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Abstract

Introduction Acute tubular necrosis (ATN) is usually studied as
a single entity, without distinguishing between ischaemic,
nephrotoxic and mixed aetiologies. In the present study we
evaluated the characteristics and outcomes of patients with
ATN by aetiological group.

Method We conducted a retrospective comparison of clinical
features, mortality rates and risk factors for mortality for the three
types of ATN in patients admitted to the general intensive care
unit of a university hospital between 1997 and 2000.

Results Of 593 patients with acute renal failure, 524 (88%)
were classified as having ATN. Their mean age was 58 years,
68% were male and 52% were surgical patients. The overall
mortality rate was 62%. A total of 265 patients (51%) had
ischaemic ATN, 201 (38%) had mixed ATN, and 58 (11%) had
nephrotoxic ATN. There were no differences among groups in
terms of age, sex, APACHE Il score and reason for ICU
admission. Multiple organ failure was more frequent among
patients with ischaemic (46%) and mixed ATN (55%) than in
those with nephrotoxic ATN (7%; P < 0.0001). The
complications of acute renal failure (such as, gastrointestinal
bleeding, acidosis, oliguria and hypervolaemia) were more
prevalent in ischaemic and mixed ATN patients. Mortality was

higher for ischaemic (66%; P= 0.001) and mixed ATN (63%; P
= 0.0001) than for nephrotoxic ATN (38%). When ischaemic
ATN patients, mixed ATN patients and all patients combined
were analyzed by multivariate logistic regression, the
independent factors for mortality identified were different except
for oliguria, which was the only variable universally associated
with death (odds ratio [OR] 3.0, 95% confidence interval [CI]
1.64-5.49 [P = 0.0003] for ischaemic ATN; OR 1.96, 95% CI
1.04-3.68 [P = 0.036] for mixed ATN; and OR 2.53, 95% CI
1.60-3.76 [P < 0.001] for all patients combined]).

Conclusion The frequency of isolated nephrotoxic ATN was
low, with ischaemic and mixed ATN accounting for almost 90%
of cases. The three forms of ATN exhibited different clinical
characteristics. Mortality was strikingly higher in ischaemic and
mixed ATN than in nephrotoxic ATN. Although the type of ATN
was not an independent predictor of death, the independent
factors related to mortality were different for ischaemic, mixed
and all patients combined. These data indicate that the three
types of ATN represent different patient populations, which
should be taken into consideration in future studies.

Introduction
Acute renal failure (ARF) is frequent in intensive care units

(ICUs), affecting up to 30% of patients [1-3]. It carries high
morbidity, increases the length of hospital stay, increases hos-
pital costs, is associated with high rates of mortality (60% or

more) and is an independent risk factor for poor outcome in
critically ill patients [1-4]. Acute tubular necrosis (ATN), diag-
nosis of which is usually based on clinical findings, is the most
common cause of ARF in the hospital and in the ICU [3]. ATN
may occur after ischaemic or nephrotoxic injury or after a

APACHE = Acute Physiology and Chronic Health Evaluation; ARF = acute renal failure; ATN = acute tubular necrosis; ICU = intensive care unit; RRT

= renal replacement therapy; SCr = serum creatinine.
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combination of both (mixed ATN). Surprisingly, few studies
have analyzed the three types of ATN separately [5,6], with
almost all analyzing ATN as a single entity, without distinction
between aetiologies [1,2,7]. Even recent consensus reports
did not comment on the origin of ARF [8].

In the present study we evaluated a large cohort of ICU
patients with a diagnosis of ATN, aiming to assess whether
there were significant differences in demographic data, clinical
picture and mortality between ischaemic, nephrotoxic and
mixed ATN.

Subjects and method

The present retrospective cohort study involved analysis of
ICU patient files. The patients analyzed were older than 12
years and were hospitalized in the general ICU (24 beds) of a
tertiary university hospital (700 beds) from January 1997 to
January 2000. The protocol was approved by the local ethics
committee.

