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ORIGINAL RESEARCH

New Classification for the Combined 
Assessment of the Fractional Excretion 
of Urea Nitrogen and Estimated Plasma 
Volume Status in Acute Heart Failure
Kazutaka Nogi , MD, PhD; Tomoya Ueda , MD, PhD; Takuya Nakamura, MD; Maki Nogi, MD, PhD;  
Satomi Ishihara, MD, PhD; Yasuki Nakada , MD, PhD; Yukihiro Hashimoto, MD; Hitoshi Nakagawa , MD, PhD;  
Taku Nishida , MD, PhD; Ayako Seno , MD, PhD; Kenji Onoue , MD, PhD; Makoto Watanabe, MD, PhD; 
Yoshihiko Saito , MD, PhD

BACKGROUND: The fractional excretion of urea nitrogen (FEUN) has been used as a renal blood flow index related to cardiac 
output, and the estimated plasma volume status (ePVS) as a body fluid volume index. However, the usefulness of their com-
bination in acute decompensated heart failure (HF) management is unclear. We investigated the effect of 4 hemodynamic 
categories according to the high and low FEUN and ePVS values at discharge on the long- term prognosis of patients with 
acute decompensated HF.

METHODS AND RESULTS: Between April 2011 and December 2018, we retrospectively identified 466 patients with acute decom-
pensated HF with FEUN and ePVS values at discharge. Primary end point was postdischarge all- cause death. Secondary 
end points were (1) the composite of all- cause death and HF readmission, and (2) HF readmission in a time- to- event analysis. 
The patients were divided into 4 groups according to the high/low FEUN (≥35%, <35%) and ePVS (>5.5%, ≤5.5%) values at 
discharge: high- FEUN/low- ePVS, high- FEUN/high- ePVS, low- FEUN/low- ePVS, and low- FEUN/high- ePVS groups. During a 
median follow- up period of 28.1 months, there were 173 all- cause deaths (37.1%), 83 cardiovascular deaths (17.8%), and 121 HF 
readmissions (26.0%). The Kaplan– Meier curve analysis showed that the high- FEUN/low- ePVS group had a better prognosis 
than the other groups (log- rank test, P<0.001). In the multivariable Cox regression analysis, the low- FEUN/high- ePVS group had 
a higher mortality than the high- FEUN/low- ePVS group (hazard ratio, 2.92 [95% CIs, 1.73– 4.92; P<0.001]).

CONCLUSIONS: The new classification of the 4 hemodynamic profiles using the FEUN and ePVS values may play an important 
role in improving outcomes in patients with stable acute decompensated HF.
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Knowledge of cardiac output and volume status 
is essential for the implementation of an effective 
treatment strategy in acute decompensated heart 

failure (ADHF), in which congestion is one of the main 
causes of hospitalization. Furthermore, insufficient de-
congestion at discharge has been associated with 

higher rehospitalization rates and death in patients with 
ADHF.1,2 However, hypoperfusion is also recognized as 
a poor prognostic factor. During the treatment of heart 
failure (HF), overcorrections because of excess fluid re-
moval arising from the use of diuretics have been asso-
ciated with adverse events, including worsening renal 

Correspondence to: Tomoya Ueda, MD, PhD, Department of Cardiovascular Medicine, Nara Medical University, 840 Shijo- cho, Kashihara, 634- 8522, Japan. 
Email: tom15@naramed-u.ac.jp

Supplemental Material is available at https://www.ahajo urnals.org/doi/suppl/ 10.1161/JAHA.122.025596

For Sources of Funding and Disclosures, see page 12.

© 2022 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative 
Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use 
is non-commercial and no modifications or adaptations are made. 

JAHA is available at: www.ahajournals.org/journal/jaha

See Editorial by Rao.

https://orcid.org/0000-0003-0516-8753
https://orcid.org/0000-0002-0656-3336
mailto:
https://orcid.org/0000-0003-0510-6923
https://orcid.org/0000-0002-1394-8509
https://orcid.org/0000-0001-7025-0310
https://orcid.org/0000-0001-8051-6119
https://orcid.org/0000-0003-3233-4913
https://orcid.org/0000-0001-5574-3571
mailto:tom15@naramed-u.ac.jp
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.122.025596
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha


J Am Heart Assoc. 2023;12:e025596. DOI: 10.1161/JAHA.122.025596 2

Nogi et al FEUN and ePVS in Acute Heart Failure

function, increased activity of the renin angiotensin sys-
tem and sympathetic nervous system, and death.3– 5 
Therefore, international guidelines have suggested the 
assessment of the “volume status” and “perfusion” re-
quired to maintain an euvolemic state, by controlling the 
diuretic doses appropriately.6,7 However, in some clinical 
cases, it can be difficult to relieve the congestion while 
avoiding hypovolemic conditions arising from excessive 
diuresis. Therefore, objective indicators are needed to 
guide the adjustments of HF medications.

