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Introduction

Signs and symptoms of congestion are the most important contributors of heart failure (HF) hospitalization and readmission [START_REF] Gheorghiade | Congestion in acute heart failure syndromes: an essential target of evaluation and treatment[END_REF][START_REF] Girerd | Integrative Assessment of Congestion in Heart Failure Throughout the Patient Journey[END_REF] to a significantly greater degree than low cardiac output [START_REF] Maggioni | EURObservational Research Programme: the Heart Failure Pilot Survey (ESC-HF Pilot)[END_REF][START_REF] Gheorghiade | Systolic blood pressure at admission, clinical characteristics, and outcomes in patients hospitalized with acute heart failure[END_REF] . Thus, decongestive therapy has been a major goal of acute heart failure management during hospitalization [START_REF] Ponikowski | ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure: The Task Force for the diagnosis and treatment of acute and chronic heart failure of the European Society of Cardiology (ESC). Developed with the special contribution of the Heart Failure Association (HFA) of the ESC[END_REF] . Discharge congestion variables such as brain natriuretic peptide (BNP) [START_REF] Bettencourt | N-terminal-pro-brain natriuretic peptide predicts outcome after hospital discharge in heart failure patients[END_REF][START_REF] Pimenta | BNP at discharge in acute heart failure patients: is it all about volemia? A study using impedance cardiography to assess fluid and hemodynamic status[END_REF] , physical assessments [START_REF] Rubio-Gracia | Prevalence, predictors and clinical outcome of residual congestion in acute decompensated heart failure[END_REF] and lung congestion assessed by lung ultrasound (LUS) [START_REF] Coiro | Prognostic value of residual pulmonary congestion at discharge assessed by lung ultrasound imaging in heart failure[END_REF][START_REF] Gargani | Persistent pulmonary congestion before discharge predicts rehospitalization in heart failure: a lung ultrasound study[END_REF][START_REF] Cogliati | Lung ultrasound and short-term prognosis in heart failure patients[END_REF] have been shown to be strongly associated with post-discharge morbidity and mortality [START_REF] Gheorghiade | Assessing and grading congestion in acute heart failure: a scientific statement from the acute heart failure committee of the heart failure association of the European Society of Cardiology and endorsed by the European Society of Intensive Care Medicine[END_REF] . Nevertheless, no standardized evaluation of congestion and subsequent tailored therapeutic management are currently recommended by the latest clinical guidelines [START_REF] Ponikowski | ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure: The Task Force for the diagnosis and treatment of acute and chronic heart failure of the European Society of Cardiology (ESC). Developed with the special contribution of the Heart Failure Association (HFA) of the ESC[END_REF][START_REF] Committee | ACCF/AHA guideline for the management of heart failure: a report of the American College of Cardiology Foundation/American Heart Association Task Force on practice guidelines[END_REF] . In addition, there is evidence that clinical signs and symptoms of congestion on admission are associated with adverse outcome following a hospitalization for worsening HF [START_REF] Cleland | Predictors of postdischarge outcomes from information acquired shortly after admission for acute heart failure: a report from the Placebo-Controlled Randomized Study of the Selective A1 Adenosine Receptor Antagonist Rolofylline for Patients Hospitalized With Acute Decompensated Heart Failure and Volume Overload to Assess Treatment Effect on Congestion and Renal Function (PROTECT) Study[END_REF][START_REF] Frassi | Prognostic value of extravascular lung water assessed with ultrasound lung comets by chest sonography in patients with dyspnea and/or chest pain[END_REF] . Consequently, it remains unclear whether the interplay between residual congestion and higher values of admission congestion predicts outcome or whether the change in congestion during hospital stay or achieved discharge decongestion per-se are the best predictors of outcome.

Chest X-ray is a fast, simple and classic method to assess pulmonary congestion, with good specificity and moderate sensitivity in diagnosing HF [START_REF] Sartini | Which method is best for an early accurate diagnosis of acute heart failure? Comparison between lung ultrasound, chest X-ray and NT pro-BNP performance: a prospective study[END_REF][START_REF] Mueller-Lenke | Use of chest radiography in the emergency diagnosis of acute congestive heart failure[END_REF] . Representative signs of pulmonary congestion, such as cephalization, peribronchial cuffing and Kerley lines, are widely known in clinical practice [START_REF] Milne | The radiologic distinction of cardiogenic and noncardiogenic edema[END_REF][START_REF] Pistolesi | Assessment of extravascular lung water[END_REF] .

