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Purpose: Systemic venous congestion and right ventricular (RV) dysfunction are important determinants of adverse outcomes in heart 
failure (HF). This study evaluated the prognostic value of a Composite Ultrasound Score integrating Venous Excess Ultrasound 
(VExUS) grading and multiparametric RV systolic function for predicting 90-day HF rehospitalization.
Patients and Methods: This single-center retrospective cohort study included 712 patients hospitalized for HF who underwent pre- 
discharge echocardiographic assessment. The Composite Ultrasound Score ranged from 0 to 3 and combined VExUS-derived venous 
congestion with RV systolic dysfunction defined by TAPSE, RV S’, and RV fractional area change. The primary endpoint was 90-day 
HF rehospitalization. Predictive performance was assessed using Cox regression, Harrell’s C-index, time-dependent receiver operating 
characteristic analysis, and decision curve analysis.
Results: During follow-up, 154 patients (21.6%) were rehospitalized. The Composite Ultrasound Score showed higher discrimination 
(C-index: 0.79; 95% CI: 0.75–0.83) than VExUS grading alone (0.74; P = 0.012), NT-proBNP (0.71; P < 0.001), or individual RV 
parameters. A score ≥2 identified a high-risk group with a 90-day event rate of 50.0% versus 8.3% in the low-risk group (log-rank P < 0.001). 
A high score remained independently associated with rehospitalization (adjusted HR: 2.85; 95% CI: 1.95–4.16; P < 0.001). The association 
was stronger in patients with chronic kidney disease (P for interaction = 0.038). Decision curve analysis suggested greater net benefit than 
single-parameter strategies.
Conclusion: The Composite Ultrasound Score was independently associated with 90-day HF rehospitalization and showed moderate 
incremental prognostic value in this single-center retrospective cohort. It may serve as a promising adjunctive tool for pre-discharge 
risk stratification, particularly in patients with cardiorenal vulnerability. Prospective multicenter validation is required before routine 
clinical implementation.

Plain Language Summary:  
Why was this Study Done? 

Heart failure often leads to fluid buildup and hospital readmissions. Standard predictors like blood tests (e.g. NT-proBNP) can be 
inaccurate, particularly in patients with kidney problems. We investigated if combining two ultrasound markers—venous congestion 
(VExUS score) and right heart function—could better predict the risk of readmission. 
What did the Researchers Do? 

We reviewed medical records of 712 hospitalized heart failure patients who underwent ultrasound before discharge. We developed 
a “Composite Ultrasound Score” (ranging from 0 to 3) that integrated the severity of fluid congestion with right heart pump function. 
We tracked 90-day readmission rates and compared the new score’s accuracy against standard blood tests and individual ultrasound 
parameters. 
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What did the Researchers Find? 
The Composite Score predicted readmissions significantly better than standard tools. Patients with a high score (≥2) faced a 50% 

risk of returning to the hospital within 90 days, compared to only 8.3% for those with a low score. Notably, the score remained highly 
accurate for patients with kidney disease, confirming that assessing both “pressure” (congestion) and “pump” (function) together is 
superior to single measures. 
What do these Results Mean? 

This composite score offers a simple, non-invasive tool to identify high-risk patients before discharge. It allows doctors to target 
intensive monitoring and treatment toward those most likely to relapse, helping prevent unnecessary hospital returns and improving 
patient outcomes. 

Keywords: heart failure, venous excess ultrasound, VExUS, right ventricular function, patient readmission, cardiorenal syndrome

Introduction
Heart failure (HF) represents a growing global health burden, characterized by debilitating symptoms, frequent hospi
talizations, and substantial mortality.1 Despite advances in guideline-directed therapy, hospital readmission after HF 
hospitalization remains common, particularly during the early post-discharge period.2 This persistent readmission burden 
highlights the need for accurate, accessible, and bedside-applicable tools to identify patients at high risk of early 
decompensation after discharge.

For decades, risk assessment in HF has relied heavily on clinical evaluation and natriuretic peptides, particularly 
N-terminal pro-B-type natriuretic peptide (NT-proBNP). Although NT-proBNP is clinically useful, its prognostic 
interpretation can be influenced by several non-cardiac factors, including age, body mass index, atrial fibrillation, and 
especially renal function.3,4 Existing HF risk prediction models commonly integrate demographic characteristics, 
comorbidities, laboratory variables, and conventional echocardiographic parameters; however, many do not directly 
capture end-organ venous congestion or the interaction between congestion burden and right-sided pump function at the 
bedside.3 These limitations have prompted interest in complementary physiological markers that more directly reflect 
hemodynamic status and residual congestion before discharge.

Increasing attention has focused on congestion-driven HF phenotypes, in which systemic venous congestion and 
right ventricular (RV) dysfunction contribute to recurrent decompensation and adverse outcomes.4,5 These mechanisms 
are not limited to reduced ejection fraction; they are also relevant in HF with preserved ejection fraction and in 
cardiorenal syndrome, where elevated filling pressures, impaired venous capacitance, and right-sided dysfunction may 
worsen renal perfusion and promote rehospitalization.4,6 The Venous Excess Ultrasound (VExUS) score has emerged 
as a non-invasive point-of-care ultrasound protocol to quantify systemic venous congestion by assessing inferior vena 
cava diameter and Doppler flow patterns in the hepatic, portal, and intrarenal veins.7,8 Simultaneously, the prognostic 
importance of RV systolic function is well established, with echocardiographic parameters such as tricuspid annular 
plane systolic excursion (TAPSE) providing clinically useful information on morbidity and mortality across HF 
populations.9

Although recent studies have evaluated the prognostic value of VExUS-related congestion assessment and RV 
dysfunction separately, these interconnected components are rarely incorporated into a simple integrated ultrasound- 
based model for short-term post-discharge risk stratification in HF.5,7,9 A given degree of venous congestion may carry 
different prognostic implications depending on the patient’s right-sided pump reserve. Therefore, a specific research gap 
remains: few studies have developed a bedside-applicable score that integrates end-organ venous Doppler congestion 
with multiparametric RV systolic function to predict early HF rehospitalization. We hypothesized that combining these 
“congestion” and “cardiac function” domains could provide more integrated risk estimation than either domain alone. 
This study aimed to develop and internally evaluate a Composite Ultrasound Score integrating VExUS grading and 
multiparametric RV systolic function, and to determine its independent and incremental prognostic value for predicting 
90-day HF rehospitalization after discharge.

https://doi.org/10.2147/IJGM.S601864                                                                                                                                                                                                                                                                                                                                                                                                                                        International Journal of General Medicine 2026:19 2

Tang et al                                                                                                                                                                             

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Materials and Methods
Study Design
This single-center, retrospective cohort study was conducted by interrogating the electronic health record (EHR) database 
of a large, tertiary academic medical center in China. We identified all adult patients (aged ≥18 years) who were hospitalized 
with a primary discharge diagnosis of heart failure (HF) between January 1, 2022, and December 31, 2024. The study 
protocol was formally approved by the Institutional Review Board (IRB) of Xuanwu Hospital of Capital Medical 
University (IRB-REV-2024101). In accordance with national and international guidelines, a waiver for individual patient 
informed consent was granted by the IRB, owing to the retrospective nature of the analysis, the use of fully de-identified 
data, and the determination that the research posed no more than minimal risk to subjects. This investigation conformed to 
the ethical principles outlined in the Declaration of Helsinki, and all patient data were managed with strict adherence to 
confidentiality and privacy protection protocols.

