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BACKGROUND: Maintaining euvolemia is crucial for improving prognosis in acute decompensated heart failure (ADHF). Although 
fractional excretion of urea nitrogen (FEUN) is used as a body fluid volume index in patients with acute kidney injury, the clini-
cal impact of FEUN in patients with ADHF remains unclear. This study aimed to investigate whether FEUN can determine the 
long- term prognosis in patients with ADHF.

METHODS AND RESULTS: We retrospectively identified 466 patients with ADHF who had FEUN measured at discharge between 
April 2011 and December 2018. The primary endpoint was post- discharge all- cause death. Patients were divided into two 
groups according to a FEUN cut- off value of 35%, commonly used in pre- renal failure. The FEUN <35% (low- FEUN) group 
included 224 patients (48.1%), and the all- cause mortality rate for the total cohort was 37.1%. The log- rank test revealed that 
the low- FEUN group had a significantly higher rate of all- cause death compared to the FEUN equal to or greater than 35% 
(high- FEUN) group (P<0.001). Multivariate Cox proportional hazards model analysis revealed that low- FEUN was associated 
with post- discharge all- cause death, independently of other heart failure risk factors (hazard ratio, 1.467; 95% CI, 1.030– 
2.088, P=0.033). The risk of low- FEUN compared to high- FEUN in post- discharge all- cause death was consistent across all 
subgroups; however, the effects tended to be modified by renal function (threshold: 60 mL/min/1.73 m2, interaction P=0.069).

CONCLUSIONS: Our study suggests that FEUN may be a novel surrogate marker of volume status in patients with ADHF requir-
ing diuretics.
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Congestion due to volume overload is one of the 
main causes of hospitalization in patients with 
acute decompensated heart failure (ADHF) and is 

an important therapeutic target. Treatment with diuret-
ics is the mainstay of therapy in the management of fluid 
congestion.1 The correction of volume overload in pa-
tients with ADHF is a double- edged sword as correct-
ing volume overload to improve congestion in patients 
with ADHF has been shown to have favorable effects 
on symptoms, re- hospitalization rate, and survival;2– 6 

however, overcorrection and excess fluid removal with 
diuretics have been shown to impair renal function and 
increase mortality risk in these patients.7– 10 It is crucial 
to maintain the euvolemic state by controlling the dose 
of diuretics appropriately using a clinically useful surro-
gate marker of volume status to improve the long- term 
prognosis of ADHF. However, clinically useful surrogate 
markers for this purpose are lacking.

The fractional excretion of sodium (FENa) is fre-
quently used to identify the causes of acute kidney 
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injury.11,12 However, FENa should be used with caution 
in patients undergoing diuretic therapy since it can be 
affected by the renal sodium handling in tubular func-
tion.13 Previous studies have demonstrated that urea 
transport does not occur directly via sodium transport-
ers, and the effect of diuretics on the fractional excre-
tion of urea nitrogen (FEUN) is lower than in FENa.12,14,15 
As a result, FEUN has been used as an alternative 
diagnostic approach and an index of body fluid vol-
ume while using diuretics. Although FEUN <35% is 

commonly used as an indicator of pre- renal failure in 
patients with acute kidney injury, the clinical impact of 
FEUN in patients with ADHF regardless of renal func-
tion has never been examined.11,12

The present study aimed to investigate whether 
FEUN used as an index of body fluid volume can pre-
dict long- term prognosis in ADHF, and the usefulness 
of FEUN in patients with ADHF depends on renal 
function.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Study Design and Patients
The Nara Registry and Analyses for Heart Failure study 
4 (NARA- HF study 4) is a prospective cohort study 
comprised of 1012 consecutive patients emergently 
admitted to our department or the coronary care unit 
at our hospital with documented ADHF [either acute 
new- onset or acute- on- chronic heart failure (HF)] be-
tween April 2011 and December 2018. The diagnosis 
of HF was based on the Framingham Criteria.16 Patients 
with acute myocardial infarction, acute myocarditis, or 
acute HF with acute pulmonary embolism were ex-
cluded. Our study excluded patients who died during 
hospitalization, those treated with dialysis, or patients 
whose urine urea nitrogen was not measured at dis-
charge. We investigated the impact of FEUN on the 
prognosis of ADHF in 466 patients. The enrolled pa-
tients were divided into groups based on FEUN <35% 
(low- FEUN) and FEUN equal to or greater than 35% 
(high- FEUN) at discharge (Figure 1). The study protocol 

CLINICAL PERSPECTIVE

What Is New?
• Fractional excretion of urea nitrogen (FEUN) has 

been used as an index of body fluid volume in 
the setting of acute kidney injury using diuretics, 
however the clinical impact of FEUN in patients 
with acute decompensated heart failure (ADHF) 
has not been shown.

• We provide new insight into the adjustment of 
diuretic therapy and discharge timing in patients 
with ADHF based on imprecise volume status 
markers such as symptom improvement, physi-
cal and laboratory examinations, urine output, 
and weight loss.

• We show that low- FEUN was independently 
associated with poor prognosis and may be a 
novel surrogate marker of volume status in pa-
tients with ADHF.

What Are the Clinical Implications?
• Our study presents a new possible method of 

monitoring the crucial euvolemic status of pa-
tients with heart failure that is both cost- effective 
and non- invasive and could be performed even 
in patients on diuretic therapy.

• Using FEUN as a marker for long- term prog-
nosis in patients with ADHF has not been re-
searched enough, and we hope that further 
research is conducted to verify our findings and 
study the correlation between low- FEUN at dis-
charge and poor long- term prognosis.

