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Abstract

Aims Whether or not the definition of a worsening renal function (WRF) is adequate for the evaluation of acute renal failure
in patients with acute heart failure is unclear.
Methods and results One thousand and eighty-three patients with acute heart failure were analysed. A WRF, indicated by a
change in serum creatinine ≥0.3 mg/mL during the first 5 days, occurred in 360 patients while no-WRF, indicated by a change
<0.3 mg/dL, in 723 patients. Acute kidney injury (AKI) upon admission was defined based on the ratio of the serum creatinine
value recorded on admission to the baseline creatinine value and placed into groups based on the degree of AKI: no-AKI
(n = 751), Class R (risk; n = 193), Class I (injury; n = 41), or Class F (failure; n = 98). The patients were assigned to another
set of four groups: no-WRF/no-AKI (n = 512), no-WRF/AKI (n = 211), WRF/no-AKI (n = 239), and WRF/AKI (n = 121). A multi-
variate logistic regression model found that no-WRF/AKI and WRF/AKI were independently associated with 365 day mortality
(hazard ratio: 1.916; 95% confidence interval: 1.234–2.974 and hazard ratio: 3.622; 95% confidence interval: 2.332–5.624).
Kaplan–Meier survival curves showed that the rate of any-cause death during 1 year was significantly poorer in the
no-WRF/AKI and WRF/AKI groups than in the WRF/no-AKI and no-WRF/no-AKI groups and in Class I and Class F than in Class
R and the no-AKI group.
Conclusions The presence of AKI on admission, especially Class I and Class F status, is associated with a poor prognosis
despite the lack of a WRF within the first 5 days. The prognostic ability of AKI on admission may be superior to WRF within
the first 5 days.
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Introduction

A worsening renal function (WRF) is defined as an increase
≥0.3 mg/dL in the serum creatinine level compared with
the value on admission,1,2 and it has been established as
the gold standard for the evaluation of acute renal failure in
patients with acute heart failure (AHF).3 Renal dysfunction
in AHF patients involves complex and multifactorial mecha-
nisms by haemodynamic (renal arterial hypoperfusion and
renal venous congestion) and non-haemodynamic factors,
and these mechanisms have not been completely elucidated.
Recent studies have suggested that a WRF has not been
associated with a poor outcome in some patients, thereby

indicating the need to redefine a WRF in AHF patients.3,4

AHF patients sometimes have acute renal failure on admis-
sion, so patients not having WRF (defined as an increase
<0.3 mg/dL in the serum creatinine level vs. the value on
admission) might include those who already have acute renal
failure on admission. As such, the definition of a WRF might
need to be reconsidered.

For the re-evaluation of the renal dysfunction criteria in
AHF patients, in some reports, the baseline creatinine value
was reconsidered and defined using all measured creatinine
values except for the value obtained on admission. The risk,
injury, failure, loss, and end-stage (RIFLE) criteria have been
established as the standard criteria in intensive care
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patients.5,6 In these reports, the component of acute kidney
injury (AKI) was suggested for the evaluation of acute renal
failure. We previously reported that patients with AKI,
particularly those with a Class I or F status, exhibit a worse
long-term prognosis than no-AKI patients among subjects
with AHF.7,8 Furthermore, 33.2% of AHF patients already
have AKI upon admission to the intensive care unit (ICU),7

which is associated with a poor in-hospital mortality rate
and long-term prognosis.9 The presence of AKI on admission
and a Class I or F status are important factors in AHF patients.
In these reports, the baseline value was defined as the lowest
value recorded during admission in chronic kidney disease
(CKD) patients, and the lower of either the lowest creatinine
value during hospitalization or the Modification of Diet in
Renal Disease (MDRD) creatinine level, which was calculated
assuming a glomerular filtration rate (GFR) of 75 mL/min/
1.73 m2, was used as the baseline creatinine value in patients
without CKD (non-CKD).10,11 The definition of the baseline
value was completely different with WRF.