As a diagnostic approach to acute kidney injury, the 
fractional excretion of urea nitrogen (FEUN) is frequently 
used to diagnose renal or prerenal failure, and is more 
useful than the fractional excretion of sodium, which is 

affected strongly by diuretic use.8– 10 A low FEUN indicates 
prerenal failure, which is because of the dehydration that 
occurs in general conditions and the dehydration and 
low cardiac output that occurs in HF. In other words, 
the FEUN may be a novel surrogate marker of perfusion 
in patients with ADHF. Recently, we identified a lower 
FEUN as a predictor of the prognosis in patients with 
ADHF, especially in those with estimated glomerular fil-
tration rate (eGFR) <60 mL/min per 1.73 m2.11 However, 
we were unable to determine whether the low FEUN 
was because of the low cardiac function or the decrease 
in the circulating plasma volume.

The estimated plasma volume status (ePVS), which 
was derived from the hemoglobin and hematocrit values, 
showed a good correlation with the measured plasma 
volume.12 Previous studies have demonstrated that a 
high ePVS was associated with a poor prognosis, and 
proposed a threshold of >5.5 mL/g (high ePVS) to indi-
cate excessive congestion in patients with ADHF.13,14

We hypothesized that the combination of the FEUN 
and ePVS is useful clinically to determine the perfu-
sion and volume status. Therefore, the present study 
aimed to investigate the effect of the 4 hemodynamic 
categories according to the high and low FEUN and 
ePVS values at discharge on the long- term prognosis 
of patients with ADHF, and whether the usefulness of 
the 4 hemodynamic categories 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 
reasonable request.

Study Design and Patients
The NARA- HF Study 4 (Nara Registry and Analyses 
for Heart Failure Study 4) is a prospective cohort study 
that comprises 1012 consecutive patients admitted as 
emergency cases to our department or the coronary 
care unit of our hospital with documented ADHF (either 
acute new- onset or acute- on- chronic HF) between 
April 2011 and December 2018. The diagnosis of HF 
was based on the Framingham Criteria.15 Patients with 
acute myocardial infarction, acute myocarditis, or acute 
HF with acute pulmonary embolism were excluded. Of 
the patients enrolled in the NARA- HF Study 4, 466 
(excluding patients who died during hospitalization, 
on dialysis, or without measured urine urea nitrogen 
at discharge) were included in the present study. We 
divided the 466 patients with ADHF into 4 groups ac-
cording to the high/low FEUN (≥35%, <35%) and ePVS 
(>5.5%, ≤5.5%) values at discharge: high- FEUN/low- 
ePVS, high- FEUN/high- ePVS, low- FEUN/low- ePVS, 
and low- FEUN/high- ePVS groups (Figure 1).

CLINICAL PERSPECTIVE

What Is New?
• The fractional excretion of urea nitrogen (FEUN) 

has been used as renal blood flow index related 
to cardiac output, and the estimated plasma 
volume status (ePVS) as body fluid volume 
index; however, the usefulness of their com-
bination in acute decompensated heart failure 
(ADHF) management is unclear.

• We provide new insights into the ADHF manage-
ment based on imprecise cardiac output and 
volume status markers, including symptom im-
provement, physical and laboratory examination 
findings, urine output, and weight loss.

• Low- FEUN/high- ePVS was independently as-
sociated with poor prognosis and may play an 
important role in improving outcomes of pa-
tients with ADHF.

What Are the Clinical Implications?
• Our study presents a new classification of 4 

hemodynamic profiles using the FEUN and 
ePVS values that is both cost- effective and non-
invasive, to properly understand the condition of 
patients with ADHF.

• Using FEUN and ePVS as markers for long- term 
prognosis in patients with ADHF has not been 
researched enough, and we hope that further 
research is conducted to verify our findings 
and study the correlation between the 4 FEUN/
ePVS hemodynamic profiles using the values at 
discharge and long- term prognosis.

