
Introduction

Acute renal failure (ARF) is an important clinical syn-
drome, characterized by a rapid decline in renal function
and with high mortality rate. Mortality associated with
ARF remains high despite recent advances in critical care
medicine, renal replacement therapy and nutritional sup-
port. Numerous prognostic factors; oliguria, presence of di-
abetes mellitus, Acute Physiology and Chronic Health
Evaluation (APACHE) III score and hypoalbuminemia had
been defined recently (2,3,4,7,13,16,20,25).

Because ARF is a heterogeneous syndrome, occurring
in a wide range of patients with diverse etiologies, predic-
ting outcome after the onset of ARF is difficult. However
information about mortality predictors was from particu-
larly intensive care unit (ICU) (3,7) patients and/or dialy-
sis required patients (15,17). According to our knowledge
there was no study that APACHE III scoring system is used
as a prognostic factor and involved all ARF patients. So
newer prognostic factors, evaluation score and especially re-
gional characteristics of the ARF patients need to be inves-
tigated in much more studies.

Therefore in this study, we used APACHE III scoring
system as a prognostic factor in all patients with ARF (not
only dialyzed or ICU patients), to identify predictors of

mortality and to investigate the relationship among these
parameters in ARF patients.

Materials and Methods

Study cohort

This is a prospective observational cohort study. In this
study we wanted to investigate the predictors of mortality
in patients with ARF. Therefore, one hundred fifteen pa-
tients diagnosed with ARF at Suleyman Demirel University
Research Hospital from November 1998 to May 2003 were
assessed according to their histories, clinical features, labo-
ratory parameters and outcomes. Fifteen-year-old or older
patients were included to the study and patients with chro-
nic kidney disease, renal transplantation and previous dia-
lysis history were excluded.

ARF was defined as an increase in serum creatinine le-
vel of at least 0.5 mg/dL occurring over a 48-hour period in
a patient without renal disease history and with baseline se-
rum creatinine < 1.5 mg/dL. ARF etiologies were diagnosed
based on clinical signs, physical examination and laborato-
ry parameters. Acute tubular necrosis (ATN) diagnosis was
made when no improvement in renal function was observed
after correction of possible prerenal causes as well as by uri-
nary examination and renal ultrasonography. Moreover, re-
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nal biopsy could be performed in patients with unknown
etiologies. However, there was no patient in whom renal
biopsy was necessary.

The study was approved by the local Ethical Committee
and written informed consent was obtained from all parti-
cipants or relatives.

Patient characteristics and measurements

All patient’s demographics and clinical characteristics,
and the cause of ARF were recorded at the first nephrolo-
gy consultation and patients were followed from the time of
initial nephrology consultation to the hospital discharge.
Patient’s hydration status and daily fluid requirement was
assessed according to blood and jugular venous pressure,
lower extremity pitting edema and daily weights during fol-
low-up period. Co-morbid conditions were classified in
seven parts; diabetes mellitus, hypertension, coronary artery
disease, sepsis, pulmonary disease, cerebrovascular disease
and liver disease. In addition, presence and the total number
of all were recorded.

Blood samples for blood urea nitrogen (BUN), serum
creatinine and serum albumin were drawn at the first ne-
phrology consultation time and all measurements were per-
formed by standard clinical laboratory methods in central
laboratories. Daily renal function tests, dialysis requirement
data, outcomes of the patients and urine output (urine out-
put of < 400 mL/day defined as oliguria) were recorded
during the follow-up period. The primary end-point of the
study was hospital mortality.

Dialysis requirement

All patients were assessed for dialysis therapy indica-
tions during the follow-up period. The indications for dialy-
sis included; hyperkalemia (serum potassium > 7 mmol/L)
resistant to conservative therapy, presence of uremic en-
cephalopathy, metabolic acidosis (serum bicarbonate < 15
mEq/L) and volume overload with pulmonary edema in-
adequately controlled with diuretic therapy. Standard he-
modialysis schedule was four hours for every session.
Conventional bicarbonate hemodialysis was performed,
with an ultrafiltration-controlled delivery system, with
Hemodialysis Baxter SPS 1550 hemodialysis machine and
standard heparin as the anticoagulant agent. The heparin-
free hemodialysis method was used if it was necessary. The
biocompatible membranes, low flux polysulfone (F5, F6
Fresenius, Bad Homburg, Germany) were used.

APACHE III scoring and Outcome Measurements

APACHE III scoring system was used as clinical evalua-
tion score. Calculation of the APACHE III score was done as
defined before [11] at the first nephrology consultation by
the same doctor for each patient. Survival was assessed as
discharge alive from the hospital. Survivor and non-survivor
patients were compared for ARF etiologies, clinical charac-
teristics, laboratory parameters, APACHE III scores and pre-
sence of oliguria to determine the factors effect on survival.

