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Abstract
Background: The population of aging patients with heart failure (HF) is 
rapidly increasing, especially in developed countries. Aging causes 
structural and functional changes to the cardiovascular system and 
organs, including the heart and kidneys. The clinical significance of 
worsening renal function (WRF) in patients with acute decompensate heart 
failure (ADHF) is not completely understood.
Objective: To assess the Clinical Impact of Worsening Renal Function in 
Patients with Acute Decompensated Heart Failure.
Methods: The prospectively observational cohort study was conducted in 
the Department of Cardiology, Enam Medical College & Hospital, Savar, 
Bangladesh between January 2019 to Jun 2020. A retrospective analysis of 
data on 200 consecutive patients admitted with ADHF was carried out. By 
definition, WRF occurred when the serum creatinine level increased during 
hospitalization by 0.3 mg/dL and by ≥25% from admission.
Results. Overall, 23% of patients developed WRF. On multivariate 
analysis, age >70 years (odds ratio [OR] = 2.72; 95% confidence inter-val 
[CI], 1.86-3.42), admission glomerular filtration rate <60 mL/min per 1.73 
m2 (OR=2.05; 95% CI, 1.53-2.27) and admission systolic pressure <90 
mm Hg (OR=1.61; 95% CI, 1.17-3.22) were indepen-dently associated 
with WRF. The rate of mortality or readmission for heart failure (HF) at 1 
year was higher in the WRF group (P<.01 by log-rank test). The 
median hospital stay was 9 days for patients with WRF and 4 days for 
those without (P<.05). On multivariate analysis, WRF remained 
independently associated with mortality or HF rehospitalization (hazard ratio 
= 1.65; 95% CI, 1.12-2.67; P=.003).
Conclusions: In patients admitted for ADHF, WRF was a common 
complication and was associated with a longer hospital stay and an increased 
risk of mortality or HF hospitalization. Clinical characteristics at admission 
can help identify patients at an increased risk of WRF. The primary endpoint 
was a composite of cardiac events within 1 year. The patients in the over-70, 
WRF group presented more significant mean blood pressure (MBP) drops 
than those in the over-70 non- WRF group (p=0.003). Logistic regression 
analyses revealed that higher MBP at admission was a significant predictor 
of WRF.
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1 INTRODUCTION

The population of aging patients with heart
failure (HF) is rapidly increasing, especially
in developed countries (1). Aging causes

structural and functional changes to the cardiovas-
cular system and organs, including the heart and
kidneys (2).Vascular stiffening and atherosclerosis
progression cause cardiac systolic and diastolic dys-
functions. Impaired compensatory mechanisms of
the circulatory system lead to acute decompensate
heart failure (ADHF). In addition, aging is associated
with progressive renal dysfunction that increases the
risk of ADHF (3). In large registries of patients
hospitalized for acute decompensated heart failure
(ADHF), around 30% of patients have moderate or
severe renal dysfunction, and this figure can exceed
50% when mild renal dysfunction is included in the
estimation (4–8). Indeed, ADHF is a common cause
of hospitalization patients (1, 9) . Around one third
of patients with ADHF experience worsening renal
function (WRF) during hospitalizations (10, 11) .
Worsening renal function (WRF) in patients admit-
ted with acute decompensated heart failure ranges
from 6.8% to 40% (12) . The mechanism of WRF
during the early ADHF phase is considered multi-
factorial. The increase in the serum creatinine (SCr)
level during the early ADHF phase reflects a state of
not only renal hypo perfusion and tissue injury (13),
but also hemoconcentration due to plasma volume
reduction and decongestion (14) .Chronic kidney
disease (CKD) has been observed in patients with
HF, (15) but the clinical impact of WRF on patients
with ADHF is controversial (16) . A good effect can
be considered when increases in the SCr level reflect
reductions in the effective circulating plasma volume
and increased hemoconcentration. In contrast, when
increases in the SCr level reflect acute kidney injury,
it would be a bad effect. Moreover, little is known
regarding differences of the prognostic impact of
WRF in between younger and older patients with
ADHF. We hypothesized that the clinical signifi-
cance of WRF in patients with ADHF would be
different patients due to the impaired pathophysio-
logical background of patients compared with that of
younger ones. Thus, we aimed to evaluate the asso-
ciation between WRF and the risk of 1-year cardiac

events and whether the association varies patients
with ADHF. As a secondary endpoint, we evaluated
the clinical determinants of WRF. Moreover, it is
difficult to diagnose and manage WRF in patients
with acute decompensated heart failure (ADHF). The
aim of this study was to determine the incidence and
risk factors of WRF in patients admitted for ADHF,
and the 1-year prognostic implications of presenting
WRF during hospitalization (17) .

