjustment, only CA125
showed a positive and linear association with the risk of
peripheral edema (p = 0.023) (Fig. 2c).

Association of CA125 and NTproBNP Levels with
Imaging Markers of Congestion
Lung B-Lines
Increased plasma levels of NTproBNP and CA125

were found in patients with pathological lung B-lines
(Table 2). Multivariate analyses revealed that CA125 (p <
0.001), but not NTproBNP (p = 0.743), was positively
associated with the odds of presenting with pathological
B-lines (Fig. 4a).

IVC Diameter
Patients with IVC diameter >20 mm showed higher

NTproBNP and CA125 levels (Table 2). In the multi-
variable analysis, only NTproBNP remained indepen-
dently associated with the risk of increased IVC diameter
(Fig. 4b).

Discussion

In this subanalysis from the Cardioren registry, 45% of
the patients with CHF who attended a routine clinical
visit exhibited clinical data that were indicative of

Fig. 1. Flow diagram of patients included in CARDIOREN
substudy.
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congestion in the ambulatory CHF setting. The circu-
lating biomarkers were associated with different clinical
and imaging parameters of FO; specifically, NTproBNP
values were associated with the presence of parameters
linked to intravascular congestion (jugular engorgement,
orthopnea, and IVC diameter), whereas CA125 was re-
lated to signs of extravascular or tissue congestion (lower
extremity edema and lung B-lines).

Role of the Circulating Biomarkers CA125 and
NTproBNP in Identifying and Quantifying
Congestion in an Outpatient Setting
CA125
In recent years, numerous publications have demon-

strated the usefulness of plasma concentrations of CA125
as a biomarker in AHF [11, 14]. From the clinical per-
spective, CA125 provides information on the degree of

2
(Figure continued on next page.)
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congestion and is an established prognostic marker in
AHF [10, 16, 35]. In this setting, a positive association has
been observed with the presence of congestion, especially
right-sided and extravascular FO, although some studies

have also related it to intravascular congestion (diameter
of inferior cava vein) [15, 36–38]. However, its perfor-
mance in ambulatory CHF is less known [11, 17, 38]. Our
findings make a pertinent contribution in this regard, as

Fig. 2. Associations between CA125 and NTproBNP with a CCS (composite congestion score); b jugular
engorgement; c peripheral edema; d orthopnea. The covariates included in the models were the New York Heart
Association (NYHA) functional class, eGFR, the presence of diabetes mellitus, atrial fibrillation, systolic blood
pressure, furosemide dose, and hematocrit.
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they confirm that higher levels of CA125 are associated
with the presence and degree of clinical and imaging
congestion (predominantly extravascular) parameters in
patients with CHF [17]. In addition, the longer half-life of
CA125 makes it a parameter of particular interest in the
chronic HF scenario.

Natriuretic Peptides
While NPs are well-known markers of HF [23, 28], the

evidence for their association with congestion is debatable.
That is, while patients with HF who have left ventricular
systolic dysfunction exhibit high NP values, right dys-

function does not seem to translate into an additional
increase in NP. To elaborate, in patients with elevated NP
values due to left predominant HF, the involvement of the
right heart translates into elevations of NPs of much lesser
magnitude [21]. Based on the current research, we confirm
the usefulness of NPs in detecting intravascular congestion
in patients presenting chronic HF [39].

Clinical Implications
This subanalysis reveals that subclinical or mild

congestion is present in a significant portion (45% of the
sample) of ambulatory patients with CHF. Diagnosing

Fig. 3. Variables associated with quantitative clinical congestion score.

Table 2. Values of NTproBNP and CA125 according to the presence of clinical and imaging congestion parameters

NTproBNP, pg/mL CA125, U/mL

yes no p value yes no p value

CCS >1 2,199 (933, 4,946) 906 (364, 2,050) <0.001 18 (11, 41) 12 (8, 20) <0.001
Peripheral edema 2,216 (1,054, 5,530) 1,191 (464, 2,839) <0.001 21 (12, 60) 13 (8, 22) <0.001
Jugular engorgement 2,500 (1,058, 5,455) 1,022 (382, 2,413) <0.001 20 (12, 48) 12 (8, 21) <0.001
Orthopnea 2,326 (745, 5,283) 1,238 (489, 2,871) <0.001 17 (11, 47) 13 (9, 24) <0.001
Presence of B-lines 2,107 (937, 4,211) 1,184 (486, 2,927) <0.001 19 (11, 22) 13 (8, 23) <0.001
Diameter of IVC >20 mm 2,884 (1,281, 5,653) 1,240 (514, 2,838) <0.001 23 (12, 60) 13 (9, 23) <0.001

Data are expressed as median and IQR. CCS, composite congestion score; IVC, inferior vena cava.
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and quantifying congestion in an outpatient setting can
be particularly challenging. Notably, residual congestion
is strongly linked to worse outcomes [2, 22]. In this
context, routine biomarker assessment may enhance the

understanding and identification of different congestion
“phenotypes” [39].

To our knowledge, there is a lack of robust data on the
role of circulating CA125 and NPs in defining the FO

Fig. 4. Associations between CA125 and NTproBNP with a presence of lung B-lines; b IVC. The covariates
included in the models were the New York Heart Association (NYHA) functional class, eGFR, the presence of
diabetes mellitus, atrial fibrillation, systolic blood pressure, furosemide dose, and hematocrit.
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profile of ambulatory CHF patients. Our findings con-
tribute significantly to this area, as we confirm that both
biomarkers provide complementary information.
Therefore, we speculate that incorporating both bio-
markers into clinical practice may improve the early
detection of subclinical congestion and, therefore, the
early diagnosis of worsening HF. Phenotyping congestion
can also lead to improved volume management strategies
[15, 37, 40]. For instance, patients with predominant
tissue or extravascular congestion may benefit from more
aggressive diuretic therapy or diuretics that increase
vascular refill, such as sodium-glucose cotransporter 2
inhibitors or vaptans [20]. Conversely, patients with
predominant intravascular congestion and fluid redis-
tribution may benefit from vasodilator therapy and less
aggressive diuretic strategies [40, 41].

Limitations
This study has several limitations that need to be

mentioned. First, this is an observational study in
which several confounders may have affected the re-
sults. Another limitation is that the echocardiographic
assessment was not performed in 26% of the patients,
which may have increased the selection bias. In ad-
dition, despite US parameters being obtained and
evaluated by expert HF specialists, there was no ex-
ternal validation. Fourth, although this study encom-
passed several clinical and imaging parameters related
to congestion, additional variables, such as pleural
effusion, ascites, and other echocardiography param-
eters, were not assessed. Finally, laboratory determi-
nations were not centralized, which may have intro-
duced slight variability in the data.

Conclusions

Clinical signs of congestion are frequent in CHF.
Importantly, higher CA125 and NTproBNP values were
positively associated with FO parameters in CHF, with
NTproBNP related to intravascular congestion parame-

ters (jugular engorgement, orthopnea, and IVC diameter)
and CA125 related to extravascular congestion param-
eters (lower limb edema and lung B-lines).
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