Original Article

Kidney Res Clin Pract 2021;40(4):634-644
PISSN: 2211-9132 e eISSN: 2211-9140
https://doi.org/10.23876/j.krcp.21.002

Check for
updates

KIDNEY RESEARCH
" CLINICAL PRACTICE

Renal outcomes of laparoscopic versus open surgery in
patients with rectal cancer: a propensity score analysis

Jin Hyuk Paek®, Sung Il Kang?, Jiwon Ryu®, Sung Yoon Lim®, Ji Young Ryu®, Hyung Eun Son®, Jong Cheol Jeong?®,
Ho Jun Chin®, Ki Young Na®, Dong-Wan Chae®, Sung-Bum Kang®, Sejoong Kim®

Department of Internal Medicine, Keimyung University School of Medicine, Daegu, Republic of Korea
*Department of Surgery, Yeungnam University College of Medicine, Daequ, Republic of Korea

*Department of Internal Medicine, Seoul National University Bundang Hospital, Seongnam, Republic of Korea
*Department of Surgery, Seoul National University Bundang Hospital, Seongnam, Republic of Korea

Background: A laparoscopic approach is widely used in abdominal surgery. Although several studies have compared surgical and on-
cological outcomes between laparoscopic surgery (LS) and open surgery (OS) in rectal cancer patients, there have been few studies
on postoperative renal outcomes.

Methods: We conducted a retrospective cohort study involving 1,633 patients who underwent rectal cancer surgery between 2003
and 2017. Postoperative acute kidney injury (AKI) was diagnosed according to the serum creatinine criteria of the Kidney Disease: Im-
proving Global Outcomes classification.

Results: Among the 1,633 patients, 1,072 (65.6%) underwent LS. After matching propensity scores, 395 patients were included in
each group. The incidence of postoperative AKI in the LS group was significantly lower than in the OS group (9.9% vs. 15.9%; p =
0.01). Operation time, estimated blood loss, and incidence of transfusion in the LS group were significantly lower than those in the
OS group. Cox proportional hazard models revealed that LS was associated with decreased risk of postoperative AKI (hazard ratio
[HR], 0.599; 95% confidence interval [Cl], 0.402-0.893; p = 0.01) and postoperative transfusion was associated with increased risk
of AKI (HR, 2.495; 95% Cl, 1.529-4.072; p < 0.001). In the subgroup analysis, the incidence of postoperative AKI in patients with
middle or high rectal cancer who underwent LS was much lower than in those who underwent OS (HR, 0.373; 95% Cl, 0.197-0.705;
p =0.002).

Conclusion: This study showed that LS may have a favorable effect on the development of postoperative AKI in patients with rectal
cancer.

Keywords: Acute kidney injury, Colorectal surgery, Laparoscopy, Rectal neoplasms

Received: January 1, 2021, Revised: May 31, 2021; Accepted: June 27, 2021

Editor: Jong Hyun Jhee, Yonsei University, Seoul, Republic of Korea

Correspondence: Sejoong Kim

Department of Internal Medicine, Seoul National University Bundang Hospital, 82 Gumi-ro 173beon-gil, Bundang-gu, Seongnam 13620, Republic
of Korea. E-mail: sejoong2@snu.ac krt

ORCID: https://orcid.org/0000-0002-7238-9962

Jin Hyuk Paek, Sung Il Kang, and Jiwon Ryu contributed equally to this study as the co-first authors.

Copyright © 2021 by The Korean Society of Nephrology

@ This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial and No Derivatives License (http://
creativecommons.org/licenses/by-nc-nd/4.0/) which permits unrestricted non-commercial use, distribution of the material without any modifications,
and reproduction in any medium, provided the original works properly cited.


http://crossmark.crossref.org/dialog/?doi=10.23876/j.krcp.21.002&domain=pdf&date_stamp=2021-12-10

Paek, et al. AKI after laparoscopic rectal cancer surgery

Introduction

Acute kidney injury (AKI) is a clinical syndrome that affects
kidney structure and function. It is characterized by abrupt
loss of kidney function [1]. AKI is a serious complication that
increases economic costs as well as the risk of mortality and
morbidity [2,3]. The incidence of AKI among hospitalized
patients and intensive care unit patients has been reported
to be 3%-7% and 22%, respectively [3-5]. AKI is a common
postoperative complication and postoperative AKI accounts
for approximately 30% to 40% of in-hospital AKI [6]. Post-
operative AKI is associated with prolonged hospital stay, in-
creased risk of mortality, and progression to chronic kidney
disease [7,8].

