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Heart Failure

Serum Blood Urea Nitrogen and Plasma Brain
Natriuretic Peptide and Low Diastolic Blood Pressure
Predict Cardiovascular Morbidity and Mortality
Following Discharge in Acute Decompensated
Heart Failure Patients

Chun-Yen Chen, MD; Akemi Yoshida, MD; Masanori Asakura, MD, PhD;
Takuya Hasegawa, MD, PhD; Hiroyuki Takahama, MD, PhD; Makoto Amaki, MD, PhD;
Akira Funada, MD, PhD; Hiroshi Asanuma, MD, PhD; Hiroyuki Yokoyama, MD, PhD;
Jiyoong Kim, MD; Hideaki Kanzaki, MD; Masafumi Kitakaze, MD, PhD

Background: Patients with heart failure (HF) have a high risk of cardiovascular (CV) death and re-hospitalization.
The purpose of the present study was therefore to investigate predictors of CV death and re-hospitalization for acute

decompensated HF (ADHF).

Methods and Results: Atotal of 225 patients aged 67.2+15.2 years, including 134 men (59.6%), who were hospital-
ized for ADHF between 2008 and 2009, were followed up. After discharge, the relationship between clinical param-
eters and CV events (ie, CV death or re-hospitalization for HF) was examined. Follow-up was continued until 30 April
2011. The most important predictors of re-hospitalization were serum blood urea nitrogen (BUN; adjusted hazard
ratio [HR], 1.02; 95% confidence intetval [CI]: 1.00—1.03, P=0.01), plasma brain natriuretic peptide (BNP; adjusted
HR, 1.85; 95% CI: 1.12-3.04, P=0.02), and diastolic blood pressure (DBP; adjusted HR, 0.97; 95% Cl: 0.94-1.00,
P=0.049). The only predictor of CV mortality was a high BUN (adjusted HR, 1.05; 95% Cl: 1.01-1.09, P=0.01).

Conclusions: High serum BUN (>22.5mg/dl), high plasma BNP (=250 pg/mli), and low DBP (<60mmHg) predict CV
events in patients hospitalized for ADHF. These factors may identify high-risk patients for CV events and provide
therapeutic targets for managing HF. (Circ J 2012; 76: 2372-2379)

Key Words: Blood pressure; Blood urea nitrogen; Brain natriuretic peptide; Heart failure

for the treatment of chronic heart failure (CHF) have

been developed, and have led to improvement of the
survival rate for patients with CHF. Although current inter-
ventions can slow the progression of CHF, most patients are
eventually hospitalized with acute decompensated HF (ADHEF).
Tt has been reported that patients hospitalized for CHF have a
high risk of cardiovascular (CV) death and readmission, with
a 6-month readmission rate as high as 50%.! Among 2,445
residents with confirmed ADHF, the 1-year mortality after
discharge from hospital was 37.3%.? The Prospective Trial of
Intravenous Milrinone for Exacerbations of Chronic Heart Fail-
ure (OPTIME-CHF) and the Evaluation Study of Congestive

Over the past 2 decades, various therapeutic strategies

Heart Failure and Pulmonary Artery Catheterization Effective-
ness (ESCAPE) determined a death rate of 8.9-10.3% within
60 days of discharge and 19% within 6 months, respectively.*
The results of such clinical trials, however, may not be repre-
sentative of current practice or applicable to general CHF pa-
tients because these clinical trials conducted in Europe and/or
the USA were based on selected patients enrolled in clinical
trials. Interestingly, the Chronic Heart Failure Analysis and
Registry in the Tohoku District 2 Study (CHART-2) done in
Japan also found that the prevalence of ischemic etiology and
risk factors (hypertension (HTN) and diabetes) have increased,
and that mortality is the same as in Western studies.®
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To identify the patients at high risk for re-hospitalization or
CV death, stratification of risk for mortality or morbidity among
all of the available clinical parameters is necessary in a clinical
cohort study of CHF patients, but such trials have not been
performed. Therefore, it is necessary to identify useful mark-
ers to help CV physicians identify HF patients that have a high
long-term 1isk of events at the time of discharge.

To identify such useful predictors, we conducted an analy-
sis of clinical data in a hospital-based registry of ADHF pa-
tients to identify factors related to either long-term CV death
or re-hospitalization for HF in CHF patients who mainly suf-
fered from dilated cardiomyopathy (DCM) and who were ad-
mitted with ADHF.