Nonstandard Abbreviations and Acronyms

ADHF acute decompensated heart failure
ePVS estimated plasma volume status
FEUN fractional excretion of urea nitrogen
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We investigated the impact of the combined as-
sessment of the FEUN and ePVS values on the prog-
nosis of ADHF. The study protocol was approved by 
the Ethics Committee of the Nara Medical University 
(approval number 624). Written informed consent 
was obtained from all the patients according to the 
Declaration of Helsinki Ethical Principles for Medical 
Research Involving Human Subjects.

Data Collection and Definitions
The laboratory parameters including hemoglobin, he-
matocrit, albumin, blood urea nitrogen (BUN), creati-
nine, eGFR according to the diet modifications of the 
renal disease method, cystatin C, serum electrolytes 
(sodium and potassium), B- type natriuretic peptide 
(BNP), renin, aldosterone, urine electrolytes (sodium 
and potassium), and urine urea nitrogen (from the 
urine samples that were collected) were measured 
in all patients at discharge. The vital signs, includ-
ing heart rate and blood pressure at discharge, were 
recorded.

The FEUN was calculated according to its well- 
defined formula8,16,17:

The ePVS was calculated using the Strauss- derived 
Duarte formula with the hematocrit and hemoglobin 
values12,18:

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 to be equivalent to 20 mg of furosemide.19,20

Outcomes
The primary end point was postdischarge all- cause 
death in a time- to- event analysis. The secondary end 
points were (1) the composite of all- cause death and 
HF readmission, and (2) HF readmission in a time- to- 
event analysis. The statuses of all the patients were 
surveyed, and the information on outcomes was 
obtained from the patients’ medical records and the 
participating cardiologists. When this information 
was unavailable in the medical records, the clinicians 
sent letters to the patients’ homes or telephoned the 
patients or their families to request the data.

Statistical Analysis
The data were expressed as means and SDs for the 
normally distributed data, and as medians with in-
terquartile ranges for the non- normally distributed 
data. The Kolmogorov– Smirnov test was performed 
to assess for normality. The categorical data were 
expressed as numbers and percentages. The differ-
ences between the 4 groups were tested using the 
ANOVA for the normally distributed variables and the 
Kruskal– Wallis test for the non- normally distributed 
variables. The Chi- square test was used to compare 
categorical variables.

To evaluate the association between the com-
bined assessment of the FEUN and ePVS values at 
discharge and outcomes, Kaplan– Meier analyses 
with log- rank tests, and univariate and multivariate 
Cox proportional hazard analyses were performed 
between groups. We selected the FEUN value (35%) 
that is used commonly as an indicator of prerenal fail-
ure in patients with acute kidney injury,8 and the ePVS 
value (5.5%) that is used commonly as an indicator 
of excessive congestion in patients with ADHF.12 In 
the multivariate analysis, the following variables were 
selected as pre- existing and known prognostic fac-
tors for HF: age, sex, the New York Heart Association 
functional classification, diabetes, BNP, left ventric-
ular ejection fraction at discharge, BUN, creatinine, 
serum sodium, systolic blood pressure at discharge, 
angiotensin- converting enzyme inhibitors or angio-
tensin receptor blockers, beta- blockers, and aldoste-
rone antagonists.11 In addition to the Cox proportional 
hazard analysis, a competing- risk analysis using the 
Fine and Gray model was used to analyze the risk 
of HF readmission. Finally, subgroup analyses in 
Kaplan– Meier analyses with log- rank tests for post-
discharge all- cause death were conducted by eGFR 
(<60 mL/min per 1.73 m2, ≥60 mL/min per 1.73 m2).

FEUN=
[

urinary urea×plasma creatinine
]

∕
[

plasma urea×urinary creatinine
]

×100

ePVS =
[

100 − hematocrit
]

∕hemoglobin

Figure 1. The 4 hemodynamic profiles based on the 
combined assessment of fractional excretion of urea nitrogen 
and estimated plasma volume status values at discharge.
BUN/Cr indicates blood urea nitrogen/creatinine; E/e ,̀ early mitral 
inflow velocity to early diastolic mitral annular velocity; ePVS, 
estimated plasma volume status; FEUN, fractional excretion of 
urea nitrogen; sPAP, systolic pulmonary artery pressure; and 
TRPG, tricuspid regurgitation pressure gradient.
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The results were reported as hazard ratios (HR), 
95% CI, and P values. A value of P<0.05 was consid-
ered to be significant for the individual comparisons. 
All the statistical analyses were performed using the 
R software version 3.1.2 (R Foundation for Statistical 
Computing, Vienna, Austria).