Nonstandard Abbreviations and Acronyms

ADHF acute decompensated heart failure
Beta2MG beta 2 microglobulin
BUN blood urea nitrogen
eGFR estimated glomerular filtration rate
FEUN fractional excretion of urea nitrogen
SBP systolic blood pressure

Figure 1. Flow chart of the study cohort.
FEUN indicates fractional excretion of urea nitrogen; and NARA- 
HF Study 4, Nara Registry and Analyses for Heart Failure   
Study 4.
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was approved by the ethics committee at Nara Medical 
University (approval number 624), and written informed 
consent was obtained from all patients according to 
the Declaration of Helsinki ethical principles for medical 
research involving human subjects.

Data Collection and Definitions
Laboratory parameters including hemoglobin (Hb), 
albumin, blood urea nitrogen (BUN), creatinine (Cr), 
estimated glomerular filtration rate (eGFR) by the 
modification of diet in renal disease method, cystatin 
C, serum electrolytes (sodium, potassium, chloride), 
B- type natriuretic peptide (BNP), renin, aldosterone, 
serum osmolality, urine osmolality, urine electrolytes 
(sodium, potassium, chloride), urine N- acetyl- beta- 
glucosaminidase, urine beta 2 microglobulin (bet-
a2MG), and urine urea nitrogen (in collection urine 
samples) were measured in all patients at discharge. 
Vital signs, including heart rate and systolic blood 
pressure (SBP) at discharge, were recorded.

FEUN was calculated according to its well- defined 
formula:11,12,17

For loop diuretics other than furosemide, we con-
verted the dose to furosemide equivalent doses: 4 mg 
of torasemide and 30 mg of azosemide were both con-
sidered equivalent to 20 mg of furosemide.18,19

Outcomes
The primary endpoint was post- discharge all- cause 
death in a time- to- event analysis. The secondary end-
point was the first occurrence of readmission for wors-
ening HF in a time- to- event analysis. The status of all 
patients was surveyed, and information on outcomes 
was obtained from patient medical records and the 
participating cardiologists. When this information was 
unavailable in the medical records, clinicians sent let-
ters to patients’ homes or telephoned the patients or 
their families to collect these data.

Statistical Analysis
Data are expressed as mean and standard deviation 
(SD) for normally distributed data, and median with in-
terquartile range for non- normally distributed data. The 
Kolmogorov- Smirnov test was performed for normal-
ity. Categorical data were expressed as numbers and 
percentages. The difference between the two groups 
was tested with Student’s t- test for normally distrib-
uted variables and the Mann- Whitney U test for non- 
normally distributed variables. The Chi- square test was 
used to compare categorical variables.

First, to evaluate the association between the FEUN 
category and outcomes, Kaplan- Meier analyses with 
the log- rank test, and univariate and multivariate Cox 
proportional hazard analysis was performed using the 
value (35%) to identify the causes of acute kidney in-
jury as a cut- off point. In the multivariate analysis, three 
models with the following covariates were used; model 
1: adjusted for established predictive factors for ADHF 
including the New York Heart Association (NYHA) 
functional classification, age, diabetes mellitus, Hb, 
BNP, and left ventricular ejection fraction (LVEF) at dis-
charge; model 2: adjusted for all factors in model 1 and 
sex, BUN, Cr, serum sodium, and SBP at discharge; 
and model 3: adjusted for all factors in model 2 and 
the medications at discharge associated with all- cause 
mortality in the previous study,20 including angiotensin- 
converting enzyme inhibitor or angiotensin receptor 
blockers, beta- blockers, aldosterone antagonist, and 
loop diuretics doses. In addition to the Cox propor-
tional hazard analysis, a competing- risk analysis using 
the Fine and Gray model was used to analyze the risk 
of heart failure re- hospitalization.

Second, subgroup analyses were conducted by 
following groups: age (<75  years, equal to or older 
than 75 years), sex (male, female), Hb (<12 g/dL, equal 
to or greater than 12 g/dL), BNP (<200 pg/mL, equal 
to or greater than 200 pg/mL), LVEF (<50%, equal to 
or greater than 50%), BUN (<25  mg/dL, equal to or 
greater than 25 mg/dL), eGFR (<60 mL/min/1.73 m2, 
equal to or greater than 60 mL/min/1.73 m2), and new- 
onset HF.

Finally, multivariate logistic regression was per-
formed to examine the factors associated with the 
low- FEUN. A value of P<0.05 was considered signif-
icant for individual comparisons. All statistical analy-
ses were performed using R software version.3.1.2 (R 
Foundation for Statistical Computing, Vienna, Austria).

RESULTS
Patient Characteristics
Among them, the low- FEUN group included 224 pa-
tients (48.1%) and the high- FEUN group included 242 
patients (51.9%). The median age was 76 (67– 83) years, 
and 55.8% of patients were males (Table 1). There were 
no significant differences in age, sex, SBP, heart rate, 
and medication use at discharge between groups. 
The proportion of patients with diabetes mellitus in the 
low- FEUN group was significantly higher than in the 
high- FEUN group. Loop diuretic dose was higher in the 
low- FEUN group than in the high- FEUN group. Among 
the laboratory parameters, BUN, Cr, delta Cr, BUN/Cr 
ratio, delta BUN/Cr ratio, cystatin C, renin, and arginine 
vasopressin were significantly higher in the low- FEUN 
group than in the high- FEUN group. eGFR and BNP 

∙FEUN=
[

urinaryurea × plasmacreatinine
]

∕
[

plasmaurea × urinarycreatinine
]

×100
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Table 1. Baseline Characteristics

All patients  
(N=466)

Low- FEUN  
(n=224)