The definitions of AKI and WRF were different criteria for
the evaluation of renal dysfunction. The evaluation of the
renal dysfunction based on the presence of WRF will help
clarify the mechanism of renal dysfunction in patients with
AHF. The aim of present study was to elucidate the prognos-
tic impact of AKI on admission and/or WRF in patients with
severely decompensated AHF.

Methods

Subjects

A total of 1083 AHF patients admitted to the ICU of Nippon
Medical School Chiba Hokusoh Hospital between January
2000 and May 2016 were enrolled in this study. AHF was
defined as either new-onset HF or decompensation of chronic
HF with symptoms sufficient to warrant hospitalization.12

Based on the European Society of Cardiology guidelines for
the diagnosis of AHF, an abnormal electrocardiogram or the
presence of pulmonary oedema on chest X-ray and a brain
natriuretic peptide (BNP) level of ≥100 pg/mL are required
to diagnose AHF.13

Furthermore, all included patients were administered
diuretics or vasodilators for the treatment of AHF. The
treating physician in the emergency department diagnosed
AHF based on these criteria within 30 min of admission. All
patients had a New York Heart Association (NYHA) functional
class of either III or IV. The patients who met any of the
following criteria were admitted to the ICU: (i) requiring
high-flow oxygen inhalation (including mechanical support)
to treat orthopnea; (ii) requiring inotrope or mechanical sup-
port due to low blood pressure; and (iii) requiring various
types of diuretics to improve general or lung oedema. All of

the data were retrospectively retrieved from the hospital
medical records. Patients who had undergone renal replace-
ment therapy before admission were excluded. Furthermore,
only the first admission was considered for patients who
were readmitted to the ICU during the 1 year period after
their discharge. There were no limitations regarding the
treatment of AHF, and the treatment strategy was chosen
by each subject’s attending physician.

Evaluation of a worsening renal function and acute
kidney injury

A WRF was defined as an increase ≥0.3 mg/dL in the serum
creatinine level during the first 5 days vs. the baseline
creatinine value; meanwhile, no-WRF was the increase
<0.3 mg/dL in serum creatinine level in comparison with
baseline creatinine value. The baseline creatinine value was
the creatinine value upon admission in all patients. Patients
who were receiving continuous renal replacement therapy
during the first 5 days were defined as having a WRF even
if they had an increase <0.3 mg/dL in the serum creatinine
level during the first 5 days.

We evaluated the presence of AKI using only the creatinine
criteria of the RIFLE classification.6 AKI upon admission was
defined based on the ratio of the serum creatinine value
recorded on admission to the baseline creatinine value.
Patients were classified as having either no-AKI or Class R
(risk), Class I (injury), or Class F (failure) AKI. ‘No AKI’ was
diagnosed as an increase in the serum creatinine
level < 1.5-fold baseline, Class R as an increase in the serum
creatinine level ≥ 1.5-fold baseline, Class I as increase in the
serum creatinine level ≥ 2.0-fold baseline, and Class F as
increase in the serum creatinine level ≥ 3.0-fold baseline.
Patients who were receiving continuous renal replacement
therapy within 24 h were defined as Class F. With regard to
the baseline level of creatinine, in CKD patients, the baseline
level was defined as the lowest value recorded during admis-
sion. In patients without CKD (non-CKD) patients, the lower
of either the lowest creatinine value during hospitalization
or the MDRD creatinine level was used as the baseline
creatinine value. The MDRD creatinine levels were calculated
using the MDRD equation, as recommended by the Acute
Dialysis Quality Initiative. The MDRD equation for serum
creatinine was calculated assuming a GFR of 75 mL/min/
1.73 m2.10,11

Chronic kidney disease was diagnosed based on the creat-
inine value observed within 1 year. Furthermore, among
patients in whom the creatinine value had not been mea-
sured within 1 year before admission, those who had been
previously diagnosed with CKD in the past or at another insti-
tution were considered to have CKD. CKD was defined as a
syndrome comprising a >3 month history of a low GFR
(<60 mL/min/1.73 m2).14 Patients who did not have medical
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records at Chiba Hokusoh Hospital for the 3 months before
admission were diagnosed with CKD using the previous
3 months’ data from another institution. Kidney damage, as
identified by abnormal findings in the urine and imaging
tests, was used to diagnose CKD in some patients in the pres-
ent study; therefore, CKD was diagnosed only by a >3 month
history of low GFR. In the present study, 516 of 1083 patients
(47.6%) were diagnosed with CKD.

