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Abstract

Background: Patients with acute heart failure exhibit high rates of early rehospitalization
accompanied by significant mortality. Therefore, identifying high-risk patients who are
prone to disease exacerbation may enable early therapeutic interventions for improved
disease management. Methods: This single-center, prospective observational study was
conducted at a Brazilian hospital. Adult patients hospitalized for acute heart failure were
enrolled. On the day of hospital discharge, NT-pro-BNP and body weight data were col-
lected, and bedside lung and inferior vena cava ultrasound examinations were performed.
The patients were followed up for up to 30 days after discharge. The primary outcome was
rehospitalization for acute heart failure. Results: A total of 100 patients were included in
the final analysis, of whom 10% were readmitted within 30 days owing to acute heart failure.
The number of patients with total B-line scores >3 in the readmitted and non-readmitted
groups was 6 and 19, respectively (60% and 21%, respectively; absolute risk difference:
39%; p = 0.014). The mean inferior vena cava collapsibility index was significantly lower
in readmitted compared to that in non-readmitted patients (25.5% vs. 39.8%, standard
deviation: 15.4% and 18.4%, respectively; p = 0.020). However, mean body weight and
mean NT-pro-BNP levels at discharge did not differ between the groups. In a multivariate
logistic regression model adjusted for sex, age, discharge body weight, and left ventricular
ejection fraction, a total B-lines score >3 had an odds ratio of 4.72 (95% confidence interval
(CI): 1.01-22.13; p = 0.049), while the inferior vena cava collapsibility index had an odds
ratio of 0.96 (95% CI: 0.91-1.01; p = 0.091). Conclusions: A total B-line score >3 at discharge
in patients hospitalized for acute heart failure was associated with 30-day rehospitalization.
In contrast, inferior vena cava ultrasound, discharge body weight, and NT-pro-BNP at
discharge were not significant predictors of rehospitalization.

Keywords: acute heart failure; point-of-care ultrasound; lung ultrasound; inferior vena
cava ultrasound; NT-pro-BNP; body weight; rehospitalization
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1. Introduction

Heart failure (HF) is a complex clinical syndrome resulting from structural or func-
tional cardiac abnormalities associated with impaired ventricular ejection or filling capac-
ity [1,2]. It is estimated that over 64 million people have HF worldwide, with a prevalence
of 1-3% in the general adult population. Its incidence is estimated to be increasing owing
to improved survival rates and longer life expectancy in the general population [3].

Despite advances in HF treatment [4], hospitalization and mortality rates remain
high. Approximately 50-75% of patients die within five years. Additionally, approximately
30-40% of patients with HF experience at least one hospitalization episode due to HF [3].

Within the spectrum of HF, acute heart failure (AHF) stands out, characterized by
the rapid or gradual onset of HF signs and symptoms that prompt patients to seek urgent
care, leading to emergency department visits and unplanned hospital admissions [1,2].
AHF is associated with higher mortality and rehospitalization rates. Approximately 25% of
patients hospitalized for AHF die or are readmitted within 30 days of hospitalization [5,6].

Hospital readmissions in these patients were associated with multiple factors. One
such factor is failure to identify at-risk patients at discharge [6]. Patients may exhibit subtle
signs of HF decompensation on the day of discharge that are not always detected by the
attending healthcare team. This failure in identification can result in premature discharge
and, consequently, readmissions within a month [6]. Therefore, proper identification of
high-risk patients for rehospitalization can assist in optimizing AHF treatment.

Body weight is a key variable potentially associated with a high risk of rehospitaliza-
tion [7]. Signs of congestion may be reflected in a patient’s excess weight. Both absolute
body weight at discharge and its variability during hospitalization may be linked to an
increased likelihood of rehospitalization within 30 days [7,8].

Another potential variable that may be associated with hospital readmission in AHF
is N-terminal pro-brain natriuretic peptide (NT-pro-BNP) levels [8,9]. N-terminal pro-brain
natriuretic peptide is a serum biomarker formed by the cleavage of pro-BNP, a precursor of
brain natriuretic peptide primarily produced in the cardiac ventricles. Its levels increase in
response to ventricular overload, which is a common phenomenon in patients with HF [10].
Some studies have suggested a correlation between elevated NT-pro-BNP levels and higher
hospital readmission rates [6,8].

Recently, bedside ultrasound has become increasingly valuable for non-radiologist
and non-cardiologist physicians [11]. It can confirm a diagnosis in more than 50% of
suspected cases. Among its various applications, bedside ultrasound is particularly useful
for detecting signs of congestion, both pulmonary and systemic, through lung and inferior
vena cava (IVC) ultrasound, respectively [12,13].