Study Population
The potential study cohort was identified through a systematic query of the institutional EHR database using International 
Classification of Diseases, Tenth Revision (ICD-10) codes for heart failure (I50.x). A multi-stage screening and validation 
process was employed to ensure accurate patient selection. First, an automated algorithm filtered for all hospitalizations 
meeting the broad initial criteria (age ≥18 years, primary HF discharge diagnosis). Subsequently, two trained physicians, 
working independently, manually reviewed the complete electronic medical records of these potential candidates to meticu
lously apply the detailed inclusion and exclusion criteria. Any discrepancies in eligibility assessment were resolved by 
consensus or, if necessary, by the adjudication of a senior cardiologist with expertise in echocardiography.

To be included in the final analytical cohort, patients had to meet all of the following criteria: (1) a confirmed diagnosis of HF 
as defined by the 2021 European Society of Cardiology (ESC) guidelines, requiring the presence of relevant symptoms and/or 
signs and objective evidence of cardiac dysfunction;10 (2) age of 18 years or older at the time of hospitalization; (3) underwent 
a comprehensive inpatient transthoracic echocardiographic assessment, including complete right heart evaluation and archived 
Doppler images required for the Venous Excess Ultrasound (VExUS) score, as originally described.7 Hepatic, portal, and 
intrarenal venous Doppler acquisitions were not assumed to be components of conventional TTE; rather, since January 2022, 
these acquisitions have been incorporated into our institutional “Heart Failure Decongestion” point-of-care ultrasound pathway 
for primary HF admissions before discharge. Therefore, eligibility for the present retrospective analysis required the availability 
of complete and interpretable hepatic, portal, and intrarenal venous Doppler waveforms in the archived imaging records; and (4) 
had sufficiently complete baseline clinical data and follow-up information regarding the primary endpoint. Patients were 
excluded if any of the following conditions were present: (1) end-stage kidney disease (ESKD) requiring chronic renal 
replacement therapy (hemodialysis or peritoneal dialysis) at the time of admission, consistent with definitions from the 
KDIGO guidelines;11 (2) presence of severe primary valvular heart disease as defined by the 2021 ESC/EACTS guidelines, 
any uncorrected hemodynamically significant congenital heart disease, or specific cardiomyopathies such as hypertrophic, 
restrictive, or arrhythmogenic cardiomyopathy known to primarily alter diastolic function or right heart dynamics independent of 
volume status;12,13 (3) the index hospitalization was precipitated by an acute coronary syndrome (ACS), according to the Fourth 
Universal Definition of Myocardial Infarction;14 (4) suboptimal quality of TTE or Doppler images that precluded accurate and 
reproducible measurement of one or more key parameters for right heart function or VExUS grading; (5) concurrent medical 
conditions known to independently confound systemic venous hemodynamics, including decompensated liver cirrhosis with 
moderate-to-severe ascites, Budd-Chiari syndrome, or known significant external compression of the inferior vena cava or 
hepatic veins; or (6) presence of a terminal non-cardiac illness (eg, metastatic malignancy) with an expected lifespan of less than 
90 days, which would preclude meaningful assessment of the primary endpoint.

Sample Size Calculation
The sample size for this study was determined a priori based on the events per variable (EPV) principle, a widely accepted 
methodology for developing clinical prediction models to minimize the risk of model overfitting and ensure the stability of 
the regression coefficients.15 The primary endpoint for this calculation was the 90-day incidence of HF-related 
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rehospitalization. Based on a large, contemporary real-world cohort study which reported a 90-day HF-related readmission 
rate of 21.0%,2 we conservatively estimated an event rate of 20% for our study population. To construct a robust and 
generalizable predictive model, we aimed for a high standard of at least 15 to 20 EPV. Our proposed composite ultrasound 
scoring system is anticipated to incorporate approximately six core predictor variables (eg, VExUS grade, tricuspid annular 
plane systolic excursion [TAPSE], right ventricular S’, and right ventricular fractional area change [FAC]). Therefore, to 
achieve an EPV of 20, a minimum of 120 outcome events (ie., 20 events × 6 variables) would be required. This dictated an 
initial sample size of 600 patients (120 events/0.20 expected event rate). To account for potential incomplete data inherent 
in retrospective study designs and to enhance overall statistical power, the sample size was further increased by 15%. This 
resulted in a final target enrollment of approximately 700 patients.

Outcomes and Data Collection
Study outcomes were adjudicated by two independent cardiologists blinded to the baseline echocardiographic data by 
reviewing EHR discharge summaries, outpatient follow-up notes, and records from subsequent hospitalizations. The 
primary endpoint was the first rehospitalization for HF within 90 days of discharge, defined as an unplanned admission 
with a primary diagnosis of HF, requiring intravenous diuretic therapy or equivalent advanced HF treatment, consistent 
with standardized cardiovascular endpoint definitions.16 Secondary endpoints included all-cause mortality within 180 
days and a composite of all-cause mortality or first HF rehospitalization within 90 days. Endpoint-related data were 
primarily sourced from the institutional EHR, supplemented by structured telephone interviews with patients or their 
families if necessary to confirm vital status or hospital admission details at external facilities.

All clinical data were extracted retrospectively from the EHR by two trained researchers using a pre-specified 
electronic case report form. The dataset included baseline demographics (age, sex, body mass index), New York Heart 
Association (NYHA) functional class,17 relevant comorbidities (hypertension, diabetes mellitus, coronary artery disease, 
atrial fibrillation, chronic obstructive pulmonary disease), and laboratory values obtained at index admission, including 
complete blood count, a comprehensive metabolic panel with creatinine, and N-terminal pro-B-type natriuretic peptide 
(NT-proBNP). Chronic kidney disease (CKD) was staged based on the estimated glomerular filtration rate (eGFR) 
according to the 2024 KDIGO guidelines.11 Pharmacotherapy data, including the prescription and dosage of key HF 
medications at discharge (ie., angiotensin-converting enzyme inhibitors/angiotensin receptor blockers/angiotensin recep
tor-neprilysin inhibitors, beta-blockers, mineralocorticoid receptor antagonists, and sodium-glucose cotransporter-2 
inhibitors), were also meticulously recorded.All pre-discharge echocardiographic examinations, including the right 
heart assessment and VExUS-related Doppler acquisitions, were performed within 48 hours before the actual hospital 
discharge by certified sonographers using commercially available high-end ultrasound systems (LOGIQ E9, General 
Electric). This time window was selected to reflect the patient’s hemodynamic and congestion status after inpatient 
stabilization and immediately before transition to outpatient care. All measurements were re-analyzed offline by two 
independent, experienced cardiologists blinded to all clinical and outcome data, with discrepancies resolved by a third 
senior echocardiographer. Left ventricular ejection fraction (LVEF) and the ratio of early transmitral inflow velocity to 
early diastolic mitral annular velocity (E/e’) were measured to assess left ventricular systolic and diastolic function, 
respectively. Right heart systolic function was quantified by TAPSE, tissue Doppler-derived tricuspid lateral annular 
systolic velocity (RV S’), and right ventricular fractional area change (FAC), with measurements performed according to 
published recommendations.18 The VExUS score was assessed as originally described,7 by integrating the diameter of the 
inferior vena cava with the Doppler flow patterns of the hepatic, portal, and intrarenal veins to generate a grade from 0 
(no congestion) to 3 (severe congestion).