Participant selection

ARF was defined as a serum creatinine (SCr) of 1.8 mg/dl or
more in patients with a SCr of 1.5 mg/dl or less during the 30
days preceding ICU admission. Patients who had a SCr above
1.5 mg/dl and no more than 4.0 mg/dl during the 30 days pre-
ceding ICU admission were viewed as having ARF if their SCr
values had increased by 50% or more from baseline. Patients
with a SCr of 1.8 mg/dl or greater but without known previous
SCr were viewed as having ARF if their SCr normalized (<1.5
mg/dl) or decreased at least 50% from its peak value during
hospitalization. Patients with a SCr of 1.8 mg/dl or more, with-
out known baseline SCr values and without SCr decrease,
were viewed as having ARF only if history, renal ultrasound and
laboratory examinations were indicative of this diagnosis.

Definitions of acute tubular necrosis

Ischaemic ATN was defined as ARF resulting from situations
causing inadequate renal blood flow during the 48 hours pre-
ceding the increase in SCr (volume depletion, heart failure,
hypotension, shock, sepsis) without exposure to nephrotoxins.
Nephrotoxic ATN was defined as ARF resulting from exposure
to nephrotoxins during the 72 hours preceding the increase in
SCr (radiocontrast medium, aminoglycoside, vancomycin, sul-
famethoxazole, sulfadiazine, rifampicin, amphotericin B,
cephalothin, cephalexin, acyclovir, foscarnet, pentamidine,
zidovudine, indinavir, cyclosporine, tacrolimus, nonsteroidal
anti-inflammatory drugs, angiotensin-converting enzyme inhib-
itors, angiotensin Il receptor blockers, cisplatin, methotrexate,
free myoglobin, free haemoglobin and increased serum
bilirubin) without an ischaemic insult. Those who developed
ARF after simultaneous ischaemic and nephrotoxic injuries
were defined as having mixed ATN.
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Exclusion criteria

Patients were excluded if they had pre-renal ARF (defined as
normalization or significant decrease in SCr over 24 hours
after optimization of volume or heart function); post-renal ARF;
or known or suspected diagnosis of vasculitis, glomerulone-
phritis, or acute interstitial nephritis. Patients were also
excluded if they had a diagnosis of severe chronic renal failure
(patients on chronic dialysis or with usual baseline SCr >4
mg/dl), if hospitalization time was under 24 hours, if they did
not have previous SCr measurements and history, renal ultra-
sound and laboratory examinations did not allow a clear diag-
nosis of ARF, and if the patient files were incomplete.

Characterization of the population and demographic
data

The following data were recorded: age, sex, presence of a co-
morbid condition, patient classification (medical or surgical),
reason for ICU hospitalization, ICU hospitalization time (from
ICU admission to ICU discharge or death), SCr concentration
(admission, peak and discharge or death), admission
APACHE Il score and patient outcome.

Complications of acute renal failure

The patients were screened for various potential complica-
tions developing after the diagnosis of acute renal failure
(Table 1). The use of dialysis was also recorded.

Other organ failures

Patients were analyzed for failure of other organs and systems
developing at any time during their ICU stay, using the follow-
ing definitions [9,10]. Respiratory failure was deemed to be
present if there was a need for mechanical ventilation. Acute
liver failure was defined as increased total bilirubin and/or pro-
thrombin time greater than 60 s and/or International Normal-
ized Ratio above 1.8 and/or hepatic encephalopathy
developing up to 8 weeks after the beginning of liver disease
associated with increased aspartate aminotransferase and
alanine aminotransferase levels. Circulatory failure was
defined as need for vasoactive drugs for maintenance of blood
pressure. Central nervous system failure was considered to be
present if the Glasgow Come Scale score was 8 or less.
Finally, multiple organ failure was defined as simultaneous fail-
ure of three or more organs.