Statistical Analysis

Parametric values were expressed as means ± SD. P <
0.05 was considered statistically significant. Student’s t-test
and Mann-Whitney-U test were used to compare two
groups. Spearman’s rs correlation test was used to obtain
the correlation between two parameters. Univariate analy-
sis of non-parametric factors between survivors and non-
survivors was accomplished using the chi-square (χ2) test.
Multiple logistic regression test was used to determine the
effects of parameters on mortality rate. We used the chi-
square χ2 test of trend to analyze mortality rates associated
with APACHE III scores among all patients. Cumulative
survival curves were constructed as time to died plots by
Kaplan-Meier survival methods, and differences between
the curves were tested for significance by the Log-Rank sta-
tistics.

Results

Patient characteristics

One hundred fifteen patients aged 15 to 90 years, dia-
gnosed with ARF in our tertiary hospital from November
1998 to May 2003, enrolled in this study. Sixty six (58%) of
the patients were men and forty nine (42%) were women.
The mean age of the patients was 64.5 ± 14.8 years and
most of the patients were older than 60 years. The most
common mechanism of ARF was ischemic acute tubular
necrosis (51%). Except two patients, other all patients had
at least one co-morbid condition and the rate of the patients
with ≥ two co-morbid conditions was 46%. The mean
APACHE III score was 64.5 ± 22.1 (minimum 26 and ma-
ximum 145) and BUN and creatinine levels were 75.9 ± 3.1
and 4.36 ± 0.28 mg/dL respectively at the time of nephro-
logy consultation.

Most of the patients were non-oliguric and oliguria
established in only 43 patients (37%). The oliguria dura-
tion was one day in fourteen patients, two days in thirteen
patients, three days in four patients, four days in five pa-
tients, five days in two patients, six days in two patients,
seven days in one patient and thirteen days in one patient.
Twenty-four patients (20%) received renal replacement the-
rapy (22 HD, 2 PD). Thirty patients died during the follow-
ing period and the mortality rate was 26%. Demographic
and clinical characteristics of the patients are shown in
Tab. 1.

Overall survival

The primary end-point was hospital mortality and 30
(26%) patients died during the follow-up period in the pre-
sent study. The causes of mortality are sepsis in seven pa-
tients, malignancy in seven patients, cerebrovasculer
accident in six patients, end-stage congestive heart failure in
five patients, decompansated chronic obstructive lung di-
sease in three patients, gastrointestinal bleeding in one pa-
tient and multi-trauma in one patient. Both survivors (n =
85) and non-survivors (n = 30) were compared for demo-
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Total Survivors Non-survivors P*
(n = 115) (n = 85) (n = 30)

Age (years) 64.5 ± 14.8 64.8 ± 15.1 63.6 ± 14.0 0.70
Male/Female (n) 66/49 50/35 16/14 0.60
Mechanical ventilation (n) 13 2 (2%) 11 (36%) 0.001
Co-morbid condition (n) 2.34 ± 0.10 2.11 ± 0.99 3.00 ± 1.08 0.001
Patient with ≥ 2 co-morbid conditions (n) 53 33 (39%) 20 (66%) 0.009
Etiology of ARF (n)

Ischemic ATN 45 (39%) 22 (25%) 23 (76%) 0.001
Acute interstitial nephritis 4 (3%) 3 (3%) 1 (3%) 1.0
Nephrotoxic ATN 17 (14%) 13 (15%) 4 (13%) 0.96
Congestive heart failure 10 (8%) 9 (10%) 1 (3%) 0.45
Dehydration 29 (25%) 28 (32%) 1 (3%) 0.001
Acute glomerulonephritis 2 (2%) 2 (3%) 0 1.0
Systemic vasculitis 3 (2%) 3 (5%) 0 0.56

Postrenal 5 (4%) 5 (6%) 0 0.32
Dialysis received patients (n) 24 18 (21%) 6 (20%) 0.89
Oliguric patient (n) 42 32 (37%) 10 (33%) 0.59
APACHE III score ** 60 (60–68) 57 (55–59) 85 (80–96) 0.0006
Serum albumin (g/dL) 3.38 ± 0.77 3.56 ± 0.75 2.86 ± 0.57 0.0002

Tab. 1: Characteristics of the patients.

*Comparison of survivors and non-survivors; **Mean and 95% confidence interval within parentheses. ATN; acute tubu-
lar necrosis, APACHE; Acute Physiology and Chronic Health Evaluation (APACHE) III score. P < 0.05 was considered
statistically significant. Student’s t-test, Mann-Whitney-U test and chi-square (χ2) test were used to compare two groups.

