Intensive Care Med (1998) 24: 808-814
© Springer-Verlag 1998

ORTGINAL

G. Vivino

M. Antonelli
M.L.Moro

F. Cottini
G.Conti

M. Bufi
F.Cannata
A.Gasparetto

Received: 22 September 1997
Accepted: 14 May 1998

G. Vivino - M. Antonelli (&) - F. Cottini -
G. Conti - M. Bufi - F.Cannata -

A. Gasparetto

Istituto di Anestesiologia e Rianimazione,
Universita La Sapienza, Policlinico
Umberto I, Viale del Policlinico, 155,
00161 Rome, Italy

Tel.: +39 (6) 4463101/2

Fax: +39 (6) 4461967

email: max.antonelli@flashnet.it or
manton@uniromal.it

M.L.Moro

Laboratorio di Epidemiologia

¢ Biostatistica, Istituto Superiore di Sanita,
Rome, Italy

Risk factors for acute renal failure

in trauma patients

Abstract Objective: To elucidate the
risk factors for the development of
acute renal failure (ARF) in severe
trauma.

Design: Prospective observational
study.

Setting: A general intensive care unit
(ICU) of a university hospital.
Patients: A cohort of 153 consecu-
tive trauma patients admitted to the
ICU over a period of 30 months.
Results: Forty-eight (31 %) patients
developed ARF. They were older
than the 105 patients without ARF
(p = 0.002), had a higher Injury Se-
verity Score (ISS) (p < 0.001), high-
er mortality (p < 0.001), a more
compromised neurological condi-
tion (p = 0.007), and their arterial
pressure at study entry was lower

(p = 0.0015). In the univariate ana-
lysis, the risk of ARF increased by
age, ISS > 17, the presence of he-
moperitoneum, shock, hypotension,

Introduction

or bone fractures, rhabdomyolysis
with creatine phosphokinase

(CPK) > 10000 IU/1, presence of
acute lung injury requiring mechan-
ical ventilation, and Glasgow Coma
Score < 10. Sepsis and use of ne-
phrotoxic agents were not associ-
ated with an increased risk of ARF.
In the logistic model, the need for
mechanical ventilation with a posi-
tive end-expiratory pressure > 6 cm
H,0, rhabdomyolysis with

CPK > 10000 IU/1, and hemoperito-
neum were the three conditions
most strongly associated with ARF.
Conclusions: The identified risk fac-
tors for post-traumatic acute renal
failure may help the provision of fu-
ture strategies.

Key words Acute renal failure -
Trauma - Rhabdomiolysis -
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Although the etiology is not completely understood,

Acute renal failure (ARF) is a serious complication of
trauma and has a high mortality [1]. In large trauma pop-
ulations a low incidence of ARF is generally reported
(from 0.098 to 8.4 %) [1, 2]. Retrospective studies [3, 4]
focused only on those trauma patients who developed
ARF and required dialysis. Great importance for the de-
velopment of ARF after trauma was attributed to pre-ex-
isting pathological conditions such as diabetes, hyperten-
sion, etc. [1, 4], but a prospective analysis of the risk fac-
tors, espectally for the more severely ill patients admitted
to the intensive care unit (ICU), is still lacking.

the early literature suggested that ARF was primarily
secondary to crush injuries and rhabdomyolysis [5],
while more recent publications cite decreased renal per-
fusion as the most common cause of this complication
[6,7].

The alteration betwen oxygenation and energy de-
mand, as seen during trauma, may induce damage to or
death of tubular cells [8-10]. Moreover, improvements
in treatment, including the introduction of dialysis,
have not changed the mortality of ARF [11, 12]. The
prospective characterization of risk factors of post-trau-
matic ARF remains crucial and could help to reduce the
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frequency of this complication with adequate early
treatment.

We prospectively analyzed 153 multiple trauma pa-
tients admitted to a general ICU to identify these risk
factors.

Patients and methods

Study population and data collection

All trauma patients consecutively admitted to the general ICU
from December 1991 to May 1994 were prospectively enrolled in
the study. The following information was collected for each pa-
tient: demographics, severity of trauma according to the Injury Se-
verity Score (ISS) [13], severity of coma according to the Glasgow
Coma Scale (GCS) [14]. presence of head, thoracic, and abdominal
trauma, rib and bone fractures, hemorrhagic shock, hypovolemic
shock, rhabdomyolysis, hematological dysfunction [15], acute lung
injury (ALI) [16] and use of mechanical ventilation with or without
positive end-expiratory pressure (PEEP), and presence of pre-ex-
isting medical conditions such as diabetes, hypertension, ischemic
heart disease, chronic obstructive pulmonary disease (COPD),
and obesity [3].

