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Abstract Objective: To evaluate the
incidence and the circumstances of a
moderate increase in serum creati-
nine early after elective abdominal
aortic surgery. Design: Prospective
clinical observational study. Setting:
Surgical intensive care unit in a uni-
versity hospital. Patients: Two hun-
dred and fifteen consecutive adult
patients operated on for infra-renal
abdominal aortic surgery during
1 year. Interventions: A moderate in-
crease in plasma creatinine of 20%
from preoperative value (renal dys-
function, RD) was systematically 
recorded during the first 3 days fol-
lowing surgery. Organ dysfunctions
(cardiac, pulmonary, haematological,
and neurological) were assessed.
Measurements and results: Forty-
three patients (20%) experienced a
postoperative RD; six of these re-
quired dialysis. RD was associated
with other organ dysfunctions in
60.5% patients. Mortality rate was
significantly higher for patients who

had a RD, than patients without RD
(9.3% vs 1.2%, P<0.02). Mean ICU
stay of patients with RD was signifi-
cantly longer (7.9±5.6 days vs
5.0±1.8 days, P<0.01). However, 
patients with RD but without other
organ dysfunctions had a mortality
rate of 0% and did not have a signifi-
cantly longer stay in ICU than pa-
tients without any organ dysfunc-
tions (5.2±2.1 days vs 4.6±1.2 days,
P=0.09). Conclusion: Our results
suggest that a postoperative 20%-
increase in plasma creatinine after
abdominal aortic surgery is not rare
and occurs frequently with other 
organ dysfunction.
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Introduction

Depending on the definition used for renal dysfunction,
from 2.5% to 45% of patients may develop a renal fail-
ure following abdominal aortic (AA) surgery [1, 2, 3].
Acute renal failure requiring dialysis is considered as a
severe postoperative complication with a high mortality
rate (30–75%) [1, 2, 3, 4, 5, 6] and is mainly related to
progressive multiple organ dysfunction [7, 8]. On the
other hand, little is known about the incidence and the
prognosis of a moderate renal dysfunction after surgery.

The present study was undertaken to evaluate the inci-
dence and the circumstances of occurrence of a moderate
increase in plasma creatinine early after AA surgery.

Methods

Patient selection and management

Two hundred and fifteen consecutive adult patients (24–89 years
old, 198 males) operated on for elective abdominal aortic surgery,
i.e., abdominal aortic aneurysm (AAA), or aorto-iliac occlusive
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disease (AOD), have been prospectively included in a data base
during 1 year.

Perioperative management was standardized for all patients in-
cluding general anaesthesia (benzodiazepine, fentanyl, and isoflu-
rane) and controlled ventilation. The usual cardiac treatment was
maintained until the day of surgery, except diuretics, angiotensin-
converting enzyme (ACE) inhibitor, and anti-arrhythmic drugs
that were stopped the day before surgery. Patients did not receive
contrast media within the 2 weeks preceding surgery. In all pa-
tients mean arterial pressure (MAP) was continuously monitored
through a radial artery catheter. A crystalloid solution (sodium
chloride, Ringer’s) adjusted for blood pressure maintenance was
infused at a rate of 15–20 ml kg h before aortic clamping, reduced
to 10 ml kg h during aortic clamping. Normothermia was ensured
with fluid rewarming and a warming blanket. A cell-saver was
used during the time of surgery. Hypertension and hypotension as
defined as an increase or a decrease in MAP of 20% or more from
pre-induction MAP were treated either with increasing anaesthesia
(fentanyl or isoflurane), or rapid intravenous administration of 
solution (lactated Ringer’s or colloid) or a vasopressor (MAP
≤60 mmHg), respectively. In the intensive care unit (ICU), repeat-
ed boluses of morphine were used to keep the patient pain-free.
Weaning from the ventilator was started during emergence of ana-
esthesia and when stable haemodynamics and normothermia had
been maintained for at least 1 h.

Each patient was carefully and thoroughly examined each day
so that comorbid events were assessed during the first 3 days after
surgery as organ dysfunction: renal dysfunction (RD) was defined
as an increase in plasma creatinine of more than 20% from preop-
erative value and renal failure by the need for dialysis in case of
oligo-anuria, hyperkalaemia, or metabolic acidosis; cardiac dys-
function was defined as the need for inotropic support (dobuta-
mine, adrenaline); pulmonary dysfunction was defined as PaO2/
FiO2 <200 mmHg; haematological dysfunction was defined as a
thrombocyte count <80,000/ml; and neurologic dysfunction was
defined as presence of stroke, confusion or agitation.

Mortality was defined as the incidence of death during the stay
in the postoperative ICU. Morbidity was assessed with the length
of stay in the postoperative ICU.

Data analysis

Data were expressed as mean±SD. Patients with RD were com-
pared with other patients using a Student’s t-test. A Fisher exact
test was used to compare percentages between patients with or
without RD. To determine the relative importance of the postoper-
ative comorbid events on the mortality rate, multivariate analysis
using logistic regression was performed. A stepwise selection of
the variables was used. Two models were used: without interaction
between postoperative comorbid events and with interaction be-
tween postoperative comorbid events using a backward elimina-
tion procedure. The categories with the less favorable outcome
were taken as reference level, all the other categories were includ-
ed in the model. Odds-ratio (OR) and their confidence intervals
(CI 95%) were calculated. To assess the predictive ability of the
model, concordance rate between predicted and observed respons-
es was calculated. The goodness-of-fit of the logistic regression
model was assessed using the likelihood ratio test and Hosmer and
Lemeshow test. The statistical software SAS version 6.11/UNIX
was used for statistical analysis. A P value of <0.05 was consid-
ered significant.

Results

Patient characteristics and surgery

Patients were 24–89 years old, and most of them were
male (92.1%). One hundred and seventy-one cases were
scheduled for AAA, and AOD surgery involved 44 pa-
tients (Table 1). The surgery was performed with a mean
aortic cross clamping time of 67.9±28.8 min. Vasopres-
sor support, inotropic support, and homologous blood
transfusion were administered in 6.0%, 1.4%, and 15.3%
of patients, respectively.

Incidence of renal dysfunction and comorbid events

RD occurred in 43 patients (20%); six of these (13.9%) or
2.8% of all study patients required dialysis. Pulmonary,
hematological, neurological, or cardiac dysfunction oc-
curred in 38 patients (17.7%), 31 patients (14.4%), 31 pa-
tients (14.4%, two out of 31 experienced a stroke), and 19
patients (8.8%), respectively. Three or more associated
organ dysfunctions (OD) occurred in 19 patients (8.8%).
Cardiac dysfunction was significantly related with either
pulmonary, neurologic or renal dysfunctions (P<0.05).

RD occurred without any other OD (isolated RD) in
17 patients (39.5% of all RD patients), and one patient
(5.9%) of these 17 needed dialysis. RD was associated
with other OD as follows: neurological dysfunction in
30.2% patients (one stroke), cardiac dysfunction in
27.9%, pulmonary dysfunction in 20.9%, and hemato-
logical dysfunction in 18.6%. Three or more associated
OD occurred in 14 patients (32.6%). Preoperative and
peroperative characteristics of patients who experienced
a RD or not are presented in Table 2.
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Table 1 Patient characteristics. Mean (SD) (range) or number
(%). (AAA abdominal aortic aneurysm surgery, AOD aortic occlu-
sive disease surgery)

Preoperative data
Age, years 67.3±8.9 (24–89)
Creatinine, µmol/l 111.9±63.5 (56.4–649)
ASA classification II/108; III/88; IV/19

Preoperative treatment
Nitrates 15.8%
Calcium antagonists 21.4%
Diuretics 13%
β-adrenergic blocking drugs 10.2%
ACE inhibitors 18.6%
Digitalis 2.8%
Amiodarone 7.9%

Surgery
AAA 171 (79.5%)
AOD 44 (20.5%)



Mortality and morbidity

Death occurred in six patients (2.8%) and mean stay in
postoperative ICU was 5.6±3.2 days (from 2 days to
26 days). Mortality rate increased with the number of
OD: mortality rate was 1% for two OD, and 21.1% for
more than three OD (P<0.01). Length of stay in ICU in-
creased with the number of OD (from 0 days to
4:4.7±1.2 days to 9.7±5.8 days, P<0.01).

Four patients (9.3%) out of the 43 who developed a
RD died; the mortality rate was significantly higher
than in patients without RD (1.2%, P<0.02) and in-
creased with the number of combined organ dysfunc-
tions: 0% for RD associated with one other OD, and
28.6% for RD associated with more than two other ODs
(P<0.02). Three out of the six patients (50%) who
needed dialysis died (P<0.01 versus patients without
dialysis). Patients who experienced an isolated RD had
a mortality rate of 0%, which was not significantly dif-
ferent from patients without any OD (n=115) (0.8%,
P>0.99). The logistic regression without interaction be-
tween postoperative comorbid events confirmed that
the most important prognostic factor of mortality was
cardiac dysfunction (OR=69.6; 95% CI: 7.6 – 637.7).
Concordance rate between predicted and observed re-
sponses was good (77.8%). Hosmer and Lemeshow
Goodness-of-fit test was not significant. The logistic
regression with interaction between postoperative co-
morbid events did not reveal any significant relation
between comorbid complications that may have influ-
enced the mortality rate.

When compared to patients without RD the mean
ICU stay of patients with RD was significantly longer
(7.9±5.6days vs 5.0±1.8 days, P<0.01). Patients with
isolated RD did not have a significantly longer stay in

ICU than patients without any OD (5.2±2.1 days vs
4.6±1.2 days, P=0.09).

Discussion

The study demonstrates that the incidence of a moderate
increase in creatinine (RD) shortly after elective infrare-
nal abdominal aortic surgery is 20%. In the context of
elective surgery, the patients who experienced RD had
preoperative altered renal function and prolonged aortic
cross clamping time and more transfusion requirement.
RD is mostly associated with other organ dysfunctions.

Creatinine is not a real-time descriptor of glomerular
filtration rate (GFR). However, it is considered a practi-
cal and reasonable approach to use it for defining acute
renal failure [9]. The increase in serum creatinine from
the preoperative value has been already used to detect
postoperative RD [10, 11]. However, the cut-off values
of the increase in serum creatinine from baseline were
higher, 30–40% [10, 11]. An increase in plasma creati-
nine of more than 20% from preoperative value has a
good specificity (0.99) to detect a decrease in creatinine
clearance of at least 20%, but a low sensitivity (0.46)
[12]. A low sensitivity means that significant reduction
in creatinine clearance may not be detected by a moder-
ate increase in serum creatinine. Nevertheless, using cre-
atinine clearance which is thought to be a reliable marker
of GFR, a 20% decrease from baseline gave a 24% inci-
dence of postoperative RD in patients operated on elec-
tive abdominal surgery [13]. Therefore, although reduc-
ing the threshold of renal impairment detection automati-
cally increases the incidence of RD [14], a 20% increase
in postoperative serum creatinine may be appropriate to
discriminate patients with or without GFR impairment.
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Table 2 Factors associated with renal dysfunction

RD No RD iRD No OD
n=43 n=172 n=17 n=115

Preoperative
Male gender 90.7% 92.4% 76.5%b 93.1%
Age, years 69.4±7.9 66.8±9.0 69.4±9.0 65.9±9.2
Hypertension 34.9% 33.1% 52.9% 32.1%
Diabetes mellitus 4.7% 7.6% 0% 6.1%
Diuretic treatment 16.3% 12.2% 23.5% 8.7%
ACE inhibitor treatment 18.6% 18.6% 17.6% 15.7%
Serum creatinine, µmol/l 130.4±91.7a 107.1±53.2 157.6±135.2b 103.6±34.5

Peroperative factors
AAA surgery 79.1% 79.7% 70.6% 80.0%
Aortic clamping time, min 76.0±32.3a 65.8±27.5 65.2±22.8 63.2±26.5
Vasopressor support 6.9% 5.8% 5.9% 5.2%
Inotropic support 4.7% 0.6% 0% 0%
Transfusion 27.9%a 12.2% 5.9% 8.7%

a P<0.05 between patients with renal dysfunction (RD) and patients without renal dysfunction (no RD)
b P<0.05 between patients with isolated renal dysfunction (iRD) and patients without any organ dysfunction (no OD)



The incidence of acute renal failure requiring dialysis
(2.8%) and the early postoperative mortality rate (2.8%)
are close to the range reported in larger studies (2–5%,
and 5–7%) [2, 5].

Patients who suffered from postoperative RD under-
went other organ dysfunction in 60.5% cases with multi-
ple organ failure (three or more organ dysfunctions) in
almost 33%. MOF has been already described after ab-
dominal aortic surgery and has been mainly observed in
patients with preoperative altered renal function who un-
derwent prolonged or emergent surgery, with periopera-
tive episodes of cardiovascular impairment (hypotension
and low cardiac output) [8, 15]. In the present study, be-
sides neurological dysfunction which consisted of tran-
sient postoperative delirium more than stroke, cardiac

dysfunction was the most frequent associated dysfunc-
tion with RD. Cardiac dysfunction, which occurred in
27.9% patients with RD, significantly influenced the out-
come. A great proportion of patients (83.3%) who re-
quired an inotropic support in the postoperative period
died. Death incidence following surgical repair of ab-
dominal aortic surgery is closely related to the occur-
rence of MOF (21.1% patients with more than three OD
died) [3, 6, 7, 8, 16]. Nevertheless cardiac dysfunction
may have a prominent role in initiating MOF and death;
it is the association of OD with cardiac dysfunction that
worsens the early postoperative death rate. Conversely,
when postoperative RD occurs alone, it is not associated
with postoperative death or increased length of stay in
postoperative ICU.
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