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Background: Clinical congestion is the most dominant feature in patients with acute decompensated heart failure (HF). However,
uncertainty exists due to the permutations and combinations of congestion status and decongestion strategies. This study investi-
gated the effect of congestion status and its improvement on 1-year mortality.

Methods and Results: In all, 453 consecutive patients hospitalized for acute decompensated HF between July 2015 and March
2017 were prospectively included in the study. Congestion was evaluated using the congestion score. The 1-year mortality rate was
22.7%. The mean (£SD) congestion scores at admission, on Day 3, and at discharge were 10.7+3.9, 3.4+3.5, and 0.3+0.8, respec-
tively. The improvement rate in congestion scores during the first 3 days was 78%; 46.6% of patients had residual congestion. The
Day 3 congestion score and the improvement rate during the first 3 days were related to 1-year all-cause mortality and cardiovas-
cular mortality. Combined predictive values were examined by calculating multivariable-adjusted hazard ratios for associations of
residual congestion and improvement rate during the first 3 days, and prognostic variables identified by the Cox regression model.
Residual congestion and lesser improvement (<64%) were associated with higher relative risk of 1-year all-cause mortality and
cardiovascular mortality than residual congestion and higher improvement (=64%) or resolved congestion.

Conclusions: Rapid decongestion could be a prerequisite regardless of residual congestion in hospitalized acute decompensated

HF patients.
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failure (HF) is steadily increasing along with
advancing age in Japan.!? Regardless of recent
advances in the control of HF, including medical treat-
ments and device therapies, HF is still a grievous clinical
problem due to high mortality and rehospitalization
rates.3 ¢
Clinical congestion is one of the most common condi-
tions observed in patients with acute decompensated HF.
In addition, prolonged congestion leads to longer hospital-
ization and worse prognoses.”8 Therefore, clinical guide-
lines suggest rapid evaluation and management of
congestion in patients with acute HF.? Medical treatment,
including the use of diuretics and/or vasodilators and non-
invasive positive pressure ventilation, has been established
and should be conducted along a time base.® Although the
Efficacy of Vasopressin Antagonism in Heart Failure Out-
comes Study with Tolvaptan (EVEREST) trial has identi-

T he incidence and prevalence of patients with heart

fied that residual congestion status at the time of hospital
discharge resulted in worse outcomes,!® an ideal solution
for the treatment of congestion, including the speed of
removal during the acute phase after emergency admission
in patients with acute decompensated HF, is not likely.

Thus, the present study investigated whether a change in
clinical congestion during index hospitalization contrib-
utes to improvements in 1-year mortality and rehospital-
ization rates due to HF among hospitalized acute
decompensated HF patients.

Methods

Study Population

The study population comprised 453 individuals who were
hospitalized for acute decompensated HF in Kasugai
Municipal Hospital from July 2015 to March 2017.
Patients transferred from other hospitals and those who
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' Figure 1. Congestion scores were
8AM calculated serially at admission (®),
08:00 hours on Day 3 (®), and at
08:00 hours on the day of discharge
(®).

were receiving HF therapy during hospitalization due to
other diseases were excluded from the study. In addition,
patients undergoing hemodialysis, those with HF caused
by acute myocardial infarction, or those who died within 2
days of hospital admission were excluded. For patients
with rehospitalization due to HF within 1 year of the first
hospitalization, the first eligible hospitalization was evalu-
ated.

The study protocol complied with the Declaration of
Helsinki and was approved by the Committees on Ethics
of Kasugai Municipal Hospital (Reference no. 355); the
collection of congestion scores was also approved. Each
patient was offered the opportunity to opt out of the study
(see https://www.hospital.kasugai.aichi.jp/byouin/torikumi/
rinsho/rinri/documents/rinri_6.pdf [in Japanese]). No
patient opted-out of the study, so the study was performed
on consecutive patients.

Definitions

HF was defined according to the American College of
Cardiology/American Heart Association guidelines with
the signs and symptoms of HF and confirmed left ven-
tricular systolic or diastolic dysfunction.!!