Lung ultrasonography can detect signs of pulmonary congestion through the presence
of B-lines, which are ultrasonographic artifacts arising from increased pulmonary density,
a phenomenon commonly observed during pulmonary congestion [13]. Similarly, IVC
ultrasound can estimate the IVC collapsibility index, which decreases during ventilation
under certain conditions, such as systemic congestion [13]. Thus, both B-lines and the
IVC collapsibility index may be associated with higher readmission rates in patients with
AHEF [14,15].

Although the evidence suggests that discharge body weight, NT-pro-BNP levels, num-
ber of B-lines, and the IVC collapsibility index are associated with 30-day rehospitalization
and mortality, no studies have investigated the association of all these variables collectively
in the same population. The present study aimed to compare the relationship between
these variables and 30-day rehospitalization in patients with AHF.
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2. Material and Methods

This prospective, single-center cohort study was conducted at the Hospital of Botucatu
Medical School in Brazil. The study was conducted in accordance with the Declaration
of Helsinki and approved by the Research Ethics Committee of Botucatu Medical School
(protocol code: 50969621.8.0000.5411, date of approval: 3 November 2021). Data collection
commenced following ethical approval.

2.1. Inclusion and Exclusion Criteria

All patients hospitalized by the Internal Medicine team for suspected or confirmed
decompensated HF were screened for participation in the study. Patients were included if
they were over 18 years of age, had a diagnosis of congestive HF, and required intravenous
diuretics for the relief of congestive symptoms. Informed consent was obtained from all
subjects involved in the study. Congestive HF was defined as the presence of two major
criteria or one major and two minor criteria based on the Framingham risk score [16].

The exclusion criteria included a prior diagnosis of cirrhosis, stage V chronic kidney
disease, the need for home oxygen therapy, a previous diagnosis of cor pulmonale, or an
inability to measure body weight on a conventional scale on the day of discharge for any
reason. In addition, those with interstitial lung diseases that could generate pulmonary B-
lines and interfere with the ultrasonographic analysis of pulmonary congestion, such
as COVID-19 or pneumonia, were excluded. Patients who did not undergo bedside
ultrasonography on the day of discharge for any reason and those who did not complete
the 30-day follow-up period after hospital discharge were also excluded.

2.2. Sample Size

For the sample size calculation, an approximate rehospitalization rate of 25% for AHF
within 30 days was considered, with a 95% confidence interval (CI) and a sampling error
of 10%, using Fisher and van Belle’s formula. The minimum required sample size was
calculated to be 73 patients.

2.3. Follow-Up Protocol and Outcome

Patients included in the study were followed up at two different time points: at hospital
discharge and 30 days after hospital discharge. The 30-day follow-up after discharge was
conducted remotely via telephone with the patient or caregiver. The primary outcome
assessed was 30-day rehospitalization.

2.4. Ultrasound Assessment

Ultrasound assessment was performed on the day the patients were discharged from
the hospital using a GE Venue R1 ultrasound machine (GE Healthcare, Chicago, IL, USA).
For lung ultrasound, a convex probe (1-5 MHz) was used and the configuration used was
the standardized lung mode of the device. The thorax is divided into eight zones, each side
having four zones: anterosuperior, anterosuperior, laterosuperior, and lateroinferior [17].
The probe was positioned along the longitudinal plane of each zone. The total B-line score
was determined as previously described [18]. If a zone contained fewer than five B-lines,
the number of B-lines was counted. If there were five or more B-lines, a default score of
5 was assigned for the zones without completely coalescent B-lines and 10 for the zones
with completely coalescent B-lines (white lung signal).

For the IVC ultrasound, the same GE venue R1 model and convex probe were used,
but the standard configuration of the device for the abdominal mode was used. The IVC
was measured in two-dimensional mode in a subcostal window using the long axis distal
to the hepatic vein, approximately 1-3 cm from the entrance to the inferior vena cava in
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the right atrium [19]. The inspiratory and expiratory diameters, in millimeters (mm), and
the collapsibility index, in percentage (%), of the IVC were estimated using the “Auto-IVC”
mode of the ultrasound device. The collapsibility index was calculated automatically using
the following formula:

CI (%) = [(Dexp — Dinsp)/Dexp] x 100

where Cl is the IVC collapsibility index (%), Dexp is the largest IVC diameter during
expiration (mm), and Dinsp is the smallest IVC diameter during inspiration (mm). All
ultrasound assessments were performed by the same operator, and the images were stored
in a file that could only be accessed by the operator. The health assistant team did not have
access to the images during the study.

2.5. Clinical and Laboratory Variables

Regarding the clinical profile, data were obtained from the medical history, physical
examination, and medical records at both admission and discharge. The analyzed variables
were age, seX, race, length of hospital stay, body weight, peripheral oxygen saturation,
and the need for oxygen therapy for more than 24 h during hospitalization. Body weight
measurements were taken using the same portable digital scale for all patients.