A novel composite ultrasound score was constructed to integrate measures of systemic venous congestion and cardiac 
pump function. This score was calculated by summing points from two discrete components: a VExUS-derived congestion 
score and a right ventricular dysfunction score. Points for the VExUS component were allocated based on the severity of 
congestion: 0 points were assigned for VExUS grades 0 and 1, 1 point for VExUS grade 2, and 2 points for VExUS grade 3. 
The right ventricular dysfunction component was a binary variable, adding 1 point to the total score if at least two of the 
following three pre-specified criteria were met: (1) TAPSE < 17 mm, (2) RV S’ < 9.5 cm/s, or (3) FAC < 35%, based on 
established guideline-recommended cutoffs.19 By combining these two components, the final composite ultrasound score 
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yielded an ordinal scale ranging from 0 to 3, designed to provide a tiered assessment of integrated cardiorenal and 
hemodynamic risk. The score was intentionally constructed using predefined, guideline-based thresholds and simple 
point allocation rather than regression coefficient-derived weighting. This approach was chosen to preserve bedside 
usability, clinical interpretability, and applicability in point-of-care settings, while reducing the risk of sample-specific 
overfitting in this single-center retrospective cohort.

Data Quality Control and Management of Missing Data
To ensure the accuracy and reliability of the data, a rigorous, multi-tiered validation protocol was implemented. Initial 
data extraction from the EHR was performed using structured queries with built-in automated range and logical 
consistency checks. Subsequently, a random patient-level sample comprising 15% of the final cohort underwent 
independent manual re-abstraction and imaging review by two trained cardiologists with experience in echocardiography 
and point-of-care ultrasound, both of whom were blinded to patient outcomes. This validation process specifically 
targeted the primary outcome classification and key echocardiographic predictor variables, including the individual 
components of the VExUS score and right ventricular functional metrics. Inter-rater reliability was formally assessed 
using Cohen’s Kappa for categorical variables, including VExUS grade, and intraclass correlation coefficients for 
continuous variables, including TAPSE, RV S’, and FAC. Any discrepancies identified were resolved by a senior 
attending cardiologist.

Recognizing that missing data is an inherent challenge in retrospective research, a systematic approach was employed 
for its management. The patterns and proportions of missingness were thoroughly examined for all variables. For 
variables included in the multivariable models and key echocardiographic predictors with missing data, multiple 
imputation by chained equations (MICE) was performed under the missing-at-random assumption. Missingness was 
mainly observed for baseline NT-proBNP (6.5%) and quantitative right ventricular parameters (4.2%), whereas the 
variables required to define the Composite Ultrasound Score were complete and interpretable in all included patients by 
design. The imputation model included baseline demographic and clinical variables, laboratory indicators, echocardio
graphic parameters, the event indicator, and the Nelson-Aalen estimate of the cumulative baseline hazard to preserve the 
relationship between covariates and time-to-event outcomes during imputation. Ten imputed datasets were generated, 
allowing for the uncertainty associated with imputation to be incorporated into the analysis. All subsequent multivariable 
Cox regression analyses were performed on each imputed dataset, and the final parameter estimates, hazard ratios, and 
confidence intervals were pooled according to Rubin’s rules.

Statistical Analysis
All statistical analyses were performed using R software, version 4.5.1 (R Foundation for Statistical Computing). 
Continuous variables were assessed for normality using the Shapiro–Wilk test and are presented as mean ± standard 
deviation (SD) or median [interquartile range, IQR], compared using the independent samples t-test or Mann–Whitney 
U-test, as appropriate. Categorical variables are reported as counts (n) and percentages (%), compared using the chi- 
square test or Fisher’s exact test. The primary analysis for the time-to-event endpoint of 90-day HF rehospitalization was 
conducted using a Cox proportional hazards regression model. The primary predictor of interest was the pre-specified 
Composite Ultrasound Score, treated as an ordinal variable. To assess its independent predictive value, a multivariable 
Cox model was constructed using forced entry of pre-specified covariates. Candidate adjustment variables were selected 
a priori based on clinical relevance, established associations with HF readmission, and the available number of outcome 
events, rather than by automated stepwise procedures. The final adjustment set included age, sex, LVEF, baseline NT- 
proBNP, eGFR, and history of atrial fibrillation. Individual components of the Composite Ultrasound Score, including 
VExUS grade and right ventricular functional indices, were not simultaneously entered into the same adjusted model to 
avoid collinearity and overadjustment. With 154 primary outcome events and seven model variables, including the 
Composite Ultrasound Score and six pre-specified adjustment covariates, the primary adjusted model retained an events- 
per-variable ratio of approximately 22, which was considered adequate to reduce the risk of overfitting. The proportional 
hazards assumption was verified for all models by testing the scaled Schoenfeld residuals. All multivariable analyses 
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were performed independently on each of the 10 imputed datasets, with the final parameter estimates, hazard ratios, and 
95% confidence intervals pooled according to Rubin’s rules.

The model’s discriminative performance was evaluated using Harrell’s concordance index (C-index). Comparisons 
between the C-indices of the Composite Ultrasound Score and other predictors were performed using bootstrap 
resampling with 1000 replications to determine statistical significance. Internal validation of the primary Cox model 
was further performed using bootstrap resampling with 1000 repetitions. Model discrimination was reassessed in each 
bootstrap sample, and the optimism-corrected Harrell’s C-index was calculated to estimate the degree of potential 
overfitting. To specifically assess the diagnostic accuracy at the 90-day horizon, time-dependent Receiver Operating 
Characteristic (ROC) curve analysis was conducted. The area under the curve (AUC), sensitivity, and specificity were 
calculated. Risk strata were defined based on an optimal cut-off value of the Composite Ultrasound Score, determined by 
maximizing Youden’s index (sensitivity + specificity - 1) from the time-dependent ROC curve. Calibration was assessed 
at the 90-day time point by plotting the predicted probabilities derived from the Cox model against the observed event 
rates. The goodness-of-fit for the Cox model was formally evaluated using the Grønnesby-Borgan test. The clinical utility 
was quantified using decision curve analysis (DCA) at the 90-day time point. Kaplan-Meier curves were plotted to 
visualize event-free survival across risk strata defined by the Composite Ultrasound Score, with differences assessed by 
the Log rank test. Pre-specified subgroup analyses were performed to assess the consistency of the prognostic value 
across clinically relevant subpopulations defined by the following cut-points: age (< 75 vs. ≥ 75 years), body mass index 
(< 25 vs. ≥ 25 kg/m2), LVEF (< 50% vs. ≥ 50%), and chronic kidney disease (eGFR < 60 mL/min/1.73m2). For these 
analyses, interaction terms between the composite score and the grouping variable were included in the Cox models to 
formally test for effect modification. Sensitivity analyses were also conducted within the Cox regression framework to 
assess the robustness of the findings. All statistical tests were two-sided, with a P-value < 0.05 considered statistically 
significant.