The congestion score was determined according to the
EVEREST trial and consisted of the signs and symptoms
of HF, including dyspnea, fatigue, orthopnea, jugular
venous distention, rales, and pedal edema.!® The composite
congestion score was evaluated using a 4-point scale rang-
ing from 0 to 3 for each value and calculated by summing
each score. The congestion score was calculated at admis-
sion, at 08:00 hours on Day 3 (>32 but <56h after admis-
sion), and at 08:00 hours on the day of discharge (Figure 1).
The optimal cut-off value for the rate of improvement in
congestion scores from admission to Day 3 was deter-
mined using the receiver operating characteristic curve
method for predicting 1-year mortality.

Anemia was defined as hemoglobin levels <13 g/dL for
males and <12 g/dL for females according to World Health
Organization (WHO) recommendations.!2

Causes of death were divided into cardiovascular and
non-cardiovascular. Cardiovascular death was defined as
any death due to proximate cardiac cause (e.g., myocardial
infarction, HF, lethal arrhythmia), whereas non-cardio-
vascular death was defined as any death from malignancy,
respiratory, infectious, or renal causes.

Data Collection

Clinical characteristics (age, sex, height, weight, previous
medical history, New York Heart Association functional
classification, etiology of HF, non-cardiac comorbidities,
vital signs, and laboratory data), in-hospital treatment,
medications at discharge, and 1-year mortality were

assessed. Echocardiographic data at discharge were also
collected.

Statistical Analysis

Categorical variables are presented as percentages, whereas
continuous variables are presented as the median with
interquartile range (IQR) or as the mean+SD. Categorical
variables were compared by the Chi-squared test. The
distribution of continuous variables was examined using
the Shapiro-Wilk test; normally distributed variables were
compared using the unpaired Student’s t-test, whereas
variables that were not normally distributed were com-
pared using the Mann-Whitney U-test. Multivariable
logistic regression analysis was performed to identify inde-
pendent predictors of 1-year mortality. Notably, all vari-
ables that were statistically significant on univariate
analysis were considered as potential covariates: P-values,
odds ratios (ORs), and 95% confidence intervals (CI) were
calculated. A P-value of <0.05 was considered statistically
significant. Statistical significance was examined using
2-sided tests performed in JMP version 13 (SAS Institute,
Cary, NC, USA).

Results

The characteristics of the study subjects (n=453) are given
in Table 1. The median age was 81 years (IQR 75-87 years)
and 54.1% of the subjects were male. The congestion scores
at hospital admission, on Day 3, and at discharge were 11
(IQR 8-14), 2 (IQR 1-5), and 0, respectively (Table 2). At
the 1-year time point, the cumulative incidence of all-cause
mortality was 22.7% (n=103): 15.9% of subjects (n=72)
had died from cardiovascular causes, 6.8% of subjects
(n=31) had died from non-cardiovascular cause, and
20.5% (n=93) were rehospitalized due to HF (Table 2).

Congestion scores on Day 3 and subjects with residual
congestion (defined as those with congestion scores =3 on
Day 3) were significantly (P<0.05) greater in subjects who
died within 1 year than in those who were alive. However,
there were no significant differences in congestion scores at
admission and at discharge between these 2 groups. In
addition, the rate of improvement in congestion scores
(71.4% vs. 43.7%) and the reduction in congestion scores
from admission to Day 3 (81.3% vs. 58.3%) were signifi-
cantly (P<0.05) greater in subjects who were alive at 1 year
than in those who had died (Table 3).

