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Abstract

Objectives: The study aimed to investigate the incidence and risk factors of acute kidney injury (AKI) in elderly
patients (aged > 75 years) undergoing major nonvascular abdominal surgery.

Methods: The study was a retrospective study that evaluated the incidence of AKl in patients within 48 h after major
abdominal surgeries. Patients’ preoperative characteristics and intraoperative management, including the use of
nephrotoxic medications, were evaluated for associations with AKI using a logistic regression model.

Results: A total of 573 patients were included in our analysis. A total of 33 patients (5.76%) developed AKI, and 30
(90.91%), 2 (6.06%) and 1 (3.03%) reached the AKl stages 1, 2 and 3, respectively. Older age (adjusted OR, aOR 1.112,
95% confidence interval, Cl 1.020-1.212), serum albumin (@OR 0.900, 95% Cl 0.829-0.977), baseline eGFR (aOR 3.401,
95% Cl 1.479-7.820), the intraoperative occurrence of hypotension (@OR 3.509, 95% Cl 1.553-7.929), and the use of

treating at-risk patients.

factors

hydroxyethyl starch in combination with nonsteroidal anti-inflammatory drugs (@OR 3.596, 95% Cl 1.559-8.292) or
furosemide (aOR 5.724, 95% Cl 1.476-22.199) were independent risk factors for postoperative AKI.

Conclusions: Several risk factors, including intraoperative combined administration of HES and furosemide, are
independent factors for AKI during abdominal surgeries. Anesthesiologists and surgeons should take precautions in
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Background

Acute kidney injury (AKI) is defined as an abrupt
decrease (within hours) in kidney function that encom-
passes both injury (structural damage) and impair-
ment (loss of function). AKI occurrence complicates
the recovery course and worsens the outcome in hospi-
talized patients [1]. Patients with AKI have a higher risk

*Correspondence: yansuying10@sina.cn

! Department of Pharmacy, Xuanwu Hospital, Capital Medical University,
National Clinical Research Center for Geriatric Diseases, 45 Changchun Street,
Beijing 100053, Xicheng District, China

Full list of author information is available at the end of the article

B BMC

of developing chronic kidney disease (CKD) and end-
stage renal disease, resulting in morbidity, mortality, and
increased economic burden [1, 2]. Proper management
of AKI offers survival benefits [3]. Identifying risk factors
for AKI is critical to developing preventive and therapeu-
tic management strategies for the occurrence of AKI.
Surgery is a major factor for AKI. The literature on
perioperative AKI focuses primarily on cardiac and major
vascular surgeries. General intra-abdominal surgery has
been identified as a high risk for developing AKI among
noncardiac general surgery procedures. The prevalence
of AKI after abdominal surgery was 0.8% to 22.4% [4-7].
AKI risk factors after abdominal surgery include older
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age, high body mass index (BMI), male gender, and mor-
bidities of type 2 diabetes, hypertension, and ischemic
heart disease [6—8]. Furthermore, the perioperative use
of nephrotoxic drugs, such as furosemide, hydroxyethyl
starch (HES), non-steroidal anti-inflammatory drugs
(NSAIDs), and contrast agents, can negatively influence
perioperative renal function and are considered as pos-
sible risk factors for postoperative AKI [9-11].

Very few studies investigated risk factors for AKI in
elderly patients after abdominal surgery. Therefore, this
retrospective cohort study was aimed to identify the inci-
dence and risk factors (clinical characteristics, comor-
bidities, intraoperative use of nephrotoxic drugs) of
postoperative AKI in the first 48 h after major non-vas-
cular abdominal surgery in elderly 75 years and older.

Methods

Patients and study design

We conducted a retrospective cohort study of patients
aged >75 years who underwent scheduled major non-
vascular abdominal surgery from January 2016 to Decem-
ber 2020 at Xuanwu Hospital, Capital Medical University,
China. Major abdominal surgery was defined as when-
ever the intraperitoneal approach was performed under
general anesthesia, and the predictable length of stay for
patients in a given diagnosis-related group exceeded two
days [3]. Exclusion criteria were 1) End-stage kidney dis-
ease (ESKD) patients receiving renal replacement therapy
(RRT) or kidney transplant recipients, and 2) patients
without at least a baseline serum creatinine (SCr) value
and at least two Scr values during hospitalization on two
different days. Only the first surgery was considered for
analysis for patients undergoing more than one surgery
within the same hospitalization.

