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Abstract

Background: Renal function is a powerful prognostic variable in patients with heart failure (HF). Hospitalisations for acute HF (AHF) may be
associated with further worsening of renal function (WRF).
Methods and results: We analysed the clinical significance of WRF in 318 consecutive patients admitted at our institute for AHF. WRF was
defined as the occurrence, at any time during the hospitalisation, of both a ≥25% and a ≥0.3 mg/dL increase in serum creatinine (s-Cr) from
admission (WRF-Abs-%).
Results: Patients were followed for 480±363 days. Fifty-three patients (17%) died and 132 (41%) were rehospitalised for HF. WRF-Abs-%
occurred in 107 (34%) patients. At multivariable survival analysis, WRF-Abs-% was an independent predictor of death or HF
rehospitalisation (adjusted HR, 1.47; 95%CI, 1.13–1.81; p=0.024). The independent predictors of WRF-Abs-%, evaluated using
multivariable logistic regression, were history of chronic kidney disease (p=0.002), LV ejection fraction (p=0.012), furosemide daily dose
(p=0.03) and NYHA class (p=0.05) on admission.
Conclusion: WRF is a frequent finding in patients hospitalised for AHF and is associated with a poor prognosis. Severity of HF and daily
furosemide dose are the most important predictors of the occurrence of WRF.
© 2008 Published by Elsevier B.V. on behalf of European Society of Cardiology.
Keywords: Acute heart failure; Renal function; Prognosis
1. Introduction

Renal dysfunction is a frequent finding in patients with
heart failure (HF) and is a powerful independent prognostic
factor for adverse outcomes [1–8]. Its prevalence increases
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in patients with more severe HF. More than half of the
patients hospitalised for HF have some degree of impairment
of renal function, and moderate to severe impairment has
been reported in 30–35% of cases [7,9–13]. Hospitalisation
for acute HF is associated with further worsening of renal
function (WRF) in 30–50% of patients, depending on the
specific definition utilized, and this is associated with
prolonged length of hospital stay, increased healthcare
costs, increased in-hospital mortality, and higher rates of
rehospitalisation and death post-discharge [9–11,14–17].
uropean Society of Cardiology.
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However, these data are derived primarily from retro-
spective analyses of patients' records from databases of
multiple centers and are often limited to patients≥65 years of
age [9–11,13,15]. With two exceptions [16,17], data on
treatment, an important determinant of renal function
changes, were not available or utilized. The studies also
had relatively short follow-up duration, limited to the in-
hospital course inmany studies [13,15,16] and up to 6months
in others [9,10,17]. Lastly, there is no consensus on how best
to define WRF, with some studies utilizing the absolute [9–
13,15–17] and others using relative [14,18] changes in serum
creatinine (s-Cr) values.

The aim of the present study was to assess the incidence of
WRF, defined as an absolute or relative increase in s-Cr, aswell
as its one-year prognostic value, clinical characteristics and risk
factors in a consecutive series of patients admitted for acuteHF.

2. Methods

2.1. Patients

We prospectively enrolled all qualifying patients admitted
for acute HF at our Institute of Cardiology in Brescia, Italy,
from June 2003 to June 2006. To be included into the study
patients had to satisfy the diagnostic criteria of acute HF, as
established by the European Society of Cardiology guidelines
[19], and require treatment with an intravenous agent, which in
all cases included furosemide with or without other vasoactive
medications. All patients gave their informed written consent
to the protocol, which was approved by the local Ethics
Committee. We excluded patients unable to give informed
consent and those with evidence of acute coronary syndrome,
acute arrhythmia, myocarditis, valve stenosis, cardiac tampo-
nade, aortic dissection, pulmonary embolism, high output
syndrome or evidence of non-cardiovascular factors as main
cause of symptoms. In order to assess the clinical significance
of WRF only when caused by acute HF and/or its treatment,
we also excluded patients who developed complications or
underwent procedures which may cause a rise in s-Cr during
the hospitalisation. Namely, we excluded patients who had
stroke, infection, shock, cardiac arrest, cardiac death or who
underwent cardiac surgery or invasive procedures requiring
contrast administration during the hospitalisation. We also
excluded patients requiring dialysis or ultrafiltration, condi-
tions with a clear prognostic impact in which tubular necrosis
and organic renal damage are often present. Baseline s-Cr was
not an exclusion criterion.

