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Abstract

Background: B-type natriuretic peptide is the most powerful predictor of long term prognosis in patients hospitalised with heart failure. On an
outsetting basis, a decrease in B-type natriuretic peptide levels is associated to a decrease in event rate for outpatients managed using the
neuro-hormone levels as the target in heart failure therapy. We have retrospectively checked whether the addition of pre-discharge B-type
natriuretic peptide levels to a clinical–instrumental decisional score for discharge decision in patients admitted for heart failure reduced
readmission rate for heart failure and related cost.
Methods:We studied two series of consecutive patients admitted to the Heart Failure Unit due to acute heart failure as a main diagnosis. One-
hundred and forty-nine patients discharged on the basis of the sole clinical acumen were compared to one hundred and sixty-six subjects
discharged adding B-type natriuretic peptide levels to the decisional score.
Results: During a six-month follow-up period, there were 52 readmissions (35%) among the clinical group (n=149) compared with 38 (23%)
readmissions in the B-type natriuretic peptide group (n=166) (χ2=5.5; P=0.02). Survival did not differ between groups (87%). Changes in
B-type natriuretic peptide values were correlated to clinical events: a B-type natriuretic peptide value on discharge of ≤250 pg/ml or a
reduction of ≥30% in B-type natriuretic peptide values predicted a 23% event rate (death, plus readmission for heart failure), whereas a far
higher percentage (71%) were observed in the remaining patients (χ2=32.7; P=0.001). Likewise, the overall costs of care were lower (−7%)
in the B-type natriuretic peptide group: 2.781±923 vs 2.978±1.057 euros per patient respectively.
Conclusions: our study suggest that the addition of pre-discharge B-type natriuretic peptide levels to a clinical–instrumental decisional score
for discharge decision in patients admitted for heart failure may contribute to reduce the number of readmissions and related cost.
© 2007 Published by Elsevier Ireland Ltd.
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1. Introduction

Heart failure is a major public health problem, because of
its heavy economical burden, mainly due to frequent hospital
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admissions and relevant short-term post-discharge mortality
[1–3]. In particular, readmission rates are very high (45% at
six months) [4], being estimated to consume a relevant part
of healthcare cost [5]. In an era of cost containment, cost
concerns about hospital expenditures for heart failure prompt
alternative management strategies.

It has been recently shown that B-type natriuretic peptide
correlates well with the severity of heart failure and are the
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most powerful predictor of prognosis in patients with heart
failure [6]. In particular, in patients admitted for acute heart
failure, B-type natriuretic peptide levels are reported predicting
prognosis in the following 3–6 months: patients with higher
pre-discharge values have the worst prognosis, while those
with lower or decreased levels with respect to admission have
the best prognosis [6], so that B-type natriuretic peptide has
been suggested as a discharge criterion [7,8]. Furthermore, on
an outsetting basis, it has been shown that a decrease in B-type
natriuretic peptide levels is associated to a decrease in event
rate for patients managed using the neuro-hormone levels as
the target in heart failure therapy [9,10].

Finally,Wu et al. [11] have recently demonstrated a reduced
readmission rate for alternating diagnoses of heart failure and
pulmonary disease after implementation of B-type natriuretic
peptide testing, possibly due to a more correct identification of
patients.

Given the above scenario, we have retrospectively checked
whether the addition of pre-discharge B-type natriuretic peptide
levels to a clinical–instrumental score for discharge decision in
patients admitted for heart failure in our Heart Failure Unit
reduced readmission rate for heart failure and related cost.

2. Patients and methods

2.1. Patients

We studied two series of consecutive patients admitted to
our Heart Failure Unit due to an instabilisation of heart
failure as main diagnosis. One-hundred and sixty-six patients
discharged from July 1st 2002 (implementation of B-type
natriuretic peptide testing for discharge decision) to June
30th 2003 (hereafter B-type natriuretic peptide group) were
compared to one hundred and forty-nine subjects discharged
from January 1st to December 31st 2001 (hereafter clinical
group). Patients discharged from January 1st and June 30th
2002 were excluded, since during such period the utility of
B-type natriuretic peptide assay was tested in our Heart
Failure Unit.