Statistical analysis

Data are expressed as percentage, mean * standard devia-
tion, or median (range), as appropriate. When variables were
normally distributed, one-way analysis of variance was per-
formed to compare the groups; otherwise, the Kruskal-Wallis
test was used. If the result was significant, the post hoc anal-
ysis with Bonferroni correction for multiple comparisons,
Mann-Whitney U test, or y2 tests were conducted. Multivariate
logistic regression was performed to evaluate risk factors for
mortality associated with ATN. The independent variables
were those significant at univariate analysis and those
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Complications of acute renal failure

Complication

Details/comments

Presence of coma
Bleeding
Shock

Hypertension

Oliguria

Hypervolaemia

Hyperkalaemia
Hyponatraemia

Metabolic acidosis

Infection developing after the diagnosis of acute tubular necrosis

Glasgow Coma Scale score <8 without sedative drugs
Presence of active bleeding with decrease in haematocrit
Need for vasoactive drugs for blood pressure maintenance

systolic blood pressure >140 mmHg and/or diastolic blood pressure >90
mmHg

Diuresis <20 ml/hour or <400 ml/day

Oedema plus hypertension and/or left ventricular failure and/or acute
pulmonary oedema

Serum potassium >5.56 mEq/l on at least two consecutive measurements
Serum sodium <130 mEg/| on at least two consecutive measurements

Blood pH <7.20 and/or serum bicarbonate <20 mEq/I on at least two
consecutives measurements

White blood cell count >15,000/mm? or <4,000/mm?3 (in the absence of
haematological disease), axillary temperature >37.8°C or <36°C and heart rate
>90 beats/minute, in the presence of an infectious site demonstrated by
radiography, urinalysis, cerebrospinal fluid examination, ultrasound, or positive
cultures

Table 2

Demographic data, according to cause of acute tubular necrosis

Characteristic Cause of ATN
Ischaemic (n = 265) Mixed (n = 201) Nephrotoxic (n = 58)
Age (years) 56.7 £ 18.8 58.8+18.3 58.9 £ 20.1
Sex
Male 188 (71%) 133 (66%) 40 (69%)
Female 77 (29%) 68 (34%) 18 (31%)
Medical 143 (54%)* 82 (41%) 28 (48%)
Surgical 122 (46%) 119 (59%) 30 (52%)
APACHE Il score 21.0+7.3 20.7+ 7.2 20.3*+84
Co-morbid conditions
Hypertension 59 (21%) 36 (18%) 21 (36%)*
Pulmonary diseases 17 (6.4%) 14 (7%) 3 (5.2%)
Liver diseases 34 (12.8%) 16 (8%) 2 (3.4%)
Cardiovascular diseases 44 (16.6%) 26 (12.9%) 7 (12.1%)
At least one co-morbid condition 164 (62%)* 98 (49%) 38 (65%)

Data are expressed as mean = standard deviation or n (%). *P < 0.017, ischaemic versus mixed acute tubular necrosis (ATN); 1P < 0.017, mixed

versus nephrotoxic ATN.

considered clinically important, controlling for potential con- and then a second analysis was performed for the mixed ATN
founding variables. The first model included age (reference: group. Because of the relatively small number of patients with
<60 years of age), number of co-morbid conditions (reference: nephrotoxic ATN, we did not evaluate risk factors for mortality
none), APACHE Il score (reference: <15), and the variables in this group by multivariate analysis. The third logistic regres-
oliguria, sepsis, acidosis, hyperkalaemia, multiorgan failure, sion analysis was performed with all three groups and also
respiratory failure, shock and dialysis (using their absence as included the type of ATN (reference: nephrotoxic) as an inde-

the reference). The model was first tested for ischaemic group pendent variable in the first model. Backward variable selec-

Page 3 of 9

(page number not for citation purposes)



Critical Care Vol 10 No 2 Santos et al.

tion was used serially to remove nonsignificant factors. The
variables that, when excluded, introduced a change in param-
eter estimates greater than 10% were re-introduced to the
model to account for confounding. Goodness-of-fit of the
model was assessed using the Hosmer and Lemeshow test.
Wald test was used to assess the significance of variables in
the models. P < 0.05 was considered statistically significant.
For multiple comparisons with Bonferroni correction, P <
0.017 was considered statistically significant. The data were
analyzed using EPI-Info (version 6.04; Centers for Diseases
Control and Prevention, Atlanta, GA, USA; 2001) and BMDP
(version PC90 [1990 IBM PC/MS-DOS]; BMDPRL Statistical
Software, Los Angeles, CA, USA).