Results
Baseline Characteristics
The patient selection process is illustrated in Figure 1. A total of 712 patients meeting the inclusion criteria were 
analyzed. During the 90-day follow-up, 154 patients (21.6%) were rehospitalized for heart failure. Baseline character
istics stratified by readmission status are presented in Table 1. Compared with the non-readmission group, patients who 
experienced the primary endpoint were significantly older and had a higher prevalence of atrial fibrillation and chronic 
kidney disease (p < 0.001 for all). Clinically, the readmission cohort presented with more severe symptom burden, 
evidenced by a higher proportion of NYHA functional class III/IV (63.0% vs. 35.1%, p < 0.001), alongside significantly 
elevated NT-proBNP levels and reduced eGFR. Echocardiographic assessment revealed that readmitted patients not only 
had worse right ventricular systolic function (lower TAPSE, RV S’, and FAC) and more severe systemic congestion 
(higher VExUS grades) but also exhibited higher left ventricular filling pressures, as indicated by a significantly elevated 
E/e’ ratio (17.1 ± 5.6 vs. 14.2 ± 4.9, p < 0.001). Consequently, the novel Composite Ultrasound Score was significantly 
higher in the readmission group (p < 0.001). There were no significant between-group differences in the prescription rates 
of core guideline-directed medical therapies at discharge, including ACEI/ARB/ARNI, beta-blockers, MRA, and SGLT2 
inhibitors. However, loop diuretics were more frequently prescribed in patients who experienced readmission. 
Furthermore, in the 15% random sample cohort (n = 107) utilized for rigorous quality control, inter-observer agreement 
was confirmed to be excellent. The Cohen’s Kappa coefficient for the VExUS grade assignment between the two 
independent cardiologists was 0.88 (95% CI: 0.82–0.94). Similarly, the intraclass correlation coefficients (ICC) for the 
quantitative right ventricular parameters were 0.94 for TAPSE, 0.92 for RV S’, and 0.91 for FAC.

Predictors of Heart Failure Readmission
To identify factors associated with the 90-day risk of HF rehospitalization, univariable and multivariable Cox propor
tional hazards regression analyses were performed (Table 2). In the univariable analysis, traditional prognostic markers, 
including older age, history of atrial fibrillation, lower eGFR, and elevated log-transformed NT-proBNP, were 
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significantly associated with an increased hazard of readmission. Echocardiographic parameters reflecting left ventricular 
filling pressure (E/e’ ratio), right ventricular dysfunction (lower TAPSE, RV S’, and FAC), and systemic congestion 
(higher VExUS grade) were also identified as significant predictors. Notably, the novel Composite Ultrasound Score 
demonstrated a strong, graded association with the primary endpoint, with an unadjusted HR of 1.82 (95% CI: 1.61–2.06) 
per 1-point increase.To determine the independent predictive value of the Composite Ultrasound Score, a multivariable 
Cox regression model was constructed, adjusting for clinically relevant confounders established a priori (age, sex, LVEF, 
baseline NT-proBNP, eGFR, and history of atrial fibrillation). In this adjusted model, the Composite Ultrasound Score 
remained a statistically significant independent predictor of 90-day HF rehospitalization (adjusted HR: 1.48; 95% CI: 
1.24–1.76; p < 0.001). Among the covariates, NT-proBNP and eGFR also retained independent prognostic significance, 
whereas LVEF did not reach statistical significance in the presence of these hemodynamic and renal markers.

Predictive Performance and Optimal Threshold Analysis
The discriminative ability of the Composite Ultrasound Score to predict heart failure rehospitalization was rigorously 
evaluated. As illustrated in Figure 2A, the Composite Ultrasound Score demonstrated superior overall performance with 
an apparent Harrell’s C-index of 0.79 (95% CI: 0.75–0.83). Bootstrap internal validation with 1000 resamples showed 
limited optimism in discrimination, with an optimism estimate of 0.015 and an optimism-corrected Harrell’s C-index of 
0.78. This was higher than that of the VExUS score alone (C-index: 0.74, P = 0.012), Log10 NT-proBNP (C-index: 0.71, 
P < 0.001), and traditional right ventricular functional parameters (P < 0.001 for all comparisons shown in Table 3).

To further characterize the diagnostic accuracy at the primary endpoint, a time-dependent ROC curve analysis was 
performed for the 90-day horizon (Figure 2B). The area AUC at 90 days for the Composite Ultrasound Score was 0.81 (95% 
CI: 0.76–0.85). The optimal cutoff value, determined by maximizing the Youden index (Sensitivity + Specificity - 1), was 

Figure 1 Study flowchart. Flowchart showing patient screening, exclusion, and final cohort construction. A total of 712 patients were included in the final analysis.

International Journal of General Medicine 2026:19                                                                             https://doi.org/10.2147/IJGM.S601864                                                                                                                                                                                                                                                                                                                                                                                                       7

Tang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Table 1 Baseline Clinical Characteristics and Echocardiographic Parameters Stratified by 90-Day HF Rehospitalization 
Status

Variable Total  
(N = 712)

No Readmission  
(n = 558)

Readmission  
(n = 154)

Test Statistic P-value

Demographics

Age, years 70.1 ± 10.2 69.1 ± 10.5 73.4 ± 8.2 t = −5.02 < 0.001
Male sex, n (%) 406 (57.0) 321 (57.5) 85 (55.2) χ2 = 0.26 0.612

BMI, kg/m2 26.4 ± 4.1 26.5 ± 4.0 25.9 ± 4.3 t = 1.58 0.114

Clinical Status
NYHA Class III/IV, n (%) 293 (41.2) 196 (35.1) 97 (63.0) χ2 = 39.85 < 0.001

Comorbidities, n (%)
Hypertension 491 (69.0) 382 (68.5) 109 (70.8) χ2 = 0.30 0.584

Diabetes Mellitus 242 (34.0) 181 (32.4) 61 (39.6) χ2 = 2.78 0.095

Coronary Artery Disease 306 (43.0) 234 (41.9) 72 (46.8) χ2 = 1.15 0.284
Atrial Fibrillation 272 (38.2) 193 (34.6) 79 (51.3) χ2 = 14.21 < 0.001

COPD 98 (13.8) 74 (13.3) 24 (15.6) χ2 = 0.54 0.463

CKD (Stage ≥3) 254 (35.7) 180 (32.3) 74 (48.1) χ2 = 13.04 < 0.001
Laboratory Findings