The comorbidities investigated included a history of systemic arterial hypertension,
diabetes mellitus, dyslipidemia, obesity, past or current smoking, and past or current
alcohol consumption. Patients were classified as diabetic if they had fasting glucose
levels >126 mg/dL or casual glucose levels >200 mg/dL in previous or hospitalization
tests, or if they had a prior diagnosis and were undergoing treatment. Hypertension was
defined as systolic blood pressure >140 mmHg and/or diastolic blood pressure >90 mmHg,
or a prior diagnosis of hypertension. Obesity was defined as a body mass index >30 kg/m?,
and dyslipidemia was considered in patients with a prior diagnosis of dyslipidemia and/or
those undergoing LDL cholesterol-lowering therapies.

The heart failure parameters investigated included ejection fraction (%) and etiology,
as determined by echocardiography. Ejection fraction was assessed using the most recent
echocardiogram performed before hospitalization from the time of enrollment of the patient
in the study. Patients were classified as having hypertensive HF, ischemic HF, valvular
HF, dilated cardiomyopathy, or other etiologies, which were determined based on clinical
history and echocardiographic findings.

Medication use was also analyzed, including angiotensin-converting enzyme in-
hibitors, angiotensin receptor blockers, neprilysin inhibitors combined with valsartan,
beta-blockers, calcium channel blockers, nitrates, vasodilators, positive inotropes, diuretics,
antiplatelet agents, statins, insulin, sodium; glucose cotransporter 2 inhibitors (SGLT2Is),
and other oral antidiabetic drugs.

Laboratory parameters conducted at hospital admission that were analyzed included
hemoglobin (g/dL), hematocrit (%), platelet count (/mm?), leukocyte count (/mm?), serum
creatinine (mg/dL), serum urea (mg/dL), serum sodium (mmol/L), serum potassium
(mmol/L), and serum NT-pro-BNP (pg/mL). The laboratory variables at hospital discharge
that were also analyzed included serum creatinine (mg/dL), serum urea (mg/dL), serum
sodium (mmol/L), serum potassium (mmol/L), and serum NT-pro-BNP (pg/mL).

2.6. Statistical Analysis

Enrolled patients were categorized into two groups: those who were rehospitalized
within 30 days and those who were not. Proportional variables were analyzed using
either the x? test or Fisher’s exact test. Continuous variables were tested for normality
using the Shapiro-Wilk test. Variables with a normal distribution were expressed as
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means =+ standard deviations, and group comparisons were performed using a Student’s
t-test. For non-parametric variables, medians and interquartile ranges were calculated,
and group comparisons were conducted using the Mann-Whitney U test. Associations
between clinical and ultrasonographic variables and clinical outcomes were analyzed
using univariate and multivariate logistic regression. Variables that showed statistically
significant differences on univariate analysis were initially included in the multivariate
analysis. In the second model, the independent variables recognized as clinically relevant
in the context of AHF were sex, age, body weight at discharge, and left ventricular ejection
fraction. All statistical analyses were performed using SigmaPlot for Windows v12.0, with
a significance level of 5% adopted for all tests.

3. Results

Between 6 January 2022, and 3 January 2024, 345 patients were screened. Of them,
136 met the inclusion criteria. However, thirty-six patients were excluded: five due to the
inability to measure body weight at discharge, one due to hepatic cirrhosis, two due to
the need for home oxygen therapy after discharge, four due to concomitant interstitial
lung disease that could interfere with pulmonary congestion analysis, nineteen due to not
undergoing ultrasound at discharge, two due to withdrawal of informed consent after
signing, one due to the loss of recorded ultrasound images caused by technical issues with
the ultrasound device, and two due to loss of follow-up. As a result, 100 patients were
included in the final data analysis (Figure 1).

[

345 screened patients }

[

36 patients excluded:
- 19 for not performing the ultrasound at hospital discharge

136 patients with
inclusion criteria

* 7 due to death during hospitalization
® 2 due to evasion
® 2 due to communication failure between clinical team and research team
* 5 due to unavailability of the examiner
* 3 due to transfer to another service
- 5 for inability to measure weight at discharge
- 1 for liver cirrhosis
- 2 for home oxygen therapy
- 4 for interstitial lung diseases
- 2 for withdrawal from the study after signing the informed consent form (ICF)
- 1 for loss of images
100 patients included - 2 for loss to follow-up
for analysis

90 non-hospitalized 10_ h(_)spita[ized
within 30 days within 30 days

Figure 1. Flowchart of patient inclusion and exclusion in the study.