During the stay in the [CU, patients were monitored daily for
the onset of ARF, sepsis, sepsis syndrome, septic shock. circulatory
failure, multiple organ failure (MOF) [15], and use of nephrotoxic
agents (i.e., aminoglycosides and radiographic contrast agents).

Volume restoration was accomplished following guidelines for
volume replacement and filling pressure monitoring reported else-
where. Briefly, 3 1 of crystalloid solution was infused for each liter
of estimated blood loss. In the operating room, patients received
2 1 of crystalioid solution for each liter of whole blood replacement
and in the recovery room crystalloid solution was given to maintain
vital signs and urine flow and blood to maintain hemoglobin level
and adequate tissue oxygenation [17].

In order to prevent ventilator-induced disturbances in cardiac,
renal, and pulmonary function, frequent monitoring of hemody-
namic and oxygen transport parameters and appropriate adjust-
ment of tidal volume, PEEP, fluid infusion rate, and inotropic ther-
apy was carried out [17].

Aminoglycosides were administered in a single daily-dose regi-
men, instead of the equivalent dose given 3 times a day. For exam-
ple, tobramycin administered at 5 mg/kg per day was injected in a
single bolus instead of three divided doses. Antibiotic dosages
were adjusted on the basis of calculated clearance of creatinine,
when indicated.

All data were stored in a computer database using a standard-
ized worksheet. All patients with chronic renal failure were exclud-
ed from the study.

Definitions

ARF was defined as an increase in serum creatinine to levels great-
er than 2 mg/di (182 umol/1) [6-15] or > 20 % with respect to basal
values, if these values were already greater than 182 pmol/l. Early
ARF was defined as the preselected rise in serum creatinine level
in the first 6 days after admission [1].

Rhabdomyolysis was defined as an increased concentration of
creatine phosphokinase (CPK) in serum at least 5 times the basal
values, with the presence of compartmental syndrome [18]. Sepsis,
sepsis syndrome, and septic shock were diagnosed following the

criteria previously defined by the consensus conference on sepsis
[19].

Circulatory shock (hemorrhagic and hypovolemic) was defined
as hypotension lasting at least 1 h (systemic arterial pressure
<90 mmHg or a drop > 40 mm Hg with respect to basal values)
and not responding to conventional administration of fluids and/
or requiring doses of dopamine > 6 pg/kg per min [15, 20]. Cardiac
failure was diagnosed in accordance with Goris et al. [15].

ALI was diagnosed in accordance with the European-Ameri-
can consensus conference [16], taking into account the score as-
signed to the arterial oxygen tension/fractional inspired oxygen ra-
tio < 300, evidence of diffused radiographic pulmonary infiltrates,
and pulmonary capillary wedge pressure < 18 or lack of clinical
evidence of left atrial hypertension.

Pneumonia and eventual bacteremia were defined as reported
elsewhere [21].

Data analysis

Data were analyzed using the BMDP statistical package (BMDP
statistical software, Los Angeles, 1990). Odds ratios (OR), confi-
dence intervals, and a Pearson chi-square test with Yates’ correc-
tion or a Fisher’s exact test were calculated to identify which fac-
tors were most related to ARF. When confidence intervals for
ORs were not reliable, exact limits were calculated. A multiple lo-
gistic regression was then performed to obtain an adjusted esti-
mate of the ORs and to identify which factors were independently
associated with ARF. All variables which showed a p value below
0.25 in the univariate analysis were entered in the model. A signif-
icant improvement in the log likelihood function was the main cri-
terion for entering variables in the model. The effect of possible
confounding factors was determined by introducing them in the fi-
nal model and noting the change in the coefficients of the risk fac-
tors.

