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ABSTRACT

Background: Residual congestion in acute heart failure (AHF) is associated with poor prognosis.
However, there is a lack of data on the prognostic value of changes in a combined assessment of in-
hospital congestion. The present study sought to assess the association between in-hospital congestion

changes and subsequent prognosis according to left ventricular ejection fraction (LVEF) classification.

Methods: Patients (N=244, 80.3+7.6 years, 50.8% male) admitted for acute HF in two European tertiary
care centers underwent clinical assessment (congestion score included dyspnea at rest, rales, third heart
sound, jugular venous distention, peripheral edema and hepatomegaly; simplified congestion score
included rales and peripheral edema), echocardiography, lung ultrasound (LUS) and natriuretic peptides
(NP) measurement at admission and discharge. The primary outcome was a composite of all-cause

mortality and/or HF re-hospitalization.

Results: In the 244 considered patients (95 HF with reduced EF, 57 HF with mildly reduced EF and 92
HF with preserved EF), patients with limited improvement in clinical congestion score (hazard ratio
2.33,95%CI 1.51 to 3.61, p=0.0001), NP levels (2.29, 95%CI 1.55 to 3.38, p<0.0001) and the number of
B-lines (6.44, 95%CI 4.19 to 9.89, p<0.001) had a significantly higher risk of outcome compared to
patients experiencing more sizeable decongestion. The same pattern of association was observed when
adjusting for confounding factors. A limited improvement in clinical congestion score and in the number

of B-lines was related to poor prognosis for all LVEF categories.

Conclusions: In AHF, the degree of congestion reduction assessed over the in-hospital stay period can
stratify the subsequent event risk. Limited reduction in both clinical congestion and B-lines number are

related to poor prognosis, irrespective of HF subtype.



INTRODUCTION

Despite the recent advances in heart failure (HF) therapies, approximately 20-30% of HF patients
discharged from hospital are re-hospitalized within 30-90 days. [1,2] Acute heart failure (AHF) and
acute decompensated heart failure (ADHF) are clinical syndromes characterized by progressive
intravascular and interstitial fluid accumulation due to the increase in intracardiac filling pressures. Salt
and water retention leads to both pulmonary and systemic congestion which are responsible for
traditional symptoms and signs of decompensation such as dyspnea, hepato-renal congestion and
peripheral edema. [3] Current scenario may vary according with HF typology, haemodynamic
conditions, and disease journey (i.e. new onset vs worsening episode of chronic HF). In this framework,
the timely and accurate detection of congestion and its resolution is one of the main objectives in
AHF/ADHF management [3-5].

Various congestion assessment tools, such as clinical examination and chest X-ray, are typically
employed for congestion detection in acute settings despite limited sensitivity [3-5]. Recently, lung
ultrasound (LUS) has been endorsed in emergency departments to accurately diagnose and measure
pulmonary congestion through the number of “B-lines” or lung “comets”, which represent ultrasonic
reverberations arising from extravascular lung water. [6-8] Indeed, several studies have demonstrated
that the number of B-lines is a key prognostic marker in HF [9,10]. Additionally, residual pulmonary
congestion at discharge assessed by LUS is reported to be associated with poor prognosis in HF patients.
[9,10] Thus, in-hospital assessment of pulmonary congestion and the serial evaluation of its changes

could become the “key” for clinicians to better monitor and treat AHF/ADHF patients.

The latest European Society of Cardiology (ESC) 2021 HF guidelines classify HF patients according to
left ventricular ejection fraction (LVEF) status, namely heart failure with reduced ejection fraction
(HFrEF, LVEF<40%), heart failure with mildly-reduced ejection fraction (HFmrEF, 40%< LVEF< 49%)
and heart failure with preserved ejection fraction (HFpEF, LVEF>50%). [11] Although several studies
have evaluated the clinical characteristics and prognosis of HFrEF, HFmrEF and HFpEF patients, there

are very few studies which assessed the congestion burden in these specific patient subgroups.

The present study aimed to assess in-hospital changes/improvement in congestion and its association

with prognosis in patients with HF according to LVEF class.



METHODS
Pooled Patient Population

This is a retrospective study combining datasets from two independent cohort studies which enrolled
consecutive patients with AHF/ADHF.

The AHF-core study (admission and discharge): This is an ongoing cohort study which includes
patients hospitalized for acute HF in the university hospitals of the Grand Est region of France. LUS was

conducted within 72 hours of admission and before discharge.