Laparoscopic surgery (LS) is increasingly being performed
for the treatment of colorectal cancer in several centers. Its
advantages include less pain, reduced intraoperative blood
loss, and shorter recovery time [9]. However, there are con-
cerns about increased intraabdominal pressure resulting
from pneumoperitoneum. In patients with liver resection
surgery, postoperative AKI was more common in the open
surgery (OS) group than in the LS group [10]. Another study
involving patients who underwent pylorus-preserving pan-
creaticoduodenectomy revealed that there were no signifi-
cant differences in the incidence of AKI between LS and OS
groups [11]. Although several studies have compared surgi-
cal and oncological outcomes between LS and OS in rectal
cancer patients, there are few studies focusing on postopera-
tive renal outcomes [12,13].

Therefore, we conducted a large retrospective cohort study
to compare renal outcomes following LS and OS in patients
with rectal cancer. We hypothesized that LS might have a
positive effect on postoperative renal outcomes in rectal
cancer patients. We performed propensity score matching
analysis to minimize confounding biases.

Methods
Study design and population

This retrospective study included all patients who under-
went rectal cancer surgery at the Seoul National University
Bundang Hospital (Seongnam, Korea) from May 2003 to
May 2017. Among the 1,678 patients identified, 45 were ex-
cluded for the following reasons: underwent local excision

(n = 31) or emergency surgery (n = 4); had end-stage renal
disease (n = 4); and had insufficient data (n = 6). Finally, 1,633
patients were enrolled in this study (Fig. 1).

The Institutional Review Board (IRB) of Seoul Nation-
al University Bundang Hospital approved this study (No.
B-1707/411-105). The requirement of written informed
consent was waived by the IRB because of the retrospective
nature of this study.

Data collection and definitions

Electronic medical records of the study population were
reviewed to retrieve patients’ baseline characteristics, lab-
oratory findings, and intraoperative data. Age, sex, body
mass index [14], comorbidities (hypertension and diabetes
mellitus), stage of malignancy, neoadjuvant chemotherapy,
previous operation history, American Society of Anesthe-
siologists (ASA) physical status (PS) classification [15], and
years of surgery were included in the baseline characteris-
tics. Laboratory findings included hemoglobin, creatinine
(Cr), sodium, potassium, and total CO,. Intraoperative data
included operation time, estimated blood loss (EBL) [16],
and intraoperative hypotension. We used the code of the In-

1,678 Patients who underwent rectal cancer
surgery were enrolled

45 Patients were excluded

- Local excision (n = 31)

- Emergency surgery (n = 4)

- End-stage renal disease (n = 4)
- Insufficient data (n = 6)

A4

A4

1,633 Patients were analyzed

| !

561 in OS group 1,072 in LS group

Propensity score matching

A4 A4

395 in OS group 395 in LS group

Figure 1. Flow chart of the study population.
LS, laparoscopic surgery; OS, open surgery.
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ternational Classification of Disease, 10th Revision to iden-
tify underlying comorbidities. Intraoperative hypotension
was defined as systolic blood pressure of <90 mmHg or use
of inotropic agents such as dopamine, norepinephrine, or
phenylephrine during the surgery. Operation time of >240
minutes was considered to be a long operation time [17].
Patients were considered to have low rectal cancer when the
lower tumor margin was within 6 cm from the anal verge.