2.2. Inclusion and exclusion criteria

The criteria to be admitted to our Heart Failure Unit (and
then in the present study) are: 1) symptoms of decompensated
heart failure [12], due to an exacerbation of symptoms in
patients with at least 1 New York Heart Association class
deterioration; 2) NewYorkHeart Association functional class
III, or IV; 3) evidence of systolic and/or diastolic dysfunction
on echocardiographic examination on admission (see below).
Patients with concomitant unstable angina or acute myocar-
dial infarction were excluded [13].

2.3. Treatment and clinical criteria of stability

All patients were treated according to the international
guidelines on heart failure [14,15]. Before implementation of
B-type natriuretic peptide testing for discharge decision, we
usually discharged patients when a clinical/instrumental
finding of stability was achieved [16,17]. This finding was
made if 6 criteria were simultaneously met: a) subjective
improvement on the basis of NYHA class, or at least no
orthopnoea, for refractory NYHA IV patients; b) 90b systolic
blood pressureb120mmHg; c) heart rateb100 bpm; d) pulse
oxymetry in ambient airN90%; e) diuresisN1000 ml/day; f)
improvement in fluid overload (normal hydration or slight
hyper- or de-hydration on electrical impedance analysis) [18].

2.4. B-type natriuretic peptide use as a further criterion

From July 1st 2002, B-type natriuretic peptide level has
been added as a further criterion: blood samples were taken
from all subjects for the B-type natriuretic peptide assay at the
time of admission to the ward and on the daywhen the clinical/
instrumental finding of stability was achieved. We used a B-
type natriuretic peptide value of ≤250 pg/ml [19] or a
reduction of ≥30% [20] with respect to admission to identify
patients who could be discharged, provided that the favourable
modifications in the neuro-hormone corresponded to the
above mentioned clinical/instrumental finding of stability
[16,17]. Patients with a B-type natriuretic peptide value of
N250 pg/ml, in the absence of a reduction of ≥30%, were
given “aggressive” treatment, namely: a) increased diuretic
treatment (up to 500 mg/day of furosemide), b) strict blood
pressure and heart rate control: target valuesb100 mmHg (for
systolic blood pressure) and b80 bpm respectively), c)
possible inclusion in the therapeutic regimen of i.v. vasodila-
tors. They were reassessed every second day and discharged in
the event of persisting clinical stability, after measurement of
B-type natriuretic peptide levels, but independently from the
plasma level of the latter. Blood samples were collected into
tubes containing potassium ethylene diamine tetra-acetic acid
and immediately analysed by the B-type natriuretic peptide
Triage method (Biosite Diagnostics, La Jolla, CA, USA) [21].
Serum creatinine was checked on discharge.

2.5. Echocardiography

Echocardiography examinations were performed on admis-
sion to the ward, with a Vingmed System Five apparatus. All
the echocardiograms were obtained blinded to the B-type
natriuretic peptide value. Left ventricular systolic dysfunction
was defined as an ejection fraction (EF)b50%. The left
ventricular EFwasmeasured using Simpson's biplanemethod.
The classification of diastolic function was: 1) impaired
relaxation (peak E/Avelocity ratio (E/A)b0.8 and deceleration
time (DT)N220 ms, pulmonary vein (PV) systolic to diastolic
(S/D) ratioN1, and atrial reversal (AR)b35 cm/ms); 2)
pseudonormal (E/A 1 to 2, DT 150 to 220 ms, PV S/D
ratiob1, and ARN35 cm/ms); 3) restrictive (E/A≥2,
DT≤150 ms, PV S/D ratiob1, and ARN35 cm/ms). The
presence of one of these patterns, in the presence of a normal
EF (N50%), was defined as isolated diastolic dysfunction. In



402 R. Valle et al. / International Journal of Cardiology 126 (2008) 400–406
patients suffering from atrial fibrillation at the time of the
echocardiogram, the diastolic function was classified as: 1)
restrictive pattern (DT ≤150 ms) or 2) indeterminate (DT
N150 ms) [22].