2 MATERIALS AND METHODS

A prospectively observational cohort study was car-
ried out in 200 consecutive patients admitted to
the Cardiology Department, Enam Medical College
& Hospital, Savar, Bangladesh with a diagnosis of
ADHF from January 2019 to Jun 2020. The cri-
teria for coronary unit admission were hyperten-
sion, requirement for continuous intravenous infu-
sion of medication (inotropic agents, diuretics, va-
sodilators), or supplementary oxygen requirement.
Patients were classified according tothecategories
established in the diagnosis and treatment guidelines
of the European Society of Cardiology (type I, acute
decompensated heart failure, de novo or as decom-
pensation of chronic heart failure; type II, acute
hypertensive heart failure; type III, acute pulmonary
edema; type IV, cardiogenic shock; type V, high-
output failure; and typeVI, predominantly right heart
failure) (18, 19). The patients’ functional capacity
before hospitalization was classified according to
the New York Heart Association (NYHA) criteria.
Patients were excluded if they presented acute is-
chemic syndrome, severe primary valvular disease,
pulmonary thromboembolism, cardiac tamponade,
or heart failure following cardiac surgery, or if they
had undergone organ transplantation and were re-
ceiving immunosuppressive therapy. Patients were
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also excluded if they hadmultiorgan failure or sepsis,
or if they had undergone contrast-enhanced imaging
studies during hospitalization. It was decided to ex-
clude patients receiving chronic dialysis treatment
and those who required dialysis during the first 24
hours of hospitalization because they constitute a
particular groupwithmore severe renal disease. Rou-
tine laboratory analyses, including daily serum urea
and creatinine levels, were performed in all patients.
The glomerular filtration rate (GFR) was estimated
with the simplified MDRD (Modification of Diet
in Renal Disease) formula, which is accepted as a
valid method for estimating glomerular filtration in
patients with heart failure (20, 21). Baseline renal
function at admission was considered norma (22) ,
at a GFR >90 mL/min/1.73 m2, mildly decreased at
60 to 90 mL/min/1.73 m2, moderately decreased at
60 to 30 mL/min/1.73 m2, and severely decreased
at <30 mL/min/1.73 m2. Worsening renal function
was established on 2 required criteria: an increase in
serum creatinine by at least 0.3 mg/dL in the absolute
value and additionally, by at least 25% with respect
to the baseline value (23) Left ventricular function
assessed by echocardiography was considered pre-
served when the ejection fraction was ≥50%. The
aims of this study were to determine the following: a)
the frequency ofWRF and factors predictive ofWRF
during hospitalization; b) the frequency and factors
predictive of mortality or rehospitalization for heart
failure at 1 year of follow-up in groups with and
without WRF; and c) the duration of hospital stay
(days) according to the presence or absence of WRF.
Statistical Analysis: Assuming a 2:1 ratio of pa-
tients without WRF relative to those with WRF and
with an estimated rate of events at 1 year (death or
rehospitalization for heart failure) of 40% in patients
with WRF, we calculated a required sample size of
200 patients to detect a 50% reduction in risk at
a 95% confidence interval (CI) and power of 80%
in the group without WRF compared to those with
WRF. Continuous variables are expressed as the
arithmetic mean and standard deviation (SD) or as
the median and interquartile range, depending on
whether or not they showed a gaussian distribution.
Discrete variables are expressed as percentage. Con-
tinuous data with Gaussian distribution were com-
pared with the Student t test and those with a non-

Gaussian distribution, with the Wilcox on rank- sum
test. Discrete data were compared with the c2 test or
Fisher test. All variables that presented a p value of
<0.1 in the univariate analysis was included in the
multivariate models. Multivariate logistic regression
analysis was used to identify variables that were
independent predictors of WRF, and a multivariate
Cox proportional hazards analysis was used to detect
variables predictive of death or rehospitalization for
heart failure. Because creatinine participated in the
calculation of the GFR, 2 models were tested in the
multivariate analyses for WRF, death, and rehospi-
talization: one that included only creatinine and one
that included only the GFR. The model that showed
the better association with the endpoint analyzed was
ultimately chosen. The heart-failure-related mortal-
ity and rehospitalization rates were analyzed with
Kaplan- Meier curves, and differences between the
groups with and without WRF were compared with
the log- rank test. Statistical significance was ac-
cepted at a P value of <.05. All data were analyzed
using statistical software SPSS version 22.0.