Methods

Subjects

This study was conducted in accordance with the Declaration
of Helsinki and received approval from the ethics committee
of the National Cerebral and Cardiovascular Center. Consecu-
tive patients who had a discharge diagnosis of ADHF were
eligible for entry into the hospital registry. Data were analyzed
for 251 consecutive patients admitted to the National Cerebral
and Cardiovascular Center (Suita, Japan) between December
2008 and December 2009 because of ADHF (New York Heart
Association class III-IV). Patients who died in hospital or who
did not have complete clinical data at discharge were exclud-
ed. If HF was not the reason for hospitalization, the patients
were also excluded. Patients with CHF caused by chronic kid-
ney disease or acute renal failure and with hemodialysis were
excluded. We discontinued follow-up in April 2011. The demo-
graphic profile, medical history, medications at discharge, labo-
ratory test results, echocardiography findings, and clinical out-
comes were obtained from the hospital registry. We recorded
blood pressure (BP) 3 times and averaged them on the day of
discharge. A fasting blood sample was obtained before dis-
charge after an overnight fast (10-12h) for measurement of
plasma brain natriuretic peptide (BNP) and serum blood urea
nitrogen (BUN), creatinine (Cr), aspartate aminotransferase,
alanine aminotransferase, total bilirubin, uric acid, sodium,
potassium, and fasting blood glucose (FBG). Estimated glo-
merular filtration rate (¢GFR) was calculated as: 194xage-0287x
serum Cr-1-0% (x0.739 if female). HTN was defined as present
in patients with (1) a history of hypertension or (2) a systolic
BP (SBP) 2140mmHg or diastolic BP (DBP) 290 mmHg,
Patients with a history of diabetes mellitus (DM) or an FBG
=2126mg/dl were defined as having DM. Hyperlipidemia was
defined as total cholesterol 2200mg/dl or triglycerides
2150 mg/dl.

Endpoints

The primary endpoint was either CV death or re-hospitalization
for HF, and these endpoints were analyzed on a time-to-event
basis. All outcomes were decided by 3 cardiologists. Re-hos-
pitalization was defined as a new admission for HF after dis-
charge from hospital following admission for ADHF. CV death
was defined as death from CV disease. If re-hospitalization or
death did not occur, the date of censoring was the date of final
follow-up. Follow-up was continued until 30 April 2011.

Statistical Analysis
Results are expressed as the mean+SD or as percentages.

Students’ t-test was used to compare differences between groups
for continuous variables and the chi-square test was used for
categorical data. If data had a skewed distribution, including
BNP, logarithmic transformation was done before statistical
analysis. Cox proportional hazards regression analysis was used
to evaluate the association of variables with re-hospitalization
or CV mortality. Re-hospitalization due to HF and CV mortal-
ity event-free curves were drawn using the Kaplan-Meier meth-
od and were compared using the log-rank test. Analysis was
performed with SPSS version 12.0 (SPSS, Chicago, IL, USA)
and STATA version 11.0 (College Station, TX, USA). P<0.05
was considered statistically significant.

Results

Of the 251 patients enrolled, 21 were excluded due to incom-
plete data and 5 were excluded because of death in hospital,
leaving 225 patients for analysis. Table 1 lists the baseline char-
acteristics of these patients. Clinically relevant features of the
re-hospitalized group included a high prevalence of DM, high
BUN, low serum sodium, low eGFR, high percentage of use
of diuretics (except spironolactone), and low DBP. The differ-
ence in plasma BNP according to re-hospitalization was bor-
derline significant. Patients who succumbed to CV death were
older, had low DBP, high plasma BNP and BUN, and low serum
sodium. There was no difference in prevalence of etiologies
according to re-hospitalization or CV death. There was no dif-
ference in the prevalence of aortic regurgitation according to
re-hospitalization (6.3% vs. 8.0% P=0.80). The BUN/Cr ratio
and the prevalence of BUN/Cr >10 did not differ according to
re-hospitalization. The patients who succumbed to CV death
had a higher BUN/Cr. The prevalence of BUN/Cr >10 did not
differ according to CV death. The dose of furosemide was
higher in patients with re-hospitalization and CV death.