The Siena cohort study (admission and discharge): The Siena cohort study included patients with
ADHF and with sinus rhythm as previous shown. All patients underwent echocardiography within 12
hours after admission. Clinical, laboratory and LUS data were assessed both at admission and at
discharge. [12]

All patients included in this study underwent clinical assessment, echocardiography, LUS and natriuretic
peptides (NP) measurement during hospitalization (B-type natriuretic peptide [BNP] and N-terminal-
pro-brain natriuretic peptide [NT-proBNP]).

Clinical congestion definition

Patients were evaluated by two physicians at admission and discharge to assess the degree of clinical
congestion, with 1 point attributed for each of the following signs: dyspnea at rest, pulmonary rales, third
heart sound, jugular venous distention, peripheral edema and hepatomegaly, all mentioned in the
European Society of Cardiology scientific statement on “Assessing and grading congestion in acute heart
failure” [5] and previously used by our team [12]. Simplified congestion score was based solely on

pulmonary rales and peripheral edema.
Echocardiography

Echocardiography was performed at hospital admission. Left ventricular (LV) systolic and diastolic
volumes and LVEF were determined using apical two- and four chamber views by the modified
Simpson’s biplane method. Left ventricular diastolic function was evaluated by pulsed Doppler
transmitral flow velocity, including: early diastolic velocity (E wave), late diastolic velocity (A wave)
and their ratio (E/A), deceleration time (DT) of E wave. Early diastolic myocardial velocity (e') was

obtained by tissue Doppler imaging (TDI) on the basal septal and basal lateral walls at the level of the



mitral annular site measuring five consecutive beats. The E/e’ ratio was calculated from the mean of the
two TDI measurements divided by the pulsed doppler E wave measured by placing the sample volume in
the LV chamber between the two mitral leaflets during the diastolic phase. TAPSE was obtained by
placing the M-mode cursor laterally to the tricuspid annulus. PASP was estimated by continuous
Doppler at the tricuspid valve level as the sum of 4 * squared peak velocity of tricuspid regurgitation and

the estimate of right atrial pressure based on inferior vena cava (IVC) diameter and collapsibility.
Lung Ultrasound (LUS)

Measurements were collected for each LUS zone. Eight LUS zones were analyzed for each patient. In
the Siena cohort, the maximum number of vertical reverberation artifacts (B-lines) was counted in a
single intercostal space for each zone and the sum of all 8 zones was considered as the total number of
B-lines. In the AHF-core cohort study, the number of B-lines counts were was calculated from those

obtained with the twenty-eight-point method and converted to 8 zone counts as previously reported. [9]
Study Outcomes

The primary outcome was the composite of all-cause mortality and/or HF re-hospitalization. All patients
were followed after discharge in each institution. Median follow-up duration in the AHF-core study was
90 (57 - 90) days and 156 (65 - 180) days in the Siena cohort study.

Statistical Analysis

Patients with heart failure were divided into three subgroups according to LVEF: HFrEF (LVEF<40%),
HFmMrEF (40% <LVEF <50%) and HFpEF (LVEF>50%).

Categorical data are presented as number and percentages, and normally and non-normally distributed
continuous variables as mean and standard deviation (SD). Continuous variables were compared using
ANOVA or Kruskal-Wallis tests as required, while chi-squared test or Fisher’s exact test was used for

categorical variables.

To assess the association between congestion changes and subsequent outcome, limited improvement in
congestion was defined as an improvement in congestion below the median for each clinical, NP and
LUS congestion variables. The thresholds used for limited improvement of each congestion variable
were as follows: delta complete clinical congestion score >-2, delta simplified clinical congestion score
>-1, delta NP Z score > 0, delta BNP > -411, delta B-lines >-10. Crude and adjusted Cox proportional
hazard regression models were used to assess the relationship between congestion changes and clinical
outcome during follow-up. In these models, interactions between LVEF category and the association of
congestion variables with outcome were tested using interaction terms in survival models. Hazard ratios

and their 95% confidence intervals are reported.



Results yielding a p value <0.05 were considered statistically significant. All analyses were performed
using SAS version 9.4.6 (SAS Institute Inc., Cary, N.C., USA) and R version 3.6.1 (2019-07-05).