Outcomes

The primary objective of this study was to compare the inci-
dence of postoperative AKI following LS and OS in patients
with rectal cancer. AKI was defined as an absolute increase
in serum Cr of 20.3 mg/dL over the baseline value or 21.5
times higher than the baseline value, according to the se-
rum Cr criteria in the Kidney Disease: Improving Global
Outcome (KDIGO) guidelines [1]. We defined the baseline
serum Cr value as the lowest serum Cr level measured <90
days before the surgery. We used the peak serum Cr level,
which is the highest Cr value measured <14 days after sur-
gery, to identify the stage of AKI according to the KDIGO
criteria [18,19]. Severe AKI was defined as stage 2 or stage
3 AKI according to the KDIGO criteria. We also evaluated
AKI recovery three months after postoperative AKI. We de-
fined AKI recovery as a return of the serum Cr to a value less
than 1.20 times the baseline serum Cr level [20]. The lowest
serum Cr value measured <90 days after the AKI event was
used. We also evaluated the 5-year overall survival rate. As
many mortality events occurred outside the study hospital,
we reviewed the national death database of the Ministry of
Interior and Security of Korea to identify the outcomes. Oth-
er outcomes included hospital stay, renal replacement ther-
apy in-hospital days, and postoperative intensive care unit
admission.

Statistical analysis

We applied propensity score matching analysis to minimize
the influence of potential confounding biases and to in-
crease comparability between the LS and OS groups. Among
factors that can affect postoperative AKI, we included po-
tentially explanatory variables that can be found through
electronic medical records. The following variables were
included to calculate the propensity scores using a multi-
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variate logistic regression model: age, sex, body mass index,
ASA PS classification, neoadjuvant chemotherapy, previous
operation history, tumor distance from anal verge, stage of
cancer, hemoglobin, Cr, sodium, potassium, total CO,, and
operation year. A 1:1 propensity score matching method was
applied based on the greedy 8-1-digit matching algorithm.
Propensity score matching analysis was conducted using
SAS version 9.1.3 (SAS Institute, Cary, NC, USA).

Mean + standard deviation was calculated for continuous
variables. Categorical variables were reported as numbers
and percentages of participants. The intergroup comparison
of numerical data was performed using the Student t test.
The Pearson chi-square test was used to compare categor-
ical data. The Cox proportional hazard regression analysis
was performed to identify independent associations be-
tween the type of surgery and postoperative AKI in patients
with rectal cancer. Survival curves were assessed using the
Kaplan-Meier method and the statistical significance was es-
timated using the log-rank method. The additive interaction
was analyzed using the relative excess risk due to interaction,
attributable proportion due to interaction, and synergistic
index [21] using R version 3.0.3 (R Foundation for Statistical
Computing, Vienna, Austria). Statistical significance was set
at a p-value of <0.05. With the exception of the propensity
score matching analysis and additive interaction analysis,
we performed all statistical analyses using IBM SPSS version
20 (IBM Corp., Armonk, NY, USA).

Results

A total of 1,633 patients were enrolled in the present study.
The mean age of the entire cohort was 62.1 + 12.0 years, and
1,039 patients (63.6%) were males. Among these patients,
1,072 (65.6%) and 561 (34.4%) were included in the LS and
OS groups, respectively. The baseline characteristics of the
two groups are summarized in Table 1. In the entire cohort,
the LS group had lower rates of hypertension, diabetes mel-
litus, previous operation history, and stage 3 or 4 cancer
than the OS group. The distance of the tumor from the anal
verge and levels of hemoglobin, sodium, potassium, and
total CO, were significantly higher in the LS group than in
the OS group. The LS group had more recent cases than the
OS group. After the propensity score matching, 395 patients
remained in each group. The mean age of the matched pa-
tients was 61.9 + 12.2, and 495 patients (62.7%) were males.
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Table 1. Baseline characteristics of the patients

Entire cohort (n = 1,633) Propensity-matched cohort (n = 790)

