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ABSTRACT

Aims: The development of acute kidney injury (AKI) in the postoperative period is associated with increased morbidity and
mortality. This study aims to determine the incidence of postoperative acute kidney injury (AKI) and the factors affecting the
development of AKI in the intensive care unit (ICU) and to evaluate the outcomes of the patients.

Methods: Postoperative patients hospitalized in the ICU between December 2021 and January 2023 were retrospectively
analyzed, and 192 patients were included in the study. Kidney disease: patients with and without AKI were identified using the
improving global outcomes (KDIGO) criteria.

Results: While 150 of the patients did not develop AKI (non-AKI group), 42 of them developed acute kidney injury (AKI
group). The patients were operated on mostly by the orthopedics clinic (58.9%) and operated on at least by the urology clinic
(2.1%) were taken to the intensive care unit. 39.6% of the patients underwent emergency surgery, and 60.4% underwent elective
surgery. 57.1% of the AKI group and 34.7% of the non-AKI group had emergency surgery (p=0.008).

Conclusion: In our study, age, timing of surgery, use of diuretics, and use of vasopressors were found to be associated with
the development of postoperative AKI. In addition, comorbid diseases such as diabetes mellitus, hypertension, coronary
artery disease, and cerebrovascular disease have also been found to be associated with AKI. Mortality, length of stay in the
intensive care unit, and need for mechanical ventilation (MV) were also higher in our postoperative intensive care patients who

developed AKI than in patients who did not develop AKI.
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INTRODUCTION

Acute kidney injury (AKI) is a common complication
in patients undergoing major surgery and is associated
with both short-term morbidity and mortality and
long-term adverse outcomes such as the development
of chronic kidney disease." Kidney disease; defined as
meeting the criteria for improving global outcomes
(KDIGO) within seven days of surgical intervention.’

It is important to maintain hemodynamic stability in
the perioperative period. All anesthesia techniques
are associated with venodilation and intraoperative
hypotension.”* Not only blood loss but also preoperative
fasting and systemic inflammation are associated with
volume reduction and are important in the development
of postoperative AKL.>*

Comorbid diseases, and the surgery itself, especially
emergency and major surgery in critical patients, are
associated with a high incidence of AKI. Nephrotoxic
drugs, contrast agents, and diuretics are widely used

in the perioperative period and are responsible for a
significant portion of AKI.”

Careful selection and use of perioperative fluids and
vasopressors and appropriate blood management are
important to prevent AKI. We aim to investigate the
frequency incidence of postoperative AKI after major
non-cardiac surgery and the affecting factors in patients
with previously normal renal functions.

METHODS

The study was carried out with the permission of
Afyonkarahisar Health Sciences University Faculty of
Medicine Ethics Committee (Date: 04.11.2022, Decision
No: 14). All procedures were carried out in accordance
with the ethical rules and the principles of the Declaration
of Helsinki.This study was conducted retrospectively
between December 2021 - January 2023. The clinical data
of patients >18 years of age who were admitted to the
intensive care unit (ICU) postoperatively were analyzed
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retrospectively, and 192 patients were included in the
study. Patients with missing data, patients with chronic
kidney insufficiency and kidney transplant, patients with
sepsis, multi-trauma, and crush syndrome, and patients
who were in ICU for less than 48 hours were excluded. All
postoperative patients in anaesthesia intensive care unit
were included in the study. Since our hospital has branch
intensive care units of general surgery, neurosurgery
and cardiovascular surgery departments, patients
hospitalised in these departments were not included.
The flow chart of the patients included in the study is
shown in Figure 1. Age, gender, comorbidities, type and
timing of surgery (elective-emergency), length of stay in
the intensive care unit, and mechanical ventilation (MV)
data of all patients included in the study were recorded.
We defined and staged AKI according to KDIGO serum
creatinine criteria. According to KDIGO, AKI is defined
as an increase of 0.3 mg/dl in serum creatinine within
48 hours or a 1.5-fold increase in serum creatinine from
baseline within seven days or urine output of <0.5 ml/
kg/hin thelast 6 hours.” Postoperative acute kidney injury
is defined as AKI occurring within 7 days of an operative
intervention using the Kidney Disease Improving
Global Outcomes (KDIGO) definition of AKIL.° In our
patients, no classification was made regarding the day
on which AKI developed in the first 7 days. The baseline
creatinine value was taken as the last value in the last
year available in the pre-hospital system. The patients
were divided into two groups, as developed AKI and not
developed AKI (non-AKI), by the KDIGO classification.
The patients were compared according to their clinical
features, medications, comorbidities, intensive care and
mechanical ventilation durations, and mortality.