RESULTS
Baseline characteristics in the overall study population and according to LVEF class

A total of 244 patients were included (50.8% men, mean age 80.3+7.6 years). The proportion of
ischemic heart disease (IHD), atrial fibrillation (AF) and chronic kidney disease (CKD) were 43.2%,
24.2% and 71.7 %, respectively. Mean admission clinical congestion score was 2.5+1.2 and mean
admission BNP and mean NT-proBNP levels were 1354.1 + 964.9 pg/mL and 16324.2 + 20737.6

pg/mL, respectively. Mean LVEF was 41.6 + 12.5 and mean B-lines at admission was 30.6 + 9.2.

When sub-dividing the study population according to LVEF, there were 95 HFrEF patients, 57 HFmrEF
patients and 92 HFpEF patients. Patients with HFrEF were more likely to be male (63.2% vs. 47.4% vs.
40.2% ; p=0.006) and had a higher prevalence of IHD (82.1% vs. 33.3% vs. 8.8% ; p<0.001) compared
to HFmrEF and HFpEF patients. Moreover, patients with HFrEF demonstrated a significantly higher
admission congestion score (3.0 £ 1.0 vs. 25 + 1.2 vs. 2.0 + 1.1 ; p<0.001) and admission BNP levels
(1597.2 £ 1069.9 vs. 1324.3 £ 914.9 vs. 1121.1 + 819.5 pg/mL ; p=0.001) relative to HFmrEF and
HFpEF patients. Similarly, congestion score at discharge (complete) (p=0.0008) and BNP levels
(p=0.0009) were significantly higher in HFrEF patients compared to HFmrEF and HFpEF patients. The
number of B-lines at admission (p=0.14) and at discharge (p=0.11) did not differ significantly among the
groups [Table 1].

In our cohort of 244 patients, 175 were identified with chronic kidney disease (CKD), defined by an
estimated glomerular filtration rate (eGFR) of less than 60 ml/min/m”2. When examining the association
between eGFR levels (categorized as eGFR<30 ml/min/m”2, 30 to less than 60 ml/min/m"2, and
eGFR>60 ml/min/m”"2) and the number of B-lines at the time of admission, we found no statistically
significant difference across the eGFR groups (p=0.26). This lack of significant difference persisted in
the number of B-lines at the time of discharge across the same eGFR categories (p=0.31), as illustrated

in Supplementary Figure 1.
Association between limited improvement in congestion and outcome

Univariate Cox regression analysis showed that patients who experienced limited improvement in
clinical congestion score (p=0.0001), NP levels (p<0.0001) and the number of B-lines (p<0.001) had a
poor outcome. Multivariable Cox regression analysis confirmed a similar trend after adjustment for age,

sex, coronary artery disease, CKD, AF and initial value of the considered congestion variable [Table 2].



When assessing the changes in clinical congestion, NP values and B-lines according to HFrEF, HFmrEF
and HFpEF class, the limited improvement in clinical congestion score and in the number of B-lines
were related to poor prognosis independently of LVEF classification. Among all variables, limited
improvement in NP values during hospitalization was the only variable not significantly related to

prognosis in HFpEF [Figure 1].
Interplay between limited improvement in clinical, imaging and biological congestion

In view of the above findings, the study population was divided into 7 subgroups according to the
limited/no improvement in congestion variables using a Venn diagram. As showed in Figure 2, there
were 35 patients with only limited/no improvement in simplified clinical congestion score, 30 patients
with only limited/no improvement in the number of B-lines, 14 patients with only limited/no
improvement in NP level, 20 patients with limited/no improvement in both simplified congestion score
and NP level, 22 patients with limited/no improvement in both simplified congestion score and B-lines
count, 33 patients with limited/no improvement in both B-lines count and NP level and 48 patients with
limited/no improvement in simplified congestion score, B-lines count and NP level. [Figure 2A] When
analyzing the outcome occurrence rate among the 7 subgroups, limited improvement in clinical and/or
NP level was associated with a poorer outcome whereas the limited improvement in B-lines count was
associated with a high risk of adverse events occurrence irrespective of the presence of the two other
components (17% vs. 62% vs. 36% vs. 10% vs. 59% vs. 88% vs. 73%; p<0.001) [Figure 2B].

Prognostic value of limited improvement in congestion according to LVEF class

The pattern of association between limited congestion improvement and outcome was similar in all
LVEF subtypes [Figure 3].