Parameter Open (n =561) L(eralpjrf%c?og)y p-value Open (n = 395) Le(wrr])fgossgcg;)y p-value
Age (yr) 62.2+12.2 62.0+11.9 0.69 62.4+12.2 61.4 +12.2 0.25
Male sex 349 (62.2) 690 (64.4) 0.39 257 (65.1) 238 (60.3) 0.16
Body mass index (kg/m?) 23.1+34 23.4+3.1 0.06 23.2+34 23.1+3.2 0.77
Hypertension 83(14.8) 278 (25.9 <0.001 71 (18.0) 78 (19.7) 0.52
Diabetes mellitus 47 (8.4) 141 (13.2 0.004 44 (11.1) 40 (10.1) 0.64
Preoperative chemotherapy 191 (34.0) 324 (30.2 0.11 128 (32.4) 144 (36.5) 0.23
Previous operation history 203 (36.2) 462 (43.1 0.007 157 (39.7) 161 (40.8) 0.77
Cancer staging

1,2 245 (43.7) 657 (61.3) <0.001 194 (49.1) 183 (46.3) 0.43

3,4 316 (56.3) 415 (38.7) <0.001 201 (50.9) 212 (53.7) 0.43
Distance of tumor from AV (cm) 6.0+3.2 70+3.1 <0.001 6.4+3.2 6.2+3.1 0.19
ASA PS classification 1.7+0.6 1.7+0.6 0.18 1.7+0.6 1.7+0.6 0.43
Hemoglobin (g/dL) 12.4+2.0 13.1+1.8 <0.001 12.7+2.0 12.7+1.8 0.73
Creatinine (mg/dL) 1.1+55 09+0.2 0.21 09+0.2 09+0.2 0.15
Sodium (mmol/L) 139.8 + 3.0 140.5 +2.7 <0.001 140.0+ 29 140.0£2.8 0.96
Potassium (mmol/L) 41+04 42+04 0.003 42+04 42+04 0.88
Total CO, (mmol/L) 24,7 £2.8 251 +2.8 0.007 247 £2.7 249+25 0.31
Years of surgery (years from 2003) 6.5+4.0 9.1+34 <0.001 74 + 3.8 7.7 £ 3.6 0.19

Values are presented as mean + standard deviation or number (%).

AV, anal verge; ASA, American society of anesthesiologists; PS, physical status.

In the propensity-matched cohort, all the patient character-
istics, including hypertension, diabetes mellitus, previous
operation history, cancer staging, distance of tumor from
anal verge, levels of hemoglobin, sodium, potassium, and
total CO,, and year of surgery, were similar in the LS and OS
groups.

Table 2 shows the intraoperative and postoperative vari-
ables of the two groups. The overall incidence of AKI after
rectal cancer surgery was 12.1%. Before propensity score
matching, the LS group had lower rates of AKI, intensive
care unit admission, postoperative transfusion, and overall
mortality at 5 years than the OS group. Hospital stay, oper-
ation time, and EBL were lower in the LS group than in the
OS group. Intraoperative hypotension was lower in the OS
group than in the LS group. After matching, lower rates of
AKI, intensive care unit admission, postoperative transfu-
sion, and overall mortality at 5 years were observed in the LS
group compared to the OS group. The LS group had shorter
hospital stay and operation time and less EBL than the OS
group. However, there were no significant differences in in-
traoperative hypotension between the two groups.

Cox proportional hazards analyses were performed to

identify risk factors of postoperative AKI in patients with
rectal cancer (Table 3). In crude analysis, operation time
of more than 240 minutes, large volume of EBL, and post-
operative transfusion were associated with an increased
risk of AKI after rectal cancer, and LS was associated with
a decreased risk of postoperative AKI. In the multivariable
analysis, postoperative transfusion (hazard ratio [HR], 2.495;
95% confidence interval [CI], 1.529-4.072; p < 0.001) was
associated with an increased risk of AKI, and LS (HR, 0.615;
95% CI, 0.403-0.936; p = 0.02) was associated with reduced
risk of postoperative AKI in patients with rectal cancer.