2.2. Investigations

All patients underwent a complete clinical and laboratory
examination at the time of hospital admission, as well as
serial laboratory measurements at 1 to 2 day intervals, and at
hospital discharge. At least one Doppler-echocardiography
exam was performed in all patients 1–3 days before
discharge. Estimated glomerular filtration rate (GFR) was
calculated by the Modification of Diet in Renal Disease
(MDRD) equation. This has been shown to be the best
method for the indirect assessment of renal function in HF
patients [20,21]. Anaemia was defined according to the
criteria of the World Health Organisation, when haemoglo-
bin (Hb) was b13 g/dL in men and b12 g/dL in women [22].
Furosemide doses were determined for: 1) the oral daily dose
prior to hospital admission; 2) the total dose administered
intravenously during the first day of hospitalisation; and 3)
the oral daily dose administered at discharge. Thiazide
diuretics (namely metolazone), dopamine and inotropic
drugs (namely dobutamine or enoximone or levosimendan),
were administered based on clinical indications as judged by
the attending physician. This often occurred when insuffi-
cient diuresis was obtained after furosemide alone, in the
case of thiazide diuretics, and when signs of peripheral
hypoperfusion and/or WRF developed, in the case of
dopamine and/or inotropic agents. Dopamine was always
administered at low doses, as a 2 to 3 μg/kg/min i.v. infusion.

Data collection and end-point adjudication was performed
by independent investigators (GV, CL) who had no role in
patient follow-up and treatment. Follow-up was performed
by periodic (every 3 months) clinical visits and/or telephone
calls to the patient or to her/his physician and her/his
relatives. Relatives were instructed to inform the investiga-
tors as soon as possible, in case of any major cardiovascular
events. Only cardiac death and urgent, unplanned hospita-
lisations were included as end-points of the study.

2.3. Definition of WRF

Worsening renal function was defined based on the
maximal increase in s-Cr from admission to any time during
hospitalisation. The most widely used definition of WRF in
previous studies has been an increase of ≥0.3 mg/dL in s-Cr
[8,10,13,15–17,23]. However, the inverse relationship
between glomerular filtration rate (GFR) and s-Cr is
exponential, so that small changes in s-Cr are attended by
greater reductions in GFR at low initial s-Cr, compared to
higher s-Cr levels [18]. Hence, to correct for the role of
baseline s-Cr, we defined WRF as both a ≥0.3 mg/dL and a
≥25% increase in s-Cr from admission (WRF-Abs-%). Our
definition of WRF was compared to that based only on an
increase in s-Cr≥0.3 mg/dL (WRF-Abs) or≥25% (WRF-%)
from baseline.

2.4. Statistical analyses

The primary objectives of the study were two-fold: first,
to assess the prognostic value of these definitions of WRF,
with respect to the prediction of cardiac death or HF
hospitalisations occurring after discharge, and second, to
assess the variables associated with developing WRF.
Assuming a one-year 50% incidence of major cardiovascular
events (cardiovascular death or HF hospitalisations), we
calculated that a sample size of 320 patients would provide
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80% power, with an alpha value of 0.05, to detect a 25%
change in the risk of these events in the patients with WRF
compared to those without WRF.

Continuous variables were expressed as mean±standard
deviation, unless otherwise specified. Categorical variables
were presented as percentage and compared by Yates
corrected chi-square test. A two-tailed p value b0.05 was
considered significant. Comparisons between groups were
performed by t-test or Wilcoxon test, as appropriate.