Procedures

Worsening renal function occurred in 360 patients (33.2%)
and did not occur in 723 patients (66.8%). The occurrence
of AKI was evaluated by the RIFLE classification on admission.
No AKI occurred in 751 patients (no-AKI) on admission. AKI
was therefore present upon admission in 332 patients
including Class R (risk; n = 193), Class I (injury; n = 41), or Class
F (failure; n = 98). The patients were assigned to four
categories based on the WRF and AKI on admission: 723

patients with no WRF were divided into no AKI on admission
(no-WRF/no-AKI group, n = 512) or AKI on admission
(no-WRF/AKI, n = 211) groups, and 360 patients with WRF
were also divided into no AKI on admission (WRF/no-AKI
group, n = 239) or AKI on admission (WRF/AKI group,
n = 121) groups (Figure 1). This study examined (i) the
relationship between the WRF and/or AKI on admission and
the outcomes and (ii) the relationship between the degree
of AKI on admission and the outcomes.

Acute kidney injury and the prognosis

The short-term prognosis was evaluated as the length of the
ICU stay and the length of total hospitalization. Furthermore,
the long-term prognosis was also evaluated as any-cause
death and heart failure (HF) events, defined as including
death and readmission for HF within 1 year. The patients
were clinically followed up at a routine outpatient clinic. In
the patients followed up at another institute, their prognoses

Figure 1 This study examined (i) the relationship between the worsening renal function (WRF) and/or acute kidney injury (AKI) on admission and the
outcomes and (ii) the relationship between the degree of AKI on admission and the outcomes. This is the scheme of the group assignment. (A) The
patients were assigned to four categories based on the WRF and AKI on admission: The no-AKI patients who did not develop WRF during the first 5 days
were assigned to no-WRF/no-AKI group (n = 512), and the no-AKI patients who developed WRF were assigned to WRF/no-AKI group (n = 239). The AKI
patients who did not develop WRF during the first 5 days were assigned to no-WRF/AKI (n = 211) groups, and the AKI patients who developed WRF
were assigned to WRF/AKI group (n = 121) groups. (B) The patients were assigned to four categories based on the degree of AKI: No AKI was present in
751 patients, and AKI was present upon admission in 332 patients including Class R (risk; n = 193), Class I (injury; n = 41), or Class F (failure; n = 98).
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were determined by telephoning the other institutes. HF
events were defined as death or readmission to the hospital
for HF within 1 year. All variables on admission, including
age, type of HF (new onset or worsening), aetiology of HF
(ischaemic or non-ischaemic), gender, NYHA class (III or IV),
blood urea nitrogen, total bilirubin, sodium, potassium,
haemoglobin, C-reactive protein, systolic blood pressure
(SBP), heart rate, and WRF/AKI, that were retrieved from all
1083 cases were selected for inclusion in the multivariate
logistic regression model. The continuous variables were
evaluated by every 1- or 10-unit increase based on the mean-
ing of each category. The prognostic value for the 365 day
mortality and HF event was evaluated using the Cox regres-
sion hazard model and Kaplan–Meier curve.

Statistical analyses

All data were statistically analysed using the SPSS 22.0 J soft-
ware program (SPSS Japan Institute, Tokyo, Japan). All numer-
ical data were expressed as themedians (25–75% interquartile
range). The Mann–Whitney U-test was used to compare two
groups (AKI group vs. no-AKI group). Comparisons of all pro-
portions were performed with a chi-squared analysis. A P
value < 0.05 was considered to be statistically significant.