Univariate analysis revealed that both the congestion
score at Day 3 and the rate of improvement in congestion
scores from admission to Day 3 were related to 1-year all-
cause mortality (P<0.001). The multivariable Cox regres-
sion model identified age and left ventricular ejection
fraction (LVEF) as significant independent predictors of
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Table 1. Characteristics of Study Subjects (n=453)

Age (years) 81 (75-87)
Males/females (%) 54.1/45.9
Current or former smoker (%) 47.5
BMI (kg/m2) 21.7 (19.1-24.6)
Dyslipidemia (%) 221
T2D (%) 36.2
Hypertension (%) 68.6
Reduced (<60 mL/min/1.73m?2) eGFR (%) 78.1
Atrial fibrillation or atrial flutter (%) 33.3
Previous MI (%) 23.6
Previous stroke (%) 12.8
Previous HF hospitalization (%) 34.9
Ischemic etiology (%) 31.2

Initial evaluation

SBP (mmHg) 147 (124-176)
DBP (mmHg) 83 (68-102)
Heart rate (beats/min) 93 (77-115)
NYHA functional class (%)

I} 38.8

\% 61.2
Jugular venous distension (%) 78.2

Blood urea nitrogen (mg/dL)

Sodium (mEg/L)

25.4 (18.7-35.2)
140 (137-142)

Potassium (mEq/L) 3.8-4.6)
Creatinine (mg/dL) 1.21 (0.88-1.73)
Uric acid (mg/dL) 5.7-8.8)

Albumin (mg/dL)

2
(
3(
5(3.2-3.8)
(
(
(
0 (

In-hospital treatment
Intravenous drug therapy

Table 2. In-Hospital Treatment and Outcomes (n=453)

Diuretics 453 (96.0)
Isosorbide dinitrate and/or nitroglycerin 259 (57.2)
Carperitide 151 (33.4)
Inotropes 76 (16.7)
Non-invasive positive pressure ventilation 97 (21.4)
Medication at discharge
Loop diuretics 362 (88.1)
Furosemide-equivalent dose (mg) 40 (20-40)
B-blocker 209 (50.9)
ACEIl or ARB 268 (65.2)
Aldosterone blocker 252 (61.3)
Statin 135 (32.8)
Nitrates 37 (9.0)
Antiplatelet drugs 158 (38.4)
Congestion score (points)
At admission 1(8-14)
On hospital Day 3 2 (1-5)
At discharge 0
Hospital length of stay (days) 16 (11-24)
1-year outcomes
Mortality 103 (22.7)
Cardiovascular mortality 72 (15.9)
Non-cardiovascular mortality 31 (6.8)
Rehospitalization due to heart failure 93 (20.5)

Categorical variables are given as percentages, whereas contin-
uous variables are given as the median (interquartile range).
ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin

Il receptor blocker.

LVEF, ischemic etiology, and previous HF hospitaliza-

TC (mg/dL) 154 (132-180)
BNP (pg/mL) 629 (310-1,156)
Hb (mg/dL) 11.2 (9.9-13.1)
LVEF (%) 35-64)
LVEF categories (%)

LVEF <40% 31.1

40%<LVEF<50% 16.8

LVEF >50% 52.1

Categorical variables are given as percentages, whereas contin-
uous variables are given as the median (interquartile range).
BMI, body mass index; BNP, B-type natriuretic peptide; DBP,
diastolic blood pressure; eGFR, estimated glomerular filtration
rate; Hb, hemoglobin; HF, heart failure; LVEF, left ventricular
ejection fraction; MI, myocardial infarction; NYHA, New York
Heart Association; SBP, systolic blood pressure; T2D, type 2
diabetes; TC, total cholesterol.

1-year all-cause mortality and cardiovascular mortality
(Table 4). Therefore, we compared Kaplan-Meier survival
curves for patients based on LVEF using the log-rank test.
Patients were divided into three groups based on LVEF
(<40%, 40%<LVEF<50%, and 250%). Event-free survival
(either 1-year all-cause mortality or cardiovascular mortal-
ity) was significantly higher in subjects with and LVEF
>50% (P<0.001; Figure 2).We further examined predictive
values by calculating multivariable-adjusted hazard ratios
(HRs) for associations of residual congestion (score at Day
3 23) and the rate of improvement from admission to Day
3 (cut-off value 64%), and prognostic variables identified
by the univariate Cox regression model (age, body mass
index, systolic blood pressure, potassium and albumin con-
centrations, the prevalence of anemia and hypertension,