3 RESULTS

The mean age of the 200 patients included was 78
(14) years and 43% were women. The mean serum
creatinine at admission was 1.57 (0.6) mg/dL and
the GFR was 59.5 (17) mL/min/1.73 m2. Among
the total of patients at admission, 18% presented
normal GFR values, 27% mildly deteriorated re-
nal function, and 55% moderately or severely de-
teriorated function. Other patient characteristics are
shown in Table 1. The patients’ clinical presentation
of heart failure according to the European Society
of Cardiology and their usual functional capacity
prior to hospitalization is described in Table 2. Ac-
cording to the pre-established criteria, 46 patients
(23%) experienced WRF during hospitalization. The
patient group that experienced WRF and underwent
univariate analysis was 10 years older on average
than the group without WRF, and included a higher
percentage of persons older than 80 years of age and
a larger number with an ischemic etiology. Renal
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function at admission, assessed by the serum crea-
tinine value and GFR, was significantly poorer in
the group with WRF, as was systolic blood pressure.
There were no differences in the other variables ana-
lyzed Table 1. The clinical presentation according to
the European Society of Cardiology guidelines was
similar in patients with and without WRF, with the
exception of type IV (cardiogenic shock), which was
associated withWRF in all cases. Additionally, there
were no differences in pre- hospitalization NYHA
functional class between the 2 groups Table 2. Be-
fore hospitalization, the group who later experienced
WRFwas receiving significantly less intensive treat-
ment with angiotensin-converting enzyme inhibitors
(ACEI) or angiotensin II receptor blockers (ARBs)
and antialdosterone agents, with no differences in the
remaining medication Table 3.
During hospitalization, all patients received intra-
venous furosemide, but the total dose was signifi-
cantly higher in those who developed WRF. Among
the total series, 23% of patients were using intra-
venous inotropic drugs, with a nonsignificant trend to
higher use in the group with WRF; the less intensive
use of ACEI or ARBs and antialdosterone agents was
maintained Table 4. Variables that obtained a P value
of <.1 in the univariate analysis and those with recog-
nized biological importance (age, sex) were included
in themultivariate analysis. The variables considered
for inclusion in the multivariate analysis were age
older than 80, sex, ischemic etiology, diabetes mel-
litus, chronic obstructive pulmonary disease, atrial
fibrillation, left ventricular ejection fraction <50%,
serum creatinine concentration, GFR values, systolic
blood pressure on admission <90 mm Hg, NYHA
functional class >II, use of ACEI or ARBs, an-
tialdosterone agents, intravenous furosemide dose,
and use of intravenous inotropic treatment. The in-
dependent predictors of WRF were age older than
80, renal failure at admission established as GFR
<60 mL/min/1.73 m2, and systolic blood pressure on
admission <90 mm Hg Table 5.
Prognosis: Themean follow-upwas 416 (143) days,
and follow-up information was available for 96% of
patients. The combined endpoint of death or rehos-
pitalization for heart failure at 1 year was observed
in 66 patients (33%), 22 (47.8%) in the group with
WRF and 44 (28.2%) in the group without WRF.

Thirty-seven patients died (18.5%), 12 (26%) in the
group with WRF and 25 (16%) in the group without
WRF. Excluding the 20 patients (10%) who died
during the initial hospitalization (7 [5.2%] withWRF
and 13 [8.3%] without WRF), and 8 patients lost to
follow-up, 29 patients were rehospitalized (16.9%),
10 (29.4%) who had presented WRF and 19 who
had not (13.7%). Survival free of heart failure rehos-
pitalization, analyzed by Kaplan-Meier curves and
evaluated with the log-rank test, was significantly
lower (P<.01) in the group that experienced WRF
Figure 1. When the 2 outcomes were analyzed sep-
arately, survival showed no statistically significant
differences (hazard ratio [HR] = 1.61; 95% CI, 0.75-
2.23; P=.1), but rehospitalization was significantly
more common in the WRF group (HR=2.38; 95%
CI, 1.68-2.95; P=.002) Figure 2. The median [in-
terquartile range] hospitalization time was 9 [6-16]
days in patients with WRF and 4 [2-8] days in those
without WRF (p<.05). In the multivariate analysis
for death or rehospitalization, the same variables as
those analyzed for WRF were included, and WRF
was added as another variable. Variables with a p
value of <.1 on univariate analysis and those with
recognized biological relevance were included in
the multivariate model. WRF was found to be in-
dependently associated with the combined endpoint
(adjusted HR = 1.65; 95% CI, 1.12- 2.67). Other
variables that showed an independent association
were age over 80 years, GFR <60 mL/ min/1.73
m2, and prior functional capacity >II (all variables,
p<.05) Table 6.