Independent predictors of WRF were identified by
multivariable logistic regression analysis with backward
stepwise regression amongst variables assessed prior to
hospitalisation and on admission. All the variables which
were different between patients with and without WRF at
univariable analysis were entered into the initial model. The
only exception was s-Cr on admission which was not entered
in the model for the prediction of WRF, since it was included
in the calculation of the percent change in s-Cr. Variables
were entered at an entry level of significance of pb0.1 and
kept in the model at an exit level of significance of pb0.05.
For descriptive purposes, the analysis was repeated with
continuous variables selected by the multivariable model
dichotomised at their median value.

The combined end-point of cardiovascular mortality or
unplanned HF hospitalisation was used as the primary
outcome end-point. Cumulative event-free survival estimates
were calculated using the Kaplan–Meier method. Patients
were censored at the time of transplantation or of any cardiac
surgical procedure. Differences in survival related to
recognized major risk factors in HF patients [19] were
evaluated by the Log-rank test. Variables which were
different (pb0.1) between patients with and without events
were entered in a multivariable Cox regression model. The
variables assessed were age, gender, body mass index,
systolic blood pressure, heart rate, NYHA class, serum
haemoglobin, creatinine, BUN, and sodium, both on
admission and at discharge, left ventricular (LV) ejection
fraction (EF) and a restrictive pattern of LV filling at
Doppler-echocardiography, treatment with intravenous vaso-
dilator and/or inotropic agents during the hospitalisation,
prescription of angiotensin-converting enzyme inhibitors,
angiotensin receptor blockers, beta-blockers, aldosterone
antagonists, digoxin and/or furosemide at discharge, as well
as daily furosemide doses during the hospitalisation and at
discharge. Due to the similarities between the 3 definitions of
WRF and the need to assess their prognostic value, we
repeated the multivariable analysis entering each of the three
definitions of WRF separately.

3. Results

3.1. Patient characteristics

Patient characteristics are listed in Table 1. The mean age
was 68±11 years and 60% were men. A relatively high
percentage of co-morbid conditions were present, including
34% of patients with diabetes, 24% with chronic renal
failure, and 42% with anaemia. Left ventricular EF was 34±
15%, with 92 patients (29%) having a LVEF N45%. All the
patients were in New York Heart Association (NYHA) class
III or IVat admission (51%, in class III and 49%, in class IV).
The initial systolic blood pressure was 129±27 mm Hg and
heart rate 80±20 bpm. Pulmonary rales above the bases,
peripheral oedema, signs of increased jugular venous
pressure and hepatomegaly were present in 53%, 61%,
31%, and 40% of the patients, respectively.

Serum creatinine on admission was 1.51±0.84 mg/dL
(range, 0.40 to 9.70 mg/dL; median, interquartile range, [IQR]
1.30, 1.00–1.70 mg/dL); eGFR was 58±29 mL/min (range, 6
to 234 mL/min; median, IQR, 56, 33 to 62 mL/min).
Worsening renal function, defined as a s-Cr increase of both
≥0.3 mg/dL and ≥25% from initial values (WRF-Abs-%)
was found in 107/318 patients (32%) patients, versus 134/318
(42%) and 110/318 (35%) patients when only an increase
≥0.3 mg/dL and an increase ≥25% from baseline, were
considered, respectively.

Table 2 lists the medical treatments of particular interest.
More than 90% of the patients were on furosemide treatment,
both before and after discharge. Seventy-eight percent of the
patients were receiving an inhibitor of the renin–angiotensin
system on entry with no changes at discharge, while there
was an increase in the percentage of patients receiving a beta-
blocker (from 57% to 77%) and an aldosterone antagonist
(from 45% to 55%). With respect to in-hospital treatment, all
patients received i.v. furosemide, 61 patients (21%) received
i.v. vasodilators (nitrates in 59, 19%, and nitroprusside in 21,
7%) and 29 (9%) received inotropic agents (dobutamine and/
or enoximone and/or levosimendan in 18, 6%, 13, 4%, and 5,
2%, patients, respectively).

After the initial hospitalisation, patients were followed for
480±363 days (median, 388). During follow-up, 53 patients
(17%) died and 132 (41%) were hospitalised for HF.
Thirteen additional rehospitalisations occurred for other
cardiovascular reasons (acute coronary syndrome, atrial
fibrillation or stroke) with no signs of HF and were not
considered as end-points. Eleven patients (3.4%) were lost to
follow-up and were excluded from the analysis.