Since postoperative transfusion was lower in the LS group,
we assessed the effects of the interaction between LS and
postoperative transfusion on postoperative AKI (Table 4).
Patients who underwent OS and received postoperative
transfusion were at 4.548-fold increased risk for postoper-
ative AKI compared to patients who underwent LS and did
not receive postoperative transfusion (p < 0.001). However,
there was no statistical significance in additive scale and
multiplicative scale. We also performed a two-way analysis
of variance (ANOVA) to analyze the interaction between
LS and postoperative transfusion (Supplementary Table 1,
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Table 2. Comparison of intraoperative and postoperative parameters

Entire cohort (n = 1,633) Propensity-matched cohort (n = 790)

Parameter Open (n =561) L(eralpjrf%c?og)y p-value Open (n = 395) Le(wrr])fgossgcg;)y p-value
AKI stage 97/561 (17.3) 100/1,072(9.3) <0.001 63/395 (15.9) 39/395 (9.9) 0.01

1 87/97 (89.7) 87/100 (87.0) 0.56 55/63 (87.3) 35/39(89.7) >0.99

2 10/97 (10.3) 12/100 (12.0) 0.71 8/63 (12.7) 4/39 (10.3) >0.99

3 0/97 (0) 1/100 (1.0) >0.99 0/63 (0) 0/39 (0) >0.99
Severe AKI 10/97 (10.3) 13/100 (13.0) 0.56 8/63 (12.7) 4/39 (10.3) >0.99
AKI recovery 46/97 (47.4) 51/100 (51.0) 0.62 32/63 (50.8) 20/39 (51.3) 0.96
RRT in hospital days 4/561 (0.7) 0/1,072 (0) 0.01 2/395 (0.5) 0/395 (0) 0.499
Hospital stay (day) 19.3+15.3 13.4+70 <0.001 18.3 + 13.6 141 +£72 <0.001
ICU admission 99/561 (17.6) 79/1,072(7.4)  <0.001 69/395 (17.5) 31/395(7.8) <0.001
Operation time (min) 263.0 £ 129.4 2255+ 772 <0.001 265.1+132.9 236.9 £ 79.8 <0.001
Estimated blood loss (mL) 392.8 £532.2 146.9 £ 158.9  <0.001 408.1 £ 604.4 175.7 £ 195.3 <0.001
Intraoperative hypotension 215/561 (38.3) 519/1,072(48.4) <0.001 168/395 (42.5)  148/395 (37.5) 0.15
Postoperative transfusion 80/561 (14.3) 50/1,072 (4.7)  <0.001 56/395 (14.2) 24/395 (6.1) <0.001
Overall mortality at 5 year 185/561 (33.0) 113/1,072(10.5) <0.001 113/395 (28.6) 65/395 (16.5)  <0.001
Sodium (mmol/L) 139.8 + 3.0 1405+ 2.7 <0.001 140.0 £ 2.9 140.0£2.8 0.96

Values are presented as number (%) or mean + standard deviation.
AKI, acute kidney injury; ICU, intensive care unit; RRT, renal replacement therapy.

Table 3. Cox proportional hazard model to identify risk factors of acute kidney injury after rectal cancer surgery in propensity-matched
cohort

. Univariable Multivariable

Variable

HR (95% Cl) p-value HR (95% ClI) p-value
Operation time > 240 min 1.49 (1.01-2.20) 0.045 1.37 (0.90-2.10) 0.14
1-mL incremental blood loss 1.00 (1.00-1.00) 0.01 1.00 (1.00-1.00) 0.67
Postoperative transfusion 2.66 (1.66-4.27) <0.001 2.50 (1.53-4.07) <0.001
Intraoperative hypotension 1.42 (0.96-2.09) 0.08
Laparoscopic surgery 0.60 (0.40-0.89) 0.01 0.62 (0.40-0.94) 0.02

HR, hazard ratio; Cl, confidence interval.