Results

During the period analyzed, 3,676 patients were admitted to
the ICU. Among them 832 had a SCr of 1.8 mg/dl or greater.
A total of 308 patients were excluded (11 with post-renal ARF,
14 with a known or suspected diagnosis of vasculitis, glomer-
ulonephritis, or acute interstitial nephritis, 36 with hospitaliza-
tion time <24 hours, 44 with pre-renal ARF, 47 with
incomplete files and 156 with severe chronic renal failure). In
all, 524 patients with ATN (14.29% of all ICU patients evalu-
ated) were included in the study. Among these, 50.9% (n =
267) developed ARF in the ICU whereas 49.1% were admit-
ted with already increased SCr.

Characterization of the overall population

The mean age of the patients was 58 + 19 years (seven
patients were <18 years of age: one was 12 years old, one
was 13, one was 14, two were 15 and two were 17). Sixty-
eight percent of the patients were male, 52% patients were
surgical, the mean APACHE Il score was 20.8 £ 7.4 and hos-
pitalization time was 7 days (range 2 to 147 days). Dialysis
was used in 11.7% of the patients, and the hospital mortality
rate was 61.5%.

The peak SCr was 3.25 *+ 1.51 mg/dl and the mean SCr at
death or discharge was 2.64 * 1.60 mg/dl. Hyperkalaemia
developed in 26.3% of the patients, hypervolaemia in 13.4%,
and 13.4% suffered a gastrointestinal bleeding. The majority
of the patients presented with infection (61.3%) and hypoten-
sion (89.9%).

When patients were divided according to type of ATN, it was
found that 265 (51%) had ischaemic ATN, 201 (38%) had
mixed ATN and 58 (11%) had nephrotoxic ATN.

Comparisons among the three acute tubular necrosis
groups

Age, sex, APACHE Il score and patient classification

Age, sex and APACHE Il score were similar among the three
groups. There was a higher number of medical patients in the
ischaemic group than in the mixed group (54% versus 41%; P
< 0.017). These data are summarized in Table 2.
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Comorbid conditions

More patients in the ischaemic group than in the mixed group
had at least one co-morbid condition (62% versus 49%: P <
0.01). When co-morbid condition were analyzed individually, a
greater frequency of hypertension was observed in the neph-
rotoxic group than in the ischaemic (36% versus 21%; P =
0.02) and mixed groups (18%; P < 0.01). There were no dif-
ferences among the three groups with respect to pulmonary,
hepatic, or cardiovascular co-morbid conditions (Table 2).

Reason for intensive care unit admission

The reasons for ICU admission were similar in the three
groups, with postoperative patients and those with infection
dominating, followed by several other causes (Table 3).

Complications of acute renal failure

Oliguria was more frequent in the ischaemic (49%) and mixed
(58%) ATN groups than in the nephrotoxic ATN group (38%).
However, the difference was statistically significant only
between mixed and nephrotoxic ATN groups (P = 0.01).

Gastrointestinal bleeding was more frequent in the ischaemic
(17%) and mixed (12%) ATN groups than in the nephrotoxic
ATN group (2%; P < 0.01 versus ischaemic group).

Infection was more frequent in the mixed ATN group (749%)
than in the ischaemic (54%; P < 0.01) and nephrotoxic (53%;
P <0.0001) ATN groups.

Hypervolaemia was more prevalent in the mixed (20%) and
ischaemic (14%) ATN groups than in the nephrotoxic group,
although this finding was not statistically significant.