Results

During the study period, 153 patients were admitted for
trauma to the ICU. These patients mainly consisted of
men (79.7%), whose mean age was 37.6 & 19.6 years.
The average ISS for all patients was 28.1 11, 77 pa-
tients (50.3 %) presented a GCS < 10, and 28 (18.3%)
had a GCS < 5. Fifty-nine patients (38.3 %) died. Mean
length of stay in the ICU was 17.8 + 22.9 days.
Ninety-two patients (60.1 %) with ALI required me-
chanical ventilation. Rhabdomyolysis was present in 67
(43 %) patients. Fifty-eight patients had a CPK serum
concentration < 10000 IU/1 and 9 > 10000 1U/1. Sepsis,
sepsis syndrome, or septic shock was observed in 46 pa-
tients (30%). The incidence of pre-existing medical
conditions did not differ between the patients who de-
veloped ARF and those who did not: diabetes 2 (4%)
and 7 (7%), hypertension 3 (6%) and 12 (11%), is-
chemic heart disease 2 (4%) and 5 (5%), COPD 3
(6%) and 3 (3%), obesity 4 (8% ) and 9 (8 %).
Asshown in Table 1, 48 (31 %) patients of the 153 de-
veloped ARF according to the definitions. These pa-
tients were older than the 105 (69 %) patients without
renal failure (p =0.002), were more severely ill
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Table 1 Characteristics and outcome for the whole population stu-
died. Values are mean + SD

Without Acute renal p
renal failure failure
Number of patients (%} 105 (69) 48 (31)
Age (years) 34+6 45+ 17 0.002
GCS 11+3 814 0.007
1SS 26+8 35+9 <0.001
Rescue time (min) 70+ 16 68+ 18 0.6
Patients transported by
helicopter (%)? 4(4) 1(3) 0.5
MAP at admission
(mm Hg) 101£19 87+ 23 0.0015
Fluids before ICU
admission (mi/kg perh)® 175 19+6 0.3
Urine output at admission
(ml/h) 108 + 55 95+ 76 0.2
Patients receiving PRBC
or plasma (%)° 32 (30) 28 (58) 0.002
Male (%) 85 (81) 37(77) 03
Died (%) 19 (18) 40 (83) <0.001
Length of ICU stay (days) 17%19 1617 0.7
RRT (%) None 12 (25) < 0.001
Discharge with ARF None None
Discharge with dialysis None None
Nephrotoxic agents (%) 52 (49) 21 (44) 0.6
Surgical procedures (%) 26 (25) 15 (31) 0.5
Sepsis (%) 27 (26) 19 (40) 0.06

(GCS Glasgow Coma Score, ISS Injury Severity Score, MAP
mean arterial pressure, PRBC packed red blood cells, RRT renal
replacement therapy)

2 The vast majority of patients (96 % of trauma patients without re-
nal failure and 97 % of patients with renal failure) were transport-
ed by ambulance

b Fluids before ICU admission denotes the amount of fluid infused,
not including PRBC and plasma

¢ Each patient received a minimum of 4 units PRBC and 5 units of
plasma

(p =0.001), had a higher mortality (p < 0.001), had a
more compromised neurological condition as assessed
by GCS (p = 0.007), and their mean arterial pressure at
study entry was lower (p = 0.0015). Fifty-two (49 %) pa-
tients without renal failure and 21 (44%) with ARF
received aminoglycosides as nephrotoxic agents
(p = 0.6). The number of surgical procedures did not dif-
fer between the two groups, and the length of stay was
similar as well as the amount of fluids infused before ad-
mission. Urine output at admission to the ICU was
slightly higher for patients who did not develop ARF in
comparison to those who did (108 + 55 ml/h vs 95 + 76,
p =0.2). ARF occurred in 8/11 {72 %) patients who had
hemoperitoneum (5 splenic and 3 hepatic ruptures) (Ta-

ble 3). Patients with ARF more frequently received
packed red blood cells and plasma (p = 0.002).

Thirty-two (66 %) patients developed early renal
failure. Seventeen (55 %) of these 32 were hypotensive
at admission to the ICU (mean arterial pressure
< 80 mm Hg) compared with only 3 (18 %) of the 16 pa-
tients who developed late renal failure (p = 0.022, Fish-
er’s exact test).

Among the 48 patients with ARF, 21 (43%) had a
serum creatinine value >2 mg/dl (182 pymol/l) and 27
(56%) had a level = 4 mg/dl (363 pmol/l). These two
subgroups of patients with ARF had similar characteris-
tics (Table 2). Mortality was higher for patients whose
serum creatinine level was = 4 mg/dl (363 pmol/l), but
this difference was not significant (p = 0.06). Patients
with ARF and higher creatinine values had a lower ur-
ine output at admission (p = 0.003), received a smaller
amount of fluids before admission (p = 0.0006), and
there were more who required renal replacement ther-
apy (p = 0.0004) (Table 2).

