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Abstract

Aims The blood urea nitrogen (BUN)/creatinine ratio is a strong prognostic indicator in patients with acute decompensated
heart failure (ADHF). However, the clinical impact of a high BUN/creatinine ratio at discharge with respect to renal dysfunction,
neurohormonal hyperactivity, and different responsiveness to decongestion therapy remains unclear. Herein, we examined (i)
the predictive value of a high BUN/creatinine ratio at discharge and (ii) its haemoconcentration-dependent effects, in patients
with ADHF.
Methods and results The West Tokyo Heart Failure registry was a multicentre, prospective cohort registry-based study that
enrolled patients hospitalized with a diagnosis of ADHF. The endpoint was post-discharge all-cause death. Based on the degree
of haemoconcentration, patients (n = 2090) were divided into four subcategories. In multivariate proportional hazard analyses,
a higher BUN/creatinine ratio was independently associated with higher all-cause mortality in the total population and in the
extreme haemodilution (ΔHaemoglobin ≤ �0.9 g/dL) and haemoconcentration (0.8 g/dL ≤ ΔHaemoglobin) subcategories, but
not in the modest haemodilution/haemoconcentration subcategories.
Conclusions A higher BUN/creatinine ratio at discharge was independently associated with higher post-discharge all-cause
mortality in patients with ADHF. The predictive value of a high BUN/creatinine ratio at discharge was haemoconcentration de-
pendent and may be an unfavourable predictor in patients showing excessive haemoconcentration and haemodilution, but not
in those showing modest haemoconcentration/haemodilution.
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Introduction

Renal dysfunction is a common co-morbidity in patients
with acute decompensated heart failure (ADHF).1,2 A higher
blood urea nitrogen (BUN)/creatinine ratio is considered to
be associated with mortality in patients with HF and co-
morbid renal dysfunction.1 Although the normal values are
unclear,3 the BUN/creatinine ratio is used clinically as a
marker for ‘prerenal’ renal dysfunction and as a metric of

sympathetic and neurohormonal hyperactivity.1,4,5 Previous
studies have investigated the clinical significance of the
BUN/creatinine ratio collected at hospital admission.2–4

However, the clinical significance of a high BUN/creatinine
ratio at hospital discharge following in-hospital deconges-
tion therapy is unknown. A high BUN/creatinine ratio at
discharge may result from inappropriate in-hospital decon-
gestion therapy. For example, haemoconcentration is con-
ventionally used as a marker for decongestion therapy,
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although a practical haemoconcentration target to achieve
proper fluid removal while avoiding unfavourable renal dys-
function remains to be defined.6

Herein, we hypothesized that a high BUN/creatinine ratio
at discharge is an integrated marker composed of renal and
prerenal dysfunction, neurohormonal hyperactivity, and vari-
ous degrees of responsiveness to in-hospital decongestion
therapy. Further, we hypothesized that the clinical implica-
tions of a high BUN/creatinine ratio at discharge may differ
according to the response to decongestion therapy, as indi-
cated by the degree of haemoconcentration (see schematic
illustration of our hypothesis in Supporting Information,
Figure S1). Thus, a high BUN/creatinine ratio may be
unfavourable if haemodilution or haemoconcentration is ex-
cessive, whereas it may be less meaningful if haemodilution
or haemoconcentration is mild. The aim of this study was to
examine (i) the predictive value of a high BUN/creatinine ra-
tio at discharge and (ii) its specific effects dependent on the
degree of haemoconcentration, in patients with ADHF.

Methods

Study design

The design of the West Tokyo Heart Failure (WET-HF) registry
was previously reported.7 Briefly, the WET-HF registry was a
multicentre, prospective cohort registry-based study that en-
rolled all patients hospitalized with a diagnosis of ADHF ac-
cording to the Framingham acute HF criteria. Patients
presenting with acute coronary syndrome were not included.
The five study centres involved in the registry were located in
Tokyo and Saitama in Japan and included three university
hospitals (Keio University, Kyorin University, and Saitama
Medical University International Medical Center) and two ter-
tiary referral hospitals (Sakakibara Heart Institute and St.
Luke’s International Hospital). Before the launch of the
WET-HF registry, information on the objective and social sig-
nificance of the present study, as well as an abstract, were
provided for clinical trial registration with the University Hos-
pital Medical Information Network (UMIN000001171). In-
formed consent was obtained from each patient before the
study. Nearly all of the enrolled patients were Japanese.
The present study was approved by the ethics review com-
mittee of each centre.

