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Background and Objectives - Heart failure is a progressive chronic disease with high morbidity and mortality.
The aim of this study was to determine whether the N-terminal pro B-type natriuretic peptide (NT-proBNP)
levels in the blood can predict readmission due to heart failure or cardiac death (cardiac event) following hospital
discharge, and if these are a better predictive marker than a pre-discharge echocardiogram or other laboratory
parameters in discharged patients with idiopathic dilated cardiomyopathy (DCM). Subjects and Methods : The
outcomes of 36 patients with idiopathic DCM, diagnosed on hospital admission, were retrospectively evaluated.
Results : During a mean follow-up period of 520 days, a 22.2% rate of cardiac events was observed. Evaluation
of the NT-proBNPs showed the mid-term (mean 84™ day after discharge) outpatient (OPD) NT-proBNP levels
to be a strong predictor of cardiac events, with an area under the curve analysis of 0.90. The optimal mid-term
OPD NT-proBNP cut-off level for predicting cardiac events was 1500 pg/mL, with a sensitivity and specificity of
80 and 92%, respectively; patients with levels above this threshold had a 22.9 hazard ratio for cardiac events
compared to those with levels below this threshold. Conclusion : The mid-term OPD plasma NT-proBNP levels
were able to predict cardiac events in discharged patients with idiopathic DCM, regardless of the admission or pre-
discharge NT-proBNP levels and other laboratory parameters. The measurement of OPD NT-proBNP at the
mid term follow-up may be useful in outpatient therapeutic monitoring or for the development of prognostic
guidelines in patients with idiopathic DCM. (Korean Circulation J 2007;37:202—207)
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Introduction

Heart failure(HF) is a progressive chronic disease with
high morbidity and mortality. Despite great advances
in the medical management and survival following
cardiac transplantation, the prognosis remains poor. HF
is the single most frequent cause of hospitalization in
the over 65 age group.” The readmission rate for pa-
tients with HF within three to six months after hospital
discharge has been reported to range from 17 to 55%,
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depending on the age and HF stage.””)

Clinical trials and registries have shown that the
etiology of heart failure in 29-46% of cases is non-
ischemic in origin; a majority of these cases have dilated
cardiomyopathy(DCM), characterized by a progressive
course of ventricular dilatation and systolic dysfunc-
tion.?”

Brain natriuretic peptide(BNP), a peptide hormone
released primarily from the cardiac ventricles in response
to myocyte stretch, is synthesized as an inactive pro-
hormone that is split into an active hormone BNP(32
amino acids) and an inactive amino-terminal fragment,
NT-proBNP(76 amino acids). BNP has been shown to
induce vasodilation, diuresis and natriuresis, and in-
hibits the sympathetic nervous and renin-angiotensin-
aldosterone systems.®”

The prognostic importance of BNP and NT-proBNP
has been extensively studied in patients with heart



failure, as well as those with acute coronary syndromes;
they have been shown to be strong predictors of mor-
bidity or mortality and in both.*™

Moreover, the pre-discharge BNP levels have been
reported to be strong independent predictors of early
readmission or death due to HF, and are more useful
than clinical or echocardiographic parameters during
acute care.'”

The aim of this study was to determine whether the
N-terminal pro B-type natriuretic peptide(NT-proBNP)
levels in the blood can predict hospital readmission due
to heart failure or cardiac death after discharge, defined
as cardiac events, and if these are better pre-dictive mark-
ers than a pre-discharge echocardiogram or other labor-
atory parameters in patients discharged with idiopathic
dilated cardiomyopathy(DCM).

Subjects and Methods

The outcomes of 36 patients with idiopathic DCM,
diagnosed on admission to the Samsung Medical Center,
between January 2003 and February 2006, were retro-
spectively evaluated. DCM was defined as cardiac en-
largement and impaired systolic function of one or both
ventricles, as based on echocardiography. In addition,
idiopathic DCM was defined as DCM without identi-
fiable etiology, such as ischemia, alcohol and Adriamycin.
Ischemic DCM based on coronary angiography was
excluded, as were alcoholic and adriamycin-induced
DCM based on medical history.

Laboratory measurements, such as hemoglobin, so-
dium and creatinine, as well as echocardiographic
examinations, were performed on admission, before
discharge and at regular intervals during the follow-up
period. The levels of NT-proBNP were measured at the
time of admission, before discharge, and three to six
months after discharge, and again at one year after dis-
charge using an Elecsys proBNP reagent kit(Roche Di-
agnostic, Germany) on an Elecsys 2010 analyzer, before
May 2004, or on a MODULAR ANALYTICS E170
(Roche Diagnostic, Germany) thereafter. The normal
ranges for male and females <50 years of age were 0-88
and 0-153 pg/mL for males and females and 0-194
and 0-222 pg/mL for individuals older than 50, re-
spectively.