Table 4. Interaction analysis between laparoscopic surgery and postoperative transfusion for postoperative acute kidney injury

Postoperative transfusion OR (95% CI) for postoperative

Laparoscopic surgery No Yes transfusion (yes vs. no) within
Number® OR (95% Cl) Number® OR (95% Cl) strata of laparoscopic surgery

Yes 35/336 1.00 (reference) 4/20 1.92 (0.62-5.94) 1.92 (0.62-5.94)

No 45/294 1.47 (0.92-2.35) 18/38 4.55 (2.35-8.80) 3.10 (1.63-5.89)

OR (95% Cl) for laparoscopic 1.47 (0.92-2.35) 2.37 (0.71-7.95)

surgery (yes vs. no) within strata
of postoperative transfusion

Measurement of interaction on additive scale (95% Cl): relative excess risk due to interaction, 2.159 (-1.177 to 5.495); attributable proportion due to
interaction, 0.475 (-0.081 to 1.030); and synergistic index, 2.554 (0.453-14.393). Measurement of interaction on the multiplicative scale: OR, 1.612;
95% Cl, 0.440-5.907.

Cl, confidence interval; OR, odds ratio.

®With/without postoperative acute kidney injury.
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available online). Two-way ANOVA showed a significant
effect of LS and postoperative transfusion on postoperative
AKI. However, there was no significant interaction effect be-
tween LS and postoperative transfusion (p = 0.13).

Fig. 2 shows Kaplan-Meier curves for postoperative AKI
and overall survival according to the type of surgery. The
cumulative incidence of postoperative AKI was lower in the
LS group than in the OS group before (9.3% vs. 17.3%, p <
0.001) and after (9.9% vs. 15.9%, p = 0.01) propensity score

matching. As compared with the OS group, the LS group had
a higher 5-year survival rate in the entire cohort (89.5% vs.
67.0%, p < 0.001) and the propensity-matched cohort (83.5%
vs. 71.4%, p < 0.001).

Fig. 3 depicts subgroup analyses for postoperative AKI
among the propensity-matched patients in the LS and OS
groups. Patients with middle or high rectal cancer had lower
postoperative AKI risk than patients with low rectal cancer
(p for interaction = 0.05). Patients with older age (>65 years),
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Figure 2. Kaplan-Meier curves for postoperative AKI and overall survival. (A) Postoperative AKI in the entire cohort. (B) Postoperative
AKI in the propensity-matched cohort. (C) Overall survival in the entire cohort. (D) Overall survival in the propensity-matched cohort.
AKI, acute kidney injury; LS, laparoscopic surgery; OS, open surgery.
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Subgroup HR (95% ClI) p p for interaction
<65 yr —— 0.70 (0.42-1.17) 0.17
Age 0.38
>65 yr —— 0.48 (0.25-0.91) 0.03
Male —a— 0.65 (0.42-1.01) 0.06
Sex 0.62
Female | 0.51 (0.20-1.28) 0.15
<23.1 — 0.63 (0.37-1.07) 0.09
BMI (kg/m?) 0.80
>23.1 —a— 0.56 (0.31-1.03) 0.06
ASAPS <2 —— 0.56 (0.36-0.87) 0.01 0.48
classification > = 0.84 (0.30-2.30) 0.73 '
Preperative Yes | 0.79 (0.42-1.50) 0.48 0.27
chemotherapy  Ngo R — 0.49 (0.29-0.83) 0.008 '
Cancer 1,2 —— 0.63 (0.38-1.04) 0.07
stage 0.848
g 3,4 » 0.58 (0.30-1.10) 0.10
Previous Yes —a— 0.56 (0.30-1.05)  0.07
operation 0.49
history No —a— 0.52 (0.30-0.91) 0.02
Tumor <6 cm L 0.87 (0.51-1.48) 0.60
distance 0.05
from AV 26 cm —a— 0.37 (0.20-0.71) 0.002
-1 0 1 2 3 4

Laparoscopic surgery favor

Open surgery favor

Figure 3. Cox proportional hazards analyses for postoperative acute kidney injury between laparoscopic surgery and open

surgery in the propensity-matched cohort.

ASA, American Society of Anesthesiologists; AV, anal verge; BMI, body mass index; Cl, confidence interval; HR, hazard ratio; PS,

physical status.

lower ASA PS classification (<II), no preoperative chemo-
therapy, and no previous operation history demonstrated
a lower postoperative AKI risk compared to their counter-
parts. However, there were no statistical significances on
interactions.