Hemoglobin, g/L 128 ± 18 130 ± 17 124 ± 19 t = 3.65 < 0.001

Serum Sodium, mmol/L 138.2 ± 3.5 138.6 ± 3.4 136.8 ± 3.7 t = 5.62 < 0.001
Creatinine, µmol/L 105 [82–134] 98 [78–122] 128 [95–168] Z = −6.84 < 0.001

eGFR, mL/min/1.73m2 59.3 ± 19.2 62.4 ± 18.9 48.2 ± 15.6 t = 8.45 < 0.001

NT-proBNP, pg/mL 2250 [1100–4500] 1890 [980–3450] 4250 [2100–7890] Z = −11.23 < 0.001
Echocardiography

LVEF, % 39.5 ± 11.2 40.8 ± 10.9 34.9 ± 11.5 t = 5.82 < 0.001

E/e’ ratio 14.8 ± 5.2 14.2 ± 4.9 17.1 ± 5.6 t = −6.04 < 0.001
TAPSE, mm 18.1 ± 4.4 18.9 ± 4.2 15.4 ± 3.8 t = 9.15 < 0.001

RV S’, cm/s 10.8 ± 2.5 11.2 ± 2.4 9.1 ± 2.0 t = 9.78 < 0.001

RV FAC, % 36.8 ± 8.5 38.4 ± 8.1 31.2 ± 7.5 t = 9.92 < 0.001
IVC Diameter, mm 20.4 ± 5.1 19.2 ± 4.8 24.5 ± 3.9 t = −12.45 < 0.001

VExUS Grade, n (%) χ2 = 76.54 < 0.001

Grade 0 285 (40.0) 260 (46.6) 25 (16.2)
Grade 1 210 (29.5) 180 (32.3) 30 (19.5)

Grade 2 122 (17.1) 72 (12.9) 50 (32.5)

Grade 3 95 (13.3) 46 (8.2) 49 (31.8)
Composite Ultrasound Score χ2 = 112.40 < 0.001

Score 0 256 (36.0) 242 (43.4) 14 (9.1)

Score 1 228 (32.0) 202 (36.2) 26 (16.9)
Score 2 135 (19.0) 88 (15.8) 47 (30.5)

Score 3 93 (13.1) 26 (4.7) 67 (43.5)

Medication at Discharge
ACEI/ARB/ARNI 562 (78.9) 446 (79.9) 116 (75.3) χ2 = 1.56 0.212

Beta-blockers 615 (86.4) 485 (86.9) 130 (84.4) χ2 = 0.65 0.419

MRA 480 (67.4) 374 (67.0) 106 (68.8) χ2 = 0.18 0.671
SGLT2i 455 (63.9) 362 (64.9) 93 (60.4) χ2 = 1.05 0.305

Loop Diuretics 640 (89.9) 490 (87.8) 150 (97.4) χ2 = 11.85 < 0.001

Notes: Values are presented as mean ± SD, median [IQR], or n (%). P-values were calculated using the independent samples t-test, Mann–Whitney U-test, or 
Chi-square test as appropriate. 
Abbreviations: BMI, body mass index; NYHA, New York Heart Association; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease; 
eGFR, estimated glomerular filtration rate; NT-proBNP, N-terminal pro-B-type natriuretic peptide; LVEF, left ventricular ejection fraction; E/e’, ratio of early 
transmitral inflow velocity to early diastolic mitral annular velocity; TAPSE, tricuspid annular plane systolic excursion; RV S’, tricuspid lateral annular systolic 
velocity; FAC, fractional area change; IVC, inferior vena cava; VExUS, venous excess ultrasound; ACEI, angiotensin-converting enzyme inhibitor; ARB, 
angiotensin receptor blocker; ARNI, angiotensin receptor-neprilysin inhibitor; MRA, mineralocorticoid receptor antagonist; SGLT2i, sodium-glucose cotran
sporter-2 inhibitor.
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a Composite Score of ≥ 2 points. At this threshold, the scoring system yielded a sensitivity of 74.0% and a specificity of 
79.6% for predicting 90-day rehospitalization. In contrast, using a VExUS grade ≥ 2 alone provided a lower specificity 
(72.5%) for a comparable sensitivity, highlighting the added value of integrating right ventricular dysfunction criteria to 
reduce false-positive classifications.

Model Calibration and Clinical Net Benefit Calibration
The calibration of the multivariable Cox model was evaluated specifically at the 90-day horizon. As shown in Figure 3A, 
the calibration plot illustrated a high degree of agreement between the model-predicted 90-day cumulative risk of 

Table 2 Univariable and Multivariable Cox Proportional Hazards Analysis for 90-Day Heart Failure 
Rehospitalization

Variable Univariable Analysis Multivariable Analysis

HR (95% CI) P-value HR (95% CI) P-value

Composite Ultrasound Score (per 1-point increase) 1.82 (1.61–2.06) < 0.001 1.48 (1.24–1.76) < 0.001
Age (per 10 years) 1.35 (1.18–1.54) < 0.001 1.12 (0.96–1.31) 0.152

Male Sex (vs. Female) 1.08 (0.78–1.49) 0.645 1.05 (0.75–1.46) 0.782

Atrial Fibrillation (Yes vs. No) 1.68 (1.22–2.31) 0.002 1.15 (0.82–1.61) 0.418
eGFR (per 10 mL/min/1.73m2 increase) 0.78 (0.71–0.86) < 0.001 0.89 (0.81–0.98) 0.015

Log10 NT-proBNP (per unit increase) 2.45 (1.95–3.08) < 0.001 1.72 (1.35–2.19) < 0.001

LVEF (per 5% decrease) 1.15 (1.06–1.25) < 0.001 1.06 (0.97–1.16) 0.205
E/e’ ratio (per unit increase) 1.09 (1.05–1.14) < 0.001 — —

TAPSE (per 1 mm decrease) 1.21 (1.14–1.29) < 0.001 — —

VExUS Grade (per grade increase) 1.65 (1.45–1.88) < 0.001 — —

Notes: included in the multivariable model were pre-specified and entered using a forced-entry approach: Composite Ultrasound 
Score, age, sex, atrial fibrillation, eGFR, Log10 NT-proBNP, and LVEF. Dashes (—) indicate variables not included in the multivariable 
model because they were components of, or closely correlated with, the Composite Ultrasound Score, and were therefore excluded to 
avoid collinearity and overadjustment. 
Abbreviations: HR, hazard ratio; CI, confidence interval; eGFR, estimated glomerular filtration rate; NT-proBNP, N-terminal pro- 
B-type natriuretic peptide; LVEF, left ventricular ejection fraction; TAPSE, tricuspid annular plane systolic excursion; VExUS, venous 
excess ultrasound. Variables.