All patients who received renal replacement therapy
died due to severe MOF. No patient was discharged
with the diagnosis of chronic renal failure or needed
longterm chronic dialysis.

The factors significantly associated with ARF in the
univariate and multivariate analyses are shown in Ta-
ble 3. In the univariate analysis, the risk of onset of
ARF was increased by increasing age, an ISS > 17, the
presence of hemoperitoneum, shock, hypotension,
and bone fractures, rhabdomyolysis with CPK
>10000 IU/, ALI requiring mechanical ventilation,
and a GCS < 10.

By contrast, sepsis, use of nephrotoxic agents (that is,
nephrotoxic antibiotics), thoracic trauma, presence of
pelvic fractures or ruptured kidney, and hematological
dysfunction were not associated with an increased risk
of ARF in either the univariate or the multivariate
analysis. The variable MOF identified only 7 patients
whose MOF occurred before ARF. Since all these pa-
tients developed AREF, it was impossible to include this
variable in the model.

In the logistic regression model, the need for me-
chanical ventilation with PEEP > 6 cm H,O, rhabdo-
myolysis with CPK > 10000 IU/1, and hemoperitoneum
were the three conditions most strongly associated with
ARF. Each of these conditions increased the risk by
ARF at least 14-fold. The severity of coma, with a
GCS <5, emerged as another important factor capable
of increasing five-fold the risk of ARF (Table 3). Long
bone fractures were associated with ARF also after
stratification by rhabdomyolysis (66.7% of patients
with bone fractures had a CPK > 10000 IU/,
p = 0.0001) or by shock (55 % of patients with bone frac-
tures also were in shock, p = 0.002).
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Table 2 Characteristics of the 48 patients with ARF stratified by
serum creatinine values CRE. Values are mean + SD or numbers
(%)

CRE >2 CRE >4 p
(182 pmol/l) (363 pmol/l)
No. of patients 21 27
Male (%) 13 (62) 23 (89) 0.10
Discharge (%) 6 (29) 2(7) 0.05
Died (%) 15 (71) 25(93) 0.06
Age (years) 44+ 12 46+ 10 0.3
ISS 37112 32+10 0.2
GCS <10 (%) 14 (67) 16 (60) 0.4
Hematological dysfunction
(%) 2 (10) 5(19) 0.3
Multiple fractures (%) 8 (38) 727) 0.27
Long bone fractures (% ) 10 (48) 10 (38) 0.32
Cardiac failure (%) 7 (33) 31D 0.07
Acute lung injury (%) 19 (90) 25 (96) 0.4
Muitiple organ failure (%) 7 (33) 14 (53) 0.2
Nephrotoxic agents (%) 7 (33) 15 (60) 0.1
Rhabdomyolysis (%) 11 (52) 11 (42) 0.3
Sepsis (%) 6 (29) 13 (50) 0.14
Hemorrhagic shock (%) 2 (10) 7(27) 0.14
Abdominal trauma (%) 6 (29) 6 (23) 04
Head trauma (%) 14 (68) 16 (62) 023
Thoracic trauma (%) 6 (29) 14 (54) 0.09
MAP at admission
(mmHg) 88 £ 28 87 %27 0.9
Urine output at admission
(ml/h) 13275 70 + 60 0.003
Fluids before ICU
admission (ml/kg per h)? 206 15+4 0.0006
RRT (%) 0 12 (46) 0.0004
Early renal failure (% )P 16 (76) 16 (59) 0.08
Patients receiving PRBC
or plasma (% )* 9 (43) 19 (70) 0.1

(GCS Glasgow Coma Score. ISS Injury Severity Score, MAP
mean arterial pressure, PRBC packed red blood cells, RRT renal
replacement therapy)

2 Fluids before ICU admission denotes the amount of fluid infused,
not including PRBC and plasma

b Renal failure was defined as “early” if it occurred within the first
6 days after admission

¢ Each patient received a minimum of 4 units PRBC and 5 units of
plasma

Discussion

In retrospective studies on large trauma populations, a
low incidence of ARF is generally reported (from 0.098
to 8.4 %) [1, 2]. In our population of patients, the inci-
dence was higher (31 %), probably due to different fac-
tors. First, the present study was prospective and con-

centrated only on more severe trauma patients admitted
to intensive care, with no comparison with the general,
less severe trauma population. Second, our definition
of ARF was broader than in other studies [1] and in-
cluded not only patients who needed dialysis. Defini-
tions of ARF have often been very different. Notably,
in a recent review [8, 22] of 26 studies on postoperative
renal failure, no two studies used the same definition of
ARF. Commonly used definitions of ARF [8] include
an increase in serum creatinine of > 0.5 mg/dl
(44 umol) over baseline values, an increase of more
than 50 % over baseline values, a reduction in the calcu-
lated creatinine clearance of 50 %, or a decrease in renal
function that results in the need for dialysis. However,
studies on the general intensive care population report
an incidence of ARF similar to that in our trauma pa-
tients admitted to the ICU [23].