Discussion

In the present study, we compared the incidence of post-
operative AKI in rectal cancer patients after either LS or OS.
The incidence of AKI after rectal cancer surgery was 12.1%.
We found that the rate of AKI after LS was significantly lower
than after OS. This finding was consistent even after pro-
pensity score matching analysis. Operation time, EBL, and
incidence of postoperative blood transfusion in the LS group
were significantly lower than in the OS group. LS decreased
the risk of postoperative AKI in the absence of blood transfu-
sion. Among patients with middle or high rectal cancer, the
LS group had a significantly lower incidence of postopera-
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tive AKI than the OS group.

In this study, the incidence of postoperative AKI in pa-
tients with rectal cancer was 12.1% in the entire cohort and
12.9% in the propensity-matched cohort. The incidence of
AKIT after rectal cancer surgery varies from 3.8% to 20.3%
[22,23]. A cohort study including 288 rectal cancer patients
revealed that the rate of postoperative AKI is 3.8% [22], and
a population-based cohort study involving 1,337 patients re-
ported an AKI incidence of 20.3% in patients with colorectal
cancer [23]. These variations may be due to differences in
type of cancer, definition of AKI, inclusion criteria, and ex-
clusion criteria.

There are concerns about renal dysfunction resulting from
increased intraabdominal pressure during LS. Hypercarbia
due to CO, insufflation has a chemical effect on cardiovas-
cular changes. However, the PaCO, levels usually observed
during laparoscopy do not cause these complications [24].
Thus, increased intraabdominal pressure and related hor-
monal modifications contribute to most of the hemody-
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namic effects during laparoscopic procedures. Abdominal
gas insufflation, which increases pressure on the kidney
parenchyma and renal vessels, can lead to reduced cardiac
output, blood flow, and urine output [25-27]. A previous
animal study showed that when intraabdominal pressure
was higher than 20 mmHg, venous pressure was increased
and cardiac output was decreased. These changes led to a
reduction in renal blood flow, and diminished urine output
is observed [28]. A previous study involving 104 patients
who underwent laparoscopic or open gastric bypass surgery
found that urinary output during LS was significantly lower
than during OS. However, postoperative blood urea nitrogen
and Cr levels were not significantly different between the LS
and OS groups. Increased renin-angiotensin-aldosterone
system activity also contributes to renal dysfunction. In pa-
tients who underwent laparoscopic gastric bypass surgery,
renal vasoconstriction and increased renin, aldosterone,
and vasopressin levels were reported [29]. However, recent
studies revealed that these changes do not increase the risk
of AKI and that the incidence of postoperative AKI was even
lower in LS patients compared to OS patients [10,30]. Our
findings were consistent with those of recent trials.

Prolonged operation time may indicate complex surgical
procedures that may directly or indirectly impair the kidney.
Anemia and transfusion are established risk factors for AKI
after cardiac surgery [31]. Anemia may aggravate kidney
dysfunction by reducing kidney oxygen delivery, enhancing
oxidative stress, and damaging hemostasis. Transfusion may
worsen tissue oxygen delivery, encourage proinflammation,
and promote tissue oxidative stress [32]. A previous study
involving 1,340 patients who underwent robot-assisted lapa-
roscopic radical prostatectomy or retropubic radical prosta-
tectomy revealed that the EBL and red blood cell transfusion
rate were significantly lower in the LS group compared to
the OS group [30]. Another study involving 1,173 patients
who underwent either laparoscopic liver resection or open
liver resection showed that transfusion was an independent
risk factor for postoperative AKI [10]. Our results support the
findings of the aforementioned studies.