Variables and data collection

A data collection sheet was used to collect the demo-
graphic (age, gender, body mass index) and clinical char-
acteristics of the relevant patients. The following clinical
data were collected 1) preoperative disease states: hyper-
tension, diabetes mellitus, ischemic heart disease, con-
gestive heart failure (CHF), cerebrovascular disease,
chronic obstructive pulmonary disease (COPD), solid
malignancy, and hematologic malignancy, 2) preopera-
tive laboratory values: hemoglobin, SCr, serum albumin
(ALB), alanine aminotransferase (ALT), and aspartate
aminotransferase (AST), 3) surgical approach (laparos-
copy, laparotomy), 4) surgical site (colorectal, gastric,
hepato-biliary-pancreatic, small bowel), 5) intraoperative
characteristics: operative time (min), duration of anes-
thesia (min), intraoperative occurrence of hypotension
(IOH), amount of crystalloids use (L), and blood loss
(mL), and 6) intraoperative drugs: vasoactive drugs, and
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nephrotoxic drugs (hydroxyethyl starch HES, NSAIDs,
furosemide). The American Society of Anesthesiologists
(ASA) score, the Charlson Comorbidity Index (CCI)
score, and the Revised Cardiac Risk Index (RCRI) score
were calculated and recorded. All variables were col-
lected from electronic clinical records, including intraop-
erative data recorded by anesthesiologists.

Definitions and calculations
The Kidney Disease: Improving Global Outcomes
(KDIGO) criteria were used to define and stage AKI
severities [12]. SCr measurements on the first and sec-
ond postoperative days were compared with preoperative
SCr (baseline) measurements. AKI was defined based
on changes in SCr: an increase in SCr by>0.3 mg/dL
(>26.5 umol/L) within 48 h or an increase in SCr to>1.5
times baseline. Therefore, AKI was classified into stage 1
(SCr 1.5-1.9 times baseline or>26.5 pmol/L increase),
stage 2 (SCr 2.0-2.9 times baseline), and stage 3 (SCr>3
times baseline or postoperative SCr> 354 umol/L with
elevations of at least 26.5 pmol/L from baseline or ini-
tiation of RRT) [13]. The estimated preoperative glo-
merular filtration rate (eGFR) was calculated using
the CKD-EPI equation. For a more detailed analysis of
the cohort according to preexisting kidney function,
patients were classified into two groups: the CKD group
(eGFR<60 mL/min/1.73m?) and the non-CKD group
(eGFR > 60 mL/min/1.73m?) [12]. Acute kidney disease
(AKD) refers to a prolonged kidney injury (functional
and/or structural abnormalities) that continues for at
least seven days and maximum of 90 days [12].
Intraoperative systolic blood pressure (SBP) and
diastolic blood pressure (DBP) were recorded every
5 min. Mean arterial pressure (MAP) was calculated as
(2/3DBP+1/3SBP). When blood pressure was meas-
ured both invasively and noninvasively, invasive meas-
urements were used for analysis. IOH was defined as
MAP <65 mmHg [14]. The ASA score was used to evalu-
ate the preoperative physical state based on five classes
(I to V) [15]. The RCRI score was calculated to identify
patients at risk of developing postoperative complica-
tions. Each risk factor is assigned a single point: high-
risk surgical procedure, history of ischemic heart disease,
history of CHE, history of cerebrovascular disease, pre-
operative treatment with insulin, and preoperative
Scr>2.0 mg/dL [16]. The intraperitoneal procedure was
considered high risk in all cases in this study.

Statistical analysis

Continuous variables are expressed as mean = standard
deviation and categorical variables as the number and
percentage of cases. Comparisons between patients with
and without AKI were performed using the Student’s
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t-test or the Mann—Whitney U test for numerical data
and X2 test or Fisher’s exact test for categorical data.
Independent predictors of AKI were evaluated with the
logistic regression method. The risk factors for AKI were
first evaluated with univariate analysis, and the statisti-
cally significant variables P<0.05 were included in the
multivariate analysis with forward conditional elimina-
tion of data. Data are presented as odds ratios (OR) with
95% confidence intervals (CI). The Hosmer—Lemeshow
test was used to test the goodness of fit for logistic regres-
sion models. A two-tailed P value<0.05 was considered
significant. Analysis was performed using SPSS 23.0.