2.6. Follow-up

All patients were discharged according to the usual
procedures: those who belonged to the Basic Health District
of the trial hospital were assigned to an out-patient
cardiological/nursing follow-up protocol, and the remainder
were referred to their General Practitioners. All patients were
followed up for six months from the time they were
discharged, either by clinic visits, computerized chart review,
or telephone call, if no contact had occurred.
Table 1
Clinical/demographic characteristics of the 315 patients studied, globally and in re

Parameter All
n=315

Cl
n=

Age (years) 77±9 77
Sex (M/F) (%) 47/53 46
Functional class on admission (NYHA) 3.6±0.5 3.6
Functional class on discharge (NYHA) 2.3±0.7 2.3

Echocardiographic parameters
– LV ejection fraction (%) 48±16 47
– LV ejection

fractionN45% (%)
50 49

– Diastolic “
restrictive” pattern

23 22

Etiology (%)
– Ischaemic heart

disease
38 37

– Hypertensive heart disease 23 23
– Valvular 17 17
– Other or unknown 22 23

Laboratory parameters
BNP on admission (pg/ml) – –
BNP on discharge (pg/ml) – –
– Blood creatinine on discharge (mg/dl) 1.5±0.9 1.4

Co–morbidity (%)
– Atrial fibrillation 40 38
– Renal failure (creatinineN2 mg/dl) 16 17
– Left bundle branch block on ECG 16 17

Treatment being given on entry/discharge (%)
– ACE-inhibitors 60/81 59
– Angiotensin receptor blockers 10/12 11
– Beta-blockers 59/78 57
– Spironolactone 27/48 26

Assigned to cardiological/home based follow-up (%)
48 49

Events during follow-up (%)
– Readmissions for DRG 127 90 (29) 52
– Deaths 41 (13) 19

The values are expressed as mean±standard deviation unless otherwise specified.
+BNP discharge”. ⁎ Mann–Whitney U-test; #Fisher's exact test.
2.7. Statistics

Categorical data are presented as numbers (percent), and
continuous data as means±standard deviation. We used the
Mann–Whitney U-test for the comparison between samples,
while the association between variables was verified with
Fisher's exact test. B-type natriuretic peptide levels were
evaluated both as a continuous variable and as a categorical
variables (based on distribution tertiles and cut-off values).
Cox proportional hazards regression models were used to
examine the relation of B-type natriuretic peptide levels with
the incidence of events, using a combined endpoint (deaths
plus readmissions to hospital for heart failure, as principal
diagnosis, DRG 127) during the six months after discharge.
A value of Pb0.05 was considered significant. Analyses
lation to the discharge procedure

inical discharge
149

P Clinical acumen+BNP discharge
n=166

±9 n.s.⁎ 77±9
/54 n.s. # 48/52
±0.5 n.s.⁎ 3.6±0.5
±0.8 n.s.⁎ 2.3±0.7

±15 n.s.⁎ 48±16
n.s.# 50

n.s.# 24

n.s.# 39

n.s. # 23
n.s. # 17
n.s.# 21

– 764±699
– 456±612

±0.8 n.s.⁎ 1.5±1.1

n.s. # 41
n.s. # 16
n.s. # 16

/80 n.s./n.s. # 61/79
/11 n.s./n.s.# 9/12
/77 n.s./n.s. # 60/78
/49 n.s./n.s. # 28/48

n.s.# 47

(35) b0.05# 38 (23)
(13) n.s. # 22 (13)

The comparisons relate to “clinical acumen discharge” vs “clinical acumen



Fig. 1. Kaplan–Meier curves showing the cumulative incidence of death and readmission according to B-type Natriuretic Peptide levels/changes in the study
population. Tarone–Ware's test for all the comparisons.
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were performed using SPSS software per Windows, release
11.0 (SPSS Inc., Chicago, USA).