RESULTS
Patient Characteristics
The median age was 76 (67– 83) years, and 55.8% 
of patients were men. Among them, the high- FEUN/
low- ePVS, high- FEUN/high- ePVS, low- FEUN/low- 
ePVS, and low- FEUN/high- ePVS groups comprised 
134 (28.8%), 108 (23.2%), 99 (21.2%), and 125 (26.8%) 
patients, respectively (Figure 2).

There were no significant differences in the sex, sys-
tolic blood pressure, heart rate levels, and the grade of 
New York Heart Association, at discharge among the 4 
groups (Table 1). Age in the high- FEUN/high- ePVS and 
low- FEUN/high- ePVS groups was significantly higher 
compared with that of the high- FEUN/low- ePVS and 
low- FEUN/low- ePVS groups. The proportion of diabe-
tes in the low- FEUN/high- ePVS group was significantly 
higher compared with that of the high- FEUN/low- ePVS 
group (Table 1).

The proportion of patients treated with angiotensin- 
converting enzyme inhibitors or angiotensin receptor 

blockers in the high- FEUN/low- ePVS and low- FEUN/
low- ePVS groups was significantly higher compared 
with that of the high- FEUN/high- ePVS group. The pro-
portion of patients treated with beta- blockers and aldo-
sterone antagonist in the low- FEUN/low- ePVS group 
was significantly higher compared with that of the high- 
FEUN/high- ePVS group. The dose of loop diuretic in 
the low- FEUN/high- ePVS group was significantly higher 
compared with that of the other 3 groups (Table 1).

With regard to the laboratory parameters, hemo-
globin, hematocrit, and albumin in the high- FEUN/
low- ePVS and low- FEUN/low- ePVS groups were 
significantly higher compared with those of the high- 
FEUN/high- ePVS and low- FEUN/high- ePVS groups. 
BUN in the low- FEUN/high- ePVS group was signifi-
cantly higher compared with that of the other 3 groups. 
Creatinine in the high- FEUN/high- ePVS and low- FEUN/
high- ePVS groups were significantly higher compared 
with that of the high- FEUN/low- ePVS group. BUN/cre-
atinine ratio in the low- FEUN/low- ePVS and low- FEUN/
high- ePVS groups was significantly higher compared 
with that of the high- FEUN/low- ePVS and high- FEUN/
high- ePVS groups. Cystatin C in the high- FEUN/low- 
ePVS and low- FEUN/low- ePVS groups were signifi-
cantly lower compared with those of the high- FEUN/
high- ePVS and low- FEUN/high- ePVS groups. BNP 
in the high- FEUN/high- ePVS group was significantly 
higher compared with that of the low- FEUN/low- ePVS 
group (Table 1).

Figure 2. Flowchart of the study cohort.
ePVS indicates estimated plasma volume status; FEUN, fractional excretion of urea nitrogen; and NARA- 
HF Study 4, Nara Registry and Analyses for Heart Failure Study 4.
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In the echocardiographic parameters, the levels of 
the left ventricular end- diastolic diameter and left ventric-
ular end- systolic diameter in the high- FEUN/low- ePVS 
group were significantly higher compared with those of 
the high- FEUN/high- ePVS and low- FEUN/high- ePVS 
groups. The levels of the left ventricular end- diastolic 
volume and left ventricular end- systolic volume in the 
high- FEUN/low- ePVS group were significantly higher 
compared with those of the other 3 groups. The levels 
of transtricuspid pressure gradient, early mitral inflow ve-
locity to early diastolic mitral annular velocity (E/e′), and 
systolic pulmonary artery pressure in the high- FEUN/
high- ePVS and low- FEUN/high- ePVS groups were sig-
nificantly higher compared with those of the low- FEUN/
low- ePVS group. The levels of left ventricular ejection 
fraction in the high- FEUN/high- ePVS and low- FEUN/
high- ePVS groups was significantly higher compared 
with that of the high- FEUN/low- ePVS and low- FEUN/
low- ePVS groups. The levels of stroke volume, cardiac 
output, and cardiac index in the high- FEUN/low- ePVS 
and high- FEUN/high- ePVS groups were significantly 
higher compared with those of the low- FEUN/low- ePVS 
and low- FEUN/high- ePVS groups (Table 2).