Retrospectively, postoperative patients hospitalised in the intensive care unit between
December 2021 and January 2023 were screened from the hospital information system.
(n=268 patients)

Patients with missing data, under the
age of 18, chronic kidney
insufficiency and kidney transplant,
patients with sepsis, multi-trauma,
and crush syndrome, and patients
who were in ICU for less than 48
hours were excluded.(n=76 patients)

A total of 192 patients were included in the
study. Patients were divided into 2 groups
according to the classification of KDIGO: ||

Non-AKI (n=150)
AKI (n=42)

ICU mortality (healed /Exitus), n|
Non-AKI= 141/9
AKI=28/14

Figure 1. Flow chart shows the patient selection process

Statistical Analysis

IBM SPSS Statistics v.20 was used for statistical analysis.
Data were expressed as a ratio, median (min-max),
mean+SD, and conformity of variables to normal
distribution was determined by visual (histogram) and
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analytical methods (Kolmogorov-Smirnov test). Student
T or Mann-Whitney U tests were used to compare
continuous variables, and the Chi-square test was used
to compare categorical variables. P values of <0.05 were
considered statistically significant.

RESULTS

A total of 192 patients, 92 women and 100 men, were
included in the study. While 150 of the patients did not
develop AKI (non-AKI group), 42 (21.9%) developed
AKI (AKI group). While there was no statistically
significant difference between the groups in terms of
gender (p=0.149), a significant difference was found
regarding age (p=0.006). If we evaluate the clinics where
the patients were operated, they were operated mainly
by the orthopedics clinic (58.9%) and the least operated
by the urology clinic (2.1%). 39.6% of the patients
underwent emergency surgery, and 60.4% underwent
elective surgery. Emergency surgery was performed
in 39.6% and elective surgery in 60.4% of the patients.
While 57.1% of the group who developed AKI underwent
emergency surgery, 42.9% had elective surgery, 34.7% of
the non-AKI group underwent emergency surgery, and
65.3% had elective surgery, and there was a significant
difference between the two groups (p=0.008) (Table 1).

Table 1. Demographic data of the patients

AKI Non-AKI Total
(n=42)  (n=150) (192) P
16 (38.1)/ 76 (50.7)/ 92 (47.9)/
Gender F/M 26(61.9) 74(49.3) 100 (52.1) o149
Age, years, median 72 67 68.50 0.006#
(min-max) (48-98) (18-97) (18-98) :
Surgical department,
n(%)
Orthopedics 26 (61.9) 87 (58) 113 (58.9)
Thoracic surgery 3(7.1) 21 (14) 24 (12.5)
General surgery 7 (16.7) 18 (12) 25 (13)
Ear, noseandthroat 3 (7.1) 12 (8) 15(7.8)  0.072*
Plastic surgery 0 3(2) 3(1.6)
Brain surgery 0 8 (5.3) 8(4.2)
Urology 3(7.1) 1(0.7) 4(2.1)
Surgical status, 24 (57.1)/ 52(34.7)/ 76(39.6)/ 0.008%
emergency/elective 18 (42.9) 98(65.3) 116(60.4)
Data are given as the number of patients (%), and median (minimum-maximum).
#Mann Whitney U, *Chi-Square

The patients' additional disease and drug use histories
are shown in Table 2. While there was a difference
between the groups in terms of diabetes mellitus (DM),
hypertension (HT), coronary artery disease (CAD), and
cerebrovascular disease (CVD) history, there was no
difference in terms of chronic obstructive pulmonary
disease (COPD) history. No significant difference was
observed between the patients in terms of the use of
other drugs and erythrocyte suspension (ES) except for
the use of diuretics and contrast agents.
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Table 2. Comorbidities and drug use history

AKI Non-AKI Total p*
(n=42) (n=150) (n=192)

Hypertension, 27 (64.3)/ 62 (41.3)/ 89 (46.4)/ 0.008
yes/no 15 (35.7) 88 (58.7) 103 (53.6) ’