To obtain the cut-offs for these parameters, receiver operat-
ing characteristic (ROC) curve analysis was used, and 22.5mg/dl,
2.4 pg/ml (250 pg/ml), 60 mmHg and 137.5 mmol/dl appeared
to be optimal cut-offs to create dichotomous variables for
valves of BUN, log BNP (plasma BNP), DBP and serum so-
dium, respectively. The selection of cut-offs was challenging
due to the large decreases in specificity as sensitivity increased.
Although the furosemide dose in patients with BUN >22.5mg/dl
was higher than in those with BUN <22.5mg/dl (45.8+35.9mg
vs. 30.3£19.9mg, P=0.001), there were no differences in the
doses of spironolactone, torasemide and trichlormethiazide
(spironolactone: 28.9+12.1mg vs. 28.3+11.6mg, P=0.77; to-
rasemide: 8.9+8.6mg vs. 5.142.0mg, P=0.16; trichlormethia-
zide: 1.630.7 mg vs. 1.62£0.5mg, P=0.79).

The Cox proportional hazards model showed that BUN, DBP,
and plasma BNP were independent predictors of re-hospital-
ization (Table 2). Hazard ratios (HR) for the endpoint of re-
hospitalization indicated that BUN, DBP, and BNP were sig-
nificantly associated with readmission for HF (unadjusted HR,
1.02; 95% confidence interval [CI]: 1.01-1.03; unadjusted HR,
0.96; 95% CI: 0.94-0.98; unadjusted HR, 1.62; 95% CI: 1.08-
243, respectively). Also, these 3 variables remained significant
(adjusted HR, 1.02; 95% CI: 1.00-1.03; adjusted HR, 1.85; 95%
CI: 1.12-3.04; and adjusted HR, 0.97; 95% CI: 0.94-1.00,
respectively) even after adjusting for age, gender, SBP, serum
Cr, serum sodium, DM, HTN, hyperlipidemia, and use of j3-
blockers, angiotensin-converting enzyme inhibitors (ACEI),
angiotensin receptor blockers (ARB), spironolactone, and other
diuretics. When BUN, BNP, and DBP were incorporated as
continuous variables, we found that there was a 2% increase
in the risk of re-hospitalization for every 1-mg/dl increase in
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Table 1. ADHF Patient Bz id CV. M e
Re-hospitalization (n=225) CV mortality (n=225)
Yes (n=112) No (n=113) P value Yes (n=23) No (n=202) P value
Demographics '
Age (years) 68.3x14.7 66.2+15.6 0.30 73.5x13.9 66.5+15.2 0.04
Male 70 (62.5) 64 (56.6) 0.42 14 (60.9) 120 (59.4) 1.00
Medical history
HTN 53 (47.3) 64 (56.6) 0.18 13 (56.5) 104 (51.5) 0.67
DM 43 (38.4) 27 (28.9) 0.02 9 (39.1) 61(29.4) 0.48
Hyperlipidemia 35 (31.3) 35(31.0) 1.00 9 (39.1) 61 (30.2) 0.48
Clinical characteristics
SBP (mmHg) 110.1x16.2 114.2+16.1 0.07 110.4+17.8 112.4+16.1 0.58
DBP (mmHg) 58.8+8.9 63.1+£10.0 0.001 56.9+7.6 61.5+9.8 0.03
HR (beats/min) 75.0+68.9 68.6+11.7 0.34 71.3+13.0 71.8£51.5 0.97
LVDd (mm) 59.4+14.0 58.0+11.3 0.45 59.3+13.8 58.6x+12.6 0.82
LVDs (mm) 47.9+16.0 46.4071£14.0 0.45 49.7+15.7 46.9+14.9 0.41
FS (%) 21.1x11.9 21.4113.4 0.84 18.1x9.8 21.6+12.9 0.21
Laboratory values
Log BNP (pg/ml) 2.4+05 2.3x0.5 0.08 2.5+0.5 2.3+0.5 0.05
Uric acid (mg/di) 7.5+2.1 7.1x21 0.19 8.2+2.0 7.2+2.1 0.04
Total bilirubin (mg/dl) 0.7+£0.4 0.7+0.3 0.44 0.6+0.3 07+0.4 0.53
AST (U/L) 28.9+12.7 25.9+12.6 0.08 27.9+12.3 27.4+12.8 0.84
"ALT (UL) 23.9+17.8 23.5+23.1 0.87 18.9+13.3 2431+21.2 0.24
BUN (mg/dl) 31.3x21.5 24.0+13.0 0.002 42.4+34.3 26.0+14.4 0.03
BUN/Cr 24.8+8.3 23.9+13.8 0.57 29.1+8.0 23.8+11.6 0.04
BUN/Cr >10 110 (98.2) 109 (96.5) 0.68 23 (100) 196 (97.0) 1.00
Serum Cr (mg/dl) 1.3+0.7 1.2+1.4 0.76 1.4+1.0 1.2+1.1 0.35
eGFR (ml-min-1-1.73m2) 50.0+21.8 61.0+44.6 0.02 47.9+26.0 56.4+36.4 0.28
Serum sodium (mmol/L) 136.9+4.2 137.9+3.7 0.05 135.7+4.2 137.6+3.9 0.03
Serum potassium (mmol/L) 4.3+0.5 4.4+0.5 0.25 4.3+0.5 4.3+0.5 0.41
Etiology of HF
DCM 85 (75.9) 88 (77.9) 0.15 18 (78.3) 155 (76.7) 0.38
ICM 3(2.7) 1(4.3) 2(1.0)
VHD 18 (16.1) 19 (16.8) 4 (17.3) 33(16.3)
HCM 6 (5.4) 12 (10.6) 0 (0) 18 (8.9)
Others 7 (8.3) 3(2.7) 1(4.3) 9 (4.5)
Medication at discharge
B-blocker 72 (64.3) 69 (61.1) 0.68 13 (56.5) 128 (63.4) 0.51
ACEI 47 (42.0) 46 (40.7) 0.89 10 (43.5) 83 (41.1) 0.83
ARB 26 (23.2) 23 (20.4) 0.63 3(13.0) 46 (22.8) 0.42
Spironolactone 65 (58.0) 57 (50.4) 0.29 12 (52.2) 110 (54.5) 0.83
Spironolactone (mg) 27.9x11.4 29.5112.4 0.44 28.5+12.5 28.6+11.8 0.98
Diuretics except spironolactone 94 (83.9) 81 (71.7) 0.04 20 (87.0) 155 (76.7) 0.30
Furosemide (mg) 44.6+35.9 32.9+21.7 0.008 63.5+562.2 35.2+24.7 0.03
Torasemide (mg) 8.4+8.2 5.3+2.6 0.29 6.0+5.3 76+7.3 0.72
Trichlormethiazide (mg) 1.6£0.8 1.6+0.5 0.99 1.0+0.0 1.7x07 0.04