Metabolic acidosis was more frequent in the ischaemic (73%)
and mixed (81%) ATN groups than in the nephrotoxic ATN
group (64%; P=0.01 versus mixed ATN). There were no sta-
tistically significant differences among groups with respect to
the percentage of patients with hyperkalaemia or
hyponatraemia.

On ICU admission, SCr was 1.98 + 0.88 mg/dl in the ischae-
mic ATN group, 1.81 * 0.88 mg/dl in the mixed ATN group
and 1.63 + 0.85 mg/dl in the nephrotoxic ATN group (P =
0.003 versus ischaemic ATN). Peak SCr was higher in the
ischaemic (3.24 *+ 1.59 mg/dl) and in the mixed (3.41 + 1.5
mg/dl) ATN groups than in the nephrotoxic ATN group (2.78
+ 1.03; P < 0.01 versus mixed ATN). The discharge SCr was
also higher in the ischaemic (2.70 + 1.47 mg/dl) and mixed
(2.98 £ 1.56 mg/dl) ATN groups than in the nephrotoxic ATN
group (1.96 £ 0.96 mg/dl; P<0.01 versus mixed ATN).

More patients in the mixed ATN group than in the ischaemic
and nephrotoxic ATN groups underwent dialysis (17%, 9% [P
= 0.01 versus mixed] and 7%, respectively).
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Intensive care unit admission diagnoses according to cause of acute tubular necrosis

Diagnosis/cause of admission

Cause of acute tubular necrosis

Ischaemic (n = 265) Mixed (n =201) Nephrotoxic (n = 58)

Postoperative 80 (30.2%) 81 (40.3%) 24 (41.4%)

Infection 45 (17%) 45 (22.4%) 14 (24.1%)
Trauma 17 (6.4%) 12 (6%) 3 (5.2%)
Neurological 18 (6.8%) 5 (2.5%) 5 (8.6%)
Shock 15 (5.7%) 7 (3.5%) 1 (1.7%)
Gastrointestinal bleeding 20 (7.5%) 17 (8.5%) 0 (0%)
After cardiac arrest 15 (5.7%) 8 (4%) 2 (3.4%)
Pancreatitis 11 (4.2%) 4 (2%) 1 (1.7%)
Cardiac failure 9 (3.4%) 4 (2%) 0 (0%)
Acute respiratory failure 12 (4.5%) 6 (3%) 4 (6.9%)
Metabolic disorders 9 (3.3%) 4 (2%) 0 (0%)
Other 14 (5.3%) 8 (4%) 4 (6.9%)

Data are expressed as n (%).
Data on the patients' clinical picture are summarized in Table
4.

Hospitalization time
Hospitalization time was more prolonged in mixed (10 days,
range 2 to 147 days) and nephrotoxic (8.5 days, range 2 to 49
days) ATN groups than in the ischaemic ATN group (5 days,
range 2 to 69 days; P < 0.0001 versus mixed and P = 0.001
versus nephrotoxic).

Multiple organ failure

The ischaemic and mixed ATN groups had a higher frequency
of multiple organ failure in comparison with the nephrotoxic
ATN group (46% and 55%, respectively, versus 7%; P <
0.0001 for both).

There were more patients with respiratory failure in the ischae-
mic (87%; P < 0.01 versus nephrotoxic) and mixed (96%; P <
0.0001 versus nephrotoxic) ATN groups than in the nephro-
toxic ATN group (69%). There were significantly more patients
with respiratory failure in the mixed ATN group than in the
ischaemic ATN group (P = 0.001).

There was a higher frequency of shock in the ischaemic and
mixed ATN groups than in the nephrotoxic ATN group (83%
and 87%, respectively, versus 14%; P < 0.0001 for both).

The ischaemic and mixed ATN groups included more patients
with hepatic failure than did the nephrotoxic ATN group (14%
and 8%, respectively, versus 3%), but this difference was not
statistically significant.