3.2. Characteristics of the patients with WRF

The characteristics of the patients with and without WRF-
Abs-% are compared in Tables 1 and 2. The patients who
developed WRF-Abs-% were more likely to be men and to
have a history of pre-existing renal dysfunction. They also
had more severe HF, as indicated by their more severe
symptoms and signs of HF on admission, and had more
severe impairment of LV systolic function by Doppler-
echocardiography.

Prior to hospital admission, patients who developed
WRF-Abs-% were receiving higher doses of furosemide and
were less likely to be on beta-blockers, consistent with their
more advanced HF. During the hospitalisation, patients who



Table 1
Patients characteristics

Total No WRF-
Abs-%

WRF-
Abs-%

p value

(n=318) (n=211) (n=107)

Demographics
Age, years 68±11 67±12 69±9 0.107
Male, n (%) 190 (60) 117 (55) 73 (68) 0.038
Cause of HF, n (%)
Coronary artery

disease
173 (54) 108 (51) 65 (61)

Idiopathic
cardiomyopathy

120 (38) 84 (40) 36 (34) 0.459

Hypertension 17 (6) 14 (7) 3 (3)
Valvular heart disease 8 (2) 5 (2) 3 (3)

Body weight, kg
Entry 77±15 78±16 76±15 0.266
Discharge 75±15 75±15 74±15 0.275
Δ, entry to discharge −2.22±

2.84
−2.26±
2.84

−2.13±
2.84

0.714

Length of hospital
stay, days

13±11 10±8 17±14 b0.0001

Medical history
Prior heart failure, n, % 185 (58) 118 (56) 67 (63) 0.306
Hypertension, n, % 170 (53) 106 (50) 64 (60) 0.134
Previous MI, n, % 162 (51) 101 (48) 61 (57) 0.155
Diabetes, n, % 91 (29) 59 (30) 32 (30) 0.790
Prior renal failure 78 (25) 40 (19) 38 (36) 0.002
COPD, n, % 45 (14) 25 (12) 20 (19) 0.138
Stroke, n, % 22 (7) 13 (6) 9 (8) 0.608
PVD, n, % 36 (11) 24 (11) 12 (11) 1

Electrocardiogram
QRS duration, ms 130±40 127±39 136±41 0.054
Atrial fibrillation, n, % 98 (31) 57 (27) 41 (38) 0.053
ICD, n, % 89 (28) 52 (25) 37 (35) 0.083
Paced rhythm, n, % 57 (18) 29 (14) 28 (26) 0.010

Clinical presentation
NYHA class
Entry 3.48±

0.50
3.41±
0.49

3.62±
0.49

b0.0001

Discharge 2.04±
0.74

1.95±
0.67

2.22±
0.85

0.002

Systolic BP, mm Hg
Entry 129±27 128±25 131±29 0.316
Discharge 115±18 116±18 115±19 0.557

Diastolic BP, mm Hg
Entry 80±15 79±15 80±16 0.644
Discharge 72±10 72±10 71±10 0.264

Heart rate, bpm
Entry 80±20 79±20 83±20 0.095
Discharge 69±11 68±10 70±11 0.169

Pulmonary rales or
cracklesNbasilar, n (%)
Entry 170 (53) 98 (46) 72 (67) 0.001
Discharge 20 (6) 10 (5) 10 (9) 0.176

Peripheral oedema, n (%)
Entry 107 (34) 58 (27) 49 (46) 0.002
Discharge 6 (2) 2 (1) 4 (4) 0.196

Increased jugular venous
pressure, n (%)
Entry 99 (31) 55 (26) 44 (41) 0.009
Discharge 6 (2) 4 (2) 2 (2) 1.00

Hepatomegaly, n (%)
Entry 126 (40) 82 (39) 44 (41) 0.789
Discharge 19 (6) 11 (5) 8 (7) 0.579