Figure 2 Predictive performance of the Composite Ultrasound Score. (A) Forest plot comparing apparent Harrell’s C-indices and 95% confidence intervals for the 
Composite Ultrasound Score and individual echocardiographic or laboratory predictors. Diamond markers indicate point estimates, and horizontal bars indicate 95% 
confidence intervals; specifically, the red data line (red diamond and horizontal bar) highlights the performance of the novel Composite Ultrasound Score, while the vertical 
dashed line represents its reference C-index value. Bold text identifies the reference predictor. (B) Time-dependent receiver operating characteristic curve for the 
Composite Ultrasound Score at 90 days. The Orange curve represents the ROC curve, the diagonal dashed line represents the no-discrimination reference line, and the red 
dot indicates the optimal cutoff of ≥2 determined by the Youden index.
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rehospitalization and the actual observed risk across risk groups. The curve closely followed the ideal 45-degree 
reference line, suggesting reliable risk estimation. The Grønnesby-Borgan goodness-of-fit test yielded a P-value of 
0.412, indicating no statistically significant deviation between the expected and observed number of events, thereby 
confirming the model’s adequate fit for the survival data.

To assess the practical utility of the scoring system, DCA was performed at the 90-day time point (Figure 3B). The 
analysis revealed that within a clinically reasonable threshold probability range of 10% to 50%, decision-making based 
on the Composite Ultrasound Score provided a superior net benefit compared to the default strategies of “treating all” or 
“treating none.” Notably, the net benefit of the Composite Score consistently exceeded that of using the VExUS score or 
NT-proBNP level alone, indicating that the integrated assessment leads to better clinical outcomes by correctly identify
ing high-risk patients without increasing unnecessary interventions.

Table 3 Comparative Predictive Performance and Diagnostic Accuracy at 90 Days

Model/Predictor Overall C-Index 
(95% CI)

P-value  
(vs Composite)

90-Day AUC 
(95% CI)

Optimal 
Cutoff

Sensitivity 
(%)

Specificity 
(%)

Composite Ultrasound Score 0.79 (0.75–0.83) Reference 0.81 (0.76–0.85) Score ≥ 2 74.0 79.6

VExUS Grade 0.74 (0.70–0.78) 0.012 0.76 (0.71–0.80) Grade ≥ 2 64.3 78.9

Log10 NT-proBNP 0.71 (0.67–0.75) < 0.001 0.73 (0.68–0.77) > 2850 pg/mL 68.2 70.4
TAPSE 0.66 (0.61–0.71) < 0.001 0.67 (0.62–0.72) < 16 mm 61.0 65.8

RV S’ 0.64 (0.59–0.69) < 0.001 0.65 (0.60–0.70) < 10 cm/s 58.4 63.2

E/e’ ratio 0.65 (0.60–0.70) < 0.001 0.66 (0.61–0.71) > 15 62.5 60.1

Notes: C-indices were derived from Cox proportional hazards models over the entire follow-up period. The 90-day AUC, sensitivity, and specificity were calculated using 
time-dependent ROC analysis. P-values represent the comparison of C-indices against the Composite Ultrasound Score using bootstrap resampling with 1000 replications. 
Internal validation of the primary Cox model was additionally performed using 1000 bootstrap resamples; the estimated optimism for Harrell’s C-index was 0.015, yielding 
an optimism-corrected C-index of 0.78. 
Abbreviations: AUC, area under the curve; VExUS, venous excess ultrasound; NT-proBNP, N-terminal pro-B-type natriuretic peptide; TAPSE, tricuspid annular plane 
systolic excursion; RV S’, tricuspid lateral annular velocity; E/e’, ratio of early transmitral inflow velocity to early diastolic mitral annular velocity.

Figure 3 Calibration and decision curve analysis. (A) Calibration plot comparing predicted and observed 90-day risk of heart failure rehospitalization. Red circles indicate 
observed event fractions, vertical bars indicate 95% confidence intervals, the red line represents the fitted calibration curve, and the grey dashed line represents ideal 
calibration. Short vertical marks along the x-axis indicate the distribution of predicted risk. The Grønnesby-Borgan test indicated acceptable model fit (P = 0.412). (B) 
Decision curve analysis comparing the net benefit of the Composite Ultrasound Score with VExUS grading, Log10 NT-proBNP, and reference strategies. Colored solid lines 
represent prediction strategies, the grey dashed line represents the treat-all strategy, and the black horizontal line represents the treat-none strategy.
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Survival Analysis Stratified by the Composite Ultrasound Score
Consistent with the optimal diagnostic threshold identified in the time-dependent ROC analysis (Score ≥ 2), the study 
cohort was stratified into a low-risk group (Composite Score 0–1; n = 484) and a high-risk group (Composite Score 2–3; 
n = 228). Kaplan-Meier survival curves were generated to visualize the cumulative incidence of the primary endpoint 
(Figure 4).

The analysis revealed a marked and early divergence in clinical trajectories between the two groups. The estimated 
90-day cumulative incidence of heart failure rehospitalization was 50.0% (95% CI: 43.5%–56.5%) in the high-risk group, 
compared with only 8.3% (95% CI: 6.0%–11.1%) in the low-risk group. Cox regression analysis quantified this disparity, 
demonstrating that patients with a Composite Score ≥ 2 had a greater than six-fold increased risk of rehospitalization 
compared to those with a lower score (Crude Hazard Ratio: 6.82; 95% CI: 4.95–9.40; P < 0.001). This striking difference 
underscores the score’s potency in identifying a subset of patients at imminent, very high risk, for whom targeted 
interventions such as intensive transitional care or earlier outpatient follow-up should be prioritized.

Subgroup Analysis and Consistency of Prognostic Value
To assess the generalizability of the Composite Ultrasound Score, we performed prespecified subgroup analyses. As 
shown in Figure 5, a high score (≥2) remained a statistically significant predictor of 90-day rehospitalization across all 
key demographic and clinical subgroups, including those stratified by age (<75 vs. ≥75 years), sex, body mass index (<25 
vs. ≥25 kg/m2), and history of atrial fibrillation.

Figure 4 Heart failure rehospitalization stratified by the Composite Ultrasound Score. Kaplan-Meier curves showing 90-day heart failure rehospitalization according to risk 
group. The blue curve represents the low-risk group, defined as a Composite Ultrasound Score of 0–1, and the red curve represents the high-risk group, defined as 
a Composite Ultrasound Score ≥2. The inset text summarizes the 90-day cumulative incidence, hazard ratio, and log-rank P value. The number at risk is shown below the 
x-axis, with colored line indicators corresponding to the same risk groups as the main curves.
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Crucially, the predictive utility was independent of LVEF. The hazard associated with a high score was comparable 
between patients with reduced (<50%) and preserved (≥50%) LVEF (P for interaction = 0.682), supporting the score’s 
applicability across the heart failure spectrum.

A statistically significant effect modification was observed for renal function (P for interaction = 0.038). Although 
predictive in both groups, the magnitude of risk conveyed by a high Composite Score was substantially greater in patients 
with coexisting chronic kidney disease (CKD stage ≥3; HR: 8.12, 95% CI: 5.45–12.10) than in those without significant 
renal dysfunction (HR: 5.25, 95% CI: 3.15–8.75). This suggests that the integrated assessment of venous congestion and 
right ventricular function is a particularly potent risk stratifier in the context of cardiorenal syndrome, possibly due to 
amplified pathophysiological consequences of volume overload in this vulnerable population.