2.8. Cost analysis

Hospitalisation cost was estimated on the basis of the
DRG 127 tariff (2206 euros) in the “clinical group”, while in
the “B-type natriuretic peptide group” it valued adding to the
cost of DRG 127 tariff, the expenditure resulting from B-
type natriuretic peptide testing, which was valued 24 euros
(22 euros due to the crude single assay cost, plus 2 euros due
to other cost).
Fig. 2. Kaplan–Meier curves showing the cumulative incidence of death and rea
criterion in the study population. Tarone–Ware's test for all the comparisons.
3. Results

3.1. Baseline characteristics, B-type natriuretic peptide and
events

The characteristics of the populations studied were sum-
marised in Table 1. They were elderly patients (77±9 years),
equally distributed for gender (males=47%), who suffered from
numerous cardiovascular comorbidities, especially atrial fibril-
lation (40%) and renal failure (16%). The ratio of isolated
diastolic dysfunction to the total cases was 50%, and the 23% of
subjects presented a restrictive mitral pattern. The B-type
dmission according to the use of B-type Natriuretic Peptide as a discharge



Table 2
Hospital expenditures (euros) per 100 patients, in relation to the discharge
procedure

Unit
cost

Clinical
acumen

BNP plus
clinical
acumen

Cost
saving

No. Total
cost

No. Total
cost

Basic hospitalisations 2206 100 220,600 100 220,600
B-type natriuretic peptide

assay
24 281 6744

Readmissions 2206 35 77,210 23 50,738
Hospital costs 297,810 278,082 19,728
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natriuretic peptide — guided patients did not differ from those
discharged on the basis of the sole clinical acumen in terms of
any of the characteristics both on admission and discharge
(Table 1).

On admission, B-type natriuretic peptide plasma value
was ≥100 pg/ml in all patients (mean±SD=764±699 pg/
ml), while on discharge it was 456±612 pg/ml. During the
B-type natriuretic peptide period, one-hundred and twenty-
one patients (73%) presented a pre-discharge B-type
natriuretic peptide≤250 pg/ml or a reduction of ≥30% in
B-type natriuretic peptide values. In 29 patients (17%) from
the B-type natriuretic peptide group we had to extend the
hospital stay to obtain a reduction in B-type natriuretic
peptide values under 250 pg/ml. In these patients, a longer i.
v. diuretic (frusemide) treatment was performed: +28 h with
respect to the remaining subjects.

During the six-month follow-up period, there were 52
readmissions (35%) among the clinical group (n=149)
compared with 38 (23%) in the B-type natriuretic peptide
group (n=166) (χ2=5.5; P=0.02). Survival did not differ
between groups: 87% for patients discharged on the basis of the
sole clinical acumen and 87% with the addition of B-type
natriuretic peptide levels (χ2=0.895; P=1.0) (Table 1). In
univariate Cox analysis, left ventricular ejection fraction (hazard
ratio, HR=0.9808; 95% confidence interval, CI=0.9661–
0.9957; Pb0.05), age (HR=1.0457; CI=1.0179–1.0744;
Pb0.005), NYHA class on discharge (HR=1.8913;
CI=1.3730–2.6053; Pb0.0001), restrictive mitral pattern on
echocardiography (HR=0.3644; CI = 0.2276–0.5834;
P b0.0001), creatinine on discharge (HR = 1.4895;
CI=1.2369–1.7936;Pb0.0001), and B-type natriuretic peptide
(analysed as a cutoff level of 250 pg/ml) (HR=0.2058;
CI=0.1128–0.3755; Pb0.0001) were associated with death
and/or readmission. Multivariate Cox regression identifies only
three parameters as predictors of events: creatinine
(HR=1.3875; CI=1.0858–1.7729; Pb0.01), left ventricular
ejection fraction (HR=9.335; CI=0.9606–0.9917; Pb0.005),
and B-type natriuretic peptide cutoff level (250 pg/ml)
(HR=0.2717; CI=0.1412–05227; Pb0.0001), the latter being
the strongest one. Changes in B-type natriuretic peptide values
were correlated to clinical events: a B-type natriuretic peptide
value on discharge of≤250 pg/ml or a reduction of≥30% inB-
type natriuretic peptide values predicted a 23% event rate within
six months (respectively 11 deaths and 17 readmissions, for
overall 28 out of 121 patients), whereas a far higher percentage
(71%) of unfavourable events were observed in the remaining
patients (respectively 11 deaths and 21 readmissions, for overall
32 out of 45 patients) (χ2=32.7; P=0.001). Furthermore, event
rate increased from the lowest for patients with B-type
natriuretic peptide plasma levels on discharge ≤250 pg/ml
(16%, n=81), through thosewith plasma levels N250 pg/ml and
a decrease ≥30% (42%, n=40), to the highest for those with
plasma levels N250 pg/ml and a decrease b30% (71%, n=45)
(χ2=137; Pb0.001) (Fig. 1). The ability of the B-type
natriuretic peptide changes to discriminate between patients
with events and event-free is demonstrated by theROCanalysis:
the AUC value was 0.76 (confidence interval 0.68–0.84) for
patients with a plasma value ≤250 pg/ml or reduction of 30%.
Finally, Kaplan–Meier curves showed a lower cumulative
incidence of death and readmission in relation to the use of B-
typeNatriuretic Peptide as a discharge criterion in comparison to
the sole clinical acumen (Fig. 2).