(continued on next page)

Table 1 (continued)

Total No WRF-
Abs-%

WRF-
Abs-%

p value

(n=318) (n=211) (n=107)

Laboratory exams
Haemoglobin, Gm/dL

Entry 13.0±2.0 13.1±2.1 12.9±1.8 0.244
Discharge 12.7±1.94 12.9±2.1 12.4±1.7 0.207

Anaemia, n (%)
Entry 134 (42) 81 (38) 53 (50) 0.007
Discharge 170 (53) 104 (49) 66 (62) 0.048

Creatinine, mg/dL
Entry 1.51±

0.84
1.54±
0.91

1.45±
0.67

0.360

Peak 1.82±
1.05

1.59±
0.98

2.26±
1.06

b0.0001

Discharge 1.55±
0.76

1.39±
0.66

1.88±
0.84

b0.0001

Δ entry to peak,
mg/dL

0.31±
0.54

0.05±
0.20

0.81±
0.62

b0.0001

Δ entry to peak, % 11±23 3±12 62±52 b0.0001
BUN, mg/dL

Entry 67±42 66±44 69±37 0.592
Peak 83±53 74±45 102±61 b0.0001
Discharge 74±44 68±39 89±49 b0.0001

GFR, mL/min
Entry 58±29 56±24 62±37 0.105
Nadir 49±24 55±25 36±10 b0.0001
Discharge 56±26 62±28 45±20 b0.0001

Sodium, mEq/L
Entry 139 ±4 138±4 139±4 0.450
Discharge 139±4 139±4 139±4 0.826

Potassium, mEq/L
Entry 4.1±0.5 4.1±0.6 4.1±0.5 0.133
Discharge 4.2±0.5 4.2±0.5 4.3±0.4 0.102

Uric acid, mg/dL 7.1±2.4 6.9±2.2 7.5±2.7 0.074
Cholesterol,mg/dL 177±44 178±44 174±43 0.398
Troponin I elevation,

n (%)
81 (25) 49 (23) 32 (30) 0.248

Doppler-echocardiography
LV Ejection fraction, % 34.5±

14.6
36.0±
15.0

31.4±
13.2

0.007

Ejection Fractionb45%,
n, %

226 (71) 141 (67) 85 (79) 0.027

LV dilation, % 223 (70) 138 (65) 85 (79) 0.001
Systolic PAPs, mm Hg 44±12 43±11 47±13 0.004
Restrictive LV filling
pattern, n, %

129 (41) 75 (35) 54 (50) 0.015

Mitral regurgitation, n, % 89 (28) 52 (25) 37 (35) 0.083
Inferior vena cava
congestion, n, %

113 (36) 68 (32) 45 (42) 0.108

Abbreviations: ICD, implantable defibrillator; MI, myocardial infarction; LV,
left ventricular; MR, mitral regurgitation; PAP, pulmonary artery pressure;
PVD, peripheral vascular disease; WRF, worsening renal function. Peak refers
to the measurements performed at the time of peak serum creatinine levels.
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developed WRF-Abs-% received higher doses of both i.v.
furosemide at entry and oral furosemide at discharge, and
were more likely to be treated with i.v. dopamine and/or
inotropic agents.

Using a multivariable model, including baseline clinical
characteristics, co-morbidities, laboratory tests, and con-
comitant treatment, the only independent predictors of



Table 3
Baseline determinants of WRF-Abs-% at multivariable analysis

Predictors Odds ratio (95% CI) p value

Analysis with LVEF and furosemide dose as continuous variables
History of chronic kidney disease 3.66 (1.61–8.33) 0.002
LV ejection fraction 0.97 (0.95–0.99) 0.012
I.v. furosemide daily dose on admission 1.001 (1.000–1.003) 0.034
NYHA class 1.79 (0.99–1.79) 0.052

Analysis with LVEF and furosemide dose as categorical variables
History of chronic kidney disease 1.84 (1.04–3.27) b0.0001
I.v. furosemide dose N100 mg/day 2.18 (1.27–3.73) 0.004
NYHA class (IV versus III) 2.07 (1.24–3.45) 0.005
LV ejection fractionb30% 1.66 (1.01–2.75) 0.047