In the same way, the ischaemic and mixed ATN groups
included comatose patients than did the nephrotoxic group
(40% and 34%, respectively, versus 219%), but the difference
was statistically significant only for ischaemic versus nephro-
toxic ATN groups (P = 0.01).

These data are summarized in Table 4.

Mortality

Mortality was almost twofold higher in ischaemic (66%) and
mixed (63%) ATN patients than in the nephrotoxic ATN popu-
lation (38%; P=0.001 versus ischaemic and P=0.0001 ver-
sus mixed). Logistic regression models were constructed to
evaluate risk factors for death. The first and second analyses
included the ischaemic and mixed ATN groups, respectively.
The third analysis included all patients from the three groups.
The only variable universally related to death in the three anal-
yses was oliguria. The significant variables in the final models
are listed in Table 5.

Discussion
During the past few decades our understanding of the mech-

anisms involved in the development and maintenance of exper-
imental ARF has advanced considerably. However, little has
been integrated into clinical practice to prevent, treat, or accel-
erate recovery of renal function in patients with ARF. In fact,
the mortality rate of patients with ARF remains high, and can
exceed 60% when only ICU patients are analyzed [1-3].

The nature and severity of the factors that trigger renal failure
may partly be responsible for maintaining this increased mor-
tality rate. Nephrotoxic ARF, which is more prevalent in
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Table 4

Clinical features of patients according to cause of acute tubular necrosis

Clinical feature

Cause of acute tubular necrosis

Ischaemic (n = 265) Mixed (n = 201) Nephrotoxic (n = 58)

Multiorgan failure
Respiratory failure
Shock
Hepatic failure
Coma
Infection
Gastrointestinal bleeding
Oliguria
Hypervolaemia
Acidosis
Admission creatinine (mg/dl)
Peak creatinine (mg/dl)
Discharge creatinine (mg/dl)
Dialysis

Mortality

122 (46%)* 110 (55%)* 4 (7%)
230 (87%)* 193 (96%)* 40 (69%)
220 (83%)* 175 (87%)* 8 (14%)
37 (14%)* 16 (8%) 2 (3%)
106 (40%)* 68 (34%) 12 (219%)
143 (54%) 149 (74%)* 31 (53%)
45 (17%)* 24 (12%) 4 (7%)
130 (49%) 116 (58%)* 22 (38%)
37 (14%) 40 (20%) 6 (10%)
193 (73%) 163 (81%)* 37 (64%)
1.98 £ 0.88t 1.81 £0.88 1.63+0.85
3.24 £1.59 3.41 +1.60% 2.78 £ 1.03
2.70 £1.47 2.98 £ 1.56* 1.96 + 0.96
24 (9%) 34 (17%)* 4 (7%)
175 (66%)* 127 (63%)* 22 (38%)

Data are expressed as mean * standard deviation or as n (%). *P < 0.017 ischaemic versus mixed acute tubular necrosis ATN; 1P < 0.017
ischaemic versus nephrotoxic ATN; *P < 0.017 mixed versus nephrotoxic ATN.

Table 5

Logistic regression analysis for mortality risk factors according to cause of acute tubular necrosis

Cause of ATN Factor OR (95% CI) P
Ischaemic Oliguria 3.00 (1.64-5.49) 0.0003
Acidosis 2.14 (1.09-4.19) 0.03
Hyperkalaemia 2.64 (1.2-5.81) 0.015
Multiple organ failure 2.67 (1.35-5.25) 0.005
Mixed Oliguria 1.96 (1.04-3.68) 0.036
One co-morbid condition or more  2.04 (1.09-3.83) 0.024
Ischaemic, mixed and nephrotoxic ATN (all patients)  Oliguria 2.53 (1.68-3.76) <0.001
One co-morbid condition or more  1.88 (1.24-2.84) 0.002
Acidosis 1.90 (1.20-3.04) 0.003
Multiple organ failure 1.90 (1.21-3.02) 0.003
Respiratory insufficiency 2.40 (1.23-4.63) 0.005
Shock 2.29 (1.30-4.08) 0.002

