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Acute kidney injury; Background: Laparoscopic surgical approaches enhance recovery, reduce postoperative pain,
Laparoscopy; and shorten hospital length-of-stay. Nevertheless, increased intra-abdominal pressure is asso-
Anesthesia ciated with decreased renal blood flow, renal hypoxia and acute kidney injury. When combined

with Trendelenburg positioning, renal function may further deteriorate. We tested the primary
hypothesis that the combination of laparoscopic surgical approach and Trendelenburg position
is associated with larger reductions in estimated Glomerular Filtration Rate (eGFR) within the
initial 48 postoperative hours compared to open surgery without Trendelenburg positioning.
Secondarily, we tested, if laparoscopic procedures are associated with greater incidence of
postoperative acute kidney injury.

Methods: Adults who had laparoscopic colorectal surgery in Trendelenburg position at the
Cleveland Clinic Main Campus from 2009 to 2016 were propensity-matched to patients who
had comparable open procedures. Patients with pre-existing renal impairment were excluded.
Results: Among 7,357 eligible patients, 1,846 laparoscopic cases with Trendelenburg were
matched to 1,846 open cases. No association was found between laparoscopic approach and
postoperative eGFR. A significant protective effect of the laparoscopic procedure on the odds
of having AKI was found. Patients who had laparoscopic surgeries were an estimated 0.70 (95%
C1 0.55, 0.90, pHoim-adj = 0.006) times as likely to have AKI as open surgical patients.
Conclusion: Despite compelling potential mechanisms, laparoscopic approach with Trendelen-
burg position in adult colorectal surgeries did not worsen postoperative eGFR, and actually
reduced postoperative acute kidney injury. Given the other advantages of laparoscopic surgery,
the approach should not be avoided for concerns about renal injury.

© 2021 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Introduction

Laparoscopy causes less tissue trauma than open surgery,
thereby reducing neuroendocrinic and inflammatory
responses as well as postoperative pain. Laparoscopic pro-
cedures are also usually less expensive than open surgery
since patients are discharged earlier."? Laparoscopy is gen-
erally considered safe, with complications mostly resulting
from traumatic trocar induction. However, intra-abdominal
insufflation of carbon dioxide or oxygen is needed to
provide adequate visualization of the surgical field and the
consequent increase in intra-abdominal pressure can impair
cardiovascular, respiratory, and renal systems.

Peritoneal insufflation applies pressure to renal
parenchyma and blood vessels, stimulates antidiuretic
hormone (vasopressin) secretion, increases activity of
the renin-angiotensin-aldosterone axis, promotes release
of catecholamines and endothelin, increases vascular
resistance, compresses the abdominal vena cava, and
reduces cardiac output.>* The kidneys may be especially
sensitive to intra-abdominal pressure,® and both animal
and human studies suggest that even short durations of
slightly increased intra-abdominal pressure can impair renal
function.®-8 As might thus be expected, renal impairment is
associated with the degree of pneumoperitoneal pressure
and the duration of surgery.*°

Surgical positioning may also contribute to Acute Kidney
Injury (AKI). Trendelenburg positioning increases intracra-
nial and intraocular pressures by promoting venous return
to the heart, but simultaneously decreases renal perfu-
sion. Trendelenburg position nearly doubles central venous
pressure which potentially worsens congestive heart failure
or even promotes myocardial infarction.'-"? Trendelenburg
position is widely used in laparoscopic colorectal procedures
to improve surgical exposure, and is often both steep and
prolonged. Patients having colorectal laparoscopic proce-
dures might therefore be at special risk for AKI consequent
to both pneumoperitoneum and Trendelenburg positioning.

We therefore compared the risk of postoperative AKI
between laparoscopic and open colorectal surgery. Specifi-
cally, we tested the primary hypothesis that the combination
of laparoscopic surgical approach and Trendelenburg posi-
tion is associated with larger reductions in estimated
Glomerular Filtration Rate (eGFR) within the initial 48
postoperative hours compared to open surgery without Tren-
delenburg positioning. Secondarily, we tested the hypothesis
that laparoscopic surgical approach and Trendelenburg posi-
tion is associated with a greater incidence of postoperative
AKI during the initial 7 postoperative days.

Methods

Our analysis was conducted with IRB approval and waived
individual consent. Data were obtained from the Cleveland
Clinic Perioperative Health Documentation System.
Analysis was restricted to index surgeries for adults
(18-85 years old) who had scheduled colorectal surgery at
the Cleveland Clinic Main Campus, Ohio, United Staates.
The Cleveland Clinic is a large tertiary academic health-
care institution providing all kinds of surgeries. Only major
therapeutic and diagnostic surgeries with general or com-
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bined regional and general anaesthesia were considered.
We excluded patients who had surgery lasting fewer than
90 minutes, laparoscopic surgery not in Trendelenburg posi-
tion, and open surgery in Trendelenburg position. We also
excluded patients who had preoperative renal insufficiency
(defined as creatinine > 1.6 mg.dL™"), missing outcome data,
fewer than 3 days of hospitalization, preoperative sepsis, or
emergency surgeries.