Fig. 1: The relationship between APACHE III scores and
mortality rate.

Fig. 2: Cumulative survey graphics in patients with serum
albumin ≥ 3 g/dL and < 3 g/dL. Cumulative survival curves
were constructed as time to died plots by Kaplan-Meier sur-
vival methods, and differences between the curves were
tested for significance by the Log-Rank statistics.
–––, patients with serum albumin level ≥ 3 g/dL.
___ , patients with serum albumin level < 3 g/dL.



graphic and clinical parameters, laboratory parameters,
APACHE III scores, dialysis requirement, oliguria rate and
presence of co-morbid conditions. Both groups were similar
for age, gender, dialysis requirement and oliguria rate. Not
surprisingly that mechanical ventilated patient ratio, the
rate of patients with ≥ two co-morbid conditions and
APACHE III score were significantly higher in non-survi-
vors than survivors. In addition, serum albumin level was
higher in survivors than non-survivors. Comparison of both
groups is shown in Tab. 1.

Predictors of mortality

There was an evident and significant increase in morta-
lity rate associated with an increase in the APACHE III sco-
re (exceed 60), decrease in serum albumin level (serum
albumin ≤ 3g/dl) and presence of co-morbid conditions
[Relative risk (RR); 29.6 P = 0.0001, RR; 8.6 P = 0.0001
and RR; 10.6 P = 0.006 respectively]. Increased APACHE
III score was found the most powerful predictor of mortali-
ty and increase in mortality rate became evident when the
APACHE III score exceed 70 (Fig. 1).

Serum albumin level was found higher in survivors com-
pared to non-survivors (3.56 ± 0.75 g/dL vs 2.86 ± 0.57
g/dL respectively, P = 0.0002). In addition, we found that
mortality rate increases by the serum albumin level de-
creases. Such as, mortality rate was found 22% in patients
with serum albumin level between 3–3.9 g/dL and by de-
creasing in serum albumin for each 1 g/dL, mortality rate
increases two times. However, mortality rate was 30 times
higher in patients with serum albumin level < 2 g/dL than
in those with serum albumin level ≥ 4 g/dL. In addition,
when the patients are divided to two groups according to se-
rum albumin level ≥ 3.0 g/dL or < 3.0 g/dL, we found that
survival was better in patients with serum albumin level ≥
3.0 g/dL. Comparison of survival is shown in Fig. 2.

Dialysis requirement

Twenty-four patients (20%) required dialysis therapy
(twenty-two HD and two PD). Dialyzed and non-dialyzed
patients were similar for age, serum albumin levels and
APACHE III scores. Serum creatinine level was higher in
dialyzed patients than those of non-dialyzed patients (in
order to 8.12 ± 4.26 versus 4.11 ± 2.14 mg/dL P = 0.0004).
Oliguric days were longer in dialysis required patients than
those of non-dialysis required group (2.5 ± 3.2 days versus
0.5 ± 1.0 days respectively, P = 0.0004). Oliguria rate was
higher in dialysis required patients (45% and 35% respecti-
vely), but not statistically significant. In addition, mortality
rate was similar between oliguric and non-oliguric patients
(27% vs 23% respectively). Six of 24 patients died in dialy-
sis required group, but in non-dialysis required group 24 of
91 patients died. However, mortality rate was similar in
both groups (25% versus 26%).

Correlations

We found that higher serum albumin level and lower
APACHE III score are the good prognostic factors. So, we

investigated the correlation between serum albumin level
and APACHE III score. There was a negative correlation
between serum albumin level and APACHE III score. By
the decreasing in serum albumin level, APACHE III score
and also mortality rate increase (r2=0.21 P=0.003).

Discussion

The main finding of this study is that decreased serum
albumin level, increased APACHE III score and presence
of co-morbid conditions at the first nephrology consulta-
tion time were the independent predictors of outcomes in
patients with ARF and APACHE III score was found the
most powerful predictor of mortality among these parame-
ters. In this study, prediction power of mortality of these pa-
rameters, were found higher than recent published reports
(1,19,21). However, despite of recently published report (21)
we found that the mortality prediction power of serum albu-
min level was found higher and serum albumin level attracted
attention as alone possible modifiable predictor factor.

This is a single center prospective observational study
and the number of patients is limited. However, all patients
diagnosed with ARF in our hospital between 1998 and
2003 were included. Recently published reports about pre-
dictors of mortality in ARF patients were from particularly
ICU patients and reports about out of ICU patients were li-
mited. In this study all patients with ARF were included to
the study and were not separated according to ICU patient
or not. According to our knowledge, this is the first study
that APACHE III scoring system was used as a prognostic
factor in the assessment of all ARF patients.