Data given as mean+SD orn (%).

ACE], angiotensin-converting enzyme inhibitor; ADHF, acute decompensated heart failure; ALT, alanine aminotransferase; ARB, angiotensin
receptor blocker; AST, aspartate aminotransferase; BNP, brain natriuretic peptide; BUN, blood urea nitrogen; Cr, creatinine; CV, cardio-
vascular; DBP, diastolic blood pressure; DCM, dilated cardiomyopathy; DM, diabetes mellitus; eGFR, estimated glomerular filiration rate
(194xage 027 x serum Cr'%%* (x0.739 if female)); FS, fractional shortening; HCM, hypertrophic cardiomyopaihy; HF, heart failure; HR, heart
rate; HTN, hypertension; ICM, ischemic cardiomyopathy; LVDd, left ventricular diastolic diameter; LVDs, left ventricular systolic diameter;

SBP, systolic blood pressure; VHD, valvular heart disease.

BUN, as well as an 8.5% increase in risk for every 1-pg/ml
increase in BNP. There was also a 3% decrease in the risk
of re-hospitalization for every 1-mmHg increase of DBP.
‘We found that adjusted odds ratio (OR) of BUN 222.5mg/dl
vs. <22.5mg/dl, log (BNP) 22.4pg/ml vs. <2.4 pg/ml (BNP
2250pg/ml vs. <250 pg/ml) and DBP 260 mmHg vs. <60mmHg

were 1.58 (95% CI: 1.01-2.49, P=0.047), 1.57 (95% CI: 1.05—
2.43,P=0.03) and 0.57 (95% CI: 0.36-0.91, P=0.02) after ad-
justment for the aforementioned parameters. In contrast, only
BUN was associated with a significant increase of CV death
(unadjusted HR, 1.03; 95% CI: 1.02-1.04), and this associa-
tion remained significant (adjusted HR, 1.05; 95% CI: 1.01-
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Table 2, Variables Associated With HF Re-Hospitalization or CV Mortality