Assessment of lung congestion by a composite radiological score is useful to predict the development of overt HF during hospital stay in patients admitted for myocardial infarction [START_REF] Shochat | A novel radiological score to assess lung fluid content during evolving acute heart failure in the course of acute myocardial infarction[END_REF] and is associated with outcome in patients with chronic HF [START_REF] Melenovsky | Lung congestion in chronic heart failure: haemodynamic, clinical, and prognostic implications[END_REF] . However, there is lack of data regarding prognostic values of radiographic congestion in the setting of patients hospitalized for worsening HF. In the present study, we sought to evaluate the prognostic value of lung congestion assessed by chest X-ray scoring at admission and discharge (including changes from admission to discharge) in patients with worsening HF.

Methods

Study participants

This retrospective analysis included a total of 292 patients admitted for acute decompensated HF (ADHF) at the Tokyo Medical University from August 2009 to September 2015. ADHF was defined according to clinical and radiographic evidence of congestion 12 by treating cardiologists. Exclusion criteria were: acute coronary syndrome, infective endocarditis, acute pericarditis and myocarditis, cardiac device implantation, percutaneous coronary intervention during hospital stay and planned cardiac surgery. Other non-cardiac exclusion criteria were: pneumonitis, lung cancer/metastases, pneumothorax, post lung surgery, severe chronic obstructive pulmonary disease, severe obesity, transcutaneous pacing on admission, maintenance for hemodialysis, admission creatinine of 3mg/dl or greater and infectious diseases (including C-reactive protein of 10mg/dl or greater). The study was conducted with the approval of the Ethics Guidelines Committee of the Tokyo Medical University.

Measurements

Medical charts of all patients in the present cohort were carefully reviewed and coded within an electronic database. The following information was collected: age, gender, comorbidities, medications (at discharge), laboratory findings, blood pressure, heart rate, physical signs and symptoms (at admission and discharge). In addition, as part of routine care management, all patients underwent standard echocardiography (within 72 hours of admission) and chest X-ray (at admission and a few days before discharge when the treating physician perceived patients as regaining a compensated status (2.0 [1.0 -4.0] days).

Radiographic congestion scoring

The severity of lung congestion was quantified by a single physician-cardiologist blinded to the clinical data and to the timing of the assessment, namely admission or prior to discharge. Lung congestion was quantified by chest X-ray (antero-posterior view at admission and postero-anterior view prior to discharge) using a previously validated method [START_REF] Melenovsky | Lung congestion in chronic heart failure: haemodynamic, clinical, and prognostic implications[END_REF] . To enhance the reproducibility of this scoring with regard to the degree of confluent edema, a part of the divided lung field which visually occupied a density similar to cardiac silhouette was regarded as an intense area whereas the field with weaker density was considered to be a mild area. The grades of congestion in each of the six areas were defined as follows: 0= normal; 1= cephalization, perihilar haze, peribronchial cuffing, or Kerley lines (A, B, C); 2= interstitial pulmonary edema and localized or confluent mild edema; and 3= confluent intense edema [Figure 1]. These values were summed into a congestion score ranging from 0 to 18. Segments covered with pleural effusion, atelectasis or cardiac silhouette were not scored, and the congestion score index (CSI) was calculated as the congestion score divided by number of available lung segments. In terms of reproducibility of CSI, two experienced clinical physicians (M.K. and M.B.) blinded to each other, to the clinical parameters and to the timing of the chest X-ray, performed a separate complete analysis of 20 randomly selected subjects. CSI demonstrated good test-retest reproducibility (intra-observer agreement was 0.96 (0.91-0.98) and inter-observer agreement was 0.83 (0.62-0.93).

In addition, CSI drop was defined as the change from admission to discharge in CSI: CSI drop = CSI admission -CSI prior to discharge Outcomes All patients were followed 1 year from discharge. Follow-up data were extracted from medical records in a blinded manner. The primary outcome of this analysis was a composite outcome of re-hospitalization for worsening HF or all-cause mortality whichever occurred first.