18 (42.9)/ 38 (25.3)/ 56 (29.2)/
DM, yes/no 24 (5.1)  112(747) 136 (70.8) 0927

15 (35.7)/ 18 (12)/ 33 (17.2)/
CAD.yes/no  570643)  132(88)  159(82.8) <0-001

5(11.9)/ 5(3.3)/ 10 (5.2)/
CVD,yes/no  37381)  145(96.7) 182 (948) 0927

6 (14.3)/ 13 (8.7)/ 19 (9.9)/
COPD,yes/mo  3oes7y  137(913  173(%01) 281
ACE use, yes/ 11 (26.2)/ 21 (14)/ 32(16.7)/ 0.061
no 31 (73.8) 129 (86) 160 (83.3) :
Diuretic use, 19 (45.2)/ 41 (27.3)/ 60 (31.2)/ 0.027
yes/no 23 (54.8) 109 (72.7) 132 (68.8) ’
ES usage, yes/ 33 (78.6)/ 114 (76)/ 147 (76.6)/ 0.728
no 9 (2.,4) 36 (24) 45 (23.4) .
Steroid use, 16 (3.1)/ 66 (44)/ 82 (42.7)/ 0.494
yes/no 26 (61.9) 84 (56) 110 (57.3) ’

37 (88.1)/ 116 (77.3)/ 153 (79.7)/
HDISR @IS Csongl  aalmy) i, P
Contrast agent 17 (40.5)/ 40 (26.7)/ 57 (2.7)/ 0.083
use, yes/no 25 (59.5) 110 (73.3) 135 (70.3) :
Vasopressor 7 (16.7)/ 6 (4)/ 13(6.8)/ 1504
use, yes/no 35(83.3) 144 (96) 179 (93.2) :
Data are given as the number of patients (%). *Chi-Square, DM: Diabetes mellitus,
CAD: Coronary artery disease, CVD: Cerebrovascular disease, COPD: chronic
obstructive pulmonary disease, ACE: Angiotensin-converting enzyme inhibitors, ES:
Erythrocyte suspension, Ab: Antibiotics

There was a significant difference between the groups
regarding the length of stay in the intensive care unit,
discharge, need for dialysis, and need for mechanical
ventilation and APACHE II scores. (Table 3, p<0.001).

The biochemical values of the patients by groups are
shown in Table 4. Except for creatinine, no significant
difference was observed between the groups regarding
Na, leukocytes, Hb, and Hct values.

DISCUSSION

The incidence of AKI in postoperative intensive care
patients varies between 10% and 56%.”'" The AKI rate
of 21.9% in our postoperative intensive care patients is
consistent with this reported range.

Risk indices [Simple Postoperative AKI Risk (SPARK)
index, AKI prediction model] were used to predict the
risk of developing AKI in non-cardiac surgeries in the
postoperative period.'”'” These predictive models can
be used to identify high-risk postoperative patients and
provide a scientific and effective basis for clinicians to
identify AKI early. Seven parameters are used in the
AKI prediction model used in intensive care: advanced
age, emergency surgery, increased baseline creatinine
level, chronic kidney disease, nephrotoxic drug use,
diuretic use, and Sequential Organ Failure Assessment
(SOFA) score. In our study, age, emergency surgery, use
of diuretics, and use of contrast agents from nephrotoxic
drugs were associated with AKI.

Although there is no definite consensus that blood loss is
associated with the risk of AKI, it was shown in a study
conducted on liver transplant recipients that each 1 liter
of perioperative blood loss significantly increased the
risk of continuous renal replacement therapy.”” Although
we do not know the amount of intraoperative blood loss
in our patients, the rate of AKI was higher in patients
who needed ES in the postoperative period.

A study involving 893 postoperative orthopedic surgery
patients concluded that patients with risk factors for
AKI should be followed up in the postoperative period.
In the same study, DM was found to be associated with
the incidence of AKI'* 58.9% of our patients were
orthopedic patients, and AKI was more common in our
patients with DM.