Eligibility criteria

Among all patients enrolled from April 2006 to June 2016, we
analysed the data for 2620 patients who survived to dis-
charge and who were followed up. Within our cohort, 530 pa-
tients were excluded because of death during hospitalization
(n = 152, 5.08%), missing serum haemoglobin data at admis-
sion and discharge (n = 9, 0.34%), missing serum creatinine

(n = 2, 0.07%) and BUN (n = 81, 3.09%) data at discharge,
the use of erythropoietin (n = 41, 1.56%) and blood transfu-
sion during hospitalization (n = 342, 13.05%), and
haemodialysis performed previously and/or during hospitali-
zation (n = 55, 2.09%). The remaining 2090 patients were in-
cluded in the present analysis (Figure 1).

Data collection and definitions

Laboratory findings including haemoglobin, serum sodium,
creatinine, and BUN levels were recorded at admission and
discharge. Haemoconcentration was defined as an increased
haemoglobin level from admission to discharge.8 The change
in the haemoglobin concentration from admission to dis-
charge (ΔHgb) was also calculated. These data were analysed
in the total population and in each of the four ΔHgb-based
subcategories divided by the quartiles of ΔHgb as follows:
(i) extreme haemodilution (ΔHgb ≤ �0.9 g/dL), (ii) modest
haemodilution (�0.8 g/dL ≤ ΔHgb ≤ 0.0 g/dL), (iii) modest
haemoconcentration (0.0 g/dL < ΔHgb ≤ 0.7 g/dL), and (iv)
extreme haemoconcentration (0.8 g/dL ≤ ΔHgb).

Vital signs including heart rate and systolic blood pressure
at discharge were recorded. Worsening renal function during
hospitalization was defined as an increase in the serum creat-
inine level of ≥0.3 mg/dL from admission to discharge.9,10

Chronic kidney disease was defined as an estimated glomeru-
lar filtration rate of <60 mL/min/1.73 m2.

Endpoint

The study endpoint was post-discharge all-cause death. The
median follow-up period was 771 days (interquartile range,
400–1086 days), and the total follow-up time was 4630.7 per-
son-years.

Statistical analysis

Data are presented as mean ± standard deviation or median
(first–third quartile) for continuous variables and as number
(proportion) for categorical variables. The Shapiro–Wilk test
was performed for normality. Inter-subcategorical compari-
sons were performed using analysis of variance or Wilcoxon’s
rank sum test for continuous variables, and the chi-square
test was used for categorical variables. Univariate Cox regres-
sion analyses were performed to investigate the association
of independent variables with post-discharge all-cause death.
Multivariate Cox proportional regression analyses were sub-
sequently performed to identify potential predictors of all-
cause death. In the multivariate analysis, in addition to the
BUN/creatinine ratio at discharge, established predictive fac-
tors for ADHF including age, left ventricular ejection fraction
(LVEF), and treatment with angiotensin-converting enzymes
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(ACE-I) or angiotensin receptor blockers (ARB), loop diuretics,
and beta-blockers at discharge11–16 were initially included in
the model (Model 1). Next, the independent variables that
were significantly associated with all-cause mortality in the
univariate analyses, including ischaemic aetiology, systolic
blood pressure, and resting heart rate, were included in the
model, in addition to the aforementioned established predic-
tive factors (Model 2). Kaplan–Meier analyses with a log-rank
test were performed to evaluate the predictive value of a
high BUN/creatinine ratio at discharge for post-discharge
all-cause mortality using the median value (22.1) as a cut-
off point. A value of P < 0.05 was considered significant for
individual comparisons, and Bonferroni correction for multi-
ple comparisons was performed as necessary. All statistical
analyses were performed using statistical software (JMP®
10; SAS Institute Inc., Cary, NC, USA).