Statistical analysis

Continuous variables are reported as mean±standard deviation or median (25 th -75 th percentiles), as appropriate. Patients with ADHF were divided into four groups according to median CSI at admission A linear regression model was used to examine the correlations of lung congestion, at both admission and discharge; significant univariable predictors and other variables a priori considered as being relevant (reduced LVEF, estimated glomerular filtration rate (eGFR), total protein, BNP and diuretic therapy at discharge) were entered into multivariable analysis.

Kaplan-Meier analysis was used to estimate survival probabilities. Cox proportional-hazards models were used to obtain unadjusted and covariate adjusted hazard ratios, which were chosen from all variables with P<0.05 by univariable analysis. The increase in discriminative value to predict a 1-year composite outcome following the additional of discharge variables (CSI and BNP) in survival model on a baseline set of covariates including age, a previous history of HF hospitalization, reduced LVEF, hemoglobin and eGFR at discharge were evaluated using continuous NRI and IDI [START_REF] Uno | A unified inference procedure for a class of measures to assess improvement in risk prediction systems with survival data[END_REF] .

Descriptive analyses, associations with CSI and Cox hazard models were performed using SPSS package version 24.0 (SPSS Inc., Chicago, IL, USA). R statistical software (3.1.3) was used for ICC, continuous NRI and IDI (ICC and survIDINRI packages).

Results

Patient Characteristics

The admission and discharge data of the 292 included ADHF patients are reported in Table 1. The majority of patients were male with a mean age of 71±14 years and LVEF of 39±17%. Approximately 40% of patients had a history of HF hospitalization, and were in New York Heart Association (NYHA) class IV at admission. Median BNP at admission and discharge was 560 pg/ml (327-1089) and 274 pg/ml (134-499), respectively.

Mean CSI dropped significantly between admission and discharge (respectively 1.49±0.51 and 0.44±0.40, p<0.001).

Among patients with higher admission CSI (172/292, 59%), two-thirds still had a higher prior to discharge CSI (124/172, 72%). Compared with other groups, patients with HighCSI(A)/HighCSI(D) were more frequently in NYHA class IV and had more congestive HF symptoms (orthopnea and rales) at admission and ankle edema at discharge but similar laboratory findings as well as echocardiographic parameters. Patients with higher admission CSI had a higher dosage of furosemide at discharge regardless of prior to discharge CSI.

Predictors of Chest Radiographic Scoring at Admission and prior to Discharge

In multivariable analysis, SBP, NYHA class IV and rales were independently associated with higher admission CSI whereas BNP was not [Supplement 1].

When considering prior to discharge CSI as outcome, the only independent predictor of higher prior to discharge CSI was ankle edema at discharge. When considering variables measured at both admission and discharge, ankle edema at discharge remained the only independent predictor of higher prior to discharge CSI [Supplement 1], although the association was weak, with ankle edema being associated with a 0.16 higher prior to discharge CSI (β=0. 16, p=0.04).

Association between admission and prior to discharge radiological pulmonary congestion and post-discharge outcome

During the first year after discharge, a total of 71 patients experienced one of the components of the composite events (67 HF re-hospitalizations and 7 all-cause deaths). The unadjusted Kaplan-Meier curves showed that the risk of composite outcome was higher in patients with HighCSI(A)/HighCSI(D) (log rank=10.8, P=0.013) [Figure 2].

In univariable Cox analysis, unit increase in prior to discharge CSI was significantly associated with a 1.9-fold higher risk of the composite endpoints [HR (95%CI)=1.85 (1.05-3.28), P=0.03] whereas admission CSI was not significantly associated with outcome. In multivariable analysis using variable selection procedures, prior to discharge CSI was retained as a significant predictor for the composite endpoint [HR for a 1-unit increase in CSI (95%CI)=1.83 (1.02-3.27), P=0.04], along with discharge BNP [HR for a 100 pg/ml increase in BNP (95%CI)=1.09 (1.04-1.14), P<0.001] and furosemide dose [Table 2]. HighCSI(A)/HighCSI(D) was significantly associated with a higher risk for the composite outcomes after adjustment for discharge BNP and furosemide dose [HR (95%CI)=2.34 (1.09-5.01), P=0.03] compared with LowCSI(A)/LowCSI(D). Importantly, there was no significant interaction between admission and prior to discharge CSI either used as continuous variables (p=0.49) or dichotomous variables (p=0.65), thus suggesting that the predictive value of prior to discharge CSI was not dependent on admission CSI.