4 DISCUSSION

Approximately 25% to 40% of patients who are
hospitalized for decompensated heart failure have
WRF, commonly detected by a transient increase in
creatinine or a decrease in eGFRs during hospitaliza-
tion. The social and economic importance of heart
failure is undeniable. It is a prevalent condition with
a high economic impact on the health system (24).
Renal failure is a comorbid condition that is often
associatedwith heart failure and adversely affects the
prognosis (25) . In patients hospitalized for ADHF,
various mechanisms can lead to WRF: the patient’s
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FIGURE 1: Kaplan-Meier curve o eart failure rehospitaliza on-free survival by log- rank test. WRF 
indicatesworsening renal func on.

FIGURE 2: . Kaplan-Meier curves analyzed by log-ranktest. A: survival analysis. B: pa ents free of 
rehospitaliza on for hear ailure. WRF indicates worsening renal func on.
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TABLE 1: GeneralCharacteris cs of the Total Popula on and of Pa ents With and WithoutWorsening Renal
Func on during Hospitaliza on.

Total WRF Without WRF
Pa ents 200 46 (23) 154 (77)
Age, y 78 (14) 81 (7.5) 71 (9.3) <.001
Older than 80 years 38 (19) 16 (30.4) 22 (14.3) .001
Women 86 (43) 24 (52.2) 62 (40.2) .15
Ischemic e ology 76 (38) 27 (58.7) 47 (30.5) <.001
Atrial fibrilla on 42 (21) 11 (23.9) 31 (20.1) .58
Diabetes mellitus 48 (24) 10 (21.7) 38 (24.6) .71
COPD 24 (12) 6 (13) 18 (11.7) .8
Preserved LVEF 102 (51) 24 (52) 78 (50.6) .79
Serum crea nine, mean (SD), mg/dL 1.57 (0.6) 1.99 (0.5) 1.12 (0.4) <.001
GFR, mean (SD), mL/min/1.73 m2 59.5 (17) 55 (14) 74 (11) <.001
SBP, mean (SD), mm Hg 118 (14) 90 (10) 138 (15) <.001
COPD indicates chronic obstruc vepulmonary disease; GFR, glomerular filtra on rate; LVEF, le ventric-
ularejec on frac on; SBP, systolic blood pressure on admission; WRF, worseningrenal func on. The data
are expressed as n (%) or mean (SD).

TABLE 2: Classifica on ofHeart Failure in the Total Popula on and in Pa ents With and 
WithoutWorsening Renal Func on during Hospitaliza on.

Total WRF Without WRF
Pa ents 200 46 (23) 154 (77)
Type I 94 (47) 23 (50) 71 (46) .59
Type II 38 (19) 9 (9.6) 29 (18.8) .91
Type III 46 (23) 11 (23.9) 35 (22.7) .86
Type IV 8 (4) 8 (100) 0 <.001
Type V 2 (1) 1 (2.2) 1 (0.6) .36
Type VI 12 (6) 3 (6.5) 9 (5.8) .85
FC I 8 (4) 5 (3.2) 3 (6.5) .62
FC II 118 (59) 22 (47.8) 96 (62.3)
FC III 62 (31) 20 (43.4) 41 (26.6)
FC IV 12 (6) 2 (4.3) 4 (2.6)
FC indicates New York Heart Associa onfunc onal class; Types I-
VI, heart failure type according to theclassifica on of acute decom-
pensated heart failure of the European Society ofCardiology; WRF,
worsening renal func on. The data are expressed as n (%).