Table 3. Intensive care status of patients

AKI (n=42) Non-AKI (n=150) Total (n=192) P
Intensive care hospital stay (days), median (min-max) 5(1-80) 3 (1-30) 3 (1-80) <0.001#
Intensive care exit, service/exitus, n (%) 28 (66.7)/ 14 (33.3) 141(94)/ 9(6) 169 (88)/ 23 (12) <0.001*

Dialysis, yes/no, n (%) 10 (23.8)/ 32 (76.2) 0 (0)/ 150 (100) 10 (5.2)/ 182 (94.8) <0.001*
Need for mechanical ventilation, yes/no, n (%) 15 (35.7/ 27 (64.3) 22 (14.7)/ 128 (85.3) 37 (19.3)/ 155 (80.7)  <0.001*
Mechanical ventilation length of stay, median (min-max) 0 (0-61) 0 (0-10) 0(0-61) 0.001#
APACHE II, median (min-max) 10.50 (4-26) 6 (4-22) 6 (4-26) <0.001#

Data are given as the number of patients (%), and median (minimum-maximum). #Mann Whitney U, *Chi-Square

Table 4. Biochemical values of patients

AKI (n=42)

Non-AKI (n=150) Total (n=192) P

Creatinine mg/dl, entry, median (min-max)
Creatinine, mg/dl, highest, median (Min-Max)
Na, mEq/L, median (Min-Max)

Whe, (x10%/puL), median (Min-Max)

Hb, gr/dl, median, IQR:

Hct, %, median, IQR:

1.05 (0.33-5.18)
1.95 (1.10-8.22)
139 (122-155)
11.61 (4.63- 30.20)
10.40 (7-15.10)
31.4 (21.30-48.50)

0.74 (0.21-2.62) 0.78 (0.21-5.18) <0.001
0.80 (0.21-2.62) 0.89 (0.21-8.22) <0.001
138 (128-198) 138.5 (122-198) 0.715
11.24 (2.65-37.21) 11.32 (2.65-37.21) 0.841
10.95 (3.32-16.60) 10.9 (3.32-1.60) 0.084
34.15 (22.60-50) 34 (21.3-50) 0.155

Hct: Hematocrit

Data are given as the number of patients (%), and median (minimum-maximum). #Mann Whitney U, *Chi-Square, Na: Sodium, Wbc: White blood cell count, Hb: Haemoglobin,
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In the perioperative period, oliguria is common and is
not always accompanied by an increase in creatinine.
It can be seen physiologically with the effect of pain,
nausea, and increased ADH in response to surgery.'®'
Although some studies suggest that intraoperative oliguria
and the incidence of postoperative AKI are unrelated, it
was suggested that intraoperative oliguria, especially in
cardiac and intra-abdominal surgeries, and vasopressor
therapy initiated intraoperatively were associated with the
incidence of postoperative AKI.'”"* One of the limitations
of our study was that it was retrospective, so we could not
record the data of our patient's intraoperative period.

Postoperative Recovery (ERAS) guidelines cover
surgical and anesthetic preoperative, perioperative, and
postoperative care. The instructions in this guide cover
all postoperative patients, including patients in the post-
anesthesia intensive care unit. It was shown that protocols
including early mobilization, nutrition, fluid status, and
pain control of patients reduce the ICU length of stay and
complications and improve surgical outcomes.”’ However,
some studies have reported that the restrictive fluid therapy
approach in these protocols increases the risk of AKIL.*"*
We do not have a restrictive protocol for fluid therapy.
However, since our study was retrospective, we could not
evaluate the amount of fluid given.

In a prospective study performed on 1200 postoperative
patients excluding cardiovascular surgery, AKI was found
to be associated with increased morbidity and mortality.”
In a study conducted on general surgery patients, mortality
increased eight times in those with perioperative AKL** In
another study conducted with general surgery patients,
30-day mortality was found as 1.9% in those who did not
develop AKI, while it was 31% in patients with AKL*
While our overall mortality rate was 6% in patients who
did not develop AKI, it was 33.3% in those who did. The
reason for the high mortality rate in our patients who did
not develop AKI may be due to different surgical groups,
and different factors may be effective in mortality.

The limitations of our study are the inclusion of different
surgical groups, being a retrospective study and not
including the intraoperative period.

CONCLUSION

In the study we conducted in the intensive care unit, it
was found that AKI developed in approximately one-fifth
of the patients who were followed up in the postoperative
intensive care unit after non-cardiac surgery. Our patients
who developed AKI had higher mortality, longer intensive
care unit stays, and higher mechanical ventilation (MV)
needs. It was observed that the AKI development rate was
higher after emergency operations. Hence, we think that the
evaluation of risk factors that may cause the development
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of AKI and trying to correct them may be effective in
preventing the development of acute kidney injury.However,
for the management of postoperative AKI in the intensive
care unit, multicentre studies involving the intraoperative
period in the same surgical group are needed.
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