Association between changes in radiological pulmonary congestion during hospital stay and post-discharge outcome

The drop in CSI adjusted for admission CSI was significantly associated with better outcome in crude 

Discussion

The principal findings of the present study are that residual pulmonary congestion (rather than admission pulmonary congestion) as assessed by chest X-ray scoring is a prognostic factor over and above BNP and other clinical markers of congestion, and that the drop in pulmonary congestion is a key predictor of outcome in patients admitted for ADHF. In addition, prior to discharge CSI was associated with a significant reclassification on clinical risk stratification variables (whereas discharge BNP was not in this cohort), thus suggesting a relevant improvement in risk assessment at discharge following ADHF.

Radiographic congestion scoring

As demonstrated by our team [START_REF] Coiro | Prognostic value of residual pulmonary congestion at discharge assessed by lung ultrasound imaging in heart failure[END_REF][START_REF] Coiro | Prognostic value of pulmonary congestion assessed by lung ultrasound imaging during heart failure hospitalisation: A two-centre cohort study[END_REF] and others [START_REF] Gargani | Persistent pulmonary congestion before discharge predicts rehospitalization in heart failure: a lung ultrasound study[END_REF][START_REF] Cogliati | Lung ultrasound and short-term prognosis in heart failure patients[END_REF] , residual pulmonary congestion, assessed by LUS at discharge, is a key prognostic marker in patients hospitalized for worsening HF [START_REF] Coiro | Prognostic value of residual pulmonary congestion at discharge assessed by lung ultrasound imaging in heart failure[END_REF][START_REF] Gargani | Persistent pulmonary congestion before discharge predicts rehospitalization in heart failure: a lung ultrasound study[END_REF][START_REF] Platz | Detection and prognostic value of pulmonary congestion by lung ultrasound in ambulatory heart failure patients[END_REF] . Specifically, we previously demonstrated that pulmonary congestion assessed by LUS was more strongly associated with outcome than echocardiographic, clinical and laboratory (namely BNP) measurements of congestion. While there is increasing evidence for the value of LUS, the utilization of this novel tool is dependent on portable ultrasound device availability and operator expertise [START_REF] Gargani | Efficacy of a remote web-based lung ultrasound training for nephrologists and cardiologists: a LUST trial sub-project[END_REF][START_REF] Scali | The potential value of inegrated natriuretic peptide and echo-guided heart failure management[END_REF] .

Chest X-ray is usually considered to be poorly sensitive for excluding pulmonary congestion despite being a useful tool in clinical practice [START_REF] Gheorghiade | Assessing and grading congestion in acute heart failure: a scientific statement from the acute heart failure committee of the heart failure association of the European Society of Cardiology and endorsed by the European Society of Intensive Care Medicine[END_REF][START_REF] Sartini | Which method is best for an early accurate diagnosis of acute heart failure? Comparison between lung ultrasound, chest X-ray and NT pro-BNP performance: a prospective study[END_REF][START_REF] Mueller-Lenke | Use of chest radiography in the emergency diagnosis of acute congestive heart failure[END_REF][START_REF] Collins | Prevalence of negative chest radiography results in the emergency department patient with decompensated heart failure[END_REF] . There are large differences in pulmonary congestion prevalence reported among trials [START_REF] Chen | Low-dose dopamine or low-dose nesiritide in acute heart failure with renal dysfunction: the ROSE acute heart failure randomized trial[END_REF][START_REF] Felker | Diuretic strategies in patients with acute decompensated heart failure[END_REF][START_REF] Chf) Pcftvivitmfa | Intravenous nesiritide vs nitroglycerin for treatment of decompensated congestive heart failure: a randomized controlled trial[END_REF] , likely due to the inconsistent definition of X-ray-based pulmonary congestion and large inter-observer variability. A simple and standardized evaluation of congestion on chest X-ray (such as performed herein) could overcome this limitation and increase its diagnostic and prognostic value. Ware et al. reported that systematic radiographic congestion scoring was closely correlated with actual lung weights in 84 brain dead organ donors [START_REF] Ware | Comparison of chest radiograph scoring to lung weight as a quantitative index of pulmonary edema in organ donors[END_REF] , which strongly supports the value of X-ray scoring in quantifying extravascular lung water. In addition, Melenovsky et al. reported that CSI was significantly associated with clinical outcome independently of pulmonary artery wedge pressure and natriuretic peptides in patients with chronic HF [START_REF] Melenovsky | Lung congestion in chronic heart failure: haemodynamic, clinical, and prognostic implications[END_REF] . In this study, we demonstrated that radiographic pulmonary congestion using CSI was also a strong predictor of clinical outcome in patients with worsening HF, more so than other clinical and biological markers of congestion (including natriuretic peptides). Taken together, these data suggest a strong prognostic value of pulmonary congestion as assessed by a simple standardized chest X-ray scoring. In addition, higher prior to discharge CSI was found to improve reclassification on traditional clinical covariates (e.g. age, previous history of HF hospitalization, systolic function and renal function) whereas BNP did not increase discrimination. These findings further strengthen the prognostic value of congestion scoring using CSI in patients with worsening HF.