hemodynamic status, activation of neurohumoral
mechanisms, the action of inflammatory cytokines,
and use of drugs that relieve the symptoms, but can
worsen renal function (26, 27). Low blood pressure
and decreased volume per minute, with the resulting
decrease in renal flow, are basic mechanisms leading
to alterations in renal function. The renal congestion
observed in right heart failure also produces changes
in intrarenal hemodynamics (28), the mechanisms

that compensate for this situation can worsen renal
function. Stimulation of the reninangi Beltizi CA
et al. Worsening Renal Function in Heart Failure:
Prognostic Implications otensin-aldosterone system
and sympathetic nervous system can lead to an even
greater decrease in renal flow. Sodium retention
exacerbated by these compensating mechanisms and
water retention due to the increase in vasopressin
secretion can aggravate renal congestion (29, 30).
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TABLE 3: Medica on beforeHospitaliza on in the Total Popula on and in Pa ents With 
and WithoutWorsening Renal Func on during Hospitaliza on.

Total WRF Without WRF
Pa ents 200 46 (23) 154 (77)
Beta-blockers 142 (71) 36 (78.3) 116 (75.3) .68
ACEI/ARBs 144 (72) 21 (45.6) 123 (79.8) <.001
An aldosterone agents 61 (30.5) 6 (13) 55 (35.7) .003
Oral furosemide 196 (98) 44(95.7) 152 (98.7) .22
Digital 40 (20) 9 (19.6) 31 (20.1) .93
Oral an coagulants 47 (23.5) 10 (21.7) 37 (24) .75
ACEI indicates angiotensin conver ngenzyme inhibitors; ARBs, angiotensin II receptor
blockers; WRF, worsening renalfunc on. The data are expressed as n (%).

TABLE 4: Medica on Received During Hospitaliza onin the Total Popula on and in Pa ents With 
and Without Worsening RenalFunc on During Hospitaliza on.

Total WRF Without WRF
Pa ents 200 46 (23) 154 (77)
Intravenous furosemide, mean (SD), mga 560 (70) 700 (80) 460 (30) <.001
Intravenous inotropic agents 46 (23) 15 (32.6) 31 (20.1) .06
Intravenous vasodilators 62 (31) 16 (34.8) 46 (29.4) .65
ACEI/ARBs 162 (81) 28 (60.8) 134 (87) <.001
An aldosterone 68 (34) 9 (21.7) 59 (38.3) .03
Tiazidic diure cs 24 (12) 5 (10.8) 19 (12.3) .99
ACEI indicates angiotensin conver ngenzyme inhibitors; ARBs, angiotensin II receptor blockers; WRF, wors-
ening renalfunc on.
a Total intravenous furosemide dose duringhospitaliza on.
The data are expressed as n (%) or mean(SD).

TABLE 5: Predictors ofWorsening Renal Func on. Mul variate Analysis.

OR (95% CI)
Older than 80 years 2.72 (1.86-3.42) <.001
Male sex 1.09 (0.85-1.22) .84
Ischemic e ology 1.24 (0.31-4.35) .52
GFR<60 mL/min/1.73 m2 2.05 (1.53-2.27) .01
SAP<90 mm Hg 1.61 (1.17-3.22) .04
FC>II 2.43 (0.53-2.6) .16
ACEI/ARBs-II 1.82 (0.37-3.84) .08
An aldosterone agents 1.66 (0.32-6.78) .7
Intravenous furosemide >520 mga 1.57 (0.63-4.38) .25
Intravenous inotropic agents 2.11 (0.45-3.69) .9
ACEI indicates angiotensin conver ng enzymeinhibitors; ARBs, angiotensin
II receptor blockers; CI, confidence interval;FC, New York Heart Associa on
func onal class; GFR, glomerular filtra onrate; OR, odds ra o; SBP, systolic
blood pressure on admission.
aMedian of the total dose during hospitaliza on.
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TABLE 6: Predictors ofMortality or Readmission for Heart Failure Mul variate Analysis

HR (95% CI)
Older than 80 years 2.71 (1.65-3.9) .03
Male sex 1.18 (0.66-1.32) .78
WRF 1.65 (1.12-2.67) .03
Ischemic e ology 1.4 (0.8-7.2) .11
Atrial fibrilla on 1.57 (0.67-2.78) .09
Diabetes mellitus 1.23 (0.43-3.16) .49
LVEF<50% 1.19 (0.83-2.67) .18
FC> II 2.45 (1.35-2.9) .03
GFR<60 mL/min/1.73 m2 1.95 (1.22-2.8) .02
Intravenous furosemide >520 mga 1.65 (0.59-2.33) .12
CI indicates confidence interval; FC, NewYork Heart Associa on func-
onal class; GFR, glomerular filtra on rate; HR,hazard ra o; LVEF, le

ventricular ejec on frac on; WRF, worsening renalfunc on.
aMedian of the total dose during hospitaliza on.