3.1. Clinical and Laboratory Characteristics

Among the 100 patients included in the analysis, the median age was 70 years (in-
terquartile range: 62-79 years); 58% were female, and 78% were Caucasian. Within 30 days
post discharge, 10% of patients were rehospitalized, with all cases attributed to HF de-
compensation. Table 1 presents the clinical characteristics, outcomes, and differences
between rehospitalized and non-rehospitalized patients. No statistically significant clinical
differences were observed between the groups.
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Table 1. Clinical characteristics of patients, explored outcomes, and differences between rehospital-
ized and non-rehospitalized groups.

Non-Rehospitalized Rehospitalized

Total (n = 100) p-Value

(n =90) (n =10)

Age, years 70 (62-79) 70 (64-79) 65 (50-72) 0.151

Woman, n 58 (58) 55 (61) 3 (30) 0.090

Caucasian, n 78 (78) 70 (78) 8 (80) 1.000

Length of stay, days 7 (5-11) 7 (4-11) 10 (7-16) 0.062

Use of oxygen during hospitalization, n 53 (53) 49 (54) 4 (40) 0.509

Body weight at screening, kg 72.1 (62.2-86.3) * 71.3 (60.8-87.2) ** 76.1 (63.7-83.5) 0.576

Body weight at discharge, kg 72.0 (61.9-83.4) 71.4 (61.7-83.9) 74.0 (63.2-84.1) 0.850

Variation inbody weight from screening to 4 (50 401)*  _04(-19400)™  —08(-32--02) 0368

discharge, kg
Peripheral oxygen saturation at discharge, % 95 (93-96) 95 (93-96) 95 (94-97) 0.179
Heart failure

Eject fraction, % 46 (30-64) 52 (30-65) 33 (26-56) 0.132

Ischemic, n 33 (33) 28 (31) 5 (50) 0.291

Hypertensive, n 34 (34) 31 (34) 3 (30) 1.000

Valvular, n 7 (7) 7 (8) 0(0) 1.000

Dilated cardiomyopathy, n 13 (13) 11 (12) 2 (20) 0.615

Others, n 14 (14) 13 (14) 1(10) 1.000
Comorbidities, n

Hypertension 17 (17) 15 (17) 2 (20) 0.677

Diabetes Mellitus 53 (53) 47 (52) 4 (40) 0.521

Dyslipidemia 28 (28) 24 (27) 4 (40) 0.460

Obesity 36 (36) 32 (36) 4 (40) 0.744

Current or previous smoking 55 (55) 50 (56) 5 (50) 0.750

Current or previous alcoholism 20 (20) 17 (19) 3 (30) 0414

Medications to be used prior to

hospitalization, n

ACEI 25 (25) 24 (27) 1 (10) 0.444

ARB 36 (36) 32 (36) 4 (40) 0.744

Beta-blockers 51 (51) 47 (52) 4 (40) 0.521

Aspirin 34 (34) 31 (34) 3 (30) 1.000

Statin 47 (47) 43 (48) 4 (40) 0.746

Aldosterone antagonist 19 (19) 18 (20) 1 (10) 0.682

Calcium channel blockers 20 (20) 17 (19) 3 (30) 0414

Diuretics 66 (66) 59 (66) 7 (70) 1.000

Neprilysin inhibitors combined with valsartan 0(0) 0(0) 0(0) -

Nitrate 7(7) 7(8) 0(0) 1.000

Vasodilator 6 (6) 5 (6) 1(10) 0.478

SGLT2 Inhibitor 11 (11) 11 (12) 0(0) 0.596

Other oral antidiabetics 42 (42) 38 (42) 4 (40) 1.000

Insulin 29 (29) 26 (29) 3(30) 1.000

ARB: angiotensin II receptor blocker; ACEI: angiotensin-converting enzyme inhibitor; * Data refers to a total of
87 patients. ** Data refers to a total of 77 patients.
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Regarding laboratory differences, only serum potassium at discharge showed a statis-
tically significant difference, with a mean value of 4.6 (+0.7) mmol/L for rehospitalized
patients and 4.2 (£0.6) mmol /L for non-rehospitalized patients (p = 0.046). Table 2 sum-
marizes the laboratory characteristics of the participants and differences between the
rehospitalized and non-rehospitalized groups.

Table 2.
rehospitalized groups.