Congestion trajectories and clinical outcome

Most previous studies have focused on congestion assessment at either admission [START_REF] Cleland | Predictors of postdischarge outcomes from information acquired shortly after admission for acute heart failure: a report from the Placebo-Controlled Randomized Study of the Selective A1 Adenosine Receptor Antagonist Rolofylline for Patients Hospitalized With Acute Decompensated Heart Failure and Volume Overload to Assess Treatment Effect on Congestion and Renal Function (PROTECT) Study[END_REF][START_REF] Ter Maaten | Fibroblast growth factor 23 is related to profiles indicating volume overload, poor therapy optimization and prognosis in patients with new-onset and worsening heart failure[END_REF][START_REF] Gimpelewicz | Effects of serelaxin on the outcome of patients with or without substantial peripheral edema: A subgroup analysis from the RELAX-AHF trial[END_REF] or discharge [START_REF] Rubio-Gracia | Prevalence, predictors and clinical outcome of residual congestion in acute decompensated heart failure[END_REF][START_REF] Coiro | Prognostic value of residual pulmonary congestion at discharge assessed by lung ultrasound imaging in heart failure[END_REF][START_REF] Logeart | Predischarge B-type natriuretic peptide assay for identifying patients at high risk of re-admission after decompensated heart failure[END_REF] but only few have focused on the change from admission to discharge [START_REF] Kociol | Admission, discharge, or change in B-type natriuretic peptide and long-term outcomes: data from Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients with Heart Failure (OPTIMIZE-HF) linked to Medicare claims[END_REF][START_REF] Metra | Dyspnoea in patients with acute heart failure: an analysis of its clinical course, determinants, and relationship to 60-day outcomes in the PROTECT pilot study[END_REF] . It is essential to determine the optimal period for predicting long-term outcomes, in order to guide the most clinically useful congestion assessment strategy. With regard to LUS, our group recently demonstrated that different cut-offs at admission and discharge (B-lines≥45 and B-lines≥30, respectively) were able to predict short-term adverse prognosis although both timings had good prognostic ability. In contrast, Kochio et al. who reported that discharge BNP was the most important predictor of post-discharge outcome at 1 year compared with BNP evaluated at other timings (including admission BNP and change from admission to discharge BNP) [START_REF] Kociol | Admission, discharge, or change in B-type natriuretic peptide and long-term outcomes: data from Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients with Heart Failure (OPTIMIZE-HF) linked to Medicare claims[END_REF] . However, in addition to prognostic value at discharge, we identified that change in CSI from admission to discharge was strongly associated with better outcome when adjusting for baseline CSI (HR for 10% decrease), which is in keeping with the neutral prognosis of patients with HighCSI(A)/ LowCSI(D); HR (95%CI)=0.85 (0.30-2.38) p=0.75). Importantly, it is likely that admission congestion variables are associated with worse mid-term outcome solely because a higher level of admission congestion increases the risk of residual congestion (due to the fact that a higher change in congestion status is needed to achieve decongestion). More importantly, our results provide evidence that pulmonary congestion using CSI could represent a valuable actionable target in clinical routine. Eventually, clinical trials should evaluate whether this standardized assessment of pulmonary congestion could help optimizing decongestive therapy and identifying the most appropriate timing of discharge.