Results

There were 674 patients initially included in this study,
of whom 623 underwent general anesthesia surgery,
and 50 patients were excluded due to missing SCr val-
ues (8.03%). A total of 573 patients met the inclusion
and exclusion criteria and were included in the analy-
sis (Fig. 1). Not all patients had their SCr values meas-
ured on the first and second postoperative days: 12
patients (2.09%) had missing SCr values on the first
postoperative day, and 67 (11.69%) had absent SCr
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values on the second postoperative day. Among these
patients, 33 (5.76%) developed AKI, with thirty patients
(90.91%) classified as stage 1, two patients (6.06%) as
stage 2 and one patient (3.03%) as stage 3. There were
139 laparoscopic and 434 laparotomy surgeries, and
the incidences of AKI were 11 (7.91%) and 22 (5.07%),
respectively (Table 1).

In the 33 patients with AKI, 26 patients (78.79%)
had normalized SCr values within a week. One patient
(3.03%) required RRT on postoperative day 2 based on
the deterioration of renal function and clinical status. The
patient Scr returned to normal on the postoperative day
14, and RRT treatment was discontinued. Four patients
(12.12%) were admitted to the intensive care unit (ICU)
3-7 days after surgery due to postoperative complica-
tions but ultimately recovered within 13-22 days and
were discharged. Two patients (6.06%) died on postop-
erative days 31 and 74 due to sepsis after surgery. Seven
patients had abnormal Scr values for more than seven
days and met the diagnostic criteria for AKD. Mortality
or ICU admission data was not collected among the non-
AKI patients, therefore, whether AKI associated with
ICU admission or increased mortality was not analyzed.

All abdominal surgical procedures 674

A

General anesthesia surgeries
623 (92.43%)

A 4

Preoperative SCr measurements available
578 (85.76%)

\ 4

Postoperative SCr measurements available
573 (85.01%)

A\ 4
AKI 33
(5.76%)

Fig. 1 The flow chart of the patient selection. AKI=acute kidney injury; SCr=serum creatinine

No AKI 540
(94.24%)
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Table 1 Characteristics of patient, medication, and procedure-related factors in patients with and without AKI after abdominal surgery

Factors All patients AKI non-AKI P
(n=573) (n=33;5.76%) (n=540; 94.24%)

Preoperative clinical characteristics

Male, n(%) 297(51.83%) 11 (33.33%) 286 (52.96%) 0.032
Age +SD, years 81.30+£4.433 83.12+£4.574 80.66 £4.109 0.001
Body mass index:l:SD(kg/mz) 23.50+3.608 23.13+£3.806 23.53+3.601 0.537
Hypertension, n(%) 359(62.65%) 19 (57.58%) 340 (62.96%) 0.535
Diabetes mellitus, n(%) 131(22.86%) 9 (27.27%) 122 (22.59%) 0.535
Ischemic heart diseases, n(%) 128(22.34%) 8(24.24%) 120 (22.22%) 0.787
Congestive heart failure, n(%) 20(3.49%) 2 (6.06%) 18 (3.33%) 0.734
Cerebrovascular diseases, n(%) 98(17.10%) 5(15.15%) 93 (17.22%) 0.759
COPD, n(%) 12(2.09%) 2 (6.06%) 10 (1.85%) 0311
Solid malignancy, n(%) 234(40.84%) 11 (33.33%) 223 (41.30%) 0.366
Hematological malignancy, n(%) 2(0.35%) 0 2(0.37%) 1.000
Preoperative laboratory test
Serum hemoglobin (g/L) 119.59418.549 11544421437 119.84418372 0.193
Serum albumin (g/L) 3532+4.707 3212+£4.742 3551+4.643 <0.001
Alanine aminotransferase (u/L) 39.07+75.260 73454 86.665 36.95474.142 0.024
Aspartate aminotransferase(u/L) 44.75486.239 83.45+106.515 4236484451 0.037
Baseline eGFR (mL/min/1.73 m?) 70.66 £ 26.686 63.69423.753 9547 +381.386 0.633
Baseline eGFR (mL/min/1.73 m?) <60 76(13.26%) 15(45.45%) 61(11.30%) <0.001
ASA score 2894.522 3.184+0.635 28740510 0.001
ASA score > 3, n(%) 45(7.85%) 8(24.24%) 37(6.85%) <0.001
Charlson score 6.31+.023 7.15+2.6% 6.26+1.969 0.071
Charlson score > 7, n(%) 222(38.74%) 15 (45.45%) 207 (38.33%) 0415
RCRI score 0.53+0.672 0.85+0.755 0.51£0.663 0.005
Non-renal RCRI score 0.5240.665 0.76 £0.751 0.50£0.657 0.033
Surgical approach 0.213
Laparoscopic, n(%) 139(24.26%) 11 (7.91%) 128 (92.09%)
Laparotomy, n(%) 434(75.74%) 22 (5.07%) 412 (94.93%)
Operative site 03817
Colorectal, n(%) 151(26.35%) 8 (24.24%) 143 (26.48%)
Gastric, n(%) 30(5.24%) 3(9.09%) 27 (5%)
Hepato-biliary-pancreatic, n(%) 274(47.82%) 15 (45.45%) 259 (47.96%)
Small bowel, n(%) 118(20.59%) 7 (21.21%) 111 (20.56%)
Intraoperative characteristics
Duration of anesthesia (min) 200.28 +113.031 202.97 +81.471 200.124+114.836 0.850
Operative time (min) 142.944100.231 14152477704 143.034£101.594 0.933
IOH, n(%) 116(20.24%) 16 (48.48%) 100 (18.52%) <0.001
Amount of crystalloids use (L) 337.704+340428 378.794395.883 335.194337.324 0476
Blood loss (mL) 68.52+162.091 484545242 69.74£166.503 0465
Vasoactive drug use, n(%) 472(82.37%) 26 (78.79%) 446 (82.59%) 0578
Usage of nephrotoxic drugs
Hydroxyethy! starch, n(%) 210(36.65%) 5(15.15%) 205 (37.96%) 0.008
NSAID, n(%) 75(13.09%) 2 (6.06%) 73 (13.52%) 0333
Hydroxyethyl starch 4+ NSAID, n(%) 101(17.63%) 12 (36.36%) 89 (16.48%) 0.004
Hydroxyethy! starch 4 furosemide, n(%) 13(2.27%) 5(15.15%) 8 (1.48%) <0.001