tion). Relative risk of 1-year all-cause mortality was higher
in subjects with residual congestion and lesser improve-
ment (<64%) than in those with residual congestion and
greater improvement (=64%; adjusted [a] HR 2.33, 95% CI
1.11-4.91, P=0.025) or resolved congestion (score at Day
3 <3; aHR 2.17, 95% CI 1.30-3.63, P=0.003; Table 5;
Figure 3). Similar analysis revealed a significant relation-
ship between cardiovascular mortality and both conges-
tion score at Day 3 and the rate of improvement from
admission to Day 3. Combined predictive values of resid-
ual congestion and lesser improvement with adjustment for
prognostic variables identified by the univariate Cox
regression model (age, body mass index, systolic blood
pressure, potassium and albumin concentrations, the prev-
alence of anemia, reduced estimated glomerular filtration
rate [eGFR], and hypertension, LVEF, ischemic etiology,
and previous HF hospitalization) were higher than those
for residual congestion and higher improvement (aHR
3.04, 95% CI 1.15-8.03, P=0.025), or resolved congestion
(aHR 3.17, 95% CI 1.65-6.11, P<0.001; Table 5). Multi-
variate Cox regression analysis revealed that age, serum
potassium, the prevalence of anemia and reduced eGFR,
LVEF, and previous HF hospitalization were significantly
and independently associated with rehospitalization due to
HF. However, there was no relationship between the con-
gestion score at Day 3 or the rate of improvement from
admission to Day 3 and rehospitalization due to HF.
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Table 3. Congestion Scores According to Mortality at 1 Year
AI:np:‘::S%r;ts Dea(?‘ :: 33\)(ear Allv((re1 :; 5103)lear P-value?
Congestion score
At admission (points) 11 (8-14) 11 (8-14) 11 (8-14) 0.346
On Day 3 (points) 2 (1-5) 4 (1-7) 2 (0-4) <0.001*
>3 points (%) 46.6 66.0 40.9 <0.001*
At discharge (points) 0 0 (0-1) 0 0.065
>3 points (%) 3.9 4.9 3.7 0.654
% Reduction in scores® 77.8 (50.0-92.9) 58.3 (33.3-85.7) 81.3 (571-100) <0.001*
Reduction in scores® (points) 7 (4—11) 6 (4-9) 8 (4-11) 0.009*
Rate of improvement® (%) 65.1 43.7 71.4 <0.001*

Continuous variables are given as the median (interquartile range). AP-values are for comparisons between subjects
who were alive at 1 year and those who had died. BFrom admission to Day 3. *P<0.05.

Table 4. Predictors for Mortality at 1 Year According to Cox Regression Analysis
Univariate Multivariate
HR (95% CI) P-value HR (95% CI) P-value

All-cause mortality
Age 1.05 (1.03-1.07) <0.001* 1.06 (1.03-1.09) <0.001*
BMI 0.91 (0.86-0.95) <0.001* 0.151
SBP 0.99 (0.99-1.00) 0.001* 0.498
Potassium 1.45 (1.15-1.79) 0.002* 0.372
Albumin 0.53 (0.37-0.77) 0.001* 0.057
Anemia 1.76 (1.34-2.41) <0.001* 0.065
LVEF 0.97 (0.95-0.98) <0.001* 0.96 (0.94-0.98) <0.001*
Ischemic 1.52 (1.25-1.84) <0.001* 0.103
Previous HF hospitalization 1.33 (1.09-1.61) 0.004* 0.137
Hypertension 0.70 (0.58-0.85) <0.001* 0.147

Cardiovascular mortality
Age 1.05 (1.02-1.08) <0.001* 1.06 (1.02-1.10) 0.006*
BMI 0.91 (0.85-0.97) 0.002* 0.240
SBP 0.99 (0.98-1.00) 0.002* 0.346
Potassium 1.63 (1.26-2.05) <0.001* 0.238
Albumin 0.53 (0.35-0.83) 0.005* 0.137
Anemia 4.10 (1.88-8.95) <0.001* 0.119
Reduced eGFR 3.15 (1.37-7.27) 0.007* 0.197
LVEF 0.97 (0.95-0.98) <0.001* 0.96 (0.94-0.98) <0.001*
Ischemic 2.40 (1.51-3.81) <0.001* 0.524
Previous HF hospitalization 1.97 (1.24-3.13) 0.004* 0.113
Hypertension 0.50 (0.31-0.79) 0.003* 0.208

Cl, confidence interval; HR, hazard ratio. Other abbreviations as in Table 1. *P<0.05.