Re-hospitalization cohort
Age (per year)
Gender (male vs. female)
SBP {per mmHg)
DBP (per mmHg)
LogBNP (per pg/ml)
BUN {per mg/dl)
Serum Cr (per mg/dl)
Serum sodium (per mmol/L)
DM
HTN
Hyperlipidemia
B-blocker
ACEI
ARB
Spironolactone
Diuretics use except spironolactone
Cardiovascular mortality cohort
Age (per year)
Gender (male vs. female)
SBP (per mmHg)
DBP (per mmHg)
LogBNP {per pg/m!l)
BUN (per mg/dl)
Serum Cr (per mg/dl)
Serum sodium (per mmol/L)
DM
HTN
Hypertlipidemia
B-blocker
ACEI
ARB
Spironolactone
Diuretics use except spironolactone

Univariate model

Hazard ratio

1.01 (1.00-1.03)
1.16 (0.79-1.70)
0.99 (0.97-1.00)
0.96 (0.94-0.98)
1.62 (1.08-2.43)
1.02 (1.01-1.03)
1.00 (0.88-1.14)
0.94 (0.90~0.99)
1.16 (0.94-1.44)
0.80 (0.55-1.16)
1.04 (0.70~1.55)
1.00 (0.68-1.47)
1.08 (0.74~1.58)
0.99 (0.64-1.54)
1.26 (0.86-1.83)
172 (1.04-2.84)

1.04 (1.01-1.08)
1.00 (0.43-2.30)
0.99 (0.97-1.02)
0.94 (0.89-0.99)
2.58 (1.08-6.18)
1.03 (1.02-1.04)
1.10 (0.88-1.37)
0.91 (0.83-0.99)
1.48 (0.64-3.42)
1.23 (0.54-2.80)
1.38 (0.60-3.18)
0.74 (0.32-1.68)
1.08 (0.47~2.47)
0.52 (0.16-1.76)
0.91 (0.40-2.08)
1.96 (0.58-6.58)

2375
Multivariate model
P value Hazard ratio P value
0.10 1.01 (1.00-1.03) 0.13
0.46 1.19 (0.77-1.84) 0.44
0.03 1.01 (0.99-1.02) 0.58
<0.001 0.97 (0.94~-1.00) 0.049
0.02 1.85 (1.12-3.04) 0.02
<0.001 1.02 (1.00-1.03) 0.01
0.99 0.84 (0.61-1.15) 0.28
0.009 0.97 (0.92-1.03) 0.31
0.16 1.07 (0.84-1.37) 0.60
0.24 0.72 (0.45-1.17) 0.19
0.85 1.03 (0.67-1.58) 0.91
1.00 1.09 (0.68-1.75) 073
0.68 1.32 (0.84-2.09) 0.23
0.97 1.38 (0.81-2.35) 0.24
0.23 1.11 (0.73-1.69) 0.62
0.04 1.47 (0.85-2.52) 0.17
0.03 1.02 (0.98-1.07) 0.31
0.99 1.20 (0.47-3.06) 0.70
0.54 1.01 (0.98-1.05) 0.47
0.02 0.94 (0.88-1.01) 0.10
0.03 2.34 (0.89-6.00) 0.09
<0.001 1.05 (1.01-1.09) 0.01
0.42 0.38 (0.10-1.50) 0.17
0.03 0.97 (0.86—1.09) 0.59
0.36 1.15 (0.42-3.15) 0.79
0.63 0.83 (0.29-2.41) 0.74
0.46 1.17 (0.40-3.39) 0.77
0.46 0.90 (0.31-2.59) 0.85
0.85 1.50 (0.57-3.95) 0.42
0.30 0.81 (0.21-3.23) 0.77
0.82 0.67 (0.25-1.82) 0.43
0.28 1.66 (0.46-5.95) 0.44

Abbreviations as in Table 1.

1.09) after adjustment for the aforementioned parameters. When
BUN was incorporated as a continuous variable, we found that
it was the strongest predictor of CV mortality and that there was
a 5% increase in the risk of CV death for every 1-mg/dl increase
in BUN. In contrast, serum Cr was not an independent predic-
tor of either re-hospitalization or CV death. When the Cr was
replaced by eGFR in the regression model, the OR of eGFR
was 1.00 (95% CI: 0.99-1.00, P=0.26). eGFR was not found to

be an independent predictor of re-hospitalization in the present -

study.