ATN, acute tubular necrosis; Cl, confidence interval; OR, odds ratio.

patients hospitalized in medical wards, is associated with
lower mortality than ARF of ischaemic aetiology [3,6,11]. How-

among patients with ARF from ischaemic, mixed and nephro-
toxic etiology [6].

ever, few studies have analyzed the impact that the triggering

factor (ischaemic or nephrotoxic) has on ARF mortality, or
whether the prognostic factors and characteristics differ
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In the present study the 524 ICU patients with ARF presented
with characteristics similar to those previously reported by
other investigators (such as, advanced age, higher proportion



of males, presence of multiple organ failure and high mortality
rate [62%]). The distribution of the different types of ATN was
also similar to those in other studies reporting frequency of
ischaemic and mixed ATN [1,6,7,12]. In fact, other studies
conducted in ICU patients, both retrospective and prospec-
tive, have demonstrated similar trends toward a greater fre-
quency of multifactorial aetiology and reduced incidence of
isolated nephrotoxicity as the cause of ATN [1,7,12-14]. How-
ever, we found mortality rates in patients with ischaemic (66%)
and mixed (63%) ARF to be almost twice the rate in patients
with nephrotoxic ARF (38%). Weisberg and coworkers [6]
analyzed the placebo group in the Auriculin Anaritide Acute
Renal Failure Study and, consistent with the findings of the
present study, reported mortality rates in patients with ischae-
mic and mixed ARF to be three times the rate in patients with
nephrotoxic ARF. It is conceivable that ischaemia is a deter-
mining factor in mortality rates in patients with ARF. Several
prospective studies have demonstrated the impact of ischae-
mic factors (hypotension, shock, use of vasoactive drugs, sep-
sis) on mortality rates in patients with ARF [1,2,5]. By means
of a prognostic score (Acute Tubular Necrosis-Individual
Severity Index [ATN-ISI]), Liafio and coworkers [5] clearly
demonstrated the protective effect of nephrotoxicity and the
negative impact of ischaemia on mortality rates in this
population.

When all patients were analyzed together by logistic regres-
sion, we found that the type of ATN was not an independent
risk factor for death. Hence, the differences in mortality rates
found between the three ATN groups are probably related to
patient characteristics in each group, with a higher frequency
of factors negatively affecting prognosis among patients with
ischaemic and mixed ATN. There was no difference among
groups in reason for ICU admission or APACHE Il score. How-
ever, the frequency of multiple organ failure, especially involv-
ing cardiovascular, respiratory and neurological systems, was
higher in patients with ischaemic and mixed ATN. Similarly,
complications resulting from renal failure (for example, gas-
trointestinal bleeding, acidosis, oliguria and hypervolaemia)
were more common in these patients. The finding that there
were different independent risk factors for death in the ischae-
mic and mixed groups and for all patients combined supports
the suggestion that the patients in the three groups differed. In
the study conducted by Weisberg and coworkers [6] respira-
tory and liver failures were more prevalent in patients with
ischaemic ATN, and there was no difference between groups
with respect to oliguria.

Oliguria is among the major prognostic factors for mortality in
ARF [1,5,7,15-17], but only one study [6] analyzed its fre-
quency according to type of ATN. Weisberg and coworkers
[6] did not identify any differences in the frequency of oliguria
among patients with ischaemic (26%) and nephrotoxic ATN
(25%). In the present study the frequency of oliguria was
higher among patients with ischaemic and mixed ATN. How-
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ever, on univariate analysis there was a statistically significant
difference only for the mixed and nephrotoxic group. In prog-
nostic scores specific for ARF patients, especially those by
Liafio [5] and Mehta [7] and their coworkers, the importance
of diuresis in these multivariate mortality predictive models is
clear. The impact of diuresis on outcome in patients with ARF
is better characterized when diuresis is analyzed as a continu-
ous variable and not as a categorical variable (oliguric versus
not oliguric) [7,15]. Confirming the importance of diuresis in
determining outcome among ARF patients, oliguria was the
only common prognostic factor for mortality in ischaemic and
mixed ATN and for all patients combined in the multivariate
logistic regression analysis.