In recent published reports the mortality rate has been
reported 50 to 80% of the patients with ARF (11,12,24).
However, total mortality rate was 26% in present study and
similar to Chertow (7) and Clermont’s (8) reports. Most of
the ICU and most of the mechanical ventilated patients
died. In this study all patients diagnosed ARF in our ter-
tiary hospital were included to study protocol. We did not
include only ICU patients and dialyzed patients, therefore
mortality rate was found lower than the other reports. The
reason for low mortality rate could be owing to the small
number of ICU patients and mechanical ventilated pa-
tients.

Morgera et al (19) reported that age and more than one
co-morbid condition before hospitalization were associated
with significantly lower post-discharge survival. In present
study, survivors and non-survivors were similar for age, but
patient ratio, with ≥ two co-morbid conditions, was higher
in non-survivors. So our results are similar Morgera’s report
and confirmed the importance of co-morbid conditions on
survival in ARF patients.

Different prognostic factors, associated with mortality
such as urine output (13), dialysis requirement (17) and
clinical evaluation scores (3,17), have been reported in pa-
tients with ARF. Liangos et al (17) reported that urine vo-
lume was independently associated with hospital mortality
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and hospital mortality was increased by the increasing of
urine output in patients with ARF. In present study, morta-
lity rate was similar in both oliguric and non-oliguric pa-
tients (27% and 23% respectively). Daily urine output was
not obtained as a predictor of hospital mortality in this
study.

Clermont G et al (8) reported that patients with ARF
severe enough to require dialysis had a mortality of 57%
and Chen et al (6) reported that in dialysis required pa-
tients with ARF the overall mortality was 71%. In present
study 24 patients required dialysis, 6 of them died during
the study, mortality rate in dialysis required patients was
25% and also this is a lower rate than above studies.

In the literature, most of the studies assessed the pre-
dictors of mortality and the prognostic factors in patients
with ARF. APACHE II (6) and III (5), Sequential Organ
Failure Assessment (SOFA) (9) and acute tubular necrosis-
individual severity index (ATN-ISI) (10) are frequently
used for assessment of mortality especially in ICU and with
multiple organ dysfunction patients. In this study APACHE
III score was used as clinical evaluation score. Chen (6)
and Parker (23) also obtained APACHE III score within 24
hours of initiation of dialysis in all patients required dialy-
sis with ARF. However we also used APACHE III score in
all ARF patients and this application is an important pro-
perty of this study. As recent study (5), we also found
strong association between APACHE III score and morta-
lity rate. In this study, APACHE III score was significantly
higher in survivor group and was the most significant pre-
dictor of mortality, when the other predictors, serum albu-
min level and presence of co-morbid conditions were
included. APACHE III score, performed at the first ne-
phrology consult day, predicted the mortality of the pa-
tients. In present study, none of the patients died with
APACHE III score lower than 50. We found that mortality
rate became evident by the APACHE III score exceed 70. It
was 5 times higher in patients with APACHE III score > 70
than in patients with APACHE III score < 70.

In the laboratory parameters only serum albumin level
was found as a predictor of mortality in ARF patients.
Hypoalbuminemia have been reported to be independent
predictors of total and cardiovascular mortality in patients
with end-stage renal disease (ESRD) (18,22). Hypoalbumi-
nemia was recently reported by Chertow et al (7) as a pre-
dictor of mortality with a RR of 0.56 in their patients with
acute tubular necrosis. Similarly hypoalbuminemia was re-
ported by Obialo et al (21) as a predictor of mortality with
an RR of 3.6 in their patients with ARF. We observed
a much higher RR of death. In present study mortality rate
was 5 times higher in patients with serum albumin level < 2
g/dL, than in patients with serum albumin level 3–3.9 g/dL.
However, mortality rate was 30 times higher in patients
with serum albumin level <2 g/dL, than in patients with se-
rum albumin level ≥ 4 g/dL. This is also suggested the im-
portance of serum albumin level and effects of serum
albumin on mortality rate.

It could be speculated that serum albumin level might
fluctuate considerably with hydration. However, blood sam-
ples were drawn at the first nephrology consultation and
the change in serum albumin level during follow-up period
did not considered in present study. This is one of the limi-
tations of this study.

In conclusion, despite of limitations in present study,
not only increased APACHE III score and presence of co-
morbid conditions but also low serum albumin level was
found as the predictors of mortality in patients with ARF.
However, among these prognostic parameters only serum
albumin level is seen as modifiable prognostic factor.
Therefore, further studies are necessary to determine the
causes of hypoalbuminemia in patients with ARF and the
effect of it’s effective treatment on patients outcome.
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