The prognostic value of the presence of WRF or AKI was
assessed using a Cox regression hazard model. A Cox regres-
sion analysis was performed to determine the hazard ratio
(HR) for 365 day mortality and HF events. All clinically relevant
factors affecting the prognosis, including age (per 1 year in-
crease), SBP (per 10 mmHg increase), LVEF (per 1% increase),
sodium (per 1.0 mmol/L increase), haemoglobin level (per 1.0
mg/dL increase), and BNP (per 10 pg/mL increase) on Day 1,
were selected for inclusion in the multivariate Cox regression
hazard model associated with 365 days all-cause death and HF
event. Multivariate Cox regression hazard model was per-
formed by the backward stepwise selection. The cumulative
survival rates and HF events in each of the four groups (pres-
ence of WRF or AKI and the degree of AKI) were analysed
using Kaplan–Meier curves, and the log-rank test was used
to calculate the statistical significance of the differences.

Ethical concerns

The research ethics committee of Nippon Medical School
Chiba Hokusoh Hospital approved the study protocol.

Results

Patients’ characteristics

The patient cohort comprised 65.4% male with a median age
of 74 years. A total of 776 (70.7%) patients had new-onset

HF, 449 (41.5%) had ischaemic heart disease, and 634
(58.5%) had non-ischaemic heart disease, including cardiomy-
opathy (n = 121), hypertensive heart disease (n = 178), and
valvular disease (n = 252). Most patients were NYHA class
IV (79.4%). The median LVEF on admission was 36.0%.

The relationships between the patient characteristics,
including the baseline values on admission and medications
prescribed during the ICU hospitalization, and the WRF and
the AKI are shown in Table 1. The age was significantly older,
the male gender significantly less likely, and the SBP signifi-
cantly lower in the no-WRF/AKI group than in the no-WRF/
no-AKI group. The serum levels of total bilirubin, uric acid,
blood urea nitrogen, creatinine, and C-reactive protein were
significantly higher and the serum levels of sodium and
haemoglobin significantly lower in the no-WRF/AKI group
than in the no-WRF/no-AKI group. The SBP was also signifi-
cantly lower in the WRF/AKI group than in the WRF/no-AKI
group. The serum levels of total bilirubin, blood urea
nitrogen, creatinine, C-reactive protein, and BNP were signif-
icantly higher and the serum levels of sodium and
haemoglobin significantly lower in the WRF/AKI group than
in the WRF/no-AKI group (Table 1).

Outcomes

The length of ICU hospitalization and total hospitalization
were both significantly longer in the no-WRF/AKI group than
in the no-WRF/no-AKI group, as well as in the WRF/AKI group
than in the WRF/no-AKI group (Table 1).

One hundred and seventy-six of the 1083 patients died
within 365 days’ follow-up, including 50 of the 512 (9.8%)
no-WRF/no-AKI patients, 42 of the 211 (19.9%) no-WRF/AKI
patients, 32 of 239 (13.4%) WRF/no-AKI patients, and 52 of
121 (43.0%) WRF/AKI patients. The multivariate Cox
regression model indicated that the no-WRF/AKI group and
WRF/AKI group were independently associated with the 365
day mortality [HR: 1.916; 95% confidence interval (CI):
1.234–2.974 and HR: 3.622; 95% CI: 2.332–5.624], and
WRF/AKI group were independent predictors of an HF event
within 365 day (HR: 3.288; 95% CI: 2.431–4.446) (Table 2).
The Kaplan–Meier survival curves showed that the prognosis,
including all-cause death, was significantly poorer in the
WRF/AKI group than in the no-WRF/AKI, WRF/no-AKI, and
no-WRF/no-AKI groups and in the no-WRF/AKI group than
in the WRF/no-AKI and no-WRF/no-AKI groups (Figure 2A).
The prognosis, including likelihood of HF events, was signifi-
cantly poorer in the WRF/AKI group than in the no-WRF/
AKI, WRF/no-AKI, and no-WRF/no-AKI groups (Figure 2B).
The Kaplan–Meier survival curves showed the prognosis, in-
cluding likelihood of all-cause death and HF event, to be sig-
nificantly poorer in the Class I than in the no-AKI and Class R
groups and to be significantly poorer in Class F patients than
in the patients in the no-AKI and Class R groups (Figure 3A,B).