The difference in mortality rates between different types of
ATN might also be influenced by the presence of co-morbidity.
When analyzed individually there were no differences in rates
of co-morbidities between the three types of ATN, except for a
higher frequency of arterial hypertension in patients with neph-
rotoxic ATN. In contrast, the proportions of patients with one
or more co-morbid condition were higher among the ischae-
mic and nephrotoxic ATN groups. The presence of at least one
co-morbid condition was an independent risk factor for death
when the entire population and mixed ATN patients were ana-
lyzed but not for ischaemic ATN. In an observational study of
306 critically ill ARF patients [18], the presence of a co-morbid
condition at ICU admission was the only independent risk fac-
tor for mortality. On the other hand, even after adjustment for
differences in co-morbidities, Levy and coworkers [19]
observed that patients with ARF had greater mortality than did
those who did not have renal failure after infusion of iodated
contrast. Therefore, this difference in mortality between the dif-
ferent types of ATN probably not only results from previous
health status but also from the complications caused by the
initial insult.

Few patients underwent dialysis in the present study, similar to
the frequency of dialysis (11%) reported by Clermont and
coworkers [20] in a recent analysis of ARF in the ICU. One
possible explanation for this is that a relatively low creatinine
threshold was used in the definition of ARF; in comparison
with studies using a creatinine of 3 mg/dl or more for diagnosis
of ARF [1], which included a higher proportion of dialyzed
patients. This might have allowed inclusion of patients with
ARF of comparatively lower severity in the present study.
Indeed, in the present study peak creatinine for the three
groups was below 4 mg/dl and, consistent with this, there was
a relatively small percentage of patients with classic indica-
tions for dialysis, such as hyperkalaemia, hypervolaemia and
bleeding. Although the institutional protocol did not impose
any limitation on the use of renal replacement therapy (RRT)
when indicated, at the time of the present analysis haemofiltra-
tion was rarely performed in our institution because of the high
cost of this treatment. This might have limited the use of dialy-
sis in patients with severe haemodynamic instability, which
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was prevalent in both ischaemic and mixed groups. When dia-
lyzed and nondialyzed patients were compared, the mortality
rate was slightly higher in the former group, although this find-
ing was not statistically significant (70.4% in dialyzed versus
60.05% in nondialyzed patients; data not included under
Results, above). The types of RRTs used included intermittent
haemodialysis, slow low-efficiency haemodialysis and perito-
neal dialysis. It is unlikely that this aspect of practice influenced
the outcome of the studied population. Several studies failed
to show increments in patient survival when continuous RRT
was compared with intermittent or hybrid RRT [21-23]. Fur-
thermore, the influence of peritoneal dialysis on ARF progno-
sis is controversial [24,25]. Another possible explanation for
the low rate of dialysis is that, because of the critical condition
of the patients (APACHE Il scores >20), the nephrologist was
called late or not even called at all because of 'do no resusci-
tate' orders. It is interesting that the ICU stay of dialyzed
patients was 20.4 days as compared with 10.8 days in the
nondialyzed group (data not included under results). Thus, it is
conceivable that most of the patients died before they dialysis
was indicated.

Conclusion

This study showed that there are marked differences in clinical
characteristics between the three types of ATN. Ischaemic
and mixed ATN were associated with higher frequencies of
multiple organ failure and complications of ARF. Mortality rates
were clearly higher with ischaemic and mixed ATN than with
nephrotoxic ATN. Although the type of ATN was not an inde-
pendent risk factor for death, the ischaemic group, mixed
group and all patients combined had different independent
risk factors for mortality. The only independent prognostic fac-
tor for mortality common to the three groups was oliguria.

These findings suggest that ATN patients should not be ana-
lyzed as a single population. Such simplistic analysis might
have influenced the results of clinical trials that did not yield
the expected results in ARF patients.
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