DISCUSSION

Congestion plays a central role in HF progression and re-hospitalization and its assessment is a critical
goal in HF management. [13,14] Several scores for clinical congestion evaluation and severity have been
proposed although none have been extensively assessed to date and their related prognostic accuracy
remains to be clarified. [15,16] Our study focused on the in-hospital evaluation of clinical and
pulmonary congestion both at admission and at discharge. We demonstrate that the limited improvement
in clinical congestion score, number of B-lines and natriuretic peptide levels from admission to
discharge was related to poor outcome. In addition, the limited improvement in either clinical
congestion score or B-lines count was associated with a higher risk of event regardless of LVEF class. A

limited improvement in B-lines during hospital stay was associated with a numerically greater increase



in event risk than limited improvement in clinical congestion score or natriuretic peptide levels. Hence,
the limited improvement in B-lines count constituted the key congestion variable predicting worse

prognosis in AHF.

To the best of our knowledge, this is the first study highlighting the prognostic role of in-hospital LUS
changes in AHF/ADHF according to LVEF classification. AHF is a clinical syndrome characterized by
fluid overload which manifests as clinical congestion. According to the traditional clinical classification,
congestion status and perfusion state represent the main factors driving outcome in AHF patients. [3] In
line with these observations, a recent analysis of the ESC-EORP-HFA Heart Failure Long-Term Regis-
try demonstrated that, among 7865 AHF patients, “wet” patients had a worse prognosis; in addition,
among the discharged patients, 30.9% had residual congestion, and had a higher 1-year mortality com-
pared to patients discharged without congestion (28.0 vs. 18.5%). [17] Additionally, a recent study in-
cluding 1000 patients showed that pulmonary congestion assessed through chest X-ray was related to
poor prognosis, with a worsening of prognosis with increasing pulmonary congestion. [18] Given that
LUS assessment appears to be superior to chest X-ray in detecting pulmonary congestion as shown in a
head-to-head meta-analysis, accurate assessment of pulmonary congestion trajectories throughout the

course of hospitalization is an invaluable tool for risk stratification. [19]

Moreover, our study showed that the analysis of the number of B-lines at admission and at discharge did
not significantly change across eGFR strata (categorized as eGFR<30 ml/min/m”2, 30 to less than 60
ml/min/m”2, and eGFR>60 ml/min/m”"2). These findings are different with respect to the available
studies. Indeed, an analysis of 97 AHF patients performed by Pugliese et al. demonstrated that patients
with CKD presented higher percentage of patients with B-lines number>15 than patients without CKD.
In this analysis the contemporary presence of congestion and CKD was related to poor prognosis and

also to inflammatory status. [20]

LUS is a rapid and reliable tool for assessing pulmonary congestion since it reflects real-time pulmonary
congestion and pulmonary circulation status. Imanishi et al. confirmed the direct correlation between B-
lines count and pulmonary capillary wedge pressure and thus the prognostic weight of residual
pulmonary congestion in AHF. [21] Several studies assessing residual pulmonary congestion at
discharge revealed the worse prognosis in patients with higher B-lines count. [9,10,21,22] Our study
confirms that a limited reduction in B-lines count (lesser than 9) was related to poor prognosis as well as

the lack of improvement in clinical congestion.

Although all congestion signs are related to poor outcome in AHF, there is absence of concordance
among the various congestion markers. [16] This lack of concordance likely results from the fact that
every patient shows a different congestion phenotype which could be related to a different HF picture,
etiology and LVEF classification. Despite the fact that peripheral congestion, intravascular congestion



and pulmonary congestion are all aspects of the same pathophysiological process, they can all occur
differently. Our findings are in agreement with a previous study including both HFrEF and HFpEF
patients demonstrating the significant prognostic value of discharge B-lines count in all patients; a
significant association between discharge B-lines and outcome was also separately confirmed in HFrEF
and HFpEF. [12] Furthermore, a multicenter study including 125 patients with HFrEF and 83 patients
with HFpEF, showed demonstrated the residual pulmonary congestion, defined as the number of B-lines
at discharge greater than 15, was related to poor prognosis independently from LVEF and from
biohumoral and echocardiographic data. [23] Another report including approximately 1000 patients
showed that pulmonary congestion detected through LUS (B-lines count>30) had a significant
relationship with worse prognosis in HFpEF. [24] Conversely, Cogliati et al. did not find an association
between outcome and B-lines, and only inferior vena cava (IVC) diameter at discharge was related to
poor outcome. [25] Their findings suggested the prognostic weight of intravascular congestion in HFrEF
patients who exhibited increased central venous pressure, a condition typically associated with systemic
fluid accumulation and underlying right HF. Indeed, in HFpEF, prevalent pulmonary congestion
assessed by LUS and its relationship with prognosis may result from fluid redistribution due to increased
vascular resistance/stiffness, subsequently leading to reduced capacitance in the large veins as well as

increased arterial resistance. [26]