3.2. Cost analysis

The overall costs of care were lower (−7%) for B-type
natriuretic peptide — discharged patients in comparison with
those of the clinical group: 2.781±923 vs 2.978±1.057 euros
per patient respectively, making a difference of 197 euros
(Mann–Whitney U-test, Z=−5.8; Pb0.01). This difference is
due to the lower expenditure resulting from the lower
readmission rate for DRG 127 among the B-type natriuretic
peptide group, which amply compensates for the additional
expenditure generated by B-type natriuretic peptide assay
implementation (Table 2).

4. Discussion

4.1. B-type natriuretic peptide and discharge decision

The main finding of our study was that the addition of
pre-discharge B-type natriuretic peptide levels to a clinical–
instrumental decisional score for discharge decision in
patients admitted for heart failure contributed to reduce the
number of readmissions, and related costs.

Recently, natriuretic peptides (B-type natriuretic peptide)
became available as a new tool for prognostic stratification
of patients with heart failure in different clinical spheres (see
[6] for a review). In particular, it has been reported that pre-
discharge B-type natriuretic peptide is strictly associated to
unfavourable events in the six months after discharge, being
a strong, independent marker of death or readmission [6]. On
the other hand, a decline in plasma concentrations of B-type
natriuretic peptide in comparison with the high values of the
unstable phase after treatment with drugs of proven efficacy
in heart failure [23–25], reflects an improvement in filling
pressures [26,27]. B-type natriuretic peptide plasma levels
reflect left ventricular haemodynamic dysfunction and fluid
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overload [28,29], so that a larger fall in B-type natriuretic
peptide plasma levels may reflect a more complete normal-
isation of congestion and wall stress.

Accordingwith these reports, in our study patients with low
or markedly decreased B-type natriuretic peptide level at
discharge showed a lower event rate during a six-month
follow-up with respect to the remaining patients (Table 1),
independently from the absence of clinical improvement (as
represented by NYHA class) on discharge, in B-type
natriuretic peptide population (Table 1). On the other hand,
Maisel et al. [30] clearly demonstrated the “disconnect”
between the perceived severity (as represented by NYHA
class) and B-type natriuretic peptide levels, and the association
of the sole latter with the clinical events. However, in all the
above quoted studies on the prognostic role of B-type
natriuretic peptide [6], physicians were kept blind to B-type
natriuretic peptide levels, so that these reflected the stabilisa-
tion obtained by the use of the sole clinical acumen. According
to Cleland and Goode [31], studies using natriuretic peptides
have suggested that physicians do not treat heart failure
aggressively enough, and pre-discharge B-type natriuretic
peptide levels may be a useful reminder that more treatment is
required. Finally, it has been reported that titration of treatment
to reduce plasma natriuretic peptide concentrations causes a
profound inhibition of the renin–angiotensin–aldosterone
system [32] and decreases total cardiovascular events [9,10].