Laboratory characteristics and differences between rehospitalized and non-

Non-Rehospitalized

Total (1 = 100) (1 = 90) Rehospitalized (1 = 10) p-Value

Admission laboratories
Hemoglobin, g/dL 12.9 (£2.2) 13.0 (£2.2) 12.3 (£2.3) 0.389
Hematocrit, g/dL 39.4 (£6.3) 39.6 (£6.1) 38.0 (£7.1) 0.473
Platelets, /mm? 227.500 (191.000-261.750)  228.500 (193.000-261.250) (175.22513;52%%.250) 0.577
Leucocytes, /mm? 9.250 (7.200-11.950) 9.200 (7.275-11.850) 9.950 (6.625-18.950) 0.705
Creatinine, mg/dL 1.1 (0.8-1.6) 1.1 (0.8-1.5) 1.1 (0.9-3.5) 0.300
Urea, mg/dL 58 (35-77) 59 (85-77) 47 (38-124) 0.679
Sodium, mmol/L 138 (135-140) 138 (136-140) 136 (131-140) 0.416
Potassium, mmol/L 4.3 (3.8-4.8) 4.3 (3.8-4.7) 4.8 (4.1-5.7) 0.088
NT-pro-BNP, pg/mL 5.995 (3.355-11.275) * 5.770 (3.257-11.225) ** 9.505 (3.420-13.500) 0.408

Discharge laboratories
Creatinine, mg/dL 1.1 (0.8-1.5) 1.1 (0.8-1.4) 1.1 (0.8-2.8) 0.447
Urea, mg/dL 54 (38-77) 53 (38-75) 58 (36-95) 0.633
Sodium, mmol/L 136 (134-138) 136 (134-138) 135 (132-136) 0.076
Potassium, mmol/L 4.3 (£0.6) 4.2 (£0.6) 4.6 (£0.7) 0.046
NT-pro-BNP, pg/mL 2.620 (970-4.587) 2.550 (900—4.225) 5.515 (2.067-9.490) 0.079

Variation in NT—Pro-BN P 2,510 (6,077

from admission to —3.063 (—7.062——746) *  —3.063 (—7.137-—729) ** —1.082) 0.815

discharge, pg/mL

NT-pro-BNP: aminoterminal-pro-brain natriuretic peptide. * Data refers to a total of 96 patients. ** Data refers to a
total of 86 patients. Bold values refer to variables with statistical significance (p < 0.05).

3.2. Ultrasound Characteristics

There was a significant difference in the total B-line scores between the two groups at
discharge. The rehospitalized group had a median score of 5 (interquartile range: 0-11),
compared with 1 (interquartile range: 0-3) for the non-rehospitalized group (p = 0.042).
Among the rehospitalized patients, six (60%) presented with total B-line scores >3, com-
pared to nineteen patients (21%) in the non-rehospitalized group (p = 0.014).

In the IVC assessment, four patients were unable to undergo the examination due
to technical difficulties (all from the non-rehospitalized group). Statistically significant
differences were observed between the groups regarding the IVC collapsibility index,
proportion of patients with an IVC collapsibility index >30%, and inspiratory diameter of
the IVC. The mean IVC collapsibility index was 25.5 & 15.4% for the rehospitalized group
and 39.8 & 18.4% for the non-rehospitalized group (p = 0.020). The number of patients
with an IVC collapsibility index >30% was three (30%) in the rehospitalized group and
fifty-eight (67%) in the non-rehospitalized group (p = 0.034). Finally, the median inspiratory
diameter of the IVC was 18.4 mm (interquartile range: 5.3-20.6) in the rehospitalized group
and 8.1 mm (interquartile range: 5.5-13.7) in the non-rehospitalized group (p = 0.048).
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Table 3 summarizes the thoracic and IVC ultrasound characteristics of the patients and the
differences between the rehospitalized and non-rehospitalized groups.

Table 3. Characteristics of chest ultrasound and IVC ultrasound and differences between the rehospi-
talized and non-rehospitalized groups.

Total Non-Rehospitalized Rehospitalized p-Value

Lung ultrasound n =100 n =90 n=10
Total B-lines score, 1(0-4) 1(0-3) 5(0-11) 0.042
Presence of B-lines, n 57 (57) 50 (56) 7 (70) 0.508
Total B-lines score > 3, n 25 (25) 19 (21) 6 (60) 0.014

IVC ultrasound n=96 n=286 n=10
Collapsibility index, % 38.3 (£18.6) 39.8 (£18.4) 25.5 (£15.4) 0.020
Collapsibility index > 30%, n 61 (64) 58 (67) 3 (30) 0.034
Inspiratory diameter, mm 9.3 (5.5-14.6) 8.1 (5.5-13.7) 18.4 (5.3-20.6) 0.048
Expiratory diameter, mm 16.3 (11.1-20.0) 15.9 (11.2-19.1) 21.3(9.2-24.9) 0.135

IVC: inferior vena cava. Bold values refer to variables with statistical significance (p < 0.05).