Although various studies have analyzed congestion burden in both HFrEF and HFpEF, few studies have
assessed such burden in HFmrEF. To this end, our study confirmed that the limited/no improvement in
clinical congestion and B-lines during hospitalization was related to poor prognosis independently from
LVEF phenotype. Accordingly, HFmrEF patients with limited improvement in congestion demonstrated

poor outcome, mainly related to poor B-lines improvement.

Thus, in-hospital assessment of congestion through clinical, laboratory examination and LUS at
admission and after treatment could represent a valuable tool in recognizing high-risk profile patients.
Patients with residual congestion were more prone to occurrence of adverse events, regardless of LVEF
class. Our study further demonstrates the prognostic role of residual congestion as well as residual
pulmonary congestion assessed by LUS. Congruent with these findings, Kang et al. showed that the
combination of conventional congestion assessment and B-lines before discharge aided physicians in
risk stratification of hospitalized HF patients. [27] Hence, limited congestion improvement during
hospitalization may be related to unsuccessful or insufficient in-hospital treatment, diuretic resistance, or
delay in prescribing newer HF therapies prior to discharge. A recent analysis of BLUSHED-AHF trial
confirmed the better prognosis in patients with LUS reduction from emergency department to discharge;
however, this benefit was significant and evident in patients without tachycardia, tachypnea,
hypotension, hyponatremia, uremia, advanced age, or history of myocardial infarction at admission. [28]
Indeed, in keeping with the latter, the ongoing IMP-OUTCOME trial will explore B-lines-guided



intensive HF management in the post-discharge period in patients discharged with residual pulmonary
congestion. [29] Therefore, the in-hospital monitoring of pulmonary congestion through LUS could be
done together with echocardiography assessment evaluating PASP, inferior cave vein (ICV) and left
ventricular filling pressures in order to better stratify patients with high risk of adverse events. This
approach was applied by Ohman J et al. who demonstrated that in 60 AHF patients, E/e decrease within
hospitalization was a significant congestion parameter able to evaluate pulmonary congestion resolution
in relation to better prognosis; however, pulmonary congestion resolution assessed by LUS, remained
the only congestion variables related to good outcome at 6 months. [30] In this line, further studies are
necessary to investigate the value of congestion monitoring and resolution to guide therapies in AHF

patients.
LIMITATIONS

This study is a retrospective analysis of consecutive AHF patients, evaluated with a post-hoc research
objective in mind. The methodology for recording B-lines differed between the two centers, utilizing
either a 28-point or an 8-zone approach, which was later standardized. A notable limitation was the
absence of echocardiographic assessments prior to discharge, which would have been valuable for a
more detailed understanding of the changes in PASP, IVC size, and E/e' ratio throughout the hospital
stay. Additionally, information on heart failure treatments during hospitalization was not
comprehensively available for all patients, hindering the examination of the relationship between
decongestive therapies and congestion patterns. Furthermore, data on heart failure triggers and
comprehensive biomarker profiles during the acute phases were not accessible, thus precluding their

analysis in relation to in-hospital congestion trends.
CONCLUSIONS

Limited improvement in clinical congestion, NP values and B-lines count is a strong predictor of poor
prognosis irrespective of LVEF class. The prognostic value of limited improvement in B-lines appeared
more stringent than that of other congestion parameters, making it a cardinal variable to monitor during
hospital stay. Further studies should determine whether strategies intended to minimize discharge

congestion (especially focusing on B-lines) can improve clinical outcome following discharge.
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Table 1: Characteristics of patients with heart failure overall and according to LVEF classification (HFpEF, HFmrEF and HFrEF) in the AHF-CORE and Siena