The exposure of interest was the combination of
laparoscopic surgery performed in Trendelenburg position
(*‘laparoscopic’’) versus open approach without Trende-
lenburg positioning (‘‘open’’). Our primary outcome was
postoperative eGFR and our secondary outcome was the
incidence of Acute Kidney Injury (AKI). Postoperative eGFR
was defined using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) formula.

AKI was defined using the AKIN criteria which is based on
serum creatinine level at baseline (the last measurement
within 30 days prior to surgery) and maximal serum level
during the first 7 postoperative days or discharge, whichever
occurred first. As per Walsh et al., we extended the normal
48-h window originally used to capture renal events to seven
postoperative days to better characterize the postoperative
period.” And as usual in perioperative studies, we did not
consider urine output which is rarely available.

Laparoscopic patients were matched to open patients
using propensity matching. We first estimated the propen-
sity score (probability of having laparoscopic surgery) for
each patient using multivariable logistic regression given the
baseline confounders listed in Table 1 (except colorectal sur-
gical type, which was exactly matched in the next step). We
then used a 1:1 greedy matching algorithm to match patients
on colorectal procedure type and propensity score. We set
the maximum allowable propensity score difference to 0.2
standard deviation of the logit of the propensity score (0.2
x SD [logit (propensity score)] = 1.11).

Balance between laparoscopic and open on a priori
selected pre-surgical confounder variables before and after
matching was assessed using the standardized difference
(i.e., the difference in means or proportions divided by
the pooled SD). A pre-specified conservative criterion of
an Absolute Standardized Difference (ASD) greater than 0.1
was used to indicate imbalance. Confounding variables with
ASD > 0.1 after matching were included in all regression
models comparing matched laparoscopic to open cases on
our outcomes to adjust for any residual confounding which
remained after matching.

Data summaries for intraoperative measures are listed in
Table 2. These variables were excluded from the propensity
score analysis and all subsequent regression models since
some are characteristics of either the laparoscopic or open
surgical procedure and are thus mediators rather than con-
founders. Furthermore, intraoperative variables cannot be
considered true confounders given they do not precede the
exposure of interest.

Statistical analysis

The primary aim of our study was to evaluate whether
surgical approach (laparoscopic vs. open) is independently
associated with postoperative eGFR. Multivariable Lin-
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Table 1 Summary statistics of baseline and intraoperative characteristics.

Baseline variables

Age, years® 51 4+ 17 52 &+ 16
BMI, kg. mZ &b 27.1+6.2 26.8 + 6.4
Risk Stratification Index (RSI)° —4.9 +£0.76 —4.9 +£0.72
Preoperative eGFR, mL. min''/1.73 m2® 92.6 +22.3 91.7 £ 23.8
Preoperative hemoglobin®P 129+ 2.0 12.6 £ 2.0
Number of antihypertensive agents® 0[0,1] 01[0,1]
Female sex 1048 (53.0) 2834 (51.2)
Aspirin 154 (7.8) 398 (7.2)
Calcium-antagonists 103 (5.2) 312 (5.6)
Beta-blocker 210 (10.6) 639 (11.6)
Diuretics 213 (10.8) 510 (9.2)
ACE-Inhibitors 170 (8.6) 416 (7.5)
AT ll-antagonists 83 (4.2) 169 (3.1)
Statins 239 (12.1) 529 (9.6)
Proton-pump inhibitor 318 (16.1) 981 (17.7)
NSAIDs 132 (6.7) 421 (7.6)
Immunosuppressants (cyclosporine, tacrolimus) 67 (3.4) 181 (3.3)
Steroids 465 (23.5) 941 (17.0)
History of MI 82 (4.1) 233 (4.2)
History of CHF 135 (6.8) 422 (7.6)
History of PVD 67 (3.4) 181 (3.3)
History of stroke 64 (3.2) 198 (3.6)
Pulmonary circulation disease 18 (0.91) 82 (1.5)
Liver disease 40 (2.0) 132 (2.4)
Hypothyroidism 193 (9.8) 558 (10.1)
Hypertension 652 (33.0) 1810 (32.7)
Diabetes 194 (9.8) 627 (11.3)
Smoker 905 (45.8) 2820 (51.0)
Obesity 279 (14.1) 736 (13.3)
Chronic obstructive pulmonary disease 199 (10.1) 655 (11.8)
Dyslipidemia 449 (22.7) 1030 (18.6)
Angina decubitus 3(0.15) 4 (0.07)
Coronary artery disease 106 (5.4) 241 (4.4)
Cardiac dysrhythmias 85 (4.3) 319 (5.8)
Race