Limitations

This retrospective single-center cohort study has several limitations. First, the moderate size of our study cohort limits the statistical power of our analysis. In addition, the proportion of NYHA IV was rather low at admission and our results may consequently not apply to the sickest population of ADHF patients. In addition, different approaches in performing the chest X-ray exam (i.e. antero-posterior view at admission and postero-anterior view at discharge) could have impacted the results: antero-posterior chest radiograms may detect the extent of congestion with a lower sensitivity.) Additionally, discharge chest X-rays were not necessarily performed at discharge but on the day when patients were considered to have reached a compensated status by the treating cardiologists, which might not be reproducible across physicians and countries. Patients with coronary artery disease or pneumonia were excluded in the present study in order to better assess the predictive value of congestion; this methodological point could limit the generalizability of our results. Certain important variables (e.g., jugular vein distention, abdominal-jugular reflux and intravenous diuretic administration) were not available and consequently could not be adjusted for. All patients with ADHF underwent echocardiography within 72 hours of admission, which may partly explain the absence of strong association of echocardiographic parameters with admission CSI. In addition, we did not have information regarding discharge echocardiography, which was not performed in most patients. As a result, we cannot assess the added value of CSI on top of discharge echocardiographic data in patients with ADHF.

Conclusions

In worsening HF patients, radiographic pulmonary congestion assessed by CSI was the best predictor of post-discharge outcome. This result should promote performing congestion assessment during the latter portion of the hospital stay for worsening HF, and possibly targeting decongestion based on clinical, laboratory and imaging parameters, such as echocardiographic (LUS) or radiological parameters (CSI). *With regard to confluent edema, when the density in a part of divided lung field was visually similar to that of cardiac silhouette, the field was regarded as intense edema. Congestion score index was dichotomized using median values of 1.33 (admission), 0.33 (prior to discharge) and 1.0 (drop from admission and discharge), respectively.

CSI; congestion score index. 
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  CSI(A)] (1.33) and median CSI prior to discharge [CSI(D)] (0.33), namely 'LowCSI(A)/LowCSI(D)', 'HighCSI(A)/LowCSI(D)', 'LowCSI(A)/HighCSI(D)' and 'HighCSI(A)/HighCSI(D)'. Reduced left ventricular ejection fraction (LVEF) was defined as ejection fraction of less than 40 %. Continuous variables and categorical variables were compared using the Kruskal-Wallis test and χ 2 test respectively. Interobserver and intraobserver agreements of CSI were assessed with the intraclass correlation coefficient (ICC).

  analysis [HR for a 1-unit drop (95%CI)=0.55 (0.31-0.97), P=0.04]. When adjusting for furosemide dose, discharge BNP and admission CSI [HR (95%CI)=1.94 (0.96-3.92), P= 0.07], the drop in CSI remained significantly associated with better outcome [HR for a 1-unit drop (95%CI)=0.55 (0.31-0.99), P=0.048]. Improvement in reclassification associated with prior to discharge CSI. The increase in discriminative value to predict 1-year composite outcomes following the addition of prior to discharge CSI and BNP in survival models on top of age, previous HF hospitalization, reduced LVEF, hemoglobin and eGFR at discharge, were evaluated using continuous NRI and IDI [Supplement 2]. The addition of high prior to discharge CSI (≥0.33) significantly improved reclassification [NRI (95%CI)=19.6 (4.0-30.0), p=0.03 and IDI (95%CI)=2.2 (0-7.6), p=0.046], whereas high discharge BNP did not improve the risk classification on the aforementioned clinical covariates [Supplement 2]. Furthermore, after including high BNP in the baseline model, high prior to discharge CSI still significantly improved reclassification [NRI (95%CI)=19.6 (4.1-30.9), p=0.02 and IDI (95%CI)=2.2 (0.1-7.0), p=0.04].

Figure 1 ;

 1 Figure 1; Radiographic Congestion Scoring The scoring is performed in six lung fields. Examples A and B provide examples of grades 0 to 3.