AKl acute kidney injury, COPD Chronic obstructive pulmonary disease, eGFR estimated glomerular filtration rate, ASA American Society of Anesthesiologists, RCR/
Revised Cardiac Risk Index, IOH intraoperative occurrence of hypotension, NSAIDs nonsteroidal anti-inflammatory drugs

Data were presented as median (interquartile range) for continuous variables or number(percentage) for categorical variables
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Demographic, clinical characteristics and periopera-
tive factors in patients with or without AKI were com-
pared (Table 1). Patients who developed AKI were older
(83.12 vs. 80.66 years, P=0.001) with more females
(66.67% vs. 47.04%, P=0.032), higher ASA score (3.18
vs. 2.87, P=0.001), to be in ASA IV/V (24.24% vs. 6.85%,
P<0.001), and had a higher RCRI score (P=0.005) and
non-renal RCRI score (P=0.033). There were no signifi-
cant differences in comorbidities between the two groups.
Among preoperative laboratory variables, ALB values
were significantly lower (32.12 vs. 35.51 g/L, P<0.001),
and the ALT (P=0.024) and AST values (P=0.037)
were significantly higher in the AKI group than in the
non-AKI groups. More patients with eGFR<60 mL/
min/1.73 m? developed postoperative AKI (45.45% vs.
11.3%, P<0.001). Furthermore, patients with AKI were
more likely to have IOH (P<0.001), intraoperative use of
HES (P=0.008), and combined use of HES with NSAIDs
(P=0.004) and HES with furosemide (P<0.001).

We performed a multivariate logistic regression analy-
sis to determine the preoperative and intraoperative risk
factors for the development of AKI. Variables included
age, sex, preoperative ALB, ALT, and AST, baseline
eGFR<60, ASA score, RCRI, non-renal RCRI scores,
IOH, HES, HES with NSAIDs, and HES with furosem-
ide. We identified that age (adjusted OR, aOR=1.112;
95% CI, 1.020-1.212), serum albumin (aOR=0.900;
95% CI, 0.829-0.977), eGFR<60 (aOR=3.401; 95%
CI, 1.479-7.820), IOH (aOR=3.509; 95% CI, 1.553-
7.929) and combined therapy of HES with NSAIDs
(aOR=3.596; 95% CI, 1.559-8.292) or HES with furo-
semide (aOR=5.724; 95% CI, 1.476-22.199) were inde-
pendent predictors of the development of postoperative
AKI (Table 2). The Hosmer—Lemeshow test for multivar-
iate models revealed good fits (y>=4.119, P=0.846). The
AUROC was 0.814 (Fig. 2).