Given the possibility of B-type natriuretic peptide
(BNP)-guided therapy, we evaluated BNP concentrations
across the 3 groups (Supplementary Table). The median
admission BNP concentration (pg/mL) was 599 (IQR 259—
1,046), 627 (IQR 316-1,033), and 694 (IQR 415-1,482) for
patients with resolved congestion, residual congestion with
improvement, and residual congestion without improve-
ment, respectively (P=0.013). Conversely, the median pre-
discharge BNP concentration was not significantly
different among patients with resolved congestion, residual
congestion with improvement, and residual congestion
without improvement (259 [IQR 123-484], 247 [IQR 113-
484], and 345 [IQR 152, 561] pg/mL, respectively). We also
evaluated other variables, including congestion scores and

their constituents (Supplementary Table). Age and serum
concentrations of blood urea nitrogen, creatinine, and
BNP were greater in subjects with residual congestion and
lesser improvement than in those with resolved congestion
or residual congestion and higher improvement. However,
the ratio of current or former smokers, the prevalence of
hypertension, systolic blood pressure, and serum albumin,
total cholesterol, and hemoglobin concentrations were
lower in subjects with residual congestion and lesser
improvement.

Serial measurements in eGFR during first 3 days were
available for 376 patients (83.0% of study subjects). The
decline in eGFR >20% was slightly greater in subjects with
residual congestion than in those with removed congestion
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Figure 2. Survival curves for (A) 1-year all-cause mortality and (B) cardiovascular mortality according to left ventricular ejection
fraction (LVEF).

Table 5. Predictive Value of Congestion Scores on Day 3 and Improvement in Congestion Scores for 1-Year Mortality and
Rehospitalization Due to HF According to Cox Regression Analysis

Not adjusted Adjusted”
HR (95% CI) P-value HR (95% CI) P-value

All-cause mortality

Score on Day 3 =3 points 2.68 (1.78-4.03) <0.001* 1.76 (1.07—2.80) 0.024*

Improvement <64% 3.04 (2.06—4.49) <0.001* 2.21 (1.37-3.57) 0.001*

Score on Day 3 <3 points Ref. <0.0018* Ref. <0.0018*

Score on Day 3 =3 points with =64% improvement 1.23 (0.64—-2.50) 0.496 0.93 (0.44-1.97) 0.848

Score on Day 3 =3 points with <64% improvement 3.21 (2.10-4.90) <0.001* 2.17 (1.30-3.63) 0.003*
Cardiovascular mortality

Score on Day 3 >3 points 3.76 (2.22—6.35) <0.001* 2.41 (1.29-4.50) 0.006*

Improvement <64% 4.31 (2.65-7.01) <0.001* 3.14 (1.72-5.74) <0.001*

Score on Day 3 <3 points Ref. <0.0018* Ref. <0.0018*

Score on Day 3 >3 points with >64% improvement 1.51 (0.63-3.62) 0.354 1.04 (0.38-2.88) 0.933

Score on Day 3 =3 points with <64% improvement 4.76 (2.76-8.21) <0.001* 3.17 (1.65-6.11) <0.001*
Heart failure readmission

Score on Day 3 =3 points 0.148

Improvement <64% 0.467

AFor all-cause mortality, adjusted for age, BMI, SBP, potassium and albumin concentrations, the prevalence of anemia and hypertension,
LVEF, ischemic etiology, and previous HF hospitalization; for cardiovascular mortality, adjusted for age, BMI, SBP, potassium and albumin
concentrations, the prevalence of anemia, hypertension, and reduced eGFR, LVEF, ischemic etiology, and previous HF hospitalization. These
covariates were found to have P<0.05 by univariate Cox regression analysis (see Table 4). BP-values for trend. Abbreviations as in Tables 1,4.
*P<0.05.