  No congestive sign; Vanishing tumor / Costophrenic angle

Figure 2 ;

 2 Figure 2; Survival curves for the composite of all-cause death and heart failure re-hospitalization according to admission CSI, discharge CSI and the interplay among admission CSI, discharge CSI and CSI drop.
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Table 1 ; Patient characteristics according to the levels of pulmonary radiologic congestion at admission and discharge

 1 

		Overall	Low CSI (A)	Low CSI (A)	High CSI (A)	High CSI (A)	
		ADHF patients	Low CSI (D)	High CSI (D)	Low CSI (D)	High CSI (D)	p-Value
		(N=292)	(N=57)	(N=63)	(N=48)	(N=124)	
	Age, yrs	71.1 ± 13.6	69.1 ± 13.5	71.5 ± 13.5	70.3 ± 12.6	72.1 ± 14.2	0.37
	Male, n (%)	188 (64.4 %)	38 (66.7 %)	44 (69.8 %)	31 (64.6 %)	75 (60.5 %)	0.62
	Body weight, kg	61.0 ± 15.9	60.2 ± 12.9	63.4 ± 13.5	58.1 ± 18.7	61.2 ± 17.1	0.12
	Clinic characteristics, n (%)						
	Previous HF hospitalization	123 (42.1 %)	21 (36.8 %)	25 (39.7 %)	19 (39.6 %)	58 (46.8 %)	0.57
	Coronary artery disease	62 (21.2 %)	6 (10.5 %)	11 (17.5 %)	10 (20.8 %)	35 (28.2 %)	0.045
	Atrial fibrillation	143 (49.0 %)	24 (42.1 %)	38 (60.3 %)	29 (60.4 %)	52 (41.9 %)	0.03
	Hypertension	210 (71.9 %)	36 (63.2 %)	42 (66.7 %)	32 (66.7 %)	100 (80.6 %)	0.04
	Diabetes mellitus	100 (34.2 %)	14 (24.6 %)	22 (34.9 %)	14 (29.2 %)	50 (40.3 %)	0.17
	Physical examinations at admission						
	NYHA IV, n (%)	118 (40.4 %)	10 (17.5 %)	21 (33.3 %)	27 (56.2 %)	60 (48.4 %)	<0.001
	Orthopnea, n (%)	105 (36.1 %)	10 (17.5 %)	13 (20.6 %)	26 (54.2 %)	56 (45.2 %)	<0.001
	Rales, n (%)	154 (52.7 %)	20 (35.1 %)	29 (46.0 %)	31 (64.6 %)	74 (59.7 %)	0.004
	III sound, n (%)	151 (51.7 %)	24 (42.1 %)	30 (47.6 %)	31 (64.6 %)	66 (53.2 %)	0.12
	Ankle edema, n (%)	190 (65.1 %)	37 (64.9 %)	41 (65.1 %)	30 (62.5 %)	82 (66.1 %)	0.98
	Systolic blood pressure, mmHg	141.9 ± 32.4	129.5 ± 23.3	130.0 ± 34.2	144.6 ± 36.1	152.6 ± 29.8	<0.001
	Heart rate ,bpm	96.3 ± 27.2	92.9 ± 26.2	92.9 ± 27.3	99.6 ± 23.3	98.3 ± 28.9	0.30
	Laboratory findings at admission						
	WBC, 10 3 /µl	7.2 ± 2.9	6.6 ± 2.2	7.2 ± 3.9	7.7 ± 3.4	7.3 ± 2.4	0.15
	Lymphocyte, %	22.2 ± 10.7	23. ± 9.8	21.0 ± 8.6	25.0 ± 12.4	20.9 ± 11.2	0.07
	Hemoglobin, g/dl	12.6 ± 2.5	13.0 ± 2.4	12.8 ± 2.6	13.0 ± 2.3	12.2 ± 2.5	
	C-reactive peptide, mg/dl	1.0 ± 1.1	0.8 ± 1.0	1.0 ± 1.0	1.2 ± 1.2	1.1 ± 1.2	0.01
	Total-Bilirubin, mg/dl	1.2 ± 0.8	1.1 ± 0.6	1.4 ± 1.1	1.1 ± 0.6	1.1 ± 0.7	0.47
	Serum Sodium, mEq/l	141.2 ± 3.7	141.4 ± 3.5	140.9 ± 3.2	141.0 ± 4.6	141.3 ± 3.7	0.61