High- FEUN  
(n=242) P Value

Age, y 76 (67 to 83) 77 (69 to 84) 76 (65 to 82) 0.108

Male sex, % 260 (55.8) 120 (53.6) 140 (57.9) 0.403

BMI, kg/m2 20.9 (18.3 to 23.6) 20.8 (18.1 to 23.3) 20.9 (18.7 to 23.6) 0.479

delta BW, %* – 7.9 (4.3 to 13.2) – 8.8 (5.3 to 13.3) – 7.3 (3.7 to 12.6) 0.047

SBP, mmHg 108 (98 to 120) 108 (98 to 120) 108 (98 to 122) 0.562

DBP, mmHg 60 (54 to 68) 60 (52 to 66) 62 (55 to 68) 0.010

HR, beats/min 70 (62 to 80) 70 (63 to 81) 70 (62 to 78) 0.384

NYHA at discharge, % 0.339

1 153 (32.8) 72 (32.1) 81 (33.5)

2 297 (63.7) 141 (62.9) 156 (64.5)

3 15 (3.2) 10 (4.5) 5 (2.1)

4 1 (0.2) 1 (0.4) 0 (0)

Medical history, %

Hypertension 341 (73.2) 160 (71.4) 181 (74.8) 0.475

Dyslipidemia 200 (42.9) 93 (41.5) 107 (44.2) 0.621

Diabetes mellitus 184 (39.5) 100 (44.6) 84 (34.7) 0.036

Cerebrovascular disease 74 (15.9) 28 (12.5) 46 (19.0) 0.073

COPD 61 (13.1) 21 (9.4) 40 (16.5) 0.032

Current or ex- smoker 277 (59.4) 132 (58.9) 145 (59.9) 0.902

Atrial fibrillation 204 (43.8) 105 (46.9) 99 (40.9) 0.229

Myocardial infarction 106 (22.8) 47 (21.0) 59 (24.4) 0.445

PCI 92 (19.7) 38 (17.0) 54 (22.3) 0.183

CABG 20 (4.3) 8 (3.6) 12 (5.0) 0.610

Valvular surgery 18 (3.9) 10 (4.5) 8 (3.3) 0.683

Medication at discharge, %

ACEI or ARB 413 (88.6) 201 (89.7) 212 (87.6) 0.564

Beta blocker 366 (78.5) 179 (79.9) 187 (77.3) 0.562

Aldosterone antagonist 223 (47.9) 107 (47.8) 116 (47.9) 1.000

Statin 191 (41.0) 90 (40.2) 101 (41.7) 0.805

Diuretic 372 (79.8) 185 (82.6) 187 (77.3) 0.189

Loop diuretic 356 (76.4) 174 (77.7) 182 (75.2) 0.604

Loop diuretic dose, mg 25.4 ± 21.4 28.4 ± 24.2 22.7 ± 18.0 0.004

Tolvaptan 40 (8.6) 20 (8.9) 20 (8.3) 0.928

Aspirin 168 (36.1) 75 (33.5) 93 (38.4) 0.310

Oral Anticoagulation 215 (46.1) 97 (43.3) 118 (48.8) 0.277

Antiarrhythmic drug 71 (15.2) 29 (12.9) 42 (17.4) 0.232

Diabetes mellitus drug 139 (29.8) 77 (34.4) 62 (25.6) 0.050

Non- drug therapy

Pacemaker 26 (5.6) 12 (5.4) 14 (5.8) 0.960

ICD 7 (1.5) 4 (1.8) 3 (1.2)

CRT 11 (2.4) 5 (2.2) 6 (2.5)

Laboratory data at discharge

Hb, g/dL 11.6 (10.3 to 13.3) 11.4 (10.2 to 13.0) 11.9 (10.6 to 13.7) 0.017

Alb, g/dL 3.7 (3.4 to 4.0) 3.7 (3.4 to 4.0) 3.7 (3.4 to 4.0) 0.880

BUN, mg/dL 25.0 (18.0 to 38.0) 31.5 (22.0 to 45.0) 21.0 (15.3 to 29.0) <0.001

Cr, mg/dL 1.14 (0.86 to 1.62) 1.21 (0.89 to 1.67) 1.08 (0.84 to 1.49) 0.043

delta Cr, % † 7.3 (−7.2 to 23.8) 13.0 (−0.8 to 31.8) 2.3 (−11.3 to 17.3) <0.001

 (Continued)
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were significantly lower in the low- FEUN group than in 
the high- FEUN group.

Clinical Outcomes
During a median follow- up period of 28.1 months, there 
were 173 all- cause deaths (37.1%) and 83 (17.8%) due to 
cardiovascular causes in overall, 104 all- cause deaths 
(46.4%) and 43 (19.2%) due to cardiovascular causes in 
the low- FEUN group, and 69 all- cause deaths (28.5%) 
and 40 (16.5%) due to cardiovascular causes in the 
high- FEUN group. The log- rank test demonstrated 
that the low- FEUN group had a significantly higher rate 
of all- cause death than the high- FEUN group (log- rank 
test, P<0.001) (Figure  2A). However, the low- FEUN 

was not significantly associated with HF readmission 
(log- rank test, P=0.073) (Figure 2B). A competing- risk 
analysis was performed to assess the effect of death 
as a competing risk and similar result was observed 
(Gray test, P=0.140) (Figure S1).
In univariate Cox regression models, low- FEUN was as-
sociated with all- cause death compared to high- FEUN 
(hazard ratio, 1.747; 95% CI, 1.288– 2.369; P<0.001). In 
multivariable Cox regression models adjusted for es-
tablished prognostic factors for ADHF (NYHA classi-
fication, age, diabetes mellitus, Hb, BNP, LVEF, BUN, 
Cr, serum sodium, SBP, and sex), low- FEUN was in-
dependently associated with higher all- cause mor-
tality in the total population (Table 2, model 1 and 2). 
The medications that were significantly associated 