(18.1% vs. 17.6%), but the difference was not statistically

significant (P=0.893). Multivariable logistic regression
analysis revealed that albumin concentration and the prev-
alence of anemia were significantly and independently
associated with the presence of residual congestion (ORs
1.60 [95% CI-1.02-2.49; P=0.002] and 0.63 [95% CI 0.40—
0.98; P=0.040], respectively).

Discussion

The results of the present study indicate that residual con-
gestion at Day 3 or lesser improvement from admission to
Day 3 are both associated with increased 1-year mortality
in patients with acute decompensated HF. Furthermore,
both residual congestion and lesser improvement in con-
gestion scores become prognostic values after adjusting for
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other existing clinical factors.

We also identified that rapid congestion improvement in
patients was associated with a favorable prognoses, even if
these patients had residual congestion on Day 3. Conges-
tion has been shown to be associated with troponin levels
and may lead directly to subclinical myocardial injury.!3
Furthermore, subsequent pathways from congestion lead-
ing to adverse outcomes include elevated venous pressures
that compromise the function of the kidney or other
organs." Therefore, a rapid improvement in clinical signs,
such as dyspnea, is desirable in patients hospitalized with
acute decompensated HF. The results of this study may
reflect the guideline-recommended and established strat-
egy, consistent with prior observations. However, it is
uncertain that the rapid relief of congestion, regardless of
residual congestion, offers a favorable prognosis.

Clinical congestion was reported to be an important
therapeutic target of management in the EVEREST trial.!s
We recognize that the congestion score proposed in the
EVEREST trial may be beneficial from the viewpoint of
both subjective and objective values; thus, we determined
this score serially in the present study. A composite conges-
tion score at discharge or Day 7 has been identified as
being independently associated with prognosis;!® however,
serial changes during the acute phase during hospitaliza-
tion were not described in that study. The comparison of
results between the present study and the EVEREST trial
is difficult because of differences in the severity of the index
congestion (initial median congestion score 11 points in the
present study vs. 4.1 points in the EVEREST trial), and the
score at discharge (almost 0) was not associated with
1-year mortality in the present study, which may be due to
the longer hospitalization period (median 16 days; IQR
11-24 days). Pang et al proposed a tool to evaluate conges-

tion in patients with acute decompensated HF, namely the
Provocative Dyspnea Assessment, a measurement method
that combines sequential dyspnea provocation by position-
ing and walking.!¢ Pang et al also noted the need to mea-
sure symptom severity at each time point using the same
measurement.!® However, it is difficult to use this assess-
ment tool with all HF patients in real-world clinical prac-
tice. In addition, congestion assessment using the
radiographic congestion score index has been important in
predicting mid-term prognosis in HF patients.!” This
approach could be beneficial, but it is possible that there
may be limited evidence in this comprehensive design.
Although the predischarge BNP concentration is an estab-
lished prognostic marker for predicting the post-discharge
cardiac events,!8 this value did not match the relationship
identified in the present study.

The present study has some limitations. First, the results
presented here are only from a single hospital and the
sample size is relatively small. Second, we evaluated con-
gestion status only using the investigator-assessed conges-
tion score, and did not take patient-reported aspects into
account. Therefore, validation of the findings using other
congestion tools will be necessary. Third, patients who
died within 2 days of hospital admission were excluded
from the study; thus, the present results cannot be extrapo-
lated to the most critically ill or severely decongested
patients. Finally, the relationship between rapid deconges-
tion therapy and known long-term clinical factors (cardiac
troponin or serial changes in eGFR) was not confirmed.

In conclusion, this study suggests that rapid deconges-
tion therapy after hospital admission could be prerequisite
for improving 1-year mortality regardless of whether resid-
ual congestion presents in acute decompensated HF.
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