All patients received the standard treatment with
digoxin, diuretics(furosemide with or without spiro-
nolactone), angiotensin converting enzyme inhibitors
or angiotensin II receptor blockers, as well as /3 -blockers.
The mean follow-up period was 520373 days; NT-
proBNP was measured at mid-term(mean 84™ day after
discharge), at six to 12 months or after one year. The
main study end-points were readmission due to heart
failure or cardiac death. The causes of readmission or
death were identified by medical record or a review of
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the death certificate.

Statistical analysis

The data were analyzed using SPSS 11.5 for Win-
dows(SPSS Inc, Chicago, Illinois, USA). The baseline
characteristics were compared between the cardiac event
and event- free groups using Pearson’s chi-squared and
Mann-Whitney U tests where appropriate. Categorical
variables are expressed as numbers(percentage), and
continuous variables as the mean =SD. The percentage
change in the NT-proBNP levels was defined as [“to”-
“from”] X 100/”from” NT-proBNP, and presented as a
continuous variable. A multivariable Cox proportional
hazard regression model was used to evaluate associa-
tions of the clinical variables, NT-proBNP levels and
echocardiographic parameters with the incidence of car-
diac events, with the findings expressed as a hazard
ratio(HR) with a 95% confidence interval(CI). A receiver
operating characteristics(ROC) curve was calculated to
determine the cut-off value for NT-proBNP for pre-
dicting cardiac events. The cut-off value with optimal
sensitivity and specificity, together with the area under
the curve(AUC), were also identified. Survival curves
were estimated according to the Kaplan-Meier method,
and compared using a log-rank test. P<0.05 were con-
sidered significant.

Results

The baseline characteristics of the study patients
according to cardiac events are summarized in Table 1.
During the follow-up period of 520+ 373 days, cardiac
events occurred in 8 patients(22.2%). The mean dura-
tion to a cardiac event from the time of discharge was
315+ 195 days. Readmission occurred in seven cases
and cardiac death in a further one(Table 2). Among the
variables, the mid-term(mean 84" day after discharge)
outpatient(OPD) NT-proBNP level, percentage change
from predischarge to mid-term OPD NT-proBNP and
serum creatinine levels were significantly increased in
the cardiac event group. Fig. 1 shows the ROC curve for
the mid-term OPD NT-proBNP cut-off values and their
association with cardiac events during follow-up. The
mid-term OPD NT-proBNP level was a strong predictor
of cardiac events, with an AUC of 0.90. The optimal
mid-term OPD NT-proBNP cut-off level for predicting
cardiac events during a mean follow-up period of 520
days was 1500 pg/mL, with a sensitivity and specificity
of 80 and 92%, respectively.

In the univariate Cox regression analysis used to
identify predictors of cardiac events after discharge(Table
3), neither the serum marker nor echocardiographic
parameter at discharge was able to predict cardiac events.
Among the NT-proBNDPs, only the mid-term OPD NT-
proBNP level was associated with cardiac events; the
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Table 1. Baseline characteristics of patients with idiopathic dilated cardiomyopathy according to cardiac events

Cardiac event (-)

Cardiac event (+)

Characteristics n=28 (77.8%) n=8 (22.2%) P
Clinical findings
Age (yrs) 57.6E£13.4 52.3£15.5 0.446
Male gender 16 (57.1%) 3 (37.5%) 0.434
Hypertension 4 (14.3%) 2 (25.0%) 0.327
Diabetes mellitus 5(17.9%) 1(12.5%) 1.000
NYHA class II, III, III on admission 3/22/3 (10.7/78.6/10.7%) 1/5/2 (12.5/62.5/25.0%) 0.538
Pulmonary congestion on admission 9(32.1%) 2 (25.0%) 1.000
NT-proBNPs
On admission (n)(pg/mL) 17 (3867.8 £2872.8) 2(3304.0£2115.7) 1.000
At discharge (n)(pg/mL) 18 (3599.5£7976.4) 7(2323.31+3406.3) 0.586
At mid-term OPD (n)(pg/mL) 25(801.31+768.9) 5(2545.8+£1572.7) 0.005*
Percentage change from predischarge to mid-term OPD (n)(%) 15 (-47.2 £60.0) 4(88.41+195.8) 0.046*
Serum markers at discharge
Hemoglobin (g/dL) 13.6£2.5 134£2.6 0.493
Creatinine (mg/dL) 1.0£0.3 1.3£04 0.040*
Sodium (mmol/L) 138.4*£4.2 138.414.2 0.954
Total cholesterol (mg/dL) 160.2+29.3 171.3£335 0.404
Echocardiographic findings at discharge
LA dimension (n)(mm) 25(47.1£10.5) 8 (46.4£6.8) 0.966
LVESD (n)(mm) 25(56.4£9.3) 8 (60.6£10.2) 0.333
LVEDD (n)(mm) 25(67.2£8.0) 8 (69.5£10.3) 0.817
LVEF (n)(%) 25(26.5£8.8) 8(25.6£8.4) 0.866
Medications at discharge
Digoxin (n)(%) 11 (39.3%) 5(62.5%) 0.422
Furosemide (n)(%) 20 (71.4%) 7 (87.5%) 0.648
Thiazide (n)(%) 6(21.4%) 3 (37.5%) 0.384
Spironolactone (n)(%) 17 (60.7%) 7 (87.5%) 0.224
ACEI or ARB (n)(%) 25 (89.3%) 8 (100%) 1.000
Betablocker (n)(%) 15 (53.6%) 4 (50.0%) 1.000
Statin (n)(%) 3 (10.7%) 1(12.5%) 1.000