All patients  
(N=466)

Low- FEUN  
(n=224)

High- FEUN  
(n=242) P Value

BUN/Cr 22.1 (17.0 to 27.7) 25.9 (21.9 to 32.4) 18.1 (15.2 to 22.9) <0.001

delta BUN/Cr, % ‡ 9.0 (−16.1 to 38.4) 21.0 (−6.2 to 54.7) 0.3 (−21.4 to 20.4) <0.001

eGFR, mL/min/1.73 m2 44.2 (29.2 to 58.7) 40.1 (27.5 to 55.7) 47.4 (32.4 to 61.1) 0.017

Cystatin C, mg/L 1.62 (1.21 to 2.21) 1.79 (1.30 to 2.41) 1.48 (1.16 to 1.99) <0.001

Serum sodium, mEq/L 139 (136 to 141) 138 (135 to 141) 139 (137 to 141) 0.088

Serum potassium, mEq/L 4.3 ± 0.5 4.3 ± 0.6 4.3 ± 0.5 0.938

Serum chloride, mEq/L 101 (98 to 104) 100 (97 to 103) 102 (99 to 104) <0.001

BNP, pg/mL 259 (134 to 478) 212 (124 to 444) 281 (146 to 508) 0.046

delta BNP, %§ – 68.9 (45.5 to 82.2) – 68.7 (46.3 to 81.7) – 69.1 (45.3 to 82.6) 0.816

Renin, ng/mL/hr 4.1 (1.4 to 11.8) 5.7 (1.8 to 14.8) 2.9 (1.0 to 9.1) <0.001

Aldosterone, pg/mL 103.1 (70.8 to 158.9) 97.0 (68.4 to 148.1) 107.7 (72.5 to 173.0) 0.088

AVP, pg/mL|| 2.3 (1.2 to 4.0) 2.9 (1.4 to 4.8) 1.9 (1.1 to 3.2) 0.007

Serum osmolality, mOsm/kg·H2O 287 ± 12 289 ± 12 285 ± 12 <0.001

Urine osmolality, mOsm/kg·H2O 427 ± 166 439 ± 168 417 ± 163 0.174

Urine sodium, mEq/L 67 (49 to 83) 69 (51 to 85) 66 (48 to 81) 0.300

Urine potassium, mEq/L 21 (15 to 27) 22 (16 to 29) 19 (14 to 26) 0.001

Urine chloride, mEq/L 51 (36 to 69) 54 (37 to 71) 49 (36 to 68) 0.130

Urine NAG, U/L 6.5 (4.2 to 9.8) 7.1 (4.5 to 10.9) 5.8 (3.7 to 8.7) 0.011

Urine beta2MG, µg/L 114 (51 to 375) 96 (50 to 291) 120 (66 to 555) 0.001

FENa, % 0.92 (0.55 to 1.50) 0.91 (0.52 to 1.62) 0.92 (0.60 to 1.44) 0.598

FEUN, % 35.3 (28.8 to 42.2) 28.6 (25.1 to 32.0) 42.1 (38.1 to 46.5) <0.001

LVEF, % 44 (33 to 60) 45 (34 to 60) 43 (32 to 60) 0.441

Data are expressed as mean and SD for normally distributed variables and as median with interquartile range for non- normally distributed data. Categorical 
data are expressed as numbers and percentages.

ACEI indicates angiotensin- converting enzyme inhibitor; Alb, albumin; ARB, angiotensin II receptor blocker; AVP, arginine vasopressin; beta2MG, 
beta2microglobulin; BMI, body mass index; BNP, B- type natriuretic peptide; BUN, blood urea nitrogen; BW, body weight; CABG, coronary artery bypass 
grafting; COPD, chronic obstructive pulmonary disease; Cr, creatinine; CRT, cardiac resynchronization therapy; DBP, diastolic blood pressure; eGFR, 
estimated glomerular filtration rate; FENa, fractional excretion of sodium.; FEUN, fractional excretion of urea nitrogen; Hb, hemoglobin; HR, heart rate; ICD, 
implantable cardioverter defibrillator; LVEF, left ventricular ejection fraction; NAG, N- acetyl- b- D- glucosaminidase; NYHA, New York Heart Association functional 
classification; PCI, percutaneous coronary intervention; and SBP, systolic blood pressure;.

*Delta BW=[discharge –  admission] BW / admission BW ×100.
†Delta Cr=[discharge –  admission] Cr / admission Cr ×100.
‡Delta BUN/Cr=[discharge –  admission] BUN/Cr / admission BUN/Cr ×100.
§Delta BNP=[discharge –  admission] BNP / admission BNP ×100.
||Data on AVP was available for 246 patients (low- FEUN: 111 patients, high- FEUN: 135 patients).

Table 1. Continued
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with all- cause mortality in the previous study20 were 
added for adjustment, which also demonstrated that 
low- FEUN was independently associated with higher 
all- cause mortality in the same manner as in models 1 
and 2 (Table 2, model 3).

Hb, BNP, loop diuretic dose, and renin but not 
age, LVEF, and Cr at discharge were independent risk 
factors for low- FEUN (Table 3). The risk of low- FEUN 
compared to high- FEUN in post- discharge all- cause 
death was consistent across all subgroups; however, 
the effects tended to be modified by renal function 
(threshold: 60  mL/min/1.73  m2, interaction P=0.069) 
(Figure 3).