In multivariable analysis, LS and the lack of the need for
postoperative blood transfusion were significantly associ-
ated with a decreased risk of postoperative AKI. Consistent
with the findings of previous studies [10,30], blood trans-
fusion was lower in the LS group in our study. We assumed
that there was an effect of the interaction between LS and

blood transfusion on postoperative AKI. However, there
was no statistically significant interaction. During subgroup
analyses, we demonstrated that patients with middle or high
rectal cancer were at a lower risk for postoperative AKI com-
pared to patients with low rectal cancer (p for interaction
=0.05). Compared to middle or high rectal cancer surgery,
low rectal cancer surgery is performed within a more con-
fined space and requires more complex surgical procedures,
which could be a plausible explanation for our findings
following subgroup analyses. We assessed renal recovery
in patients who developed AKI after rectal cancer surgery.
However, there was no significant difference in renal recov-
ery between the LS and OS groups. This study was retrospec-
tively designed and there were no protocolized therapeutic
interventions for postoperative AKI.

Since the laparoscopic resection of colon cancer was
introduced in 1991, LS has become widely used and has
progressively replaced OS for the treatment of colon cancer
[33]. Previous studies provided sufficient evidence for the
favorable outcome of LS in patients with colon cancer [34,35].
However, there is a lack of evidence for the benefits of LS in
patients with rectal cancer. Although several studies have
compared surgical and oncological outcomes between LS
and OS in rectal cancer patients, the efficacy of the laparo-
scopic procedure is still controversial [36-38]. The ACOSOG
76051 randomized clinical trial (RCT), a multicenter nonin-
feriority randomized trial involving 486 stage II or III rectal
cancer patients, demonstrated that LS failed to prove the
noninferiority of pathologic outcomes compared to OS
[37]. On the other hand, an RCT with 1,044 patients from 30
hospitals reported contradictory results [36]. There were no
significant differences in locoregional recurrence and dis-
ease-free and overall survival between the LS and OS groups
in patients with rectal cancer. A recent meta-analysis includ-
ing five RCTs and seven non-RCTs provided evidence for the
noninferiority of surgical outcomes following LS, compared
to OS, for the treatment of rectal cancer [38]. However, the
beneficial effects of the laparoscopic approach in the treat-
ment of rectal cancer remain controversial. Moreover, the
National Comprehensive Cancer Network guidelines do not
recommend LS as the treatment of choice for rectal cancer
[39]. In our study, the overall 5-year survival rate was higher
in the LS group than in the OS group. A recent report re-
vealed that the LS group showed a better 5-year survival rate
than the OS group (82.6% vs. 76.6%, p < 0.001) [40]. In our
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study, the differences in the 5-year survival rate according to
type of surgery were larger. The LS group had lower rates of
stage 3 or 4 cancer than the OS group (38.7% vs. 56.3%, p <
0.001). These differences may affect the result.

There have been few studies investigating the postopera-
tive renal outcomes after rectal cancer surgery. A previous
study involving 725 patients demonstrated that AKI was
more common in the OS group than in the LS group. Anoth-
er study including 5,420 patients also showed that postoper-
ative AKI was significantly lower in the LS group compared
to the OS group. However, both studies did not mainly focus
on renal outcome. The first study did not define AKI and the
second study did not compare with baseline Cr value. They
did not identify risk factors for AKI and investigate renal
recovery in patients with postoperative AKI. Our study has
strength in analyzing the incidence of postoperative AKI and
relevant factors.

The present study has some limitations. First, this cohort
study is a single-center, retrospective study, and LS was not
randomly performed on patients. Although we performed a
propensity score matching analysis to minimize confound-
ing biases, we could not collect all confounding factors that
influenced our results. Therefore, the outcomes may be
subject to unmeasured confounders. Second, even though
we defined AKI using the KDIGO criteria, we could not eval-
uate the urine output. This study is a retrospective study.
Therefore, it was impossible to measure the urine output
of all study patients in the general ward. Thus, the absence
of data on urine output may lead to the misclassification of
AKI. Third, increased intraabdominal pressure is one of the
main mechanisms that explain postoperative AKI after LS.
However, we did not measure the intraabdominal pressure
during surgery.

In conclusion, this large retrospective cohort study showed
that the incidence of postoperative AKI was significantly
lower in LS than in OS for rectal cancer surgery. During sub-
group analyses, the LS group had a lower incidence of post-
operative AKI than the OS group, especially among patients
with middle or high rectal cancer. LS may have a positive
effect on postoperative AKI in rectal cancer patients.
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