3.3. Discharge Body Weight and NT-Pro-BNP Level

The rehospitalized group had a median body weight at discharge of 74.0 kg (in-
terquartile range: 63.2-84.1 kg) and a median NT-pro-BNP serum level of 5.515 pg/mL
(interquartile range: 2.067-9.490 pg/mL). In contrast, the non-rehospitalized group pre-
sented a median body weight at discharge of 71.4 kg (interquartile range: 61.7-83.9 kg) and
a median NT-pro-BNP serum level of 2.550 pg/mL (interquartile range: 900-4.225 pg/mL).
Neither discharge body weight nor serum NT-pro-BNP levels showed a statistically signifi-
cant difference between the groups (p = 0.850 and p = 0.079, respectively).

Regarding the variability in body weight and NT-pro-BNP, 87% of the included pa-
tients had their weight measured during the study triage, and 96% had their NT-pro-BNP
levels assessed upon hospital admission. Although both groups demonstrated body weight
loss and a reduction in NT-pro-BNP levels during hospitalization, the variability in these
parameters did not differ significantly between the groups. Variability in body weight
(Table 1) and NT-pro-BNP levels (Table 2) yielded p-values of 0.368 and 0.815, respectively.

3.4. Logistic Regression Model

Multivariate logistic regression was performed to identify predictors of rehospitaliza-
tion within 30 days in patients admitted with AHF (Table 4). According to the analysis, the
number of B-lines in the lungs did not show a statistically significant difference between
groups when adjusted for serum potassium concentration at discharge (odds ratio—OR:
1.08; 95% confidence interval—95% CI: 0.97-1.20; p = 0.159) or when adjusted for age, sex,
left ventricular ejection fraction, and discharge body weight (OR: 1.08; 95% CI: 0.97-1.21;
p = 0.174). However, when considering patients with >3 B-lines, a statistically significant
difference in rehospitalization within 30 days was found both after adjusting for serum
potassium at discharge (OR: 5.15; 95% CI: 1.27-20.85; p = 0.022) and after adjusting for
age, sex, left ventricular ejection fraction, and discharge body weight (OR: 4.72; 95% CI:
1.01-22.13; p = 0.049).

Regarding IVC ultrasound, both the collapsibility index (OR: 0.95; 95% CI: 0.91-0.99;
p = 0.041) and the category of patients with a collapsibility index >30% (OR: 0.19; 95%
CI: 0.04-0.84; p = 0.029) maintained statistically significant differences after adjusting for
serum potassium at discharge. However, when adjusted for age, sex, left ventricular
ejection fraction, and discharge body weight, neither the collapsibility index (OR: 0.96;
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95% CI: 0.91-1.01; p = 0.091) nor the category of collapsibility index >30% (OR: 0.29;
95% CI: 0.06-1.29; p = 0.104) showed statistically significant differences for predicting
rehospitalization within 30 days.

Table 4. Logistic regression model for predicting 30-day rehospitalization in patients hospitalized for
acute heart failure.

Variable OR 95% CI p-Value

Lung ultrasound (z = 100)
Total B-lines score ! 1.11 1.01-1.22 0.048
Total B-lines score 2 1.08 0.97-1.20 0.159
Total B-lines score 3 1.08 0.97-1.21 0.174
Total B-lines score > 3 ! 5.60 1.43-21.90 0.013
Total B-lines score > 3 2 5.15 1.27-20.85 0.022
Total B-lines score > 3 3 4.72 1.01-22.13 0.049

IVC ultrasound (n = 96)

IVC collapsibility index ! 0.95 0.90-0.99 0.029
IVC collapsibility index 2 0.95 0.91-0.99 0.041
IVC collapsibility index 3 0.96 0.91-1.01 0.091
IVC collapsibility index > 30% ! 0.21 0.05-0.86 0.030
IVC collapsibility index > 30% 2 0.19 0.04-0.84 0.029
IVC collapsibility index > 30% 3 0.29 0.06-1.29 0.104

IVC: inferior vena cava; CI: confidence interval. ! Unadjusted analysis. 2 Analysis adjusted for serum potassium
at hospital discharge. > Analysis adjusted for age, sex, left ventricular ejection fraction, and weight at discharge.
Bold values refer to variables with statistical significance (p < 0.05).

4. Discussion

The main objective of this study was to evaluate the association of thoracic and
IVC ultrasound findings, body weight at discharge, and serum NT-pro-BNP levels at
discharge with the 30-day rehospitalization rate in patients admitted for AHF. Among these
variables, only the ultrasonographic measures (total B-line score and IVC collapsibility
index) were associated with higher rehospitalization rates within 30 days during univariate
analysis. However, only pulmonary ultrasound, using the categorization of groups with
total B-line scores >3, was associated with higher rehospitalization rates, after adjusting for
confounding factors. Although other studies have assessed the impact of B-lines at hospital
discharge, this was the first study to use a simpler technique (the eight-zone method) and
compare it to a 30-day outcome.