So, it is conceivable that in our study addition of pre-
discharge B-type natriuretic peptide levels to a clinical–
instrumental decisional score for discharge decision caused a
more aggressive treatment which produced a more complete
correction of fluid overload and left ventricular wall stress,
thereby possibly translating in the observed decrease of early
readmission with respect to patients discharge on the basis of
the sole clinical acumen.

4.2. Cost analysis

Balancing effectiveness and costs of care for acute heart
failure patients is a major task for physicians and Health Care
Systems. Early readmission is a critical problem in the
management of heart failure [4], due to its dramatic costs [1–
3]. In the U.K. for example, it has been recently calculated
that if a 50% of second admissions within a calendar year
had been avoided in 2000, savings equivalent to
£56.4 million would have resulted [5]. Unfortunately, at
present, it is difficult to identify patients at risk of events after
hospitalisation a priori, and discharge of a patient admitted
to hospital with acute heart failure is still largely based on a
clinical opinion, although it is supported by instrumental
indexes [16]. In hospital, the search for tools that more
clearly define the risk profile of each patient is combined
with the organisational need to identify patients liable to
suffer future events at the time of discharge. This is a health
planning problem that can partly be solved by differentiating
the intensity of post-discharge follow-up programmes, which
can be graduated on the basis of the forecast morbidity.
Natriuretic peptides have recently attracted interest of the
investigators and established them as one of most important
factors in heart failure diagnosis and management. The
prognostic value of natriuretic peptides is an interesting and
promising topic due to grim prognosis of heart failure. Our
paper points out the potential role of a “B-type Natriuretic
Peptide guided” decision of discharge as triggering a
decrease in readmissions, over a short-lasting period,
suggesting for a benefit even in cost-effectiveness of this
approach. Indeed, the health cost analysis shows that it is not
only safe, but also financially advantageous to discharge
those patients who show a pattern of clinical stabilisation
associated with a reduction in B-type natriuretic peptide
values to ≤250 pg/ml at discharge. The significant decrease
in readmission rate might also be interpreted, as an index of
better quality of life induced by means of the enhanced
medical effort suggested by B-type natriuretic peptide
evaluation. Anyway, cost savings obtained by this approach
would allow intensive follow-up protocols for patients with
high B-type natriuretic peptide level at discharge who should
be considered at very high risk.

5. Limitations and merits of the study

Our study has a number of limitations: it is a retrospective
study, making use of a historic control. So, though there were
no changes in the clinical practice patterns, drug prescription,
the group of attending physicians, or the comorbidities
between patients in the B-type natriuretic peptide and clinical
group (Table 1), confirmation of a causal connection between
B-type natriuretic peptide — guided management and a low
rate of readmissions must await the results of an ad hoc study,
that is already under way. A further limit is the assumption
that cost evaluation was performed only on the basis of
estimated DRG 127 cost, which is actually independent of
length of hospitalisation, number and type of diagnostic
procedures and treatments.

The greatest merit of the study is that it has identified a
practical cut-off value allowing an immediate decision at the
time of discharge. A further advantage is the type of the
sample, which represents the normal “unselected” popula-
tion of consecutive patients, admitted to the Heart Failure
Unit of medium-sized hospitals, during a 12-month period.

6. Conclusion

Our study suggest that the addition of pre-discharge B-
type natriuretic peptide levels to a clinical–instrumental
decisional score for discharge decision in patients admitted
for heart failure contributed to reduce the number of
readmissions, and related costs. Reducing heart failure
readmissions helps justify the costs for implementing B-
type natriuretic peptide testing in the Heart Failure Unit.
Further research is needed to confirm that changes in B-type
natriuretic peptide levels can in the future be a guide to
optimise care of patients admitted for heart failure.
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