Sensitivity Analyses
To rigorously verify the robustness of the primary findings, a series of sensitivity analyses were conducted by restricting 
the study cohort or modifying variable definitions (Table 4).

First, to address the potential interference of atrial arrhythmias on venous Doppler waveforms, patients with atrial 
fibrillation were excluded. In this sub-cohort, the adjusted HR per 1-point increase was 1.52 (95% CI: 1.21–1.90), closely 

Figure 5 Subgroup analysis of the Composite Ultrasound Score for predicting 90-day heart failure rehospitalization. Forest plot showing hazard ratios and 95% confidence 
intervals for the association between a Composite Ultrasound Score ≥2 and 90-day heart failure rehospitalization across prespecified subgroups. Red squares indicate hazard 
ratio point estimates, horizontal red lines indicate 95% confidence intervals, and the vertical grey dashed line indicates the null value of HR = 1. Bold text denotes subgroup 
headings. Interaction P values were calculated using product terms in Cox regression models.
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mirroring the primary estimate of 1.48. Second, to rule out the confounding effect of primary renal fluid retention, 
patients with severe renal dysfunction (eGFR < 30 mL/min/1.73m2) were excluded. The association remained robust 
(HR: 1.45, 95% CI: 1.19–1.75), demonstrating minimal attenuation compared to the main analysis. Third, to isolate 
readmissions driven by physiological decompensation rather than procedural issues or social factors, patients readmitted 
within the first 7 days post-discharge were excluded. The prognostic value of the score persisted (HR: 1.42, 95% CI: 
1.18–1.71), suggesting the score reflects true hemodynamic stability.

Finally, the Composite Score was re-analyzed as a binary variable (High Risk [Score ≥ 2] vs. Low Risk [Score 0–1]) 
within the fully adjusted model. This yielded an adjusted HR of 2.85 (95% CI: 1.95–4.16). While lower than the 
unadjusted HR of 6.82 observed in the survival analysis, this substantial effect size confirms that the specific threshold 
identified by ROC analysis retains strong independent predictive power even after rigorous adjustment for confounders.

Discussion
In this investigation, we developed and validated a novel composite ultrasound score that integrates systemic venous 
congestion and right ventricular systolic function to predict 90-day rehospitalization in patients with heart failure. The 
primary finding of our study is that this composite score serves as an independent predictor of the primary endpoint, and 
its predictive performance was higher than that of the VExUS score alone, N-terminal pro-B-type natriuretic peptide, or 
any single conventional echocardiographic parameter. Our analysis identified a score of 2 or greater as a clinically 
meaningful threshold, effectively stratifying patients at higher risk for short-term adverse outcomes. However, the 
improvement in discrimination over established markers was statistically significant but moderate in magnitude; there
fore, the Composite Ultrasound Score should be interpreted as an incremental risk stratification tool rather than 
a replacement for established clinical assessment, natriuretic peptides, or conventional echocardiographic evaluation. 
These results suggest that a combined hemodynamic and functional assessment at the point of care may provide a more 
integrated estimation of post-discharge risk than relying on markers of either congestion or cardiac function in isolation. 
Although data-driven weighting could potentially improve apparent performance within the derivation cohort, it may also 
reduce bedside usability and increase the risk of sample-specific overfitting. Therefore, we prioritized a parsimonious, 
threshold-based score that can be readily applied during pre-discharge assessment; however, comparison with coefficient- 
weighted models in external cohorts remains warranted.

The enhanced predictive capacity of our composite score is grounded in fundamental cardiorenal pathophysiology. The 
progression of heart failure involves a vicious cycle of declining cardiac function and increasing systemic congestion. The 
VExUS protocol, first described by Beaubien-Souligny and colleagues, provides a robust, non-invasive method for quantifying 
the end-organ consequences of this congestion.7 However, congestion as measured by VExUS is the downstream effect. The 
right ventricle acts as the central pump governing the transit of this volume from the systemic to the pulmonary circulation. As 
outlined in the classic Guytonian model of circulatory dynamics, a compromised right ventricle fails to maintain a low right atrial 

Table 4 Multivariable Cox Regression Analysis for 90-Day HF Rehospitalization Across Sensitivity 
Scenarios

Sensitivity Scenario No. of Patients Adjusted HR  
(95% CI)*

% Change from  
Primary HR†

P-value

Primary Analysis (Full Cohort) 712 1.48 (1.24–1.76) Reference < 0.001

1. Excluding Atrial Fibrillation 440 1.52 (1.21–1.90) + 2.7% < 0.001
2. Excluding Severe CKD (eGFR < 30) 658 1.45 (1.19–1.75) −2.00% < 0.001

3. Excluding Early Readmissions (< 7 days) 698 1.42 (1.18–1.71) −4.10% < 0.001

4. Binary Score Definition (≥ 2 vs. < 2) 712 2.85 (1.95–4.16) N/A‡ < 0.001

Notes: *Models were adjusted for age, sex, LVEF, Log10 NT-proBNP, eGFR, and history of atrial fibrillation. Exception for Scenario 1: 
History of atrial fibrillation was removed from the adjustment model as it was the exclusion criterion. Note for Scenario 2: eGFR 
remained in the adjustment model as a continuous variable despite the range restriction. †Represents the relative percentage difference in 
the point estimate of the HR compared to the primary analysis [(Scenario HR - Primary HR)/Primary HR]. ‡Not applicable as the 
predictor variable was transformed from an ordinal scale (per 1-point) to a binary category. 
Abbreviations: HR, hazard ratio; CI, confidence interval; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate.
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pressure, which in turn impedes venous return and raises mean systemic filling pressure, driving fluid into the interstitial 
space.19,20 Landmark work by Mullens et al has firmly established that elevated central venous pressure, a direct result of this 
process, is the predominant driver of worsening renal function in heart failure, a phenomenon more critical than forward cardiac 
output itself.21 Our composite score captures both of these interconnected elements, assessing the functional state of the pump 
(right ventricular function) and the severity of its failure to clear volume (VExUS grade). This dual assessment allows for the 
identification of patients who not only have a high pressure head in the venous system but also lack the right ventricular reserve to 
overcome it, leading to a critical reduction in organ perfusion pressure and subsequent adverse events.22 The present findings are 
also consistent with prior observations that impaired right ventricular–pulmonary arterial coupling is associated with adverse 
outcomes in heart failure. Although our study did not directly quantify RV–PA coupling using load-adjusted indices, the 
combination of impaired right ventricular systolic parameters and severe venous congestion may reflect the downstream clinical 
consequences of insufficient right-sided reserve relative to hemodynamic load.6