4.1. Lung Ultrasound

Although the number of B-lines in the lungs was not associated with higher 30-day
rehospitalization rates after adjustment, patients with higher total B-line scores had higher
rehospitalization rates within 30 days. This difference is likely because not all B-lines
are pathological. B-lines are ultrasonographic artifacts that form because of thickening of
the subpleural interlobular septum [20]. The presence of up to two B-lines in each lung
is considered normal because this finding can represent the visualization of interlobar
fissures [13,21]. When more than three B-lines are present, the examination is considered
abnormal, indicating a pathological process leading to the thickening of the interlobular
septum. The primary cause of this thickening is the presence of extravascular pulmonary
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fluid, which is mostly caused by cardiogenic pulmonary edema. However, it is important
to note that other conditions, such as acute respiratory distress syndrome, can also lead
to the formation of B-lines [13,20,21]. To minimize confounding ultrasonographic images,
we excluded clinical conditions that could interfere with the formation of B-lines from
non-heart failure etiologies, such as interstitial lung diseases and cirrhosis.

To date, few studies have evaluated the role of pulmonary ultrasound in predicting
rehospitalization due to AHF. A recent systematic review included nine studies to assess
the prognosis of pulmonary ultrasound in patients with heart failure [15], but only three
of them evaluated the outcomes of rehospitalization and mortality in patients with AHF.
The meta-analysis concluded that the presence of B-lines at discharge is a good predictor of
rehospitalization and mortality in patients with AHF, a result similar to that found in the
present study. However, the studies evaluated used the 28-zone assessment method, which,
although considered more accurate, is a more labor-intensive method for lung evaluation
than the eight-zone method. The present study opted for the eight-zone method due to its
practicality and achieved similar results.

Recently, two randomized clinical trials evaluated AHF treatment guided by pul-
monary ultrasound, with uncertain results [22,23]. The multicenter BLUSHED AHF study
compared pulmonary ultrasound-guided treatment for AHF with standard clinical treat-
ment. Although the proposed protocol showed earlier resolution of congestion, there was
no difference between the groups in terms of days free from hospitalization at 30 days of
follow-up [22]. In contrast, the unicentric CAVAL US-AHF study evaluated AHF treat-
ment guided by both chest and inferior vena cava ultrasound and showed a significant
reduction in the combined outcome, including readmission, unplanned visits to emergency
departments for AHF decompensation, and death within 90 days [23]. Despite its posi-
tive findings, the study evaluated the combined outcome over a longer follow-up period
(90 days). Our study contributes to the earlier analyses and focuses on a single outcome.

4.2. Inferior Vena Cava Ultrasound

The first study to evaluate the prognosis of patients hospitalized for AHF using IVC
ultrasound, published in 2008, was a prospective observational study that showed an
association between a lower IVC collapsibility index and higher rehospitalization rates [24].
The study also showed a significant association between the IVC diameter and 30-day
readmission rate for AHF. Since then, few studies have been published on this topic, and
no systematic reviews have been conducted. Among these studies, the only randomized
clinical trial that included a treatment protocol with IVC assessment was the CAVAL
US-AHF study [23]. However, it is important to highlight that the IVC was not assessed
in isolation. Instead, participants were classified based on both pulmonary and IVC
findings, making it impossible to assert that IVC ultrasonography is a good predictor of
rehospitalization. Furthermore, observational studies have reported contradictory results.
For example, Patnaik et al. evaluated 106 patients hospitalized for AHF and found no
statistically significant difference in predicting 30-day rehospitalization rates when using a
50% IVC collapsibility index cutoff [25].

The present study showed an association between the IVC collapsibility index and
30-day rehospitalization only in the univariate analysis. This association remained signifi-
cant after adjusting for serum potassium levels at hospital discharge, the only laboratory
variable that showed a statistically significant difference between the rehospitalized and
non-rehospitalized groups. However, after adjusting for sex, age, discharge body weight,
and left ventricular ejection fraction, no association was found between the IVC collapsi-
bility index and rehospitalization outcomes. One possible explanation for this lack of
association in the multivariate model could be that IVC collapsibility is influenced by
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factors other than congestion, such as intra-abdominal pressure variations among pa-
tients [19]. Therefore, further studies are required to better assess the role of IVC ultrasound
in predicting rehospitalization risk in patients with AHF.