NYHA: New York Heart Association, OPD: outpatient deporfmont, NT-proBNP: N-terminal pro-B-type natriuretic peptide, LA: left atrium,
LVESD: left ventricular end-systolic dimension, LVEDD: left ventricular end-diastolic dimension, LVEF: left ventricular ejection fraction, ACEI:
angiotensin converting enzyme inhibitor, ARB: angiotensin Il receptor blocker. *: p<0.05 Cardiac event (-) vs. Cardiac event (+)

Table 2. Analyses of cardiac events
Case Gender

Age (years)  Follow up (days) Cardiac event

1 Male 56 137 Readmission
2 Male 28 150 Readmission
3 Female 50 155 Readmission
4 Female 62 229 Readmission
5 Female 30 236 Cardiac death
6 Female 65 452 Readmission
7 Male 58 533 Readmission
8 Female 69 634 Readmission

hazard ratio was above 23 when the cut-off value of the
mid-term OPD NT-proBNP was 1,500 pg/mL.

From the multivariate Cox regression model, performed
by the enter method, with all variables in the univa-
riate analysis, the only independent predictor of cardiac
events was a mid-term OPD NT-proBNP level > 1,500

pg/mL(HR=22.9, 95% CI=2.46-221.10)(Table 4).
The event free survival rate was significantly higher
in patients with a lower mid-term OPD NT-proBNP(<
1,500 pg/mL) than in those with a higher mid-term
OPD NT-proBNP level(= 1,500 pg/mL)(Fig. 2, Kaplan-
Meier methods, p=0.0001 from the log-rank test).

Discussion

The main finding of this study was that mid-term
OPD plasma NT-proBNP levels at three months fol-
lowing hospital discharge were able to predict cardiac
events, such as readmission due to heart failure or
cardiac death, in patients diagnosed with idiopathic
DCM on hospital admission. During the mean follow-
up period of 520 days, eight cardiac events were ob-
served; the mid-term(mean 84™ day after discharge)
OPD plasma NT-proBNP level was a strong indepen-
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Fig. 1. Receiver operating characteristic curve for the mid-term
OPD N-terminal pro-B-type natriuretic peptide cut-off values
and their association with cardiac events during follow-up. OPD:
outpatient department.

Table 3. Univariate Cox regression analysis for the identification of
predictors of cardiac events following discharge

HR 95% CI p
Age 098  0.94-8.28 0.302
Hypertension 1.67  0.34-8.28 0.531

Mid-term OPD NT-proBNP 1.001 1.000-1.001 0.008*

Mid-term OPD NT-pro
BNP=1,500 pg/mL

Percentage change from predischarge
to mid-term OPD NT-proBNP

Percentage change from predischarge

2358 2.57-216.64 0.005*

1.03 1.00-1.07 0.085

to mid-term OPD 776  0.80-75.53 0.078

NT-proBNP>-33%
Creatinine at discharge 2.65 0.53-13.18 0.234
Spironolactone at discharge 3.78 0.46-30.86 0.215
LA dimension at discharge 1.00  0.93-1.07 0.985
LVESD at discharge 1.02  0.96-1.09 0.484
LVEDD at discharge 1.02  0.94-1.10 0.689
LVEF at discharge 1.01  0.93-1.09 0.874

NT-proBNP: N-terminal pro-B-type natriuretic peptide, LA: left
atrium, LVESD! left ventricular end-systolic dimension, LVEDD:
left ventricular end-diastolic dimension, LVEF: left ventricular ejec-
tion fraction. *: p<0.05

Table 4. Multivariate Cox regression analysis for the identification of
predictors of cardiac events following discharge

HR 95% CI p

Age 0.98 091-1.06  0.650
Mid-term OPD NT-proBNP N
> 1,500 pe/mL 22.86 2.46-221.10  0.006

NT-proBNP: N-terminal pro-B-type natriuretic peptide. *: p<0.05

dent predictor of cardiac events. The optimal cut-off
value for the mid-term OPD NT-proBNP levels was
1,500 pg/mL, with a hazard ratio for cardiac events of
22.9.