WRF and AKI in AHF 325

ESC Heart Failure 2018; 5: 322–331
DOI: 10.1002/ehf2.12264



Discussion

In the present study, the absence of AKI on admission was not
associated with a worse outcome in AHF patients, even if they
developed WRF within the first 5 days. Furthermore, the pres-
ence of AKI on admission, especially Class I and Class F status,

was associated with a poor prognosis in AHF patients, even if
they did not develop WRF within the first 5 days. These results
suggest that the prognostic ability of acute renal failure might
be superior to the definition of AKI upon admission compared
with that of WRF within first 5 days. Using the AKI criteria in
addition to the definition of WRF is therefore advised for

Table 1 Patients’ characteristics and the presence of WRF or AKI

No-WRF

P value

WRF

P valueCharacteristic

No-AKI AKI No-AKI AKI

(n = 512) (n = 211) (n = 239) (n = 121)

Age (years old) 74 (64–81) 76 (68–82) 0.023 74 (65–82) 74 (65–80) 0.655
Type (new onset, %) 368 (71.9%) 153 (72.5%) 0.855 163 (68.2%) 82 (67.8%) 0.905
Aetiology (ischaemia, %) 190 (37.1%) 85 (40.3%) 0.500 123 (51.5%) 51 (42.1%) 0.120
Gender (male, %) 337 (65.8%) 115 (54.5%) 0.004 173 (72.4%) 83 (68.6%) 0.539

Past medical history
Hypertension (yes, %) 371 (72.5%) 148 (70.1%) 0.525 201 (84.1%) 74 (61.2%) <0.001
Diabetes mellitus (yes, %) 218 (42.6%) 78 (37.0%) 0.184 112 (46.9%) 56 (46.3%) 0.911
Dyslipidemia (yes, %) 232 (45.3%) 95 (45.0%) 0.137 145 (60.7%) 54 (44.6%) 0.824

Vital signs and status
Systolic blood pressure (mmHg) 162 (140–188) 140 (112–170) <0.001 170 (148–194) 132 (98–166) <0.001
Pulse (beats/min) 114 (96–132) 112 (92–134) 0.302 110 (96–126) 104 (83–121) 0.008
LVEF (%) 36 (26–49) 35 (25–51) 0.826 36 (27–48) 32 (23–49) 0.251
NYHA (IV, %) 398 (77.7%) 169 (80.1%) 0.551 190 (79.5%) 103 (85.2%) 0.200

Arterial blood gas
pH 7.34 (7.23–7.42) 7.34 (7.21–7.44) 0.983 7.32 (7.19–7.42) 7.34 (7.19–7.42) 0.673
PCO2 (mmHg) 43 (35–55) 40 (32–54) 0.054 42 (34–60) 38 (29–52) 0.003
PO2 (mmHg) 93 (69–137) 85 (63–130) 0.086 84 (66–130) 85 (66–126) 0.829
HCO3

� (mmol/L) 22.4 (20.2–24.7) 21.4 (18.1–24.1) <0.001 21.5 (19.5–23.6) 19.8 (15.7–23.7) 0.003
SaO2 (%) 96 (92–98) 96 (89–98) 0.257 95 (91–98) 95 (90–98) 0.773
Lactate (mmol/L) 1.5 (1.1–3.4) 2.5 (1.5–5.9) <0.001 1.4 (1.0–2.5) 2.2 (1.2–5.4) 0.001