Results

Patient characteristics

The baseline characteristics and variables at admission and
discharge in all 2090 patients and in the four ΔHgb-based
subcategories are shown in Table 1 (for abstracted represen-
tative variables) and Supporting Information, Table S1(A) and
(B) (for all analysed variables). Among the baseline character-
istics, age and the proportion of patients with ischaemic
aetiology were significantly different between the subcate-
gories; patients were relatively older in the modest
haemodilution and haemoconcentration Hgb-based

subcategories, and the proportion of patients with an ischae-
mic aetiology was higher in the extreme and modest
haemodilution subcategories. The proportion of chronic kid-
ney disease was 63.0% and was similar between the four
ΔHgb-based subcategories.

Among the laboratory parameters, the haemoglobin con-
centration at both admission and discharge was similar be-
tween the ΔHgb-based subcategories. Although the BUN/
creatinine ratio at discharge was significantly different be-
tween the ΔHgb-based subcategories, there were no differ-
ences at admission. The serum creatinine and BUN level at
admission and treatment with loop diuretics at discharge
were also significantly different between the subcategories.

Clinical outcomes

Throughout the whole observational period, 452 patients
(21.6%) died. Univariate analyses showed that the following
parameters were associated with higher all-cause mortality
in the total population: BUN/creatinine ratio at discharge
(hazard ratio, 1.016; P < 0.0001), age, ischaemic aetiology,
systolic blood pressure, resting heart rate, LVEF, and treat-
ment with an ACE-I or ARB, beta-blocker, or loop diuretic at
discharge (Table 2). A higher ΔHgb (i.e. greater
haemoconcentration) was also associated with higher post-
discharge mortality (hazard ratio, 0.874; P < 0.0001) and
showed a trend towards an interaction with the BUN/creati-
nine at discharge (P for interaction = 0.0577) (Supporting In-
formation, Figure S2). A higher BUN/creatinine ratio at
discharge was associated with higher all-cause mortality in

Figure 1 Eligibility criteria and classification according to change in haemoglobin concentration during hospitalization. BUN, blood urea nitrogen; Hgb,
haemoglobin; WET-HF, West Tokyo Heart Failure registry.
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the total population and in the extreme and modest
haemodilution and extreme haemoconcentration subcate-
gories, whereas it was not associated with higher mortality
in the modest haemoconcentration subcategory [Supporting
Information, Table S2(A)–(E)].

In the multivariate analyses (see section) adjusted for
established prognostic factors for ADHF (age, LVEF, and treat-
ment with ACE-I or ARB, loop diuretics, and beta-blockers at
discharge), a higher BUN/creatinine ratio was independently
associated with higher all-cause mortality in the total
population and in the extreme haemodilution and
haemoconcentration subcategories (Table 3, Model 1). The
independent variables that were significantly associated with
all-cause mortality in the univariate analyses were then
added for adjustment, which also demonstrated that a higher
BUN/creatinine ratio was independently associated with
higher all-cause mortality in the same manner as in Model 1
(Table 3, Model 2).

Kaplan–Meier survival analyses showed significantly higher
all-cause mortality in patients with a high BUN/creatinine ra-
tio at discharge in the total population (log-rank test,
P < 0.0001) (Figure 2A). In the extreme haemodilution, mod-
est haemodilution, and extreme haemoconcentration subcat-
egories, the mortality in the high BUN/creatinine group was
significantly higher, whereas in the modest

Table 2 Univariate Cox regression analyses for the association of
independent variables with post-discharge all-cause death

HR [95% CI] P value

Baseline characteristics
Age 1.048 [1.039–1.057] <0.0001*
Men 1.048 [0.866–1.273] 0.6289
CKD 1.814 [1.475–2.248] <0.0001*
Ischaemic aetiology 1.550 [1.278–1.874] <0.0001*

Laboratory findings at admission
Haemoglobin 0.858 [0.822–0.896] <0.0001*
Creatinine 1.112 [1.055–1.160] 0.0004*
BUN 1.032 [1.027–1.036] <0.0001*
BUN/creatinine ratio 1.024 [1.016–1.030] <0.0001*