Caucasian 1818 (92.0) 4962 (89.7)
African American 107 (5.4) 397 (7.2)
Other 51 (2.6) 172 (3.1)
Surgeon

Surgeon 1 25 (1.3) 688 (12.4)
Surgeon 2 224 (11.3) 105 (1.9)
Surgeon 3 139 (7.0) 272 (4.9)
Surgeon 4 122 (6.2) 262 (4.7)
Surgeon 5 52 (2.6) 364 (6.6)
Surgeon 6 152 (7.7) 553 (10.0)
Surgeon 7 226 (11.4) 332 (6.0)
Surgeon 8 100 (5.1) 238 (4.3)
Surgeon 9 142 (7.2) 301 (5.4)
Surgeon 10 0 (0.0) 933 (16.9)
Other Surgeon 794 (40.2) 1483 (26.8)
Colorectal procedure type

Colostomy or colorectal resection 1845 (93.4) 3990 (72.1)

52

0.03
0.04
0.03
0.04
0.17
0.00
0.04
0.02
0.02
0.03
0.05
0.04
0.06
0.08
0.04
0.04
0.01
0.16
0.00
0.03
0.01
0.02
0.05
0.02
0.01
0.01
0.05
0.10
0.02
0.06
0.10
0.02
0.05
0.07
0.08

1.00

0.61

51 + 17
27.0 + 6.2
—4.9+£0.76
92.7 + 21.6
12.9£2.0
01[0,1]
982 (53.2)
144 (7.8)
93 (5.0)
197 (10.7)
196 (10.6)
159 (8.6)
68 (3.7)
224 (12.1)
295 (16.0)
126 (6.8)
59 (3.2)
416 (22.5)
76 (4.1)
131 (7.1)
62 (3.4)
62 (3.4)
18 (0.98)
37 (2.0)
183 (9.9)
610 (33.0)
180 (9.8)
847 (45.9)
263 (14.2)
188 (10.2)
417 (22.6)
3(0.16)
97 (5.3)
81 (4.4)

1697 (91.9)
101 (5.5)
48 (2.6)

25 (1.4)
146 (7.9)
137 (7.4)
119 (6.4)
52 (2.8)
151 (8.2)
215 (11.6)
99 (5.4)
140 (7.6)
()

762 (41.3)

1717 (93.0)

52 + 16
27.0 + 6.4
—4.9+0.73
92.4 +22.2
12.9 £ 1.9
0[0,1]
968 (52.4)
136 (7.4)
96 (5.2)
186 (10.1)
181 (9.8)
150 (8.1)
70 (3.8)
210 (11.4)
268 (14.5)
129 (7.0)
54 (2.9)
361 (19.6)
81 (4.4)
131 (7.1)
57 (3.1)
57 (3.1)
18 (0.98)
44 (2.4)
186 (10.1)
593 (32.1)
190 (10.3)
890 (48.2)
248 (13.4)
195 (10.6)
406 (22.0)
2 (0.11)

91 (4.9)
78 (4.2)

1685 (91.3)
105 (5.7)
56 (3.0)

25 (1.4)
92 (5.0)
149 (8.1)
145 (7.9)
46 (2.5)
158 (8.6)
223 (12.1)
98 (5.3)
170 (9.2)
()

740 (40.1)

1717 (93.0)

0.02
0.01
0.02
0.01
0.02
0.04
0.02
0.02
0.01
0.02
0.03
0.02
0.01
0.02
0.04
0.01
0.02
0.07
0.01
0.00
0.02
0.02
0.00
0.03
0.01
0.02
0.02
0.05
0.02
0.01
0.01
0.01
0.01
0.01
0.03

0.14

0.00
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Table 1 (Continued)

Ileostomy, small bowel resection, and other enterostomy 119 (6.0) 929 (16.8) 117 (6.3) 117 (6.3)

Hernia repair 1 (0.05) 153 (2.8) 1 (0.05) 1 (0.05)
Exploratory laparotomy 0 (0.0) 61 (1.1) 0 (0.0) 0 (0.0)

Excision; lysis peritoneal adhesions 3(0.15) 98 (1.8) 3 (0.16) 3 (0.16)

Other procedures 8 (0.40) 300 (5.4) 8 (0.43) 8 (0.43)

ASA physical status 0.11 0.01
1 28 (1.4) 38 (0.69) 25 (1.4) 23 (1.2)

2 887 (44.9) 2255 (40.8) 821 (44.5) 838 (45.4)

3 986 (49.9) 2969 (53.7) 930 (50.4) 914 (49.5)

4 75 (3.8) 269 (4.9) 70 (3.8) 71 (3.8)

Year of the surgery 0.37 0.09
2009 199 (10.1) 966 (17.5) 197 (10.7) 247 (13.4)

2010 208 