Clinical Outcomes
During a median follow- up period of 28.1 months, there 
were 173 all- cause deaths (37.1%), 83 cardiovascular 
deaths (17.8%), and 121 HF readmissions (26.0%). The 
incidences of both all- cause deaths and HF readmis-
sions were the highest in the low- FEUN/high- ePVS 
group (58.4% [n=73] and 34.4% [n=43], respectively) 
and the lowest in the high- FEUN/low- ePVS group 
(17.1% [n=23] and 18.7% [n=25], respectively) (Table 3).

The Kaplan– Meier curve analyses showed that the 
low- FEUN/high- ePVS group had much higher rates of 
all- cause death (log- rank test, P<0.001) and compos-
ite end points (log- rank test, P<0.001) than the high- 
FEUN/low- ePVS and low- FEUN/low- ePVS groups, 
and HF readmissions (log- rank test, P=0.003) than the 
high- FEUN/low- ePVS group overall (Figure 3A through 
3C). In patients with eGFR<60 mL/min per 1.73 m2, the 
Kaplan– Meier curve analyses showed that the low- 
FEUN/high- ePVS group had much higher rates of all- 
cause death than the other 3 groups (log- rank test with 
Bonferroni post hoc analysis, versus the high- FEUN/
low- ePVS group: P<0.001, versus the low- FEUN/low- 
ePVS group: P=0.002, versus the high- FEUN/high- ePVS 
group: P=0.032) (Figure S1– S2A). In patients with eGFR 
≥60 mL/min per 1.73 m2, the Kaplan– Meier curve analy-
ses showed that there were no significant differences in 
the all- cause death between the low- FEUN/high- ePVS 
group and the other 3 groups (Figure S1– S2B).

A competing- risk analysis was performed to assess 
the effect of death as a competing risk, and a similar 
result was observed (Gray test, P=0.022) (Figure S2).
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In the univariate Cox regression analyses, the low- 
FEUN/low- ePVS, high- FEUN/high- ePVS, and low- 
FEUN/high- ePVS groups were associated with a higher 
all- cause mortality than the high- FEUN/low- ePVS 
group (Table  4). In the multivariable Cox regression 
models adjusted for established prognostic factors for 
ADHF (age, sex, New York Heart Association functional 
classification, diabetes, BNP, left ventricular ejection 
fraction, BUN, creatinine, serum sodium, systolic blood 
pressure at discharge, angiotensin- converting enzyme 
inhibitors or angiotensin receptor blockers, beta- 
blockers, and aldosterone antagonists at discharge), 
the low- FEUN/low- ePVS, high- FEUN/high- ePVS, and 
low- FEUN/high- ePVS groups were associated with 
a higher all- cause mortality than the high- FEUN/low- 
ePVS group (HR, 1.89 [95% CI, 1.07– 3.33; P=0.029]; 
HR, 2.51 [95% CI, 1.46– 4.26; P<0.001]; HR, 2.92 [95% 
CI, 1.73– 4.92; P<0.001], respectively) (Table 4).

Similarly, the low- FEUN/high- ePVS group was as-
sociated with the composite outcome and HF read-
missions (Table 4).

DISCUSSION
This study investigated the effect of the 4 hemody-
namic categories according to the high and low FEUN 
and ePVS values at discharge and long- term prog-
nosis in patients with ADHF. The main findings of the 
present study were that (1) the all- cause mortality was 
lower in the high- FEUN/low- ePVS group than in any 
other groups, and (2) low- FEUN/high- ePVS group was 
associated independently with higher HF readmis-
sions than the high- FEUN/low- ePVS group. To the 
best of our knowledge, this was the first report that 
investigated the use of the combined assessment of 
the FEUN and ePVS values at discharge to predict the 
long- term prognosis of patients with ADHF. These find-
ings may be applied to clinical practice.