The major finding of the present sutdy was that an in-
creased age, an ISS higher than 17, mean arterial pres-
sure below 80 mmHg, hemoperitoneum, circulatory
shock, bone fractures, rhabdomyolysis with CPK
> 10000 IU/, ALI requiring mechanical ventilation, ab-
dominal trauma, and a GCS < 5 were all important risk
factors for the onset of ARF.

In the past, ARF in trauma patients was reported to
be mainly secondary to crush injuries and rhabdomyoly-
sis [5], whereas more recently decreased renal perfusion
has emerged as the most common cause of ARF [1, 6, 7,
24-25].

Hemoperitoneum, bone fractures, and circulatory
shock are all capable of inducing renal hypoperfusion,
due to hypovolemia. It is noteworthy that 20 of the
48 patients who developed ARF had a lower mean ar-
terial pressure, confirming the possibility of renal hypo-
perfusion.

In the logistic regression model, other factors such as
rhabdomyoloysis with CPK > 10000 IU/l or hemoperi-
toneum were associated with ARF more strongly than
hypotension. Sixty-seven patients developed rhabdo-
myolysis, and 23 of them developed ARF. The incidence
of ARF rose when the CPK serum levels increased.
When rhabdomyolysis was associated with bone frac-
tures, the frequency of ARF increased proportionally
with CPK serum levels. Another important association
was that between bone fractures and shock. These three
variables were strictly associated, confirming the impor-
tance of trauma extension as one of the major determi-
nants for ARF. The importance of extensive injuries
was previously stressed by Regel et al. [2] in a retrospec-
tive analysis of 3406 cases.

Abdominal trauma and hemoperitoneum were other
risk factors for ARF. During trauma, the consequences
of elevated intra-abdominal pressure are also significant
determinants for the impairment of renal function [26,
27]. One limitation of the present study was the lack of
measurements of intra-abdominal pressure, which could
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Table 3 Risk factors for ARF: univariate and multivariate analysis (OR odds ratio, 95 % CI 95% confidence interval, MV mechanical

ventilation)
Variables Patients Univariate analysis Multivariate analysis®
ARF (%) p
OR 95% CI OR 95% CI

Age (years)® 2.82 1.36-5.84 1.61 1.22-2.13
Glasgow Coma Score

>10 76 237 1.00

6-10 49 327 1.56 0.70-3.49 1.80 0.47-6.81

<5 28 50.0 322 1.29-8.07 6.31 1.44-27.6
1SS

<16 28 7.1 1.00

17-32 88 30.7 5.75 1.26-26.3 11.70 1.06-130

>32 37 51.4 13.7 2.8-67.2 17.10 1.48-198
Mean arterial pressure (mm Hg)

> 80 113 24.8 1.00

<80 40 50.0 3.04 1.42-6.48
Respiratory failure

No 44 13.6 1.00

Yes, Venturi mask 17 17.6 1.36 0.30-6.25 1.00 0.14-7.01

Yes, MV, PEEP < 6 cm H,0O 77 36.4 3.62 1.35-9.70 2.89 0.63-13.2

Yes, MV, PEEP > 6 cm H,O 15 733 17.4 4.11-73.8 20.70 2.53-169
Mutltiple organ failure (MOF)

No or following ARF 146 281 Not calculable

Yes 7 100.0
Rhabdomyolysis

No 86 29.1 1.00

Yes, CPK < 10000 UI/l 58 293 1.01 0.46-2.24 1.44 0.47-4.35

Yes, CPK > 10000 UI/1 9 66.7 4.88 1.12-21.3 17.70 2.22-141
Shock

No 126 27.8 1.00

Yes 27 48.1 241 0.95-6.13
Hemoperitoneum

No 142 28.2 1.00

Yes 11 72.7 6.80 1.70-27.2 11.90 1.73-81.6
Long bone fractures

No 106 255 1.00

Yes 47 447 2.36 1.14-4.89 4.08 1.37-121
Abdominal trauma

No 126 27.8 1.00

Yes 27 48.1 2.41 1.03-5.69
No. of patients 153 48

2 Age has been analyzed as interval variable by decades
® Only variables indipendently associated with ARF, entered in the
final model, are reported. Goodness of fit 2, p = 0.953; Goodness

have confirmed the hypothesis. Multiple logistic regres-
sion recognized only hemoperitoneum as an indepen-
dent variable. ARF occurred in 72% of patients who
had hemoperitoneum due to splenic and hepatic rup-
tures. This finding appears to be relevant, as the inci-
dence of splenic or liver rupture with consequent hemo-
peritoneum is reported to be 36 % in large trauma popu-
lations |2].

An important iatrogenic risk factor for the onset of
AREF in our group of trauma patients was the need for
mechanical ventilation for the treatment of ALI, which

of fit ¥?> (Hosmer-Lemeshow), p =0.90; Goodness of fit x>
(C.C.Brown), p = 0.616

increased the relative risk at least three-fold. This risk
increased dramatically when PEEP was > 6 cm H,O,
despite volume replacement, maintenance of normal
filling pressures, and adequate oxygen delivery. In the
general population, it has been clearly demonstrated
[28] that mechanical ventilation requiring high airway
pressure to maintain adequate gas exchange reduces re-
nal perfusion, due to the increased hydrostatic pressure
over the entire venous compartment.

Patients with more compromised neurological condi-
tions (GCS <5) were at major risk to develop ARF.
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One explanation of this finding could be the longer re-
quirement for artificial supports (as mechanical ventila-
tion) for those patients neurologically more compro-
mised, who stay longer in the unit and are more exposed
to possible complications. Regel et al. [2] reported pro-
longed ICU stay for those patients with severe head in-
jury.

The use of nephrotoxic antibiotics deserves a specific
comment. The incidence of aminoglycoside nephrotoxi-
city has ranged from 5 to 36 % in most studies [29, 30].
Seventy-three patients received a single daily dose of
aminoglycosides due to bacterial isolates, but the use of
this nephrotoxic agent was not a risk factor for ARF.
This contradicts the report of Hock and Anderson [29],
who found that the use of nephrotoxic agents may favor
the onset of ARF in the general population. This dis-
crepancy can be explained by the attitude of our unit to-
ward administering aminoglycosides in a single daily-
dose regimen, rather than giving the equivalent dose in
a three-times-a-day regimen. Recent studies showed
the efficacy and safety of a single-dose regimen [29, 31].

Patients with a serum creatinine level greater than
2 mg/dl (182 umol/l) and patients with levels equal to
or greater than 4 mg/dl (363 pmol) had similar charac-
teristics. Both groups of patients had a high mortality,
despite differing severity of renal failure. Those patients
with higher serum creatinine values had a lower urine
output at admission and received a smaller amount of
fluids. All trauma patients received an average of
1200 ml/h of fluids before ICU admission, not including
plasma and blood transfusions. Other authors recom-

mended larger amounts of fluids [2, 17]. This findings
suggests that a suboptimal fluid replacement may have
increased the risk for ARF in the hypotensive patients,
stressing the need of a thorough policy of fluid infusion
during the first few hours after trauma. Regel et al. [2]
showed that, during recent decades, the dramatic in-
crease in fluid administration to trauma patients in the
first 24 h after injury has sensibly reduced the incidence
of complications, including ARF, and improved out-
come. Moreover, in that study, 74 % of the trauma popu-
lation were transported by helicopter with a shorter res-
cue time. Our university hospital is located downtown
and does not have a landing area close by for helicop-
ters, so the vast majority of trauma patients (97 %) are
transferred by ambulance after the rescue. This factor
certainly prolonged the time interval before hospital ad-
mission and implied a delayed stabilization of clinical
conditions.

Twelve patients (25 % ) with a serum creatinine great-
er than 4 mg/dl (363 pmol) necessitated renal replace-
ment therapy. All these patients died due to irreversible
MOF. Although hemodialysis and hemofiltration can be
used to correct the life-threatening metabolic complica-
tions of ARF, they do not reduce attributable mortality,
reported in recent series at 42 to 88 % [12].

Therefore, prevention of ARF in severe trauma pa-
tients admitted to the intensive care unit remains cru-
cial. The risk factors for post-traumatic ARF identified
in the present study may help the provision of future
strategies.
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