Many clinical and echocardiographic parameters as-
sociated with adverse outcomes in patients with heart
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Fig. 2. Kaplan-Meier curves according to the predefined mid-term
OPD N-terminal pro-B-type natriuretic peptide cut-off (1,500
pg/mL) level. OPD: outpatient department.

failure have been identified, including physical exami-
nation(elevated jugular venous pressure, a third heart
sound),” laboratory findings(anemia, higher serum
creatinine, lower cholesterol)*'® and echocardiographic
parameters(lower ejection fraction, increased LVE-
DD). "W

The prognostic importance of the BNP and NT-
proBNP levels has been extensively studied in patients
with heart failure, as well as those with acute coronary
syndromes. Both markers have been shown to be strong
predictors of morbidity and mortality.*"" NT-proBNP
has been reported to be a better marker than BNP for
the detection and evaluation of chronic heart failure;
this is because it is more stable and a better predictor
of cardiac dysfunction.”™ NT-proBNP has consistently
been associated with increased risk for all-causes of
mortality or hospitalization for heart failure in patients
with severe congestive heart failure.”” A single measure-
ment of the NT-proBNP level in patients with advanced
CHEF can help identify those at highest risk of death, and
is also a better prognostic marker than the left ventricular
ejection fraction.”” NT-proBNP is also known to be a
strong predictor of the one-year mortality in hospi-
talized heart failure patients with both preserved and
reduced systolic functions.”” Variations in the NT-
proBNP levels have been noted to be related to cardiac
events within six months of hospital discharge; NT-
proBNP levels are also potentially useful in the evalua-
tion of treatment efficacy as well as in planning the
hospital discharge of patients with HF.??

Many previous studies on the prediction of cardiac
events enrolled patients with heart failure who had
heterogeneous etiologies, including ischemic and non-
ischemic heart disease; however, our study had a homog-
enous population with idiopathic DCM. In addition,
our study differed from prior studies in the following
ways:

First, about a quarter of the patients with recent-
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onset DCM improved spontaneously; survival was better
among the patients with idiopathic DCM than those
with ischemic cardiomyopathy.””?® In previous studies,
including ischemic and non-ischemic heart disease,
depending on the age and HF stage, it has been reported
that 17-55% of patients required readmission within
three to six months after discharge;”” however, in this
study, 10.8% of patients were readmitted within six
months following hospital discharge. The results showed
that the mid-term OPD plasma NT-proBNP levels may
be useful for predicting hospital readmission or cardiac
death six months after hospital discharge in idiopathic
DCM patients. Therefore, more intensive medical ther-
apy in DCM patients with mid-term OPD NT-proBNP
levels greater than 1500 pg/mL, as based on serial
measurements of the NT-proBNP levels, may improve
patient outcomes.””™ Second, while other studies have
shown that the NT-proBNP levels on admission or pre-
discharge, and variations between admission and dis-
charge were related to readmission or death within six
months following discharge,*? this study showed that
neither variation during admission nor the pre-dis-
charge NT-proBNP level were independent predictors
of cardiac events. Third, according to several studies,
the echocardiographic parameters may play an im-
portant role in predicting cardiac mortality in patients
with DCM and congestive heart failure. In particular,
the restrictive filling pattern, as characterized by a high
peakearly diastolz mitral inflow velocity(E), a low pea-
klate diastolz mitral inflow velocity(A) wave, a high E/
A ratio and a shortened E wave deceleration time, has
been shown to be powerful predictor of increased
mortality in patients with congestive heart failure and
DCM;** however, in this study, the echocardiographic
parameters were unable to predict cardiac events.

The limitations of this study include the followings:
1) the study population was relatively small, 2) echo-
cardiography and NT proBNP sampling was not per-
formed on the same day; however, the time differences
between the pre-discharge measurements were less than
one week. Finally, our study was a single-center retro-
spective study; multicenter prospective studies will be
needed to support our results.

In conclusion, the mid-term OPD plasma NT-
proBNP levels following hospital discharge were able
to predict cardiac events in patients diagnosed with
idiopathic DCM on hospital admission, regardless of
the admission or pre-discharge NT-proBNP levels and
other laboratory and echocardiographic parameters. The
optimal cut-off NT-proBNP level was found to be
1,500 pg/mL. Therefore, measurement of the mid-
term OPD NT-proBNP level may be useful for outpa-
tient therapeutic monitoring or in the development of

prognostic guidelines in patients with idiopathic DCM.
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