In patients with ADHF, it has been shown that per-
sistent congestion before discharge is associated 
with a higher risk of HF readmission and mortality.21 
Furthermore, low cardiac output attributable to pri-
mary cardiac dysfunction has also been shown to lead 
to a life- threatening condition of tissue hypoperfusion, 
which can lead to multiple organ failure and death.22 
Previous studies have shown that a classification 
based on congestion and perfusion status provides 
clinically relevant information for targeted strategies 
that may improve the outcomes.21,23

The hemodynamic classification in HF was pro-
posed originally by Forrester and Waters24,25 and then 
adapted clinically by Nohria et al.26 The Forrester clas-
sification is easy for everyone to understand because it 
is based on objective values, such as pulmonary artery 
wedge pressure and cardiac index measured using the 
Swan- Ganz catheter; however, it has the disadvantage 
of requiring invasive procedures, whereas the Nohria– 
Stevenson classification uses the 4 hemodynamic pro-
files according to physical assessments and has the 
advantage that it can be assessed easily at the bed-
side for all patients. However, different clinicians may 
vary in their physical assessments. In addition, it is dif-
ficult to assess mild congestion or hypoperfusion that 
is not clinically apparent; therefore, it is used mainly in 
the worsening phase of HF and may not be suitable for 
use in the predischarge assessment.26,27

In the present study, we focused on the ePVS that is 
associated with congestion12 and the FEUN that is as-
sociated with renal perfusion in patients with ADHF.8,11 
These indices are minimally invasive and do not vary in 
interpretation among clinicians because they are ob-
jective results that are measured using blood or urine 
tests. However, no studies have evaluated the associ-
ation between the combined assessment of the FEUN 
and ePVS values at discharge and the long- term prog-
nosis in patients with ADHF. In the present study, the 

Table 3. Incidence of All- Cause Death and HF Readmission After Discharge in the 4 Groups

High- FEUN low- 
ePVS (n=134)

High- FEUN high- 
ePVS (n=108)

Low- FEUN low- 
ePVS (n=99)

Low- FEUN high- 
ePVS (n=125) P value

All- cause death, % 23 (17.1) 47 (43.6) 30 (30.3) 73 (58.4) <0.001 *,†,§

Cardiovascular death, % 11 (8.2) 30 (27.8) 14 (14.1) 28 (22.4) <0.001 *
<0.05†

Infection, % 2 (1.5) 8 (7.4) 3 (3.0) 14 (11.2) <0.05†

Malignancy, % 3 (2.2) 6 (5.6) 5 (5.1) 10 (8.0) 0.196

Others, % 7 (5.2) 3 (2.8) 8 (8.1) 21 (16.8) <0.01‡

<0.05†

HF readmission, % 25 (18.7) 32 (29.6) 21 (21.2) 43 (34.4) <0.05†

P value refers to comparisons of the proportions among the groups by the Pearson Chi- square tests with Bonferroni post hoc analysis. e ,̀ early diastolic 
mitral annular velocity; E/A, early mitral inflow velocity; E/e ,̀ early mitral inflow velocity to early diastolic mitral annular velocity; ePVS indicates estimated plasma 
volume status; FEUN, fractional excretion of urea nitrogen; and HF, heart failure.

*High- FEUN/low- ePVS vs high- FEUN/high- ePVS.
†High- FEUN/low- ePVS vs low- FEUN/high- ePVS.
‡High- FEUN/high- ePVS vs low- FEUN/high- ePVS.
§Low- FEUN/low- ePVS vs low- FEUN/high- ePVS.
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BNP level, transtricuspid pressure gradient, and E/e′ 
were significantly higher in the high- ePVS group than 
in the low- ePVS group, and the cardiac index was 
significantly lower in the low- FEUN group than in the 

high- FEUN group. In short, these findings suggested 
that a high- ePVS value may represent an excessive 
congestive status, and a low- FEUN value may repre-
sent a hypoperfusion status. Therefore, in the present 
study, we categorized 4 hemodynamic profiles as fol-
lows: (1) high- FEUN/low- ePVS; (2) high- FEUN/high- 
ePVS; (3) low- FEUN/low- ePVS; and (4) low- FEUN/
high- ePVS (Figure 1).