Table 2
Medical treatment

Total No WRF-Abs-% WRF-Abs-% p value

(n=318) (n=211) (n=107)

Furosemide, n, (%)
Entry 315 (99) 208 (99) 107 (100)
Dose, mg/day 108±149 82±122 160±182 0.532
median (IQR) 50, 25–125 25, 25–75 50, 25–250 0.101

Discharge 290 (91) 188 (89) 102 (91)
Dose, mg/day 100±116 87±111 126±122 b0.001
median (IQR) 50,25–150 50, 25–125 125, 50–250 0.005

ACEi and/or ARBs, n, (%)
Entry 248 (78) 165 (78) 83 (78) 1
Discharge 245 (77) 164 (78) 81 (76) 0.791

Aldosterone antagonists, n, (%)
Entry 143 (45) 94 (46) 49 (45) 0.927
Discharge 185 (55) 117 (64) 68 (58) 0.206

Beta-blockers, n, (%)
Entry 181 (57) 130 (62) 51 (48) 0.024
Discharge 246 (77) 163 (77) 83 (78) 0.364

Digoxin, n, (%)
Entry 98 (31) 64 (30) 34 (32) 0.893
Discharge 99 (31) 61 (29) 38 (36) 0.283

Thiazides, n, (%)
Entry 10 (3) 6 (3) 4 (4) 0.927
Discharge 9 (3) 6 (3) 3 (3) 1

Amlodipine, n, (%)
Entry 20 (6) 10 (5) 10 (9) 0.176
Discharge 19 (6) 13 (6) 6 (6) 1

ASA, n, (%)
Entry 106 (33) 79 (37) 27 (25) 0.040
Discharge 98 (31) 72 (34) 26 (24) 0.096

Ticlopidine/clopidogrel, n, (%)
Entry 62 (20) 41 (19) 21 (20) 1
Discharge 81 (25) 49 (23) 32 (30) 0.248

Warfarin, n, (%)
Entry 56 (18) 30 (14) 26 (24) 0.038
Discharge 52 (16) 26 (12) 26 (24) 0.010

Statins, n, (%)
Entry 117 (37) 80 (37) 37 (37) 0.646
Discharge 143 (45) 95 (45) 48 (45) ns

In-hospital i.v. treatment
I.v. furosemide,
mg/day

190±228 142±180 285±279 b0.001

Entry, mg/day
median, IQR

95, 40–250 50, 25–157 250, 80–500

Vasodilatators,
n,%

67 (21) 38 (18) 29 (27) 0.083

Dopamine, n,% 70 (22) 37 (17) 33 (31) 0.010
Inotropes, n,% 29 (9) 10 (5) 19 (18) b0.001

Fig. 1. Kaplan–Meier HF hospitalisations and cardiovascular mortality free
survival curves for the patients subdivided on the basis ofWRF development,
defined as both ≥0.3 mg/dL and ≥25% s-Cr increase from admission.
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developing WRF-Abs-% were history of chronic kidney
disease, furosemide daily dose on admission, NYHA class,
and LVEF (Table 3). The predictive value of the model for
WRF-Abs-% was, however, low, with a sensitivity of 49%
and a specificity of 74% when furosemide dose and LVEF
were entered as continuous variables and a sensitivity of
41% and a specificity of 70% when they were entered as
categorical variables. Similar results were found when
patients were subdivided on the basis of only an increase
≥0.3 mg/dL (WRF-Abs) or ≥25% (WRF-%) in s-Cr (data
not shown).
3.3. Clinical and prognostic significance of WRF

For the group as a whole, the mean duration of
hospitalisation was 11±9 days (median, 7 days; IQR, 6–15).
Patients who developed WRF-Abs-% had a longer mean and
median duration of hospital stay: 15±14 days versus 8±7 days
(median, IQR: 12, 8–22 days versus 8, 5–14, days; pb0.001).