Laboratory data
Total bilirubin (mg/dL) 0.6 (0.4–0.8) 0.7 (0.5–1.0) 0.003 0.5 (0.4–0.7) 0.6 (0.4–1.2) 0.002
Uric acid (mg/dL) 6.6 (5.3–7.7) 7.3 (5.7–8.7) <0.001 6.8 (5.3–8.1) 7.1 (5.6–9.7) 0.062
BUN (mg/dL) 20.2 (16.6–26.9) 26.0 (19.0–36.2) <0.001 25.2 (18.5–35.2) 39.9 (27.4–62.8) <0.001
Creatinine (mg/dL) 1.01 (0.78–1.31) 1.14 (0.97–1.52) <0.001 1.38 (0.97–1.92) 1.84 (1.35–2.90) <0.001
Sodium (mmol/L) 140 (138–142) 139 (136–141) <0.001 140 (138–142) 138 (133–142) <0.001
Potassium (mmol/L) 4.2 (3.8–4.5) 4.4 (3.9–4.9) <0.001 4.1 (3.8–4.7) 4.6 (4.0–5.3) <0.001
Haemoglobin (g/dL) 12.9 (11.2–14.6) 12.5 (10.6–14.1) 0.041 12.1 (10.7–14.1) 11.3 (9.6–13.5) 0.006
C-reactive protein (mg/dL) 0.52 (0.16–1.61) 0.77 (0.25–2.53) 0.004 0.54 (0.21–1.80) 2.45 (0.44–7.77) <0.001
BNP (pg/mL) 674 (365–1214) 757 (400–1357) 0.170 801 (432–1285) 1188 (650–2000) <0.001

Medication (cases) during ICU hospitalization
Furosemide (yes, %) 482 (94.1%) 197 (93.4%) 0.732 232 (97.1%) 112 (92.6%) 0.061
Nitroglycerin (yes, %) 348 (68.0%) 113 (53.6%) <0.001 179 (74.9%) 48 (39.7%) <0.001
Nicorandil (yes, %) 77 (15.0%) 28 (13.3%) 0.485 39 (16.3%) 21 (17.4%) 0.767
Carperitide (yes, %) 267 (52.1%) 84 (39.8%) 0.002 140 (58.6%) 56 (46.3%) 0.034
Dopamine (yes, %) 79 (15.4%) 65 (30.8%) <0.001 46 (19.2%) 52 (43.0%) <0.001
Dobutamine (yes, %) 66 (12.9%) 65 (30.8%) <0.001 41 (17.1%) 52 (43.0%) <0.001
ACE-I/ARB (yes, %) 248 (48.4%) 73 (34.6%) 0.001 87 (36.4%) 13 (10.7%) <0.001
Beta-blocker (yes, %) 130 (25.4%) 44 (20.9%) 0.214 70 (29.3%) 22 (18.2%) 0.022
Spironolactone (yes, %) 227 (44.3%) 80 (37.9%) 0.115 81 (33.9%) 22 (18.2%) 0.003

During hospitalization
ICU hospitalization (days) 4 (3–5) 5 (3–8) <0.001 5 (3–7) 8 (4–17) <0.001
Total hospitalization (days) 24 (16–37) 31 (20–55) <0.001 28 (18–46) 43 (25–70) <0.001

ACE-I, angiotensin-converting enzyme inhibitor; AKI, acute kidney injury; ARB, angiotensin receptor blocker; BNP, brain natriuretic
peptide; BUN, blood urea nitrogen; ICU; intensive care unit; LVEF, left ventricular ejection fraction measured by echocardiography; NYHA,
New York Heart Association; WRF, worsening renal function.
P value, between the no-AKI group and the AKI group in each no-WRF or WRF group, determined by the Mann–Whitney U-test or the χ2 test.
All numerical data were expressed as the medians (25–75% interquartile range)
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the evaluation of acute renal failure in patients with severely
decompensated AHF.