Cytokine concentration, which is higher in severe
heart failure, can produce arterial hypertension and
further worsen renal perfusion (31). In this consec-
utive series of patients admitted for ADHF, who in
terms of age, sex distribution, ventricular function
and comorbidities are a representative sample of
patients admitted to cardiac intensive care units of
general hospitals, 78% presented some degree of
renal failure at admission, and in 55% the grade
was at least moderate (GFR<60 mL/min/1.73 m2).
In this vulnerable situation, it is understandable that
the same mechanisms that triggered ADHF, such as
tachyarrhythmia, anemia, and infection can worsen
renal function, and that the drug therapy applied,
such as diuretics and vasoactive agents, can lead
to WRF. WRF occurred in 23% of cases, a per-
centage consistent with the reported rates in several
studies (7, 25, 26, 32), the definition of WRF is
not uniform. Some authors establish WRF on an
absolute increase in creatinine of 0.3 mg/dL, (33)
others use 0.5 mg/dL, (34), and still others cite a
25% increase with respect to baseline or an increase
greater than 2 mg/dL (35). One study required a 25%
increase in plasma urea or a 25% drop in GFR (36).
In our study, as in another recent report, a serum
creatinine increase of at least 0.3 mg/dLwas required
in addition to a 25% increase relative to baseline.
These criteria allowed correction of the differences
in the GFR drop according to the baseline creatinine
value (37).

Predictors of Worsening Renal Function: Several
predictors of WRF have been reported in the lit-
erature. Renal dysfunction before or at the time of
hospitalization is cited in most studies (5, 14, 16,
25, 26). Other predictive factors include atrial fib-
rillation and acute pulmonary edema, (38) advanced
age, (39) prior functional capacity and ejection frac-
tion, (40) diabetes mellitus, hyponatremia, diastolic
failure, (41) high diuretic requirements, (30) and use
of calcium channel blockers [30]. In one retrospec-
tive study performed in more than 1000 patients, a
history of heart failure, diabetes mellitus, creatinine
>1.5 mg/ dL or systolic pressure >160 mm Hg at
admission enabled creation of a score to stratify
the risk of WRF: the higher the score, the higher
the risk of WRF (32). In our analysis, because of
the link between creatinine and calculation of GFR,
these 2 variables were incorporated separately in
various multivariate models. The GFR was seen to
have a stronger associationwithWRF than creatinine
concentration. Patients with moderate or severe renal
dysfunction on admission (GFR<60 mL/min/1.73
m2) had a 2-fold higher risk of WRF than those
with better GFR results. Although the findings of
most studies are consistent with this information,
in the ESCAPE (Evaluation Study of Congestive
Heart Failure and Pulmonary Artery Catheterization
Effectiveness) study, WRF showed no association
with creatinine concentration or GFR at admission.
When the population was dichotomized according to
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GFR, those with GFR<60 mL/min/1.73 m2 showed
only a no significant trend to greater WRF. This
difference with respect to our study may be due to
the fact that patients with creatinine >3.5mg/dLwere
excluded from ESCAPE and the average GFR was
much higher than that of our population (33). Age
was another independent predictor of WRF. Patients
who experienced WRF were significantly older, and
the risk of WRF was seen to increase with increas-
ing age. The third independently associated variable
was low blood pressure. This link can be explained
by hemodynamic phenomena and the compensating
mechanisms triggered by heart failure. One issue
currently under discussion is whether greater drug
use can lead to WRF or whether patients needing
more drugs are more severely ill and have a greater
probability of experiencingWRF. Some studies have
shown that WRF is associated with more intensive
diuretic use although the patient group with WRF
received more loop diuretics in our series; the as-
sociation was lost after application of multivariate
analysis. Our data support the hypothesis that this
population was older and at higher risk, ischemic
etiology was more common, cardiogenic shock was
observed only in this group (which received more
diuretics), and there was a greater tendency to use
inotropic drugs during hospitalization.
Prognostic Value of Worsening Renal Function:
Patients with WRF remained hospitalized for a
lengthier time. This finding is consistent with the
information published to date (6, 7, 13, 24, 25, 27)
. Although we did not analyze the higher cost re-
sulting from prolongation of the hospital stay, the
implications are obvious. It has been reported that,
after adjusting for potential confounding variables,
WRF is associated with longer hospitalization and
higher economic cost (30). Based on the number
of admissions at our hospital and sample size cal-
culations, we opted to use a combined endpoint of
death or heart failure rehospitalization at 12 months
of follow-up. Apart from the limitation resulting
from the number of patients and recognizing that
the variable death is more important, we considered
that combining death with a nonfatal event such as
rehospitalization for heart failure has clinical and
economic relevance, and is associated with a higher
future risk of death (31) After WRF was adjusted for