Patients who had developed WRF-Abs-% during the
index hospitalisation had a higher incidence of the combined
end-point of subsequent cardiovascular death and HF
hospitalisations (Fig. 1). Similar increases in the event rate
were also found when patients were subdivided on the basis
of WRF-% and WRF-Abs. In a Cox proportional hazards
multivariable analysis, WRF-Abs-% remained indepen-
dently associated with cardiovascular mortality and HF
hospitalisation (adjusted hazard ratio [HR], 1.47; 95%
confidence intervals [CI], 1.13–1.81; p=0.024). The other
variables found to be significant in the model were peak
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furosemide dose administered during hospitalisation
(pb0.001), body weight decrease during hospitalisation
(p=0.001), systolic blood pressure at discharge (p=0.002),
diabetes (p=0.012), a restrictive pattern of LV filling at pre-
discharge Doppler-echocardiography (p=0.012), and serum
haemoglobin levels (p=0.037). Similar results were obtained
with WRF-%. In contrast, when WRF was defined only on
the basis of an increase in s-Cr≥0.3 mg/dL, it was no longer
a statistically significant independent predictor of outcome in
the multivariable analysis. The other variables remained
significant predictors, with the addition of BUN at discharge
(p=0.076).

Subgroup analysis showed that WRF-Abs-% was asso-
ciated with an increased event rate in all the subgroups
without significant interactions based on either baseline
clinical characteristics, parameters of LV systolic function or
concomitant treatment.

4. Discussion

4.1. Patient characteristics

Our study confirms previous reports of the high
prevalence of WRF in patients hospitalised for acute HF
and its important impact on hospital length of stay and
prognosis [9–11,13–17]. Our study differs from most of the
previous studies, however, in that this was a prospectively
designed single center protocol. Our patients had the
characteristics of patients treated by a tertiary care HF
center, i.e. they tended to be slightly younger, were less
likely to be women, had a higher prevalence of previous HF
and a lower LVEF, compared to the patients enrolled in some
[10–12] but not other [13–17] previous larger studies,
several of which included only patients ≥65 years. The
prevalence of concomitant diseases and, namely, of previous
chronic renal failure as well as the s-Cr, BUN and eGFR
values on admission of our patients were similar to those in
previous studies [5,9–17].

4.2. Prevalence of WRF

We used a different definition of WRF, which included
not only the absolute increase in s-Cr from values on
admission but also required a 25% increase. This is
important and, we believe, more appropriate since the
same increase in s-Cr is, in fact, accompanied by a greater
decline in GFR when it occurs from a low initial value [18].
Our definition, based on both absolute and percent s-Cr
changes, yielded a lower incidence of WRF (107/318
patients, 32%) compared to the more traditional definition
of WRF (i.e. an increase of s-Cr ≥0.3 mg/dL), which was
present in 134/318 patients (42%) in our study. Similar
results were found when WRF was defined based on a
≥25% increase in s-Cr. We believe that our study shows the
greater clinical and prognostic value of WRF-Abs-% and
WRF-% compared to a definition based only on the absolute
increase in s-Cr. The small size of our study group does not
allow us to establish whether WRF-Abs-% is better than
WRF-% only.

We found an incidence of WRF which was slightly higher
than that reported in many [9–11,14,15] but not all [13,17]
previous studies. This difference is likely caused by our
protocol with frequent (every 1–2 days) reassessments of s-
Cr as well as by the higher prevalence of patients with
advanced HF. Our study highlights the importance of
frequent reassessments of renal function as the detection of
WRF had prognostic significance.

4.3. Causes of WRF

The mechanisms which may cause WRF in patients with
HF are multiple and are incompletely understood [6,24].
They include neurohormonal activation, decreased renal
perfusion, and intrarenal mechanisms involving increased
endothelin and/or adenosine release. Medical treatment may
also have a significant role. In our study, daily intravenous
furosemide dose, history of chronic kidney disease, NYHA
class and LVEF were independent predictors of WRF.