	Blood urea nitrogen, mg/dl	23.6 ± 12.4	22.5 ± 9.9	24.2 ± 13.6	22.0 ± 10.2	24.4 ± 13.5	0.72
	eGFR, ml/min/1.73m 2	55.1 ± 23.0	56.2 ± 18.5	57.0 ± 25.0	56.3 ± 20.1	53.3 ± 24.9	0.36
	BNP, pg/ml	560 (327 -1089)	593 (332 -997)	574 (254 -1160)	524 (320 -1100)	555 (365 -1112)	0.80
	Physical examinations at discharge						
	Rales, n (%)	1 (0.3 %)	0 (0.0 %)	0 (0.0 %)	0 (0.0 %)	1 (0.8 %)	0.72
	Ankle edema, n (%)	33 (11.3 %)	5 (8.8 %)	13 (20.6 %)	2 (4.2 %)	13 (10.5 %)	0.04
	Systolic blood pressure, mmHg	112.9 ± 18.5	109.6 ± 18.6	110.5 ± 18.6	117.3 ± 20.7	113.9 ± 17.2	0.11
	Heart rate ,bpm	68.3 ± 12.2	66.2 ± 12.6	70.5 ± 12.9	66.8 ± 10.0	68.8 ± 12.3	0.15
	Laboratory findings at discharge						
	Hemoglobin, g/dl	12.9 ± 2.5	13.4 ± 2.4	13.1 ± 2.5	13.1 ± 2.3	12.4 ± 2.5	0.08
	Serum Sodium, mEq/l	139.8 ± 3.1	140.3 ± 2.6	140.2 ± 3.1	140.0 ± 2.8	139.3 ± 3.5	0.14
	Blood urea nitrogen, mg/dl	24.9 ± 14.4	22.6 ± 10.7	23.1 ± 14.1	23.8 ± 13.7	27.3 ± 16.1	0.07
	eGFR, ml/min/1.73m 2	53.2 ± 21.8	53.6 ± 18.6	56.8 ± 21.2	52.7 ± 18.3	51.4 ± 24.5	0.26
	BNP, pg/ml	274 (134 -499)	239 (158 -437)	280 (90 -601)	284 (146 -453)	288 (140 -470)	0.83
	Echocardiography at admission						
	(within 72 h)						
	LVDD, mm	56.0 ± 9.5	57.6 ± 8.1	54.1 ± 10.1	57.1 ± 10.1	55.8 ± 9.5	0.15
	LVEF, %	39.4 ± 17.4	36.2 ± 17.4	43.7 ± 18.7	37.4 ± 16.0	39.5 ± 17.0	0.12
	LVEF<40%, n	163 (55.8 %)	41 (71.9 %)	28 (44.4 %)	26 (54.2 %)	68 (54.8 %)	0.03
	MR (≥moderate), n (%)	162 (56.4 %)	33 (58.9 %)	33 (52.4 %)	23 (48.9 %)	73 (60.3 %)	0.50
	PASP, mmHg	40.9 ± 17.8	41.2 ± 15.6	42.9 ± 17.4	35.5 ± 16.7	41.9 ± 19.1	0.19
	IVC diameter, mm	18.3 ± 5.2	19.0 ± 4.9	18.2 ± 5.4	17.4 ± 5.2	18.5 ± 5.1	0.52

  Values are mean ± SD for all continuous variables, except BNP as median (interquartile range); values for categorical variables are expressed as number of cases (%). ADHF, acute decompensated heart failure; CSI, congestion score index; HF, heart failure; NYHA, New York Heart Association; WBC, white blood cells; eGFR, estimated glomerular filtration rate; BNP, brain natriuretic peptide; LVDD, left ventricular diastolic diameter; LVEF, left ventricular ejection fraction; MR, mitral regurgitation; PASP, pulmonary artery systolic pressure; IVC, inferior vena cava; PE, pleural effusion; ACE-I, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker.

							.04
	Digitalis, n (%)	47 (16.1 %)	8 (14.0 %)	13 (20.6 %)	9 (18.8 %)	17 (13.7 %)	0.59
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