cohorts
Overall HFrEF (LVEF <40%) HFmrEF (40<=LVEF <50%) HFpEF (LVEF >=50%)
(n=244) (n=95) (n=57) (n=92)
Mean £ SD / Mean £ SD/ Mean £ SD / Mean £ SD /
Characteristic N P-value
n(%o) n(%o) n(%o) n(%o)
Age (years) 244 80.3+7.6 80.9+7.0 80.8+75 795+83 0.40
Men 244 124 (50.8 %) 60 (63.2 %) 27 (47.4 %) 37 (40.2 %) 0.006
Risk factors — n. (%)
Previous HF 28 16 (57.1 %) 7 (58.3 %) 4 (57.1 %) 5 (55.6 %) 1.00
Ischemic heart disease (IHD) 243 105 (43.2 %) 78 (82.1 %) 19 (33.3 %) 8(8.8%) <0.0001
AF 244 59 (24.2 %) 24 (25.3 %) 15 (26.3 %) 20 (21.7 %) 0.77
CKD 244 175 (71.7 %) 66 (69.5 %) 43 (75.4 %) 66 (71.7 %) 0.73
Clinical examination and BNP
Heart rate (bpm) 244 89.1+9.6 88.9+10.7 88.2+10.8 89.8+7.3 0.67
Systolic blood pressure (mmHg) 244 128.7+18.1 116.6 + 16.1 128.7+12.8 141.3+13.9 <0.0001
Edema at admission 243 176 (72.4 %) 90 (94.7 %) 41 (71.9 %) 45 (49.5 %) <0.0001
Rales at admission 244 220 (90.5) 83(87.4) 51 (89.5) 86 (94.5) 0.24
Admission congestion score (complete) 241 25+12 3.0+1.0 25+12 2011 <0.0001
0 241 1 (0.4 %) 0(0.0%) 1(1.8%) 0(0.0%)
1 241 63 (26.1 %) 9 (9.7 %) 15 (26.3 %) 39 (42.9 %)
2 241 57 (23.7 %) 22 (23.7 %) 15 (26.3 %) 20 (22.0 %) <0.0001
3 241 53 (22.0 %) 23 (24.7 %) 9 (15.8 %) 21 (23.1 %)
4 241 67 (27.8 %) 39 (41.9 %) 17 (29.8 %) 11 (12.1 %)
Admission congestion score (simplified) 243 16+05 18+04 16+0.5 14+05 <0.0001
0 243 2(0.8%) 0(0.0%) 1(1.8%) 1(1.1%)
1 243 86 (35.4 %) 17 (17.9 %) 20 (35.1 %) 49 (53.8 %) <0.0001
2 243 155 (63.8 %) 78 (82.1 %) 36 (63.2 %) 41 (45.1 %)
Discharge congestion score (complete) 239 09+12 12+13 09+12 07+£12 0.0008
0 239 125 (52.3 %) 34 (36.2 %) 31 (55.4 %) 60 (67.4 %)
1 239 56 (23.4 %) 30 (31.9 %) 13 (23.2 %) 13 (14.6 %) 0.0008

2 239 21 (8.8 %) 14 (14.9 %) 5 (8.9 %) 2(2.2%)



3 239 22 (9.2 %) 8 (8.5%) 3(5.4%) 11 (12.4 %)
4 239 15 (6.3 %) 8(8.5%) 4(7.1%) 3(34%)
Discharge congestion score (simplified) 240 0.7+0.8 0.8+0.8 06+0.8 05+0.38 0.002
0 240 130 (54.2 %) 37 (38.9 %) 32 (57.1 %) 61 (68.5 %)
1 240 64 (26.7 %) 36 (37.9 %) 15 (26.8 %) 13 (14.6 %) 0.0011
2 240 46 (19.2 %) 22 (23.2 %) 9 (16.1 %) 15 (16.9 %)
BNP at admission 233 1354.1 + 964.9 1597.2 + 1069.9 1324.3 +914.9 1121.1 +819.5 0.001
BNP at discharge 230 887.3 £838.0 1117.1+948.1 792.4+715.0 701.6 £728.6 0.0009
NT-proBNP at admission 11 16324.2 £ 20737.6 33053.3 £ 26763.4 10632.3 + 12298.6 3864.0 £1954.0 0.15
NT-proBNP at discharge 11 12315.6 + 20317.0 25400.3 +31241.8 5618.3 + 5803.8 4254.0 +4201.2 0.15
Echocardiography and LUS
LVEF (%) 244 41.6+125 284+6.4 428+2.7 545%45 < 0.0001
. d%g}gﬁ count (highest scoring within a zone) at 244 306+9.2 316494 3014102 20.8+8.4 0.14
B-lines count (highest scoring within a zone) at 240 20.9+9.2 224+94 205+ 9.7 19.6+856 011

discharge

Abbreviations: LVEF: Left Ventricular Ejection Fraction, HFrEF: Heart Failure with reduced Ejection Fraction, HFmrEF: Heart Failure with mildly reduced Ejection
Fraction, HFpEF: Heart Failure with preserved Ejection Fraction, BNP: B-type natriuretic peptide, NT-proBNP: N-terminal-pro-brain natriuretic peptide, LUS: Lung

Ultrasound

Complete congestion score was based on 1 point being attributed for each of the following signs: dyspnea at rest, pulmonary rales, third heart sound, jugular venous

distention, peripheral edema and hepatomegaly. Simplified congestion score was based solely on pulmonary rales and peripheral edema.