Mechanisms of acute renal failure

The mechanisms underlying renal dysfunction in patients
with AHF have been reported to be complex and multifacto-
rial, involving such factors as low cardiac output–renal
hypoperfusion, fluid overload–renal venous congestion, neu-
rohormonal activation and sympathetic activity, inflamma-
tory response, intrinsic tubular damage, and therapeutic
interventions.3 Traditionally, AKI has been attributed to hy-
poperfusion of the kidney because of progressive impair-
ment of the cardiac output.15 However, attention has
shifted from this cardiac output (‘forward failure’) to venous
congestion (‘backward failure’) as the most important hae-
modynamic determinant.1 Current evidences did not sup-
port low cardiac output as the main determinant of renal
dysfunction in patients with AHF.1,16 The development of
‘congestive kidney failure’ induced by the increased renal
venous pressure arising from venous congestion (increased
renal afterload) and increased renal interstitial pressure
(intrinsic renal compromise) might be important mecha-
nisms underlying the development of renal dysfunction in
AHF patients.1

The neurohormonal activation and sympathetic activity
has also been reported to be a mechanism. Persistent stim-
ulation of the renin–angiotensin–aldosterone system in-
duces kidney damage through cell hypertrophy, oxidative
stress, and activation of an inflammatory condition.17 Angio-
tensin II decreases the renal blood flow and stimulates the
sympathetic nervous system, which increases the systemic
vascular tone and has direct, untoward effects on the heart
and kidney by promoting apoptosis and fibrosis.17 The
development of intrinsic tubular damage has also been pro-
posed as another mechanism. The levels of neutrophil
gelatinase-associated lipocalin, which reflect the presence
of renal tubular injury, have been investigated to detect
AKI in patients with AHF.18,19

A number of studies have also shown that potent diuretics
are associated with renal dysfunction.20–22 It is clear that pa-
tients with pre-existing renal dysfunction are vulnerable to
developing renal dysfunction on diuretic administration.21,22

Furthermore, bolus infusions do not promote gradual diuresis
and therefore do not allow time for the fluid in the periphery
to move from the extravascular to the intravascular space,
which leads to intravascular volume depletion and significant
drops in renal perfusion, subsequently leading to renal dys-
function.23 Aggressive decongestion therefore leads to transit
renal dysfunction during the acute phase of AHF; however,
current research suggested that transient renal dysfunction
with the use of high-dose diuretics was associated with early
clinical improvement and not a poor outcome.23,24 It wasTa
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reported recently that some mechanisms of the renal dys-
function were not associated with an adverse outcome in pa-
tients with AHF. The prognosis might be different depending
on the mechanism of renal dysfunction in AHF.

As mentioned earlier, the mechanism of renal dysfunction
is likely multifactorial. It might therefore be impossible to
define acute renal dysfunction using a single definition. The
definitions of WRF and AKI may represent different

Figure 3 Kaplan–Meier curves regarding the degree of acute kidney injury (AKI). (A and B) The Kaplan–Meier survival curves showed the prognosis,
including likelihood of all-cause death and heart failure (HF) events, to be significantly poorer in the Class I than in the no-AKI and Class R groups and to
be significantly poorer in the Class F patients than in the patients in the no-AKI and Class R groups.

Figure 2 Kaplan–Meier curves based on the presence of a worsening renal function (WRF) or acute kidney injury (AKI). (A) The all-cause death rate
was significantly poorer in the WRF/AKI group than in the no-WRF/AKI, WRF/no-AKI, and no-WRF/no-AKI groups and in the no-WRF/AKI group than
in the WRF/no-AKI and no-WRF/no-AKI groups. (B) The prognosis, including the likelihood of a heart failure (HF) event, was significantly poorer in the
WRF/AKI group than in the no-WRF/AKI, WRF/no-AKI, and no-WRF/no-AKI groups.
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mechanisms; therefore, an evaluation based on the combina-
tion of WRF and AKI would be more effective for the precise
prediction of adverse outcomes in patients with AHF.