DISCUSSION
This study examined the association between FEUN 
at discharge and long- term prognosis in patients with 
ADHF. The main finding of the present study was that 
low- FEUN at discharge was independently associated 
with higher post- discharge all- cause mortality in pa-
tients with ADHF (based on multivariate analysis). To 
the best of our knowledge, this is the first report to 
reveal that low- FEUN at discharge was a strong prog-
nostic predictor of long- term outcomes in patients with 
ADHF. The impact of low- FEUN was consistent across 
various subgroups; however, the effects tended to be 
modified by renal function.

In patients with ADHF, it is well known that the 
correction of volume overload improves prognosis, 
although excess fluid removal with diuretics has 
been shown to cause worsening renal function and 
may increase mortality risk in these patients.7– 10 
However, there have been no reliable clinical tests 
that can determine euvolemia. Since about 80% of 
patients in this study used diuretics, such as in many 
previous studies,5,21 FEUN was used as an index of 
body fluid volume instead of FENa. In the present 
study, there was no significant difference in LVEF 
and SBP between the low- FEUN and high- FEUN 
groups. However, the BNP level was significantly 
lower, and the BUN/Cr ratio, delta BUN/Cr ratio and 
delta- BW were significantly higher in the low- FEUN 
group than in the high- FEUN group. These findings 
suggest that low- FEUN may represent intravascu-
lar dehydration rather than low output compared to 
high- FEUN, and FEUN may be an index for deter-
mining euvolemia.

In this study, low- FEUN at discharge was an inde-
pendent prognostic factor for higher post- discharge 
all- cause mortality in patients with ADHF. The precise 
reason for low- FEUN being independently associated 
with higher post- discharge all- cause mortality in pa-
tients with ADHF remains unclear. A possible mech-
anism underlying the association between low- FEUN 
and higher post- discharge all- cause mortality in pa-
tients with ADHF is the effect of neurohormonal activa-
tion, which is an aggravating factor for HF.

Pre- renal diseases, such as dehydration and in-
creased plasma osmolality, cause vasopressin release. 

Figure 2. Kaplan– Meier analyses of FEUN at discharge 
for post- discharge all- cause mortality and readmission for 
worsening HF.
Kaplan- Meier survival curves show time to all- cause death (A) 
and HF readmission (B) in the FEUN<35% and FEUN equal to or 
greater than 35% groups. The log- rank test demonstrated that 
the FEUN<35% group had a significantly higher rate of all- cause 
death compared to the FEUN equal to or greater than 35% group 
(log- rank test, P<0.001), with a HR, 1.747; 95% CI, 1.288– 2.369. 
Furthermore, the FEUN<35% group had a strong trend toward a 
higher risk of HF readmission (log- rank test, P=0.073), with a HR, 
1.383; 95% CI, 0.967– 1.977. FEUN indicates fractional excretion 
of urea nitrogen; and HF, heart failure.
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Additionally, activated vasopressin enhances urea ni-
trogen reabsorption by urea- transporter proteins (UT- 
A1 and UT- A3) in inner medullary collecting ducts, 
resulting in the reduction of FEUN.22– 24

In this study, plasma vasopressin levels and plasma 
osmolality were significantly higher in the low- FEUN 
group than in the high- FEUN group. This suggests that 
low- FEUN represents an increased vasopressin se-
cretion caused by decreased plasma volume, which 
may lead to a poor prognosis. We further assessed 
the plasma renin activity in this study. The plasma 
renin activity was significantly higher in the low- FEUN 
group than in the high- FEUN group. In patients with 
ADHF, low- FEUN suggests increased activation of the 
renin- angiotensin- aldosterone system, which may also 
contribute to poor prognosis. Although low Hb was 

an independent risk factor for low- FEUN, the precise 
reason was unclear. Renal dysfunction is common in 
patients with HF and closely associated with the de-
velopment of anemia.25,26 In the present study, renal 
function was worse in low- FEUN than in high- FEUN, 
which may lead that low Hb was an independent risk 
factor for low- FEUN.

Generally, the administration of loop diuretics in-
creases the activation of the renin- angiotensin-  aldo-
sterone system because urine loss with loop diuretics 
is exclusively through extracellular fluid. In contrast, the 
V2 receptor antagonist increases urinary excretion from 
intracellular fluids (two- thirds) and extracellular fluids 
(one- third). As a result, renin- angiotensin-  aldosterone 
system is apparently less activated with V2 receptor 
antagonists than with loop diuretics.27 Therefore, in pa-
tients with ADHF and low- FEUN at discharge, it may 
be necessary to reduce the loop diuretic dose. This 
may suppress neurohormonal activation and conse-
quently improve long- term prognosis.

Subgroup analysis of all- cause death did not show 
significant interactions but nearly significant interac-
tions in the subgroup by eGFR probably because of 
a small number of patients, and low- FEUN was not 
associated with all- cause death in eGFR equal to or 
greater than 60 mL/min/1.73 m2. Therefore, we think 
that FEUN is more useful in patients with ADHF with 
eGFR less than 60 mL/min/1.73 m2 and may not be 
available in patients with ADHF with eGFR equal to or 
greater than 60 mL/min/1.73 m2.

These findings suggest that FEUN at discharge in 
patients with ADHF can be a novel surrogate marker 
of volume status that can allow maintenance of the 
euvolemic condition using diuretics. Moreover, mea-
suring FEUN is non- invasive and repeatable, and of 
low cost, making this a practical and feasible indi-
cator for euvolemia in the clinical setting. Further 
research is necessary to confirm our findings and 
to elucidate the reason for low- FEUN at discharge 
in patients with ADHF leading to poor long- term 
prognosis.