4.3. Discharge Body Weight and NT-Pro-BNP Level

Body weight is a key variable in managing patients hospitalized for AHF, both for the
treatment of acute conditions and determining prognosis. It is recommended that, during
hospitalization, the patient’s body weight be monitored and that the patient lose about
0.5 to 1.0 kg per day in response to diuretic treatment until reaching their dry weight [2].
Despite this recommendation, few studies have assessed the prognostic value of body
weight at discharge. In an observational study, Naderi et al. concluded that among the
various risk factors for rehospitalization within 6 months in patients hospitalized for AHF,
absolute body weight at discharge was not a good predictor after adjusting for confounding
variables, a result consistent with our study results [8]. One possible explanation is that
absolute body weight at discharge may not necessarily reflect the patient’s dry weight.

When considering body weight as a prognostic marker, a potentially better variable is
the variation in body weight during hospitalization. Gill et al. conducted a retrospective
study evaluating more than 8000 patients hospitalized for AHF and categorized them into
two groups based on body weight loss during hospitalization. The group that experi-
enced a loss of more than 1.0 kg during hospitalization had lower rehospitalization rates
at 6 months [7]. However, this was not observed in the present study, possibly because
of several limitations. The first was the difficulty in measuring body weight at patient
admission. Patients often face significant limitations in body weight measurement owing
to their cardiovascular conditions, such as rest dyspnea. Additionally, it is common for
patients with heart failure to experience frailty associated with their cardiovascular con-
dition [26] as well as other physical limitations, which prevent them from being weighed
on conventional scales. In the present study, 13% of the analyzed patients did not have
their body weights measured during screening, which made prognostic evaluation of this
variable unfeasible. The second limitation is the difficulty in determining whether a patient
has truly reached their dry weight on the day of hospital discharge. Although patients may
experience significant weight loss during hospitalization, they may still have subtle signs of
congestion that were not identified during the discharge clinical evaluation. In such cases,
the use of more accurate instruments such as pulmonary ultrasound to detect pulmonary
congestion may be better for identifying patients who are still congested [27]. This hypothe-
sis is supported by the results of our study, in which the presence of B-lines was associated
with rehospitalization at 30 days, in contrast to body weight at discharge and body weight
variation during hospitalization. To date, this study is the first to perform a comparative
analysis of the presence of B-lines with patient body weights throughout hospitalization.

Another variable that has been increasingly studied is the serum NT-pro-BNP level.
Thus, NT-pro-BNP is a good test for establishing a diagnosis of HF, particularly in doubtful
cases [1]. However, its role as a prognostic marker in hospitalized patients with acute HF
remains unclear. Although there is evidence pointing to an association between serum
NT-pro-BNP levels at hospital discharge and rehospitalization and post-discharge mor-
tality rates [28], it is still not possible to determine the optimal cutoff value for defining
prognosis [29]. A recent systematic review showed that despite this association, the studies
included had a high risk of bias [29]. In the present study, neither the absolute NT-pro-BNP
value at discharge nor its variation during hospitalization were associated with rehospital-
ization, suggesting that even if the test has some predictive value, it is likely not superior
to bedside ultrasound.
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4.4. Other Risk Factors

One of the risk factors identified in the present study that showed an association in
the univariate analysis between the rehospitalized and non-rehospitalized groups was the
serum potassium level at hospital discharge. This finding may represent a sign of worse
prognosis in patients with AHF and could indicate indirect congestion, as serum potassium
levels tend to increase in patients with reduced diuresis [30]. However, in the present
study, the difference in serum potassium levels between the groups, although statistically
significant, was clinically irrelevant, with an absolute mean difference of 0.4 mmol/L.
Furthermore, this difference, when used to adjust for correlations, did not alter the results
of the logistic regression for the ultrasonographic variables.

4.5. Study Limitations

The present study had some limitations. First, it was a single-center study, which
could limit the generalizability of the findings to other populations. Second, the sample
size was relatively small, although a statistically significant association was still found
for pulmonary ultrasonography results. Finally, some patients had missing data, such
as body weight measurement at admission and evaluation of the collapsibility index at
discharge, which could have influenced the analysis. However, despite these limitations,
we believe that our study makes important contributions to the field, suggesting that
pulmonary ultrasonography is superior to inferior vena cava ultrasonography in terms
of body weight and NT-pro-BNP levels as predictors of 30-day rehospitalization after
hospitalization for AHF.

5. Conclusions

A total B-line score >3, assessed using bedside pulmonary ultrasonography at hos-
pital discharge in patients hospitalized for AHF, was associated with a higher 30-day
rehospitalization rate. In contrast, the collapsibility indexes measured using bedside IVC
ultrasonography, NT-pro-BNP levels, and body weight at discharge in patients hospitalized
for AHF were not associated with 30-day rehospitalization. These results emphasize the
importance of including ultrasonography in the management of hospitalized patients with
acute heart failure, especially lung ultrasonography. Also, it may assist physicians to take
better decisions on discharging heart failure patients.
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