other clinical variables, it retained independent value
for predicting death or rehospitalization for heart
failure. This was because of the higher frequency of
readmissions. Mortality was lower (without reaching
statistical significance) in the group with WRF, but
the statistical power of the study did not suffice to
detect changes in mortality. Various studies have
reported an increase in mortality during hospitaliza-
tion, (7, 24, 27) and up to 60 days after discharge
in patients with WRF [26]; nevertheless, in several
of them, multivariate analysis was not performed to
identify the independent value of WRF (7, 24, 26).
Few studies have continued follow-up after hos-
pital discharge and included a multivariate analy-
sis (13, 25) Not all the published information concurs
with these findings. In one multicenter European
study, patients with WRF required lengthier hospi-
talization, but they did not present greater mortal-
ity or hospital readmissions (6). WRF was defined
by an increase in serum creatinine of >0.3 mg/dL.
Nonetheless, it should be noted that in the study
by Metra et al, (13) when the definition was based
only on a serum creatinine increase >0.3 mg/ dL,
WRF lost independent value to predict death or heart
failure readmissions. In the ESCAPE study, (29) and
in the present study, baseline real function was as-
sociated with a poorer long-term prognosis (death or
rehospitalization at 6 months), but the WRF did not
predict the long-term events. This can be explained
by the fact that the population differed: mean age
56 years (78 years in our series) and mean GFR,
71.4 mL/min/1.73 m2 (59.5 mL/min/1.73 m2 in our
patients). One interesting datum (although without
statistical value) that merits further study in a larger
series, was the fact that patients with an admission
GFR <60 mL/min/1.73 m2 who experienced WRF
had a higher risk of the combined endpoint than those
with better baseline renal function (HR=2.55; 95%
CI, 0.6-4.3; P=.1). This supports the concept that re-
nal function has important prognostic implications in
this population. The other variableswith independent
prognostic value (advanced age and poor previous
functional capacity) are common findings in studies
on prognostic factors in heart failure. The retrospec-
tive nature of this study is a limitation, but this
drawback is in part minimized by the fact that each
patient had a single, electronic history, which al-
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lowed precise information to be obtained. Evidently,
the exclusion of some unavailable variables from the
multivariate analysis as well as unknown confound-
ing variables may havemodified the results.We used
SCr level at arrival as baseline. However, SCr level
at arrival might already be elevated compare with the
SCr level at the previously compensated state, which
would lead to underestimation of WRF. We focused
onWRF during the early ADHF phase because early
SCr level increases or oliguria after hospitalization
for ADHF have a large impact on the selection of
the treatment strategy. In addition, complications of
infectious disease and sepsis would be one of the
major causes of WRF in ADHF. However, these fac-
tors have not been analyzed in this study. Although
there are guidelines for prescribing medication in the
ambulatory phase, complete treatment data were not
available; hence, an influence of medication on the
long-term outcome cannot be ruled out.

5 CONCLUSIONS

The conclusions of this study cannot be generalized
to all patients hospitalized for heart failure, but may
be applicable to patients admitted to a coronary unit
with characteristics similar to our study population.
Worsening renal failure is a common complication
in patients hospitalized for ADHF and is associated
with lengthier hospitalization and a higher rate of
death or heart failure readmissions at 1 year, partic-
ularly readmissions. Clinical and laboratory predic-
tors are available to enable identification at hospital
admission of patients at a higher risk of experiencing
WRF.
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