Vital signs, echocardiographic and laboratory findings,
medications at discharge

Systolic BP 0.991 [0.986–0.997] 0.0028*
Resting HR 1.010 [1.002–1.017] 0.0067*
WRF (ΔCr > 0.3) 1.434 [1.091–1.853] 0.0105*
LVEF 0.990 [0.984–0.996] 0.0020*
Haemoglobin 0.804 [0.768–0.843] <0.0001*
Creatinine 1.164 [1.086–1.232] 0.0001*
BUN 1.019 [1.016–1.022] <0.0001*
BUN/creatinine ratio 1.016 [1.009–1.021] <0.0001*
ACE-I or ARBs 0.603 [0.500–0.730] <0.0001*
Loop diuretics 1.455 [1.147–1.871] 0.0017*
Beta-blockers 0.759 [0.616–0.943] 0.0133*

ACE-I, angiotensin-converting enzyme inhibitor; ARBs, angiotensin
receptor blockers; BP, blood pressure; BUN, blood urea nitrogen;
CI, confidence interval; CKD, chronic kidney disease; Cr, creatinine;
HR, hazard ratio; HR, heart rate; LVEF, left ventricular ejection frac-
tion; WRF, worsening renal function.
*P < 0.05.
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haemoconcentration subcategory, the mortality between the
high and low BUN/creatinine ratio groups was comparable
[Figure 2(B)–(E)].

Discussion

The main findings of the present study were (i) that a higher
BUN/creatinine ratio at discharge was independently associ-
ated with higher post-discharge all-cause mortality in patients
with ADHF and (ii) that the impact of the high BUN/creatinine
ratio at discharge on post-discharge all-cause mortality was
dependent on the degree of haemoconcentration. By con-
trast, in the modest haemoconcentration/haemodilution sub-
categories, a high BUN/creatinine ratio at discharge was not
significantly associated with post-discharge all-cause mortal-
ity (based on multivariate analysis). These findings suggest
that the BUN/creatinine ratio at discharge has an important
predictive value and that its specific clinical impacts are de-
pendent on the responsiveness to decongestion therapy.
We suggest that the clinical implications of a high BUN/creat-
inine ratio after diuretic therapy may differ and include

optimal fluid removal (predominantly observed in modest
haemodilution/haemoconcentration subcategories), diuretic
therapy-resistant congestive cardio-renal syndrome (in the
extreme haemodilution subcategory), and excessive fluid re-
moval therapy in poor renal function reserve (in the extreme
haemoconcentration subcategory).

Role of the blood urea nitrogen/creatinine ratio
in acute decompensated heart failure

Both serum BUN and creatinine are well-recognized renal
markers17 and are associated with outcomes in patients with
ADHF.18 Because of the different behaviours of BUN and cre-
atinine in the renal tubules, the BUN/creatinine ratio reflects
neurohormonal activity in patients with ADHF, and a high
BUN/creatinine ratio at admission was proposed as a predic-
tor of acute kidney injury,4 cardiovascular rehospitalization,
all-cause death,3 and interestingly, HF-induced reversible re-
nal dysfunction.2 In the present study, we also demonstrated
a significant association of a higher BUN/creatinine ratio at
discharge with higher post-discharge all-cause mortality in
patients with ADHF. The BUN/creatinine ratio at discharge

Figure 2 Kaplan–Meier analyses of the blood urea nitrogen (BUN)/creatinine (Cr) ratio at discharge for post-discharge all-cause mortality. The median
survival times were as follows: total, 771.0 days; extreme haemodilution, 740.0 days; modest haemodilution, 745.0 days; modest haemoconcentration,
764.0 days; extreme haemoconcentration, 819.0 days.
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may reflect not only prerenal or parenchymal renal dysfunc-
tion and sympathetic and neurohormonal overactivity but
also the responsiveness to in-hospital decongestion therapy.
As such, it may provide incremental predictive value com-
pared with that collected at admission. Note that we divided
patients into the two groups according to the median BUN/
creatinine ratio value at discharge. The threshold at
22.1 mg/dL was derived from the median of all patients and
was similar to the threshold used in a previous study.4