Our findings build upon and extend the existing literature. While prior studies have demonstrated the prognostic value of 
the VExUS score in predicting outcomes like acute kidney injury and mortality, our study shows a significant incremental 
benefit of incorporating direct measures of right ventricular function, with the C-index improving from 0.74 to 0.79.23 This 
suggests that in the context of heart failure, assessing the degree of congestion alone is insufficient without also quantifying the 
capacity of the right heart to handle that volume. Similarly, our composite score outperformed NT-proBNP, the established 
gold-standard biomarker. This is likely because NT-proBNP levels, while reflecting myocardial wall stress, can be influenced 
by confounding factors such as advanced age, obesity, and particularly renal dysfunction, where clearance is impaired and 
levels may be paradoxically altered.24,25 Our score, derived from direct real-time physiological imaging, may provide a more 
stable and direct reflection of the operative hemodynamics at a given moment. Furthermore, while traditional right ventricular 
metrics such as TAPSE are invaluable, they are known to be highly load-dependent and can be misleading in the face of 
fluctuating preload and afterload conditions.26,27 By contextualizing these functional measures within an assessment of 
systemic congestion, our Composite Ultrasound Score offers a more hemodynamically integrated evaluation of the right 
heart’s performance relative to the load it is facing. Compared with emerging multimodal risk stratification approaches that 
combine clinical variables, natriuretic peptides, renal function, lung ultrasound, inferior vena cava assessment, or conventional 
echocardiographic markers, the present score focuses specifically on the integration of end-organ venous Doppler congestion 
and right ventricular systolic reserve.3,8,24 Its potential advantage lies in providing a physiologically interpretable bedside 
assessment of both congestion burden and right-sided pump function. However, it should be viewed as complementary to, 
rather than a replacement for, established multimodal risk models, and future studies should evaluate whether adding this score 
to validated clinical prediction tools improves reclassification and clinical decision-making.

One of the most compelling findings from our study is the profound interaction observed between the composite score and 
chronic kidney disease. The predictive power of a high score was substantially amplified in patients with pre-existing CKD, 
who experienced a more than eight-fold increased risk of rehospitalization. This highlights the critical nature of the heart- 
kidney axis and aligns with the concept of cardiorenal syndrome, a field extensively defined by Ronco et al28 In patients with 
CKD, the kidneys are already intrinsically vulnerable. The addition of severe venous congestion, as identified by a high 
composite score, likely leads to a state of “renal tamponade,” where elevated renal venous and interstitial pressures critically 
reduce the glomerular filtration pressure gradient, accelerating a spiral of decline.29 The composite score, therefore, appears to 
be an exceptionally sensitive tool for risk stratification in this particularly vulnerable cardiorenal population. Moreover, our 
finding that the score’s prognostic value was consistent across the LVEF spectrum, including in patients with heart failure with 
preserved ejection fraction (HFpEF), is of particular clinical importance. Risk stratification in HFpEF is notoriously 
challenging, and right ventricular dysfunction is increasingly recognized as a central contributor to its pathophysiology and 
prognosis, a concept extensively explored by Borlaug and colleagues.6 Our score may thus address a significant unmet need 
for a simple, effective risk stratification tool in the HFpEF population.

The clinical implications of these findings are potentially relevant for pre-discharge risk stratification. As a non- 
invasive, rapid, and repeatable bedside assessment, the Composite Ultrasound Score may be suitable for integration into 
pre-discharge evaluation after further validation. Our decision curve analysis suggested that using this score, particularly 
the threshold of 2 or greater, provided a greater net benefit than default strategies or single-parameter assessments across 
clinically relevant threshold probabilities. These findings support the potential value of a stratified risk assessment 
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approach. For patients with a low score (0–1), standard discharge planning and routine follow-up may be appropriate. 
Conversely, for patients with a high score (2–3), the result may prompt more careful clinical reassessment of deconges
tion status, individualized optimization of heart failure therapy, closer transitional care planning, and earlier post- 
discharge follow-up, rather than serving as a stand-alone determinant of discharge decisions. This interpretation is 
consistent with current guidelines from the AHA, ACC, and ESC, which emphasize the importance of adequate 
decongestion before discharge and transitional care planning after hospitalization.1 Nevertheless, whether score-guided 
management can reduce rehospitalization requires prospective interventional evaluation.

Several limitations of this study warrant consideration. First, its single-center, retrospective design may introduce selection 
bias and limit the generalizability of our findings, despite our statistical methods including multiple imputation, sensitivity 
analyses, and bootstrap internal validation. Accordingly, the present findings should be considered exploratory and hypothesis- 
generating. Before routine clinical implementation, the Composite Ultrasound Score requires external validation in independent, 
prospective, multicenter cohorts with standardized acquisition protocols. Second, although discharge medications were recorded 
and compared between groups, the retrospective design did not allow detailed quantification of dynamic in-hospital treatment 
intensity, including cumulative intravenous diuretic exposure, changes in diuretic dose, net fluid balance, urine output trajectories, 
or use of vasoactive therapies. These unmeasured treatment-related factors may have influenced both pre-discharge congestion 
status and subsequent rehospitalization risk, and therefore residual confounding cannot be excluded. Third, while we performed 
a sensitivity analysis excluding patients with atrial fibrillation, the acquisition and interpretation of Doppler signals for the 
VExUS score can remain challenging in patients with significant arrhythmias or severe tricuspid regurgitation, necessitating 
a degree of operator expertise. Standardized training and certification will be essential for widespread implementation. Fourth, 
this study utilized a single pre-discharge assessment of the Composite Ultrasound Score rather than serial imaging measurements. 
Therefore, we could not evaluate temporal trends in VExUS grade, right ventricular function, or the Composite Ultrasound Score 
during hospitalization, nor could we determine whether improvement or deterioration in these parameters during decongestive 
therapy provides incremental prognostic information beyond the pre-discharge value. Although the pre-discharge time point was 
selected to reflect the patient’s hemodynamic and congestion status immediately before transition to outpatient care, future 
prospective studies should incorporate standardized serial ultrasound assessments from admission to discharge to determine 
whether dynamic changes in venous congestion and right ventricular function further improve risk stratification. Lastly, our 
multivariable model adjusted for a pre-specified set of known confounders, but the possibility of residual, unmeasured 
confounding factors inherent to any observational study cannot be entirely eliminated.

Conclusion
This study developed and internally evaluated a novel Composite Ultrasound Score that integrates systemic venous congestion 
assessed by the VExUS protocol with right ventricular systolic function. The score was independently associated with 90-day 
rehospitalization for heart failure and showed statistically significant but moderate incremental discriminative performance 
compared with its individual components and established clinical markers. This association is consistent with the pathophy
siological interaction between venous congestion, right-sided pump dysfunction, and cardiorenal vulnerability, particularly 
among patients with coexisting renal dysfunction. These findings suggest that the Composite Ultrasound Score may serve as 
a promising adjunctive tool for pre-discharge risk stratification in patients hospitalized for heart failure. However, given the 
single-center retrospective design and absence of external validation, the results should be considered exploratory and 
hypothesis-generating, and prospective multicenter validation is required before routine clinical implementation.
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