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Purpose:Acute kidney injury (AKI) is a frequent complication in high-risk patients undergoingmajor surgery and
is associated with longer hospital stay, increased risk for nosocomial infection and significantly higher costs.
Materials and methods: A prospective observational study exploring the incidence of AKI (AKIN classification at

any stage) in high-risk patients within 48 hours after major abdominal surgery was conducted. Patients' preop-
erative characteristics, intraoperative management, and outcomewere evaluated for associationswith AKI using
a logistic regression model.
Results:Data from258 patients were analyzed. Thirty-one patients (12%) developed AKI, reaching the AKIN stage
1. No patient reached an AKIN stage higher than 1. AKI patients were older (75.2 vs 70.2 years; P = 0.0113) and
had a higher bodymass index (26.5 vs 25.1 kg/m2). In addition, AKI patients had a significantly longer ICU length
of stay (3.4 vs 2.4 days; P= .0017). Creatinine levels of AKI patients increased significantly compared to the pre-
operative levels at 24 (P= .0486), 48 (P= .0011) and 72 hours (P= .0055), while after 72 hours it showed a
downwards trend. At ICU discharge, 28 out of 31 patients (90.3%) recovered preoperative levels.
Multivariate analysis identified age (OR 1.088; P= .002) and BMI (OR 1.124; P= .022) as risk factors for AKI de-
velopment. Moreover, AKI development was an independent risk factor for ICU stays longer than 48 hours (OR
2.561; P= .019).
Conclusions: Mild AKI is a not rare complication in high-risk patients undergoing major abdominal surgery. Al-
though in almost the totality of cases, the indicators of renal function recovered to preoperative levels, post-
operative AKI represents a primary risk factor for a prolonged ICU stay.

© 2016 Elsevier Inc. All rights reserved.
1. Introduction

Acute kidney injury (AKI) is a frequent postoperative complication
after major surgery [1,2]. A recent international cross-sectional study
(AKI-EPI) [3], with the aim to analyze the epidemiology of AKI in pa-
tients admitted to intensive care unit (ICU), showed that 48.1% of AKI
patients had surgery before ICU admission, confirming its high preva-
lence in post-surgical population. AKI is associated with longer hospital
interest to declare.
ital, Largo Brambilla 3, 50100,
stays, increased risk for nosocomial infections, and significant burden on
costs [4–6]. Its importance as a risk factor for a worse prognosis in non-
cardiac, non-thoracic, and non-vascular patients has been emphasized
[7,8]. Over the last 10 years, the diffusion and application of guidelines
and recommendations on diagnosis and management of kidney dys-
function has alerted physicians regarding this previously overlooked
issue, leading to a significant increase in diagnostic capability and epide-
miologic research of patients with AKI [9–12]. Although great attention
is focused on kidney function, to date, many aspects of postoperative
AKI remain uncertain, and the relationship between perioperative care
and renal dysfunction has not been fully addressed [7,13].

The aim of the present study was to evaluate the incidence and pre-
disposing factors of AKI in high-risk patients undergoingmajor abdom-
inal surgery.
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2. Methods

2.1. Setting and study population.

All high-risk patients (less than 6 metabolic equivalent (MET) [14],
and/or a Revised Cardiac Risk Index for Pre-Operative Risk (RCRI) ≥3
[15] scheduled for major abdominal surgery (colectomy, hepatic resec-
tion, pancreatic surgery, esophageal resection, gastric surgery [16]),
were electively admitted to the ICU [17–20] and included in the study
group. The AKI group included all those patients who met the AKIN
criteria during the 48 hours following surgery (any stage) [10]. In
order to specifically address the potential impact of surgical and anaes-
thesiology approaches on renal function, and limit the possibility of
mid/long term confounding factors (eg, sepsis, hemodynamic impair-
ments, or other complications), according to AKI definitions [11] and
based on recent literature observations [21], patients included were
those who developed AKI within 48 hours after surgery. The following
perioperative data were recorded: age, body mass index (BMI), comor-
bidities (arteriopathy, diabetes, arterial hypertension, ischemic heart
disease, chronic obstructive pulmonary disease), surgical technique
(open laparotomy, videolaparoscopic, robotic-assisted), surgical time,
ICU length of stay (LoS), basal (pre-operative) and daily serum creati-
nine, urinary output, and fluid balance. The Institutional Ethics Commit-
tee approved the study. Informed consent was obtained from all the
participants.
2.2. Intraoperative management

Intraoperative fluid therapy was set at 5 mL/kg per hour of crystal-
loid solutions (lactate's Ringer or Acetate Ringer) [22] in both open
and minimally invasive techniques performed with pneumoperitone-
um (no carbon dioxide re-uptake and warming was used). During sur-
gery, the attending anesthetist was free to administer additional fluid
boluses. Anesthesia was delivered according to personal preference
of the attending anaesthesiologists (total intra-venous or bal-
anced) and adapted to entropy-based neuromonitoring (Entropy,
GE Healthcare, Milwaukee, WI). Arterial blood pressure was moni-
tored with radial catheter (20 gauge). Fluid administration was
based on pulse pressure variation (PPV [%] = (PPmax − PPmin) /
[(PPmax + PPmin)/2] * 100; GE Healthcare; Milwaukee, USA),
keeping it under 10% [23]. Mean blood pressure was maintained
above 65mmHg. Central body temperaturewasmonitoredwith a naso-
pharyngeal probe and kept at 36.5-37 °C. Neuromuscular block was
monitored with the Train of Four ratio (E-NMT Module, GE Healthcare,
Milwaukee, U.S.A).
2.3. Statistical analysis

The SPSS 21 (SPSS Inc, Chicago, IL) was used for statistical analysis.
Continuous variables were analyzed with the two-tailed Mann-
Whitney U test. Categorical variables were studied using Fisher exact
test. A 2-sided P b .05 was considered to be statistically significant. Con-
tinuous variables are expressed as mean (SD). In order to define the
possible clinical factors associated with the development of AKI, a mul-
tivariable logistic regression model (backward selection) was adopted
(covariates were retained in the model if the P value was b .1). The
odds ratio (OR) and 95% confidence interval (CI) were computed. The
ICU LoS was dichotomized at 48 hours in consideration that patients in-
cluded were admitted in ICU for postoperative management and moni-
toring (thus foreseeing a LoS ≤48 h).

Expecting proportion of AKI patient in our population was 7.5%
[1], we estimated to enroll at least 192 patients to guarantee a mar-
gin of error, equal or less than 5% (5%-15%) using a 95% confidence
level.
3. Results

During a 9-month study period, a total of 899 patients underwent
general surgery: among them, 258 met the inclusion criteria and were
enrolled in the study (Fig. 1). Baseline and clinical characteristics of
the patients are summarized in Table 1. Overall, 31 patients (12%) de-
veloped AKI, reaching AKIN stage 1 during the first 48 hours. Two pa-
tients developed AKI after the first 48 hours and, according to study
protocol, were excluded: one patient reached AKIN 1 stage at postoper-
ative day 5 and the second one reached AKIN 1 stage on day 7.

The mean age of AKI patients resulted significantly higher than the
NO-AKI group (75.2 (8.9) vs 70.2 (11.2) years; P= .0113), as well as
BMI (26.5(3.4) vs 25.1(4.4) Kg/m2; P= .0067). Surgical approaches
are summarized in Fig. 1, including a groupwith both videolaparoscopic
and robotic-assisted techniques (both performed with pneumoperito-
neum). AKI patients had significantly longer ICU LoS than NO-AKI
group (3.4 (1.9) vs 2.4 (1.7) days; P= .0017) (Table 1).

Fig. 2 shows the serum creatinine level trends:whereas the preoper-
ative mean creatinine levels were similar between the two groups, AKI
patients showed significantly higher levels during the study period than
NO-AKI patients (Mann-Whitney test, Pb .001). Increase in creatinine
was statistically significant at 24 hours (P= .0486), at 48 hours (P=
.0011), and at 72 hours (P= .0055). After 72 hours the creatinine levels
showed a downward trend, and, at the end of monitoring (day 5 after
surgery), 28 out of 31 patients (90.3%) recovered preoperative levels
of creatinine. In order to evaluate difference in creatinine trend from
the third day onwards a generalized estimating equation linear regres-
sion model was used. The difference in slope between AKI and NO-AKI
groups was not statistically significant (P= .2929). Three patients did
not recover baseline creatinine after the first 5 postoperative days but
were eventually discharged from the hospital with a creatinine level in-
significantly different to the preoperative one. Among groups, neither
fluid balance (Fig. 3) nor urinary output (Fig. 4) differed significantly
during the study period.

Table 2 summarizes multiple logistic regression analyses, which in-
cluded age, gender, BMI, surgical technique and duration, and comor-
bidities. Age (OR 1.088, 95% CI 1.032-1.146, P= .002) and BMI (OR
1.124, 95% CI 1.017-1.242, P= .022) were independent risk factors for
early postoperative AKI development, whereas videolaparoscopic surgi-
cal technique resulted an independent protective factor for AKI (OR
0.264, 95% CI 0.093-0.746, P= .012).

Based on the observation that AKI patients showed a significantly
longer ICU LoS, a multivariate analysis was also performed to verify if
AKI could be an independent risk factor for a longer ICU stay. The
model included age, gender, BMI, surgical technique, operation dura-
tion, comorbidities: AKI was associated with a significant increased
risk to have an ICU stay longer than 48 hours (OR 2.561, 95% CI 1.169-
5.068; P= .019).

4. Discussion

The main finding of this study was that a consistent incidence of
early AKI (within 48 hours) after major abdominal surgery in high-
risk patients (12%) occurs. Interestingly, in this cohort only 2 patients
had delayed AKI (later than 48 hours post-operatively), showing that,
in the context of uncomplicated high risk surgery, delayed AKI is a
rare occurrence. Despite the fact that in this population early AKI sever-
ity never exceeded stage 1, and most of them (90.3%) recovered before
ICU discharge, this study clearly shows that AKI is a strong predisposing
factor for prolonged ICU stay (OR 2.561). This result is even more inter-
esting considering thatwe designed the study excludingmany potential
confounding factors (eg, need of transfusion) to focus the attention on
surgical population without factors known to increase AKI incidence.

A recent large retrospective study on about 160,000 patients under-
goingmajor surgery (about 45,000 of themunderwent general surgery)
[24] showed an incidence of stage 1 AKI of 9.4%, similar to the



Fig. 1. AKI and NO-AKI patients among open, videolaparoscopic and robotic surgery. The fourth group was composed by the sum of patients who underwent to videolaparoscopic and
robotic surgery (“pneumoperitoneum group”).
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percentage found in our sample, and confirmed that the development of
stage 1 AKI represents a primary risk factor for a prolonged ICU (and
hospital) stay. In their retrospective study, which included long-term
observations, Grams et al. showed also that AKI patients had a higher
risk of hospital readmission, mortality, and development of end-stage
renal failure [24], proportionally with any AKI stages. The incidence of
AKI in our population was also similar to another recent systematic re-
view [25], inwhich Authors calculated a post-operative AKI incidence of
13.4% in patients undergoing to abdominal surgery.

The other 2 findings of our study were the association of AKI devel-
opment with age and BMI. Age is a well-known risk factor for renal
function impairment [26], since the kidney function reserve decreases
with age and, due to this natural phenomenon, even minor injury can
Table 1
Baseline and clinical characteristics of the overall population, AKI and NO-AKI patients

Overall

Number (%) 258
Male sex, N (%) 151 (58.5%)
Age (years) 70.8 ± 11.1
BMI 25.2 ± 4.3
Surgical technique, N (%)
Open 143 (55.4%)
Videolaparoscopic 90 (34.9%)
Robotic 25 (9.7%)
Videolaparoscopy + robotic (pneumoperitoneum) 115 (44.6%)

Surgical time (min) 265 ± 134
Open 264 ± 125
Videolaparoscopic 246 ± 139
Robotic 339 ± 147
Videolaparoscopy + robotic (pneumoperitoneum) 266 ± 145

ICU length of stay (days) 2.5 ± 1.7
Open 2.8 ± 1.9
Videolaparoscopic 2.1 ± 1.5
Robotic 2.6 ± 1.6
Videolaparoscopy + robotic (pneumoperitoneum) 2.2 ± 1.5

Continuous data are expressed as mean ± standard deviation (SD).
Percentages of patients with male sex and surgical techniques having AKI and NO-AKI are refe
Videolaparoscopic and robotic (and videolaparoscopic + robotic) techniques were compared t
Statistical analysis: two-tailed Mann-Whitney test and two tails Fisher's exact test. P significan
Abbreviations: BMI, body mass index; ICU, Intensive Care Unit.
produce function impairment. Obesity is known to be a “generic” risk
factor for numerous pathologies, due to its impact on metabolism and
microcirculation. However, it has recently been shown that a high BMI
is an independent risk factor for AKI both in general surgical [27] and
in cardiac surgical patients [28]. Moreover, the study of Grams and Col-
leagues [24] confirmed that both age and BMI are independent risk fac-
tors for postoperative AKI development.

Although urine output is one of the criteria for AKI diagnosis togeth-
er with creatinine increase, in our cohort of patients, diuresis showed a
different behavior and trend between AKI and NO-AKI groups. This may
be explained by the use of (a higher dose of) diuretics, very common in
most critically ill patients who are those receiving the highest fluid
amount and consequently are at highest risk for fluid accumulation
NO-AKI AKI P

227 (88%) 31 (12%)
130 (57.3%) 21 (67.7%) .3325
70.2 ± 11.2 75.2 ± 8.9 .0113
25.1 ± 4.4 26.5 ± 3.4 .0067

123 (54.2%) 20 (64.5%)
85 (37.4%) 5 (16.1%) .0507
19 (8.4%) 6 (19.4%) .2303
104 (45.8%) 11 (35.5%) .3372
259 ± 126 309 ± 177 .1608
264 ± 121 267 ± 143 .9528
332 ± 261 241 ± 130 .4573
428 ± 176 311 ± 130 .1909
384 ± 215 254 ± 132 .0264
2.4 ± 1.7 3.4 ± 1.9 b .0017
2.6 ± 1.9 3.6 ± 1.8 .0154
3 ± 2.4 2.1 ± 1.4 .4375
3.2 ± 1.9 2.4 ± 1.5 .4044
3.1 ± 2 2.1 ± 1.4 .1171

rred to total population of AKI and NO-AKI populations, respectively.
o the open technique.
t if b .05.



Fig. 2. Creatinine levels in AKI and NO-AKI patients. Values are expressed as mean (SD). Statistical analysis: two-tail Mann-Whitney test. *Pb .0001: AKI vs NO-AKI; §P= .0486: preoper-
ative vs day 1 in AKI patients; #P= .0011: preoperative vs day 2 in AKI patients; ##P= .0055: preoperative vs day 3 in AKI patients.
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and AKI. Although diuretics are not recommended by current guidelines
for AKI prevention or treatment [29], they have a pivotal role for volume
management in order to avoid fluid overload andweight gain especially
when renal function is reduced [30].

The best postoperative management in order to avoid AKI has been
investigated bymany authors. In patients undergoing elective colorectal
resection, Brandstrup and coauthors showed that a restricted perioper-
ative intravenous fluid regimen (aimed to avoid body weight gain) was
associated with a decrease in overall post-operative complications, in-
cluding renal failure, even if Brandstrup and coauthors limited the anal-
ysis of AKI incidence to patients who required dialysis [31]. More
recently, Prowle and coworkers proposed that fluid restriction and
Fig. 3. Fluid balance in AKI and NO-AKI patients from intraoperativ
vasoactive supportmight obtain better results in terms of renal function
protection [32]. However, the better fluid administration strategy is still
highly debated since fluid loading always represents a “double-edged
sword” [22,33,34].

Intriguingly, our data suggested a potential protective role of
videolaparoscopic surgery, despite increased abdominal pressure due
to pneumoperitoneum (Table 1). On one hand, increased intra-
abdominal pressure may have direct and indirect negative effects on
kidney function due to several mechanisms: direct compression on
the renal parenchyma; reduced renal blood flow due to cardiac output
(caused by reduced venous return); increase in blood CO2; and in-
creased vascular resistance. All these effects can result in a reduced
e time until ICU discharge. Values are expressed as mean (SD).



Fig. 4. Urinary output in AKI and NO-AKI patients from intraoperative time until ICU discharge. Values are expressed as mean (SD).
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glomerular filtration rate [11,35]. In addition, alterations in systemic and
renal hemodynamic may activate the renin-angiotensin-aldosterone sys-
tem, which further increases renal vascular resistance [36,37]. On the
other hand, we should consider that 12 mmHg is the highest pressure
usually reached during robotic or laparoscopic surgery, which repre-
sents the threshold for abdominal hypertension definition [38]. Impor-
tantly, surgical stress and tissue trauma, clearly more intense in open
than in minimally invasive surgery, is thought to be associated with
the postoperative inflammation [39]. Inflammatory mediators are
important components of both the initiation and extension of kidney in-
jury [7]. Therefore, laparoscopic and robotic surgerymay exert a protec-
tive role for kidney function by limiting inflammation although this
aspect need to be confirmed in studies focused on.
5. Conclusions

In conclusion, early AKI is a relatively frequent occurrence in high-
risk patients undergoing major abdominal surgery. We found a signifi-
cant impact of AKI on ICU LoS, especially in elderly and obese patients.
This should encourage clinicians to focus their attention on such specific
patients given that, even if not severe, early renal dysfunction in the
post-operative phase has clinically relevant effects.
Table 2
Multivariate regression analysis for predictors of AKI development (backward selection;
entry criterion of Pb .05 and a removal criterion of PN .1)

OR 95% CI P

Age 1.088 1.032-1.146 .002
BMI 1.124 1.017-1.242 .022
Videolaparoscopic surgery 0.264 0.093-0.746 .012

Abbreviations: OR, odds ratio; CI, confidence interval.
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