Difference in the definition of acute renal failure—
worsening renal function or acute kidney injury

There is no consensus definition in international HF manage-
ment guidelines for acute renal dysfunction. WRF has been de-
fined as a change in serum creatinine ≥0.3 mg/mL in most
reports, a definition that has been established as the gold stan-
dard and shown to be associated with an increased risk for
long-term all-cause/cardiovascular mortality and morbidity in
AHF patients for a long time.25–27 In fact, in a retrospective
study of 200 063 hospitalized AHF patients, Kociol et al. found
that 17.8% developed WRF, with 64.5% of these patients being
readmitted and 35.4% dying within 1 year.25 Cowie et al. de-
finedWRF as an increase in serum creatinine of 0.3 mg/dL from
baseline and reported that the mortality rate was higher in the
WRF group than in the no renal dysfunction group during ad-
mission (12% vs. 2%), rising to 15% by 30 days and 28% in total
by 6 months, compared with 5% and 18%, respectively, in pa-
tients without renal dysfunction.28 However, the epidemiology
and definition of a WRF are not well defined in the literature,
and there is no universally accepted definition.

During the previous decades, the component of AKI had
been proposed instead of the WRF, and AKI has also been
reported to affect the outcome of patients admitted to
ICUs.29–31 The RIFLE criteria have been established as the stan-
dard method for evaluating AKI in intensive care patients.5,6

Based on the wealth of evidence in the intensive care field,
we suggested the prognostic efficacy of the AKI criteria in pa-
tients with AHF.7–9 The AKI criteria have been adequately
established in intensive care patients; therefore, it would be
reasonable to use these criteria for the evaluation of acute re-
nal failure for AHF patients. Roy et al. compared the outcome
predictive ability of the definitions for AKI (RIFLE, Acute Kid-
ney Injury Network, and Kidney Disease Improving Global Out-
comes) and the often used WRF definition in hospitalized
patients.32 They found that the Acute Kidney Injury Network,
RIFLE, and Kidney Disease Improving Global Outcomes AKI
classification systems have an advantage in their predictive
ability over the commonly used WRF in HF definition, as those
systems include a severity scale in their definition criteria.32

The most important factor for defining renal dysfunction is
the baseline creatinine level, which most studies have deter-
mined to be the level on admission in the definition of WRF.
The routinely monitored creatinine value would be the best
to use as the baseline creatinine value; however, it might be im-
possible to determine this value in all patients. It would be par-
ticularly difficult to estimate the AKI or CKD in an emergency
setting in patients with a high creatinine value on admission.
This might be a major limitation in the definition of WRF. The

prognostic ability would likely be improved by dividing patients
into another group based on the presence of AKI in patients
with or without a WRF. The traditionally used WRF criteria
for AHF filed included the patients who were not associated
with their prognosis. It might therefore be necessary to rede-
fine the reasonable criteria to include AKI on admission.

Study limitations

Several limitations associated with the present study warrant
mention. First, the present study was a single-centre study,
and a small number of patients were included in each of the
groups used to evaluate the prognosis, so patient bias might
exist. Second, no urine volume criteria were used for the def-
inition of AKI in the present study. The definition of AKI used in
the present study included the presence of AKI on admission;
therefore, it was impossible to include urinary criteria. Finally,
this is the retrospective study. We were unable to determine
the baseline creatinine value precisely in clinical situations.
The RIFLE classification could not be evaluated quickly in our
study; therefore, a further study will be needed to detect
the occurrence of AKI at an earlier stage of hospitalization.

Conclusions

The absence of AKI on admission was associated with a good
prognosis, even if a WRF developed within the first 5 days. Fur-
thermore, the presence of AKI on admission, especially Class I
and Class F status, was associatedwith a poor prognosis despite
the lack of a WRF within the first 5 days. The traditionally used
WRF criteria for AHF filed included the patients who were not
associated with their prognosis. The prognostic ability of AKI
might be superior to the definition of WRF within the first
5 days. Using the AKI criteria in addition to the definition of
WRF is therefore advised for the evaluation of acute renal fail-
ure in patients with severely decompensated AHF.
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