Table 2: Association between limited improvement in congestion and the composite of death or re-hospitalization for heart failure - Overall.

Univariable Adjusted *
n/N HR (95%Cl) P-value HR (95%Cl) P-value

Limited clinical congestion improvement

Based on complete clinical congestion score 185/237  2.33(1.51- 3.61) 0.0001 3.01(1.92- 4.72) <0.0001

Based on simplified clinical congestion score 186/240 2.04(1.36- 3.07) 0.0006 3.18 (2.03 - 4.98) <0.0001
Limited NP improvement 2.17(149- 3.17)  <0.0001 2.19(1.46 - 3.29) 0.0001

Based on median NP Z score change 125/241

Relative reduction from admission >30% 62/241 0.93(0.62 - 1.41) 0.74 1.14(0.75 - 1.73) 0.55
Limited LUS improvement

Based on median B-lines change 116/240 6.44 (4.19- 9.89)  <0.0001 6.71 (4.24 - 10.60) <0.0001

adjusted for age, sex, coronary artery disease, chronic kidney disease, atrial fibrillation and initial value of the considered congestion variable

Complete congestion score was based on dyspnea at rest, pulmonary rales, third heart sound, jugular venous distention, peripheral edema and hepatomegaly. Simplified
congestion score was based solely on pulmonary rales and peripheral edema.

The thresholds used for each congestion variable are as follows: delta complete clinical congestion score > -2, delta simplified clinical congestion score > -1, delta NP Z
score > 0, delta BNP > -411, delta B-lines > -10.



Figure 1: Association between limited improvement in congestion and the composite of death or rehospitalization
for heart failure according to HF subtype.

Effect HR (CI95%) Interaction p-value
Change in clinical congestion score (complete) 0.76
Overall i 3.01(1.92-4.72) <0.0001
HFIEF (A) —a— 2.81(1.54-5.12) 0.0007
HFmeEF (B) —a— 4.13 (1.77 - 9.66) 0.001
HFpEF (C) —— 3.29 (1.42 - 7.65) 0.006
Change in clinical congestion score (simplified) 0.38
Overall — 3.18(2.03 - 4.98) <0.0001
HFIEF (A) —a— 4.00 (2.03 - 7.89) <0.0001
HFmrEF (B) —a— 4.07 (1.83 - 9.04) 0.0006
HFpEF (C) —— 2.17 (1.04 - 4.53) 0.040
Change in BNP (Z-score) 0.63
Overall i 2.19 (1.46 - 3.29) 0.0001
HFIEF (A) —— 2.32/(1.26 - 4.26) 0.007
HFuEF (B) —— 2.74 (1.30 - 5.76) 0.008
HFpEF (C) —— 1.71 (0.87 - 3.36) 0.12
Change in B-lines 0.09
Overall — 6.71 (4.24 - 10.60) <0.0001
HFIEF (A) —a— 4.34 (235 - 8.00) <0.0001
HFmeEF (B) —a— 12.0 (4.96 - 28.9) <0.0001
HFpEF (C) —a— 9.60 (4.21 - 21.9) <0.0001

Legend: Models are adjusted for age, sex, coronary artery disease, chronic kidney disease, atrial fibrillation and initial

value of the considered parameter.

The thresholds used for each congestion variable are as follows: delta complete clinical congestion score > -2, delta
simplified clinical congestion score > -1, delta NP Z score > 0, delta BNP > -411, delta B-lines > -10.



Figure 2: Venn diagram according to limited/no congestion improvement in congestion parameters (A);
Outcome occurrence rate according to limited/no improvement congestion groups (Chi-square test, p<0.001) (B).
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Figure 3: Percentage of patients with outcome occurrence according to limited/no improvement congestion
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Supplementary Figure 1. Median differences of admission and discharge number of B-lines according to eGFR strata
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