Given that BUN was found to be a shared and strong pre-
dictor of both CV death and re-hospitalization for HF, we strat-
ified the patients according to serum BUN level to examine
whether the predictive value of BUN overcame the predictive
value of plasma BNP or DBP. We divided the patients accord-
ing to the BUN cut-off of 22.5 mg/d], thus obtaining low BUN
(<22.5mg/dl) and high BUN (=22.5 mg/dl) subgroups. We also
divided the patients into 2 groups according to log (BNP)=
2.4pg/ml (BNP, 250pg/ml) to obtain a low BNP subgroup
(<250 pg/ml) and a high BNP subgroup (2250 pg/ml). Further-
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more, we divided the patients into 2 groups at the cut-off DBP
of 60mmHg to obtain a low DBP subgroup (<60 mmHg) and
a high DBP subgroup (=60 mmHg). Kaplan-Meier curves for
re-hospitalization were plotted for groups with BUN above or
below the mean and log BNP above or below the mean
(Figuve 1). The low BUN+low BNP subgroup had a signifi-
cantly lower re-hospitalization rate compared with the high
BUN-+high BNP subgroup, the high BUN+low BNP subgroup,
and the low BUN +high BNP subgroup (log-rank test, P=0.001,
0.001, and 0.001, respectively). Kaplan-Meier curves for re-
hospitalization were also plotted for the groups with BUN
above or below 22.5mg/dl and DBP above or below 60 mmHg
(Figure 2). As a result, the low BUN+high DBP subgroup
showed a significant decrease of re-hospitalization compared
with the low BUN +low DBP subgroup and the high BUN +low
DBP subgroup (log-rank test, P=0.04 and <0.001, respectively).
Furthermore, Kaplan-Meier curves for re-hospitalization were
plotted for groups with BNP above or below 250 pg/ml and DBP
above or below 60 mmHg in the high BUN subgroup (Figure 3A)
and in the low BUN subgroup (Figure 3B). In the high BUN
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Figure 1. Kaplan-Meier plots for re-hospitalization eveni-free
curves according to different combinations of blood urea ni-
trogen (BUN) and brain natriuretic peptide (BNP) levels. All
participants were divided into 2 groups according to cut-offs
for BUN (22.5mg/dl) and BNP (250 pg/ml). Cumulative re-
hospitalization event-free rates in the low BUN + low BNP sub-
group (n=68), low BUN+high BNP subgroup (n=44), high
BUN +low BNP subgroup (n=60), and high BUN+ high BNP
subgroup (n=53) were 39.3%, 29.8%, 34.2% and 37.1%, re-
spectively (log-rank test, P=0.002).
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Figure 2. Kaplan-Meier plots for re-hospitalization event-free
curves according to different combinations of blood urea ni-
trogen (BUN) and diastolic blood pressure (DBP) levels. All
participants were divided into 2 groups according to mean
BUN {22.5mg/dl) and DBP (60mmHg). Cumulative re-hospi-
talization event-free rates in the low BUN + low DBP subgroup
(n=36), low BUN + high DBP subgroup (n=76), high BUN +low
DBP subgroup (n=51), and high BUN+high DBP subgroup
(n=62) were 19.2%, 30.0%, 19.4% and 47.6%, respectively
(log-rank test, P<0.001).
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(A) Kaplan-Meier plots for re-hospitalization event-free curves according to different combinations of brain natriuretic

peptide (BNP) and diastolic blood pressure (DBP) levels in the low blood urea nitrogen (BUN) subgroup (<22.5mg/dl). All par-
ticipants were divided into 2 groups according to the cut-offs for BNP (250 pg/ml) and DBP (60mmHg). Cumulative re-hospitaliza-
tion event-free rates in the low BNP+low DBP subgroup (n=18), low BNP+high DBP subgroup (n=50), high BNP+low DBP
subgroup (n=18), and high BNP + high DBP subgroup (n=26) were 21.8%, 37.0%, 15.2% and 36.5%, respectively (log-rank test,
P=0.001). (B) Kaplan-Meier plots for re-hospitalization event-free curves grouped according to different combinations of BNP and
DBP levels in the high BUN subgroup (227.9mg/dl). All participants were divided into 2 groups according to the mean of BNP
(2.33pg/ml) and DBP (61mmHg). Cumulative re-hospitalization event-free rates in the low BNP +low DBP subgroup (n=28), low
BNP + high DBP subgroup (n=32), high BNP + low DBP subgroup (n=23), and high BNP + high DBP subgroup (n=30) were 20.1%,
47.4%, 20.1% and 48.2%, respectively (log-rank test, P=0.005).
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Figure 4. Receiver operating characteristic (ROC) curve for blood urea nitrogen (BUN), brain natriuretic peptide (BNP) and dia-
stolic blood pressure (DBP) in the identification of re-hospitalization with heart failure. The composite of (A) BNP or (B) DBP was
not shown to add value significantly beyond BUN alone in identifying re-hospitalization.