The Kaplan– Meier curves and the adjusted Cox pro-
portional hazards regression model showed that the 
lowest rates of all- cause death were observed in the 
patients classified as having “high- FEUN/low- ePVS”. 
Based on this result, it is important to transfer the pa-
tients from the other 3 groups to the high- FEUN/low- 
ePVS group. Therefore, it is necessary to understand 
the status of each group correctly before considering 
treatment methods. In the present study, the BUN/cre-
atinine ratio, plasma renin activity, and vasopressin lev-
els as the indicators of hypoperfusion were significantly 
higher and the cardiac index was significantly lower in 
the low- FEUN/low- ePVS group compared with the 
high- FEUN/low- ePVS group. This suggested that the 
low- FEUN/low- ePVS profile may indicate hypoperfu-
sion because of excessive dehydration. Therefore, in 
the low- FEUN/low- ePVS group, it may be necessary 
to reduce the use of diuretics to transfer the patients to 
the high- FEUN/low- ePVS profile. Moreover, the trans-
tricuspid pressure gradient, E/e′, and systolic pulmo-
nary artery pressure as indicators of congestion were 
significantly higher in the high- FEUN/high- ePVS group 
compared with the high- FEUN/low- ePVS group. This 
suggested that the high- FEUN/high- ePVS profile may 
indicate residual clinical congestion. Therefore, in the 
high- FEUN/high- ePVS group, we should remove re-
sidual congestion more aggressively to transfer the pa-
tients to the high- FEUN/low- ePVS profile. Furthermore, 
in the present study, the BUN/creatinine ratio, trans-
tricuspid pressure gradient, E/e′, and systolic pulmo-
nary artery pressure values were significantly higher, 
and the cardiac index was significantly lower in the 
low- FEUN/high- ePVS group compared with the high- 
FEUN/low- ePVS group. These findings suggested that 
the low- FEUN/high- ePVS profile may represent a com-
bination of hypoperfusion and congestion, that is, the 

Figure 3. Kaplan– Meier analyses of the 4 hemodynamic 
profiles based on the combined assessment of FEUN 
and ePVS values at discharge for postdischarge all- 
cause mortality, composite end point, and heart failure 
readmission.
Kaplan– Meier curve analyses showed that the low- FEUN/high- 
ePVS group had much higher rates of all- cause death (log- rank 
test, P<0.001) and composite end points (log- rank test, P<0.001) 
than the high- FEUN/low- ePVS and low- FEUN/low- ePVS groups, 
and HF readmissions (log- rank test, P=0.003) than the high- 
FEUN/low- ePVS group in overall (A through C). ePVS indicates 
estimated plasma volume status; FEUN, fractional excretion of 
urea nitrogen; and HF, heart failure.

A

B

C
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state of Forester IV group. To improve the outcomes of 
patients who belong to this profile, intensive treatment 
such as medical therapies that include not only car-
dioprotective and vasoactive agents, but also invasive 
procedures such as mechanical circulatory support, 
may be necessary.

Subgroup analyses of all- cause death showed that 
the low- FEUN/high- ePVS group had much higher rates 
of all- cause death than the high- FEUN/high- ePVS 
group in patients with eGFR <60 mL/min per 1.73 m2, 
but not in patients with eGFR ≥60 mL/min per 1.73 m2. 
These results were similar to the previous study show-
ing that FEUN was more useful in patients with eGFR 
<60 mL/min per 1.73 m2.11 However, given the small 
number of patients with eGFR ≥60 mL/min per 1.73 m2 
in the present study, it is not yet clear whether the dif-
ferences of the renal function affect the combined as-
sessment of the FEUN and ePVS values. Therefore, 
generalizing our results to all patients with ADHF might 
be limited.

The hemodynamic classification using the com-
bined assessment of the FEUN and ePVS values at 
discharge will lead to an understanding of the status 
of the patients with HF, before treatment methods are 
considered. However, the impact of the 4 hemody-
namic categories according to the combined assess-
ment of the FEUN and ePVS values should be further 
evaluated in prospective studies.

This study had several potential limitations that 
should be acknowledged. First, this was a single- center 

study with a relatively small number of patients with 
ADHF and it has not been validated in an independent 
cohort. Second, we excluded a large number of pa-
tients with missing data on FEUN and ePVS values, 
patients who died in- hospital because we targeted 
postdischarge prognosis, and patients on hemodial-
ysis because we used urinary data. These aspects of 
the study could be both selection and sampling bias. 
Third, we could not directly evaluate the association 
between the combined assessment of the FEUN and 
ePVS values at discharge and the invasive hemody-
namic measurements, because we did not routinely 
perform right heart catheterization using the Swan- 
Ganz catheter at discharge. Finally, in the present 
study, we only included stable patients with ADHF at 
discharge because both FEUN and ePVS are clearly 
dynamic through the course of cardiorenal illness. 
Therefore, we need to be careful in our interpretation 
if the combined assessment of the FEUN and ePVS 
values is used in the unstable general condition, such 
as immediately after HF hospitalization. This new clas-
sification might be more appropriate for predischarged 
patients with eGFR <60 mL/min per 1.73 m2 than those 
with preserved GFR.