This study has several limitations that should be 
acknowledged. First, this was a single- center study 
involving a relatively small number of patients with 
ADHF. Second, this study was a retrospective analysis 
of prospectively collected data. Third, we had to ex-
clude a large number of patients owing to missing data 
on FEUN, and as such, the possibility of selection bias 
cannot be denied. Fourth, non- neurohormonal fac-
tors that influence urea reabsorption, such as diet and 
protein catabolism, may have introduced potential un-
controlled confounding. Fifth, indices of renal function, 
such as serum BUN and Cr, are included in the FEUN 
formula. Therefore, we cannot exclude the possibility 
of the influence of renal function on FEUN. Sixth, we 
could not directly evaluate association between FEUN 

Table 3. Predictors of FEUN<35% in the Multivariate 
Logistic Regression Analysis

Odds ratio 95% CI P Value

Age, y 1.010 0.992– 1.030 0.304

Hb, g/dL 0.863 0.773– 0.963 0.008

Plasma BNP, 
100 pg/mL

0.913 0.857– 0.973 0.005

Loop diuretic dose, 
mg

1.010 1.010– 1.020 0.003

LVEF, % 1.000 0.987– 1.010 0.988

Cr, mg/dL 0.974 0.770– 1.230 0.828

Renin, ng/mL/hr 1.030 1.010– 1.050 0.002

Hb, BNP, Loop diuretic dose, LVEF, eGFR, and Renin values are at the 
time of discharge. BNP indicates B- type natriuretic peptide; Cr, creatinine; 
FEUN, fractional excretion of urea nitrogen; Hb, hemoglobin; and LVEF, left 
ventricular ejection fraction.

Figure 3. Subgroup analysis of all- cause death by baseline 
characteristics.
Hazard ratios for 7 predefined subgroups. Horizontal bars 
represent 95% CI. P values are for the tests of subgroup 
heterogeneity (tests of interactions). BNP, brain natriuretic 
peptide; BUN, blood urea nitrogen; eGFR, estimated glomerular 
filtration rate; Hb indicates hemoglobin; and LVEF, left ventricle 
ejection.
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and volume depletion because we did not usually per-
form right heart catheterization by the swan- ganz cath-
eter during hospitalization.

CONCLUSIONS
Low- FEUN at discharge was independently associ-
ated with higher post- discharge all- cause mortality in 
patients with ADHF. Our study suggests that FEUN at 
discharge in patients with ADHF may be a novel surro-
gate marker of volume status even in patients actively 
on diuretic therapy.

ARTICLE INFORMATION
Received December 9, 2020; accepted June 28, 2021.

Affiliation
Department of Cardiovascular Medicine, Nara Medical University, Kashihara, 
Japan.

Sources of Funding
This work was supported in part by MEXT KAKENHI Grant Number 
JP19155855 (Grants- in- aid from the Ministry of Education, Culture, Sports, 
Science), Health Labour Sciences Research Grant Number 19189094 and 
17933459 (Technology and the Ministry of Health, Labor, and Welfare of 
Japan [Comprehensive Research on Life- Style Related Disease including 
Cardiovascular Disease and Diabetes Mellitus]), and AMED under Grant 
Number JP19ek0210080, JP19ek0210118, JP19ek0210121, JP19ek0210115 
(Practical Research Project for Life- Style related Diseases including 
Cardiovascular Diseases and Diabetes Mellitus), AMED under Grant Number 
JP19ek0109367, JP19ek0109406 (Practical Research Project for Rare/
Intractable Diseases) and AMED under Grant Number JP19km0405009 
(Platform Program for Promotion of Genome Medicine).

Disclosures
Y. Saito has received: research funds from Otsuka Pharmaceutical Co., 
Ltd., OnoPharmaceutical Co., Ltd., Takeda Pharmaceutical Co., Ltd., 
Daiichi Sankyo Co., Ltd., Mitsubishi Tanabe Pharma Corporation, Bristol- 
Myers Squibb Company, Actelion Pharmaceuticals Japan Ltd., Kyowa Kirin 
Co., Ltd., Kowa Pharmaceutical Co., Ltd, Shionogi & Co., Ltd, Dainippon 
Sumitomo Pharma Co., Ltd., Teijin Pharma Ltd., Chugai Pharmaceutical Co., 
Ltd., Eli Lilly Japan K.K., Nihon Medi- Physics Co., Ltd., Novartis Pharma 
K.K., Pfizer Japan Inc., and Fuji Yakuhin Co., Ltd.; research expences from 
Novartis Pharma K.K., Roche Diagnostics K.K., Amgen Inc., Bayer Yakuhin, 
Ltd., Astellas Pharma Inc., and Actelion Pharmaceuticals Japan Ltd.; speak-
ers’ bureau/honorarium from Alnylam Japan K.K., AstraZeneca K.K., Otsuka 
Pharmaceutical Co., Ltd., Kowa Pharmaceutical Co., Ltd, Daiichi Sankyo 
Co., Ltd., Mitsubishi Tanabe Pharma Corporation, Tsumura & Co., Teijin 
Pharma Ltd., Toa Eiyo Ltd., Nippon Shinyaku Co., Ltd., Nippon Boehringer 
Ingelheim Co., Ltd., Novartis Pharma K.K., Bayer Yakuhin Ltd., Pfizer Japan 
Inc., Bristol- Myers Squibb Company, and Mochida Pharmaceutical Co., Ltd.; 
and consultation fees from Ono Pharmatical Co., Ltd. and Novartis Pharma 
K.K. The remaining authors have no disclosures to report.

Supplementary Material
Figure S1

REFERENCES
 1. John R, Teerlink KA, Metra M, Rodgers JE. Acute decompensated 

heart failure update. Current Cardiology Reviews. 2015;11:53– 62. DOI: 
10.2174/15734 03x09 66613 11171 74414.

 2. Testani JM, Chen J, McCauley BD, Kimmel SE, Shannon RP. Potential 
effects of aggressive decongestion during the treatment of decom-
pensated heart failure on renal function and survival. Circulation. 
2010;122:265– 272. DOI: 10.1161/CIRCU LATIO NAHA.109.933275.

 3. Greene SJ, Gheorghiade M, Vaduganathan M, Ambrosy AP, Mentz 
RJ, Subacius H, Maggioni AP, Nodari S, Konstam MA, Butler J, et al. 
Haemoconcentration, renal function, and post- discharge outcomes 
among patients hospitalized for heart failure with reduced ejection frac-
tion: Insights from the everest trial. Eur J Heart Fail. 2013;15:1401– 1411. 
DOI: 10.1093/eurjh f/hft110.

 4. Testani JM, Brisco MA, Chen J, McCauley BD, Parikh CR, Tang WH. 
Timing of hemoconcentration during treatment of acute decompen-
sated heart failure and subsequent survival: Importance of sustained 
decongestion. J Am Coll Cardiol. 2013;62:516– 524. DOI: 10.1016/j.
jacc.2013.05.027.

 5. Writing Committee Members, Yancy CW, Jessup M, Bozkurt B, Butler 
J, Casey DE Jr, Drazner MH, Fonarow GC, Geraci SA, Horwich T, 
et al. American College of Cardiology Foundation/American Heart 
Association Task Force on Practice Guidelines for the management 
of heart failure: a report of the american college of cardiology foun-
dation/american heart association task force on practice guidelines. 
Circulation. 2013;128:e240– 327. DOI: 10.1161/CIR.0b013 e3182 9e8776.

 6. Fudim M, Loungani R, Doerfler SM, Coles A, Greene SJ, Cooper LB, 
Fiuzat M, O’Connor CM, Rogers JG, Mentz RJ. Worsening renal func-
tion during decongestion among patients hospitalized for heart failure: 
findings from the evaluation study of congestive heart failure and pul-
monary artery catheterization effectiveness (escape) trial. Am Heart J. 
2018;204:163– 173. DOI: 10.1016/j.ahj.2018.07.019.

 7. Forman DE, Butler J, Wang Y, Abraham WT, O’Connor CM, Gottlieb SS, 
Loh E, Massie BM, Rich MW, Stevenson LW, et al. Incidence, predictors 
at admission, and impact of worsening renal function among patients 
hospitalized with heart failure. J Am Coll Cardiol. 2004;43:61– 67. DOI: 
10.1016/j.jacc.2003.07.031.

 8. Damman K, Navis G, Voors AA, Asselbergs FW, Smilde TD, Cleland 
JG, van Veldhuisen DJ, Hillege HL. Worsening renal function and prog-
nosis in heart failure: Systematic review and meta- analysis. J Card Fail. 
2007;13:599– 608. DOI: 10.1016/j.cardf ail.2007.04.008.

 9. Shirakabe A, Hata N, Kobayashi N, Shinada T, Tomita K, Tsurumi M, 
Matsushita M, Okazaki H, Yamamoto Y, Yokoyama S, et al. Prognostic 
impact of acute kidney injury in patients with acute decompensated 
heart failure. Circ J. 2013;77:687– 696. DOI: 10.1253/circj.CJ- 12- 0994.

 10. Ueda T, Kawakami R, Sugawara YU, Okada S, Nishida T, Onoue K, 
Soeda T, Okayama S, Takeda Y, Watanabe M, et al. Worsening of renal 
function during 1 year after hospital discharge is a strong and indepen-
dent predictor of all- cause mortality in acute decompensated heart fail-
ure. J Am Heart Assoc. 2014;3:e001174. DOI: 10.1161/JAHA.114.001174.

 11. Pepin MN, Bouchard J, Legault L, Ethier J. Diagnostic performance 
of fractional excretion of urea and fractional excretion of sodium in 
the evaluations of patients with acute kidney injury with or without di-
uretic treatment. Am J Kidney Dis. 2007;50:566– 573. DOI: 10.1053/j.
ajkd.2007.07.001.

 12. Carvounis CP, Nisar S, Guro- Razuman S. Significance of the fractional 
excretion of urea in the differential diagnosis of acute renal failure. Kidney 
Int. 2002;62:2223– 2229. DOI: 10.1046/j.1523- 1755.2002.00683.x.

 13. Palmer BF, Clegg DJ. The use of selected urine chemistries in the di-
agnosis of kidney disorders. Clin J Am Soc Nephrol. 2019;14:306– 316. 
DOI: 10.2215/CJN.10330818.

 14. Diskin CJ, Stokes TJ, Dansby LM, Radcliff L, Carter TB. The compar-
ative benefits of the fractional excretion of urea and sodium in various 
azotemic oliguric states. Nephron Clin Pract. 2010;114:c145– 150. DOI: 
10.1159/00025 4387.

 15. Kaplan AA, Kohn OF. Fractional excretion of urea as a guide to renal 
dysfunction. Am J Nephrol. 1992;12:49– 54. DOI: 10.1159/00016 8417.

 16. Ho KKL, Pinsky JL, Kannel WB, Levy D. The epidemiology of heart 
failure: the framingham study. J Am Coll Cardiol. 1993;22:A6– A13. DOI: 
10.1016/0735- 1097(93)90455 - A.

 17. Lima C, Macedo E. Urinary biochemistry in the diagnosis of acute kidney 
injury. Dis Markers. 2018;2018:4907024. DOI: 10.1155/2018/4907024.

 18. Kruck F, Bablok W, Besenfelder E, Betzien G, Kaufmann B. Clinical and 
pharmacological investigations of the new saluretic azosemid. Eur J 
Clin Pharmacol. 1978;14:153– 161. DOI: 10.1007/BF020 89953.

 19. Díez J, Coca A, de Teresa E, Anguita M, Castro- Beiras A, Conthe P, 
Cobo E, Fernández E., Group TI. Torafic study protocol: Torasemide 
prolonged release versus furosemide in patients with chronic heart 
failure. Expert Rev Cardiovasc Ther. 2009;7:897– 904. DOI: 10.1586/
erc.09.74.

 20. SOLVD Investigators YS, Pitt B, Davis CE, Hood WB, Cohn JN. Effect 
of enalapril on survival in patients with reduced left ventricular ejection 

D
ow

nloaded from
 http://ahajournals.org by on A

pril 18, 2022

https://doi.org/10.2174/1573403x09666131117174414
https://doi.org/10.1161/CIRCULATIONAHA.109.933275
https://doi.org/10.1093/eurjhf/hft110
https://doi.org/10.1016/j.jacc.2013.05.027
https://doi.org/10.1016/j.jacc.2013.05.027
https://doi.org/10.1161/CIR.0b013e31829e8776
https://doi.org/10.1016/j.ahj.2018.07.019
https://doi.org/10.1016/j.jacc.2003.07.031
https://doi.org/10.1016/j.cardfail.2007.04.008
https://doi.org/10.1253/circj.CJ-12-0994
https://doi.org/10.1161/JAHA.114.001174
https://doi.org/10.1053/j.ajkd.2007.07.001
https://doi.org/10.1053/j.ajkd.2007.07.001
https://doi.org/10.1046/j.1523-1755.2002.00683.x
https://doi.org/10.2215/CJN.10330818
https://doi.org/10.1159/000254387
https://doi.org/10.1159/000168417
https://doi.org/10.1016/0735-1097(93)90455-A
https://doi.org/10.1155/2018/4907024
https://doi.org/10.1007/BF02089953
https://doi.org/10.1586/erc.09.74
https://doi.org/10.1586/erc.09.74


J Am Heart Assoc. 2021;10:e020480. DOI: 10.1161/JAHA.120.020480 10

Nogi et al FEUN Prognostic Value in Patients With ADHF

fractions and congestive heart failure. N Engl J Med. 1991;325:293– 
302. DOI: 10.1056/NEJM1 99108 01325 0501.

 21. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats AJS, 
Falk V, González- Juanatey JR, Harjola V- P, Jankowska EA, et al. 2016 esc 
guidelines for the diagnosis and treatment of acute and chronic heart fail-
ure: 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. Eur 
Heart J. 2016;37:2129– 2200. DOI: 10.1093/eurhe artj/ehw128.

 22. Sands JM. Renal urea transporters. Curr Opin Nephrol Hypertens. 
2004;13:525– 532. DOI: 10.1097/00041 552- 20040 9000- 00008.

 23. Sands JM, Layton HE. The physiology of urinary concentration: An 
update. Semin Nephrol. 2009;29:178– 195. DOI: 10.1016/j.semne 
phrol.2009.03.008.

 24. Sands JM, Nonoguchi H, Knepper MA. Vasopressin effects on urea 
and h2o transport in inner medullary collecting duct subsegments. Am 
J Physiol. 1987;253:F823– 832. DOI: 10.1152/ajpre nal.1987.253.5.F823.

 25. Anand IS. Anemia and chronic heart failure implications and treat-
ment options. J Am Coll Cardiol. 2008;52:501– 511. DOI: 10.1016/j.
jacc.2008.04.044.

 26. Nanas JN, Matsouka C, Karageorgopoulos D, Leonti A, Tsolakis E, 
Drakos SG, Tsagalou EP, Maroulidis GD, Alexopoulos GP, Kanakakis 
JE, et al. Etiology of anemia in patients with advanced heart failure. 
J Am Coll Cardiol. 2006;48:2485– 2489. DOI: 10.1016/j.jacc.2006.  
08.034.

 27. Finley JJ, Konstam MA, Udelson JE. Arginine vasopressin antago-
nists for the treatment of heart failure and hyponatremia. Circulation. 
2008;118:410– 421. DOI: 10.1161/CIRCU LATIO NAHA.108.765289.

D
ow

nloaded from
 http://ahajournals.org by on A

pril 18, 2022

https://doi.org/10.1056/NEJM199108013250501
https://doi.org/10.1093/eurheartj/ehw128
https://doi.org/10.1097/00041552-200409000-00008
https://doi.org/10.1016/j.semnephrol.2009.03.008
https://doi.org/10.1016/j.semnephrol.2009.03.008
https://doi.org/10.1152/ajprenal.1987.253.5.F823
https://doi.org/10.1016/j.jacc.2008.04.044
https://doi.org/10.1016/j.jacc.2008.04.044
https://doi.org/10.1016/j.jacc.2006.08.034
https://doi.org/10.1016/j.jacc.2006.08.034
https://doi.org/10.1161/CIRCULATIONAHA.108.765289


 

 

 

 

SUPPLEMENTAL MATERIAL 

 

 

 D
ow

nloaded from
 http://ahajournals.org by on A

pril 18, 2022



Figure S1. Kaplan–Meier analyses of FEUN at discharge for readmission for worsening HF 

without death (Competing risk analysis). 

 

 

 

Kaplan-Meier survival curves show time to HF readmission in the FEUN<35% and FEUN equal 

to or greater than 35% groups in a competing-risk analysis (Gray test, P=0.140). 
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