subgroup, the low BNP +high DBP subgroup showed a sig-
nificant decrease of re-hospitalization compared with the low
BNP +low DBP subgroup and the high BNP+low DBP sub-
group (log-rank test, P=0.006 and <0.001, respectively). In the
low BUN subgroup, the low BNP +high DBP subgroup showed
a significant decrease of re-hospitalization compared with the
high BNP +high DBP subgroup and the low BNP +low DBP
subgroup, and the high BNP +low DBP subgroup (log-rank
test, P<0.001 and 0.009 and 0.002, respectively).

The ROC curve data showed that BNP superimposed on the
existing BUN level expanded the model from 0.622 to 0.6434
(P=0.38) and DBP superimposed on the existing BUN level
expanded the model from 0.6321 to 0.6809 (P=0.12; Figure 4).

Discussion

This study has shown that high serum BUN, high plasma BNP,
and low DBP are all associated with re-hospitalization for HF,
while high BUN was the only predictor of CV death in pa-
tients with ADHF. These 3 clinical parameters may be useful
for predicting the outcome for patients with HF, and as mark-
ers of the response to treatment. Because high BUN blunted
the predictive value of plasma BNP and DBP, there was a hi-
erarchy of predictive power for these 3 parameters and BUN
was tightly associated with future CV events in patients admit-
ted for ADHF. In fact, high BUN was associated with an in-
creased rate of re-hospitalization for HF irrespective of either
BNP or DBP.

In the present study, the majority of enrolled patients had
DCM, suggesting that the present conclusion may be more ap-
plicable to patients with DCM. Indeed, the prevalence (76.9%)
of DCM in the present study was greater than in the Japanese
Cardiac Registry of Heart Failure in Cardiology (JCARE-
CARD) study (24.0%),¢ suggesting that the severity of HF in
the present study was higher than average. Therefore, the pres-
ent results may be more applicable to patients with DCM.
Indeed, the Beta-blocker Evaluation of Survival Trial (BEST)
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study showed that low survival rate is associated with elevated
BUN in patients with compensated chronic HF caused by pri-
mary or secondary DCM and a left ventricular ejection frac-
tion (LVEF) <35%,” which is consistent with the present study.
In contrast, according to the Acute Decompensated Heart Fail-
ure National Registry (ADHERE), the best single predictor of
in-hospital death was high BUN (243 mg/dl) among 39 vari-
ables tested.® These results are in agreement with the present
findings. An increase of BUN has been found to be a better
predictor of mortality and re-hospitalization than the serum Cr
level or the GFR in recent studies,”" and these findings were
also consistent with the present ones. We assessed CV mortal-
ity, however, while other studies investigated all-cause mortal-
ity,”*10 g0 the present data suggest that abnormal renal func-
tion may cause deterioration of cardiac function that results in
CV death. In patients with HF, low cardiac output decreases
renal blood flow and GFR, leading to an increase of urea and
thus BUN, so a low cardiac output is linked to high BUN. BUN
may also be affected by intestinal function, nutritional status
such as protein intake or systemic catabolism, and neurohu-
moral factors. For example, arginine vasopressin influences re-
absorption of urea in the collecting tubule,!! and norepineph-
rine has been reported to be increased in patients with BUN
>21.0mg/dlL."* Therefore, the pathophysiological role of BUN
may be different from that of seram Cr or GFR, and BUN may
be a specific and independent biomarker of re-hospitalization
and CV death in patients with ADHF because higher BUN is
linked with CV death in HF patients. The BUN concentration
is not only influenced by tubular re-absorption of urea in the
kidneys, but also by protein intake and systemic catabolism,
so high BUN may be related to multiple aspects of the patho-
physiology of CHF. .
The present study has indicated that high BNP and low DBP
are also associated with a higher risk of re-hospitalization.
Cheng et al found that BNP <430 pg/ml at the time of discharge
was a strong negative predictor of re-hospitalization,'* and the
Outcomes of a Prospective Trial of Intravenous Milrinone for
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