CONCLUSIONS
Classifying patients with ADHF according to the com-
bined assessment of the FEUN and ePVS values at 
discharge enabled the identification of significant 

Table 4. Independent Predictors of All- Cause Death, All- Cause Death or HF Readmission, and HF Readmission After 
Discharge

Univariate analysis Multivariate analysis

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

All- cause death

High- FEUN/low- ePVS 1 (reference) 1 (reference)

Low- FEUN/low- ePVS 1.88 (1.09– 3.24) 0.023 1.89 (1.07– 3.33) 0.029

High- FEUN/high- ePVS 3.00 (1.82– 4.94) <0.001 2.51 (1.46– 4.26) <0.001

Low- FEUN/high- ePVS 4.16 (2.60– 6.65) <0.001 2.92 (1.73– 4.92) <0.001

All- cause death or HF readmission

High- FEUN/low- ePVS 1 (reference) 1 (reference)

Low- FEUN/low- ePVS 1.40 (0.90– 2.18) 0.132 1.47 (0.93– 2.33) 0.102

High- FEUN/high- ePVS 2.22 (1.49– 3.31) <0.001 1.92 (1.25– 2.94) 0.003

Low- FEUN/high- ePVS 2.94 (2.02– 4.29) <0.001 2.15 (1.41– 3.28) <0.001

HF readmission

High- FEUN/low- ePVS 1 (reference) 1 (reference)

Low- FEUN/low- ePVS 1.21 (0.67– 2.15) 0.527 1.29 (0.70– 2.36) 0.410

High- FEUN/high- ePVS 1.85 (1.10– 3.13) 0.021 1.58 (0.90– 2.77) 0.112

Low- FEUN/high- ePVS 2.34 (1.43– 3.83) <0.001 1.79 (1.02– 3.14) 0.043

Univariate and multivariate Cox proportional hazard analyses were performed among groups adjusted for age, sex, the New York Heart Association functional 
classification, diabetes, BNP, left ventricular ejection fraction at discharge, BUN, creatinine, serum sodium, systolic blood pressure at discharge, angiotensin- 
converting enzyme inhibitor or angiotensin receptor blockers, beta- blockers, and aldosterone antagonist. BNP indicates brain natriuretic peptide; BUN, blood 
urea nitrogen; ePVS, estimated plasma volume status; FEUN, fractional excretion of urea nitrogen; HF, heart failure; HR, hazard ratio; and SBP, systolic blood 
pressure.
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differences in all- cause mortality and HF readmissions 
among the profiles. The new classification of the 4 
hemodynamic profiles using the FEUN and ePVS val-
ues may play an important role in the implementation 
of targeted strategies to improve outcomes.
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Figure S1A. Kaplan–Meier analyses of the four hemodynamic profiles based on the 

combined assessment of FEUN and ePVS values at discharge for post-discharge all-cause 

mortality in patients with eGFR < 60 mL/min/1.73 m2. 

 

In patients with eGFR<60 mL/min/1.73 m2, the Kaplan–Meier curve analyses showed 

that the low-FEUN/high-ePVS group had much higher rates of all-cause death than the 

other three groups (log-rank test with Bonferroni post hoc analysis, vs. the high-

FEUN/low-ePVS group : P < 0.001, vs. the low-FEUN/low-ePVS group : P = 0.002, vs. 

the high-FEUN/high-ePVS group : P = 0.032).  

 



Figure S1B. Kaplan–Meier analyses of the four hemodynamic profiles based on the 

combined assessment of FEUN and ePVS values at discharge for post-discharge all-cause 

mortality in patients with eGFR ≥ 60 mL/min/1.73 m2. 

 

In patients with eGFR ≥ 60 mL/min/1.73 m2, the Kaplan–Meier curve analyses showed 

that there were no significant differences in the all-cause death between the low-

FEUN/high-ePVS group and the other three groups. 

 

 

 



Figure S2. Kaplan–Meier analyses of the four hemodynamic profiles based on the 

combined assessment of FEUN and ePVS values at discharge for HF readmission without 

death (Competing-risk analysis). 

 

A competing-risk analysis was performed to assess the effect of death as a competing risk 

and similar result was observed (Gray test, P=0.022) (Figure S1). 

Abbreviations: FEUN, fractional excretion of urea nitrogen; ePVS, estimated plasma 

volume status; HF, heart failure 
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