Haemoconcentration as a marker for
decongestion therapy

The primary therapeutic objective in most patients with ADHF
is optimization of fluid volumes.19 Some parameters, such as
urine output, plasma B-type natriuretic peptide, renal func-
tion, and body weight, were suggested to be potential met-
rics for guiding optimized volume removal in patients with
HF.6 However, there is limited evidence regarding the use
of these parameters in hospitalized patients with ADHF.
Haemoconcentration was recently proposed as a measure
to help guide the correct volume status.6,19

Haemoconcentration, defined as an increase in the
haemoglobin concentration or haematocrit, was reported to
be associated with a lower risk of rehospitalization,20–22 al-
though there are contrasting findings.23 We suggest that by
assessing the degree of haemoconcentration rather than its
presence, then haemoconcentration is a useful guide for suc-
cessful fluid removal, while avoiding unfavourable patholo-
gies secondary to excessive decongestion therapy.

Haemoconcentration-dependent predictive value
of the blood urea nitrogen/creatinine ratio at
discharge

In the present study, a higher BUN/creatinine ratio at dis-
charge was significantly associated with post-discharge all-
cause mortality in all patients with AHDF, although this effect
differed between the four ΔHgb-based subcategories. The
impact of a high BUN/creatinine ratio at discharge was stron-
gest in the extreme haemoconcentration subcategory,
followed by the extreme haemodilution subcategory, but
was not observed in the modest haemoconcentration and
haemodilution subcategories. These findings suggest that a
high BUN/creatinine ratio at discharge may be an
unfavourable clinical phenotype in general ADHF. By contrast,
in specific patients whose response to decongestion
therapy is limited to the modest range (i.e. modest
haemoconcentration and haemodilution), a high BUN/creati-
nine ratio at discharge may not indicate a poor prognosis. In-
terestingly, in the extreme haemoconcentration subcategory,
the significance of a high BUN/creatinine ratio decreased

over time (Figure 2E; the Kaplan–Meier curves approach each
other by approximately 1000 days after discharge), while in
the extreme and moderate haemodilution subcategories,
the significance of the high BUN/creatinine ratio became
more prominent over time [Figure 2(B) and (C)]. We specu-
late that in most patients with extreme haemoconcentration
induced by aggressive decongestion therapy, a high BUN/cre-
atinine ratio at discharge suggests reversible rather than
permanent renal dysfunction. Thus, the unfavourable effect
of a high BUN/creatinine ratio is diminished long after
discharge. By contrast, in the modest and extreme
haemodilution subcategories, decongestive therapy aimed
at haemoconcentration failed, possibly because of poor re-
sponsiveness to in-hospital diuretic therapy. We suggest that
in patients with haemodilution, a higher BUN/creatinine ratio
at discharge may indicate sustained renal dysfunction or di-
uretic therapy-resistant neurohormonal hyperactivity, leading
to a poor long-term prognosis. For patients showing
haemodilution, alternative decongestive therapies other than
loop diuretics should be considered, such as tolvaptan, which
reportedly preserves renal function even in patients with a
high BUN/creatinine ratio.24,25

Study limitations

This study has several limitations. First, it was a retrospective
design. Thus, causality is impossible to demonstrate, and re-
sidual confounding factors cannot be excluded. Second, the
administration route and dosing of diuretics were determined
by the local attending physicians. As such, these data varied
and could not be analysed. Third, plasma B-type natriuretic
peptide or N-terminal pro B-type natriuretic peptide concen-
trations were not sufficiently collected at discharge. These
parameters reflect the preload condition, which may modify
the clinical implications of the BUN/creatinine ratio, espe-
cially in patients with haemodilution. Although the number
of patients with plasma B-type natriuretic peptide or N-termi-
nal pro B-type natriuretic peptide data was insufficient for
analysis in the present study, these parameters may modify
our findings [Supporting Information, Table S4(A)–(D)].

Conclusions

In conclusion, a higher BUN/creatinine ratio at discharge was
independently associated with a higher post-discharge all-
cause mortality in patients with ADHF. The predictive value
of a high BUN/creatinine ratio at discharge was
haemoconcentration dependent, as it was an unfavourable
predictor in patients showing excessive haemoconcentration
and haemodilution, but not in those showing modest
haemoconcentration/haemodilution. These findings may
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guide the development of a new therapeutic target and index
for patients with ADHF.
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