Consistent with our data, the only other study in which the
relationship of in-hospital medical treatment to subsequent
WRF was assessed, also found that high doses of furosemide
were associated with more frequent WRF [16]. Furosemide
treatment, especially if at high doses, has been associated
with a worse prognosis [25–28] andWRF may be a potential
mechanism. On the other hand, we cannot exclude the
possibility that the administration of higher doses of
furosemide is a consequence, rather than a cause, of more
advanced HF and coexistent renal failure. In this case, this
would just be a marker, rather than a mechanism for poor
outcomes. It is noteworthy that signs of congestion were
more frequent in patients with WRF, whereas the actual
decline in body weight was similar. This suggests that the
patients had developed resistance to furosemide rather than
having been subjected to excessive diuresis.

Diabetes [15–17], elevated systolic blood pressure
[10,15,16], a history of HF [15,16] tachycardia and female
gender [10] were all factors associated with increased risk of
WRF in previous studies but this was not the case in our
study. These differences are likely related to our smaller and
more selected study group, such that some differences (e.g.
history of HF) did not reach statistical significance and co-
morbidities were less important. Diabetes was, however, a
significant determinant of subsequent mortality and
hospitalisations.

4.4. Clinical and prognostic value of WRF

The length of hospital stay of our patients was comparable
to that found in other European registries [29–32]. Our
patients who developed WRF had a longer duration of
hospital stay and this may be important both with respect to
quality of life and the cost of treatment. Increased length of
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hospital stay is likely an effect of WRF as it causes changes
in treatment aimed at improving renal function. Consistently,
s-Cr values at discharge were also lower than peak ones in
our patients who developed WRF.

Worsening renal function was an independent predictor of
subsequent mortality and HF hospitalisations. The other
variables selected in our multivariable model were systolic
blood pressure at discharge, body weight decrease during
hospitalisation, diabetes, serum haemoglobin levels, peak
furosemide dose during hospitalisation, and persistence of a
restrictive pattern of LV filling at pre-discharge Doppler-
echocardiography. These results are consistent with recent
studies of prognostic variables in HF patients, both with
regard to the variables selected and to the magnitude of their
effect [27,32,33–36]. Renal function was significantly
different in the patients with major cardiovascular events,
compared to the others. However, when WRF-Abs-% was
entered into our model, it lost its significance.

WRF-Abs has been shown to be associated with a poor
prognosis in most [9–11,13–16] but not all [17] of the
previous studies. Some of these studies, however, did not
assess the prognostic value of WRF compared with other
variables by multivariable analysis [11,13,14]. Our results
are consistent with those of Cowie et al. who found that an
increase in s-Cr by 0.3 mg/dL is associated with a poor
prognosis in univariate, but not multivariable analysis [17].
WRF-Abs-%, unlike WRF-Abs, remained significantly
related to prognosis after adjustment for the other variables.
This difference is likely related to the exponential relation
between s-Cr and GFR so that WRF, expressed as both an
absolute and a percentage change, also takes into account
initial s-Cr values [18].

4.5. Limitations of the study

Our study is limited by the relatively low number of
patients and events. It is likely that a larger study group with
a greater number of events would have allowed the
identification of an independent prognostic role of other
variables such as, for instance, serum creatinine at discharge.
However, as pointed out by the statistical power calculation,
the size of our group was sufficient to detect a significant
association between WRF and outcomes, which was the
primary aim of our study.

Another limitation may be found in the possibility of biases
during follow-up favouring rehospitalisations in the patients
who had developedWRF during the initial hospitalisation and
vice versa. However, only urgent, unplanned hospitalisations
were included as end-points and these events have a low
likelihood to be influenced by the investigator.

5. Conclusions

Our study demonstrates that WRF is a common finding in
patients hospitalised for acute HF. Patients who developed
WRF were more likely to have a history of chronic kidney
disease, had more severe HF and were treated with higher
doses of furosemide. When defined as both an absolute and a
percent increase from baseline, WRF is an especially
powerful and independent predictor of subsequent cardio-
vascular mortality and HF hospitalisations.
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