Discussion

Postoperative AKI remains one of the leading causes of
mortality, prolonged hospital stay, and increased hospital
costs [6—8, 17]. In our analysis, about 8% of patients did
not have an available SCr value before and after surgery.
Romagnoli et al. [18] demonstrated that 14% of patients
undergoing a scheduled major abdominal surgery did not
have SCr values available. Efforts to obtain SCr values
should be made before and after scheduled surgeries to
assess patient’s kidney function and to prevent the occur-
rence of kidney injury, especially in elderly patients.

Our study reveals that the incidence of AKI was 5.76%
in the elderly aged 75 years and older who underwent
major nonvascular abdominal surgery, and 3.03% of the
patients required RRT. Li et al. [4] and Kheterpal et al.
[19] reported overall AKI rates of 1.1% and 1.0% after
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intra-abdominal surgeries. In our study, the incidence of
AKI was lower than in several other studies. Causey et al.
[20] reported an incidence of 11.8% in patients subjected
to colorectal surgeries. Chen et al. [21] reported an AKI
rate of 10.9% in elderly patients with chronic hyperten-
sion undergoing major gastrointestinal surgery. Teixeira
et al. [6] found an incidence of AKI of 22.4% after abdom-
inal surgeries. Direct comparison of these studies is dif-
ficult, as AKI criteria, age restrictions, surgical types, and
hospital settings are inconsistent. In our study, we were
unable to collect data on urinary output. Therefore, the
assessment of AKI according to SCr alone could not have
identified AKI in patients with low urine output. Addi-
tionally, some patients did not have Scr values before
and after surgeries, and this could also be the reason for
the low incidence of AKI. Many studies confirmed that
increased mortality and incident CKD risks are associ-
ated with AKD [22, 23]. Although no relevant data were
collected in this study, it can be intuitively seen that the
prognosis of the seven AKD patients was poor (four
admitted to ICU, two died, and one required RRT).

The key in the management of AKI is prevention, as
there are no effective pharmacotherapies for AKI. Vari-
ous predictive models have been developed to stratify
risk in patients undergoing surgeries. In our study, after
controlling for confounders, age, baseline ALB, eGFR,
IOH, and combined treatment of HES with NSAIDs or
HES with furosemide were independent predictors of the
development of postoperative AKI. Age is a well-known
risk factor for renal function impairment in studies [5,
8, 24, 25]. The capacity of the kidney to adapt to hemo-
dynamic changes decreases with age, and even minor
injuries can produce functional impairment. Impaired
renal function, lower eGFR [4, 7, 26, 27], and ALB [28,
29] are also known factors for postoperative AKI dur-
ing perioperative surgeries. Patients should be screened
for these risk factors before surgery. CKD is associated
with increased perioperative morbidity and mortality,
even when adjusted for other variables such as hyperten-
sion or diabetes [30], and preoperative eGFR should be
evaluated in all elderly patients. During the perioperative
period, close monitoring of renal function should be pro-
vided to patients with preexisting renal insufficiency to
prevent the occurrence of AKL

Similar to other studies, we also found an associa-
tion between IOH episodes and postoperative AKI [31,
32]. An ischemic insult during intraoperative hypoten-
sion could explain why IOH can predict the risk of AKI
Unlike studies that demonstrated an RCRI score and
some complications (hypertension and solid malignancy)
as risk factors for the development of postoperative AKI
[6, 25, 28, 33], we did not find this association.
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Table 2 Univariate and multivariate analysis to determine risk factors of postoperative AKl after abdominal surgery
Univariate analysis Multivariate analysis
Unadjusted OR (95% Cl) P Adjusted OR (95% Cl) P
Male 0444 (0.211-0.934) 0.032
Ages 1.129 (1.048-1.216) 0.001 1.112(1.020-1.212) 0.016
Body mass index 0.969 (0.878-1.070) 0.537
Hypertension 0.798 (0.392-1.627) 0.535
Diabetes mellitus 0.535(0.582-2.837) 0.535
Ischemic heart diseases 1.120 (0.493-2.547) 0.787
Congestive heart diseases 1.871(0415-8.428) 0.734
Cerebrovascular diseases 0.858(0.323-2.281) 0.759
COPD 3419(0.718-16.285) 0.311
Solid malignancy 0.711(0.338-1.495) 0.366
Serum hemoglobin 0.988 (0.969-1.006) 0.193
Serum albumin 0.863 (0.802-0.929) <0.001 0.900 (0.829-0.977) 0012
Alanine aminotransferase 1.004 (1.001-1.007) 0.024
Aspartate aminotransferase 1.003 (1.000-1.005) 0.037
Baseline eGFR (mL/min/1.73 m?) <60 6.544 (3.137-13.649) <0.001 3401 (1.479-7.820) 0.004
ASA score 3.063 (1.584-5.923) 0.001
Charlson score 1.203 (1.035-1.399) 0.071
RCRI score 1.895 (1.204-2.981) 0.005
Non-renal RCRI score 1.654 (1.034-2.645) 0.033
Surgical approach(Laparoscopic) 0.623 (0.294-1.319) 0213
Intraoperative characteristics
Duration of anesthesia 1.000 (0.997-1.003) 0.850
Operative time 1.000 (0.996-1.003) 0.933
IOH 4.141 (2.023-8477) <0.001 3.509 (1.553-7.929) 0.003
Amount of crystalloids use 1.000 (0.999-1.001) 0476
Blood loss 0.999 (0.995-1.002) 0.465
Vasoactive drug use 0.783 (0.330-1.857) 0.578
Usage of nephrotoxic drugs
Hydroxyethyl starch 0.292 (0.111-0.768) 0.008
NSAID 0413 (0.097-1.761) 0333
Hydroxyethyl starch -+ NSAID 2.896 (1.375-6.098) 0.004 3.596 (1.559-8.292) 0.003
Hydroxyethyl starch + furosemide 11.875 (3.648-38.654) <0.001 5.724 (1.476-22.199) 0012

COPD Chronic obstructive pulmonary disease, eGFR estimated glomerular filtration rate, ASA American Society of Anesthesiologists, RCRI Revised Cardiac Risk Index,
IOH intraoperative occurrence of hypotension, NSAIDs nonsteroidal anti-inflammatory drugs, OR odds ratio, Cl confidence interval

Large multi-center, non-blinded randomized control
trials and meta-analyses have raised concerns about the
safety of HES solutions in terms of adverse renal events
and mortality [29, 34, 35]. Most of these studies were
cardiac and vascular procedures and some included
urological procedures that could affect kidney function.
The intraoperative use of HES was associated with AKI
in patients undergoing major abdominal surgery in our
study. After assessing the data submitted by the com-
panies and scientific literature, the European Medicines
Agency Pharmacovigilance Risk Assessment Committee
(PRAC) suggested that patients treated with HES were

at greater risk of kidney injury than those treated with
crystalloids [27, 36]. Many studies reported that diuretics
could also increase AKI risk [5, 28, 34, 37], especially loop
diuretics [38]. The degree of renal injuries was positively
correlated with the dose of the diuretic [39-42]. Research
has shown that the combined use of diuretics and other
nephrotoxic agents could lead to renal dysfunction more
than using diuretics alone [43]. Therefore, the recent
KDIGO guidelines do not recommend using loop diuret-
ics to prevent or treat AKI [13]. In our study, the combi-
nation therapy of HES with NSAIDs or furosemide was
an independent risk factor for AKI occurrence. The result
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Fig. 2 Area under receiver operating characteristic curve for postoperative AKI

is consistent with Landoni et al., study [44]. Anesthesi-
ologists should avoid using HES combined with nephro-
toxic drugs as intraoperative medications to reduce the
risk of postoperative AKI in elderly patients.

The strengths of our study were the selected study pop-
ulation, patients aged 75 years and older, and using mul-
tivariate analysis to identify risk factors. Our study has
the following limitations: 1) the study results were from
a single hospital, and the results may not be generalized
to other settings, 2) the study was a retrospective review
of the chart with a small sample size, 3) urine output was
not available to assess the occurrence of AKI, 4) not all
patients had SCr values on the first and second postop-
erative days, which explained the lower incidence of AKI
in this study compared to other studies, and 5) the long-
term consequence of post-surgical AKI was not studied.

Conclusions

AKI after abdominal surgery is a common occurrence in
elderly patients. Several risk factors, especially HES com-
bined with other nephrotoxic drugs, are associated with
the development of AKI. Surgeons and anesthesiologists
must be vigilant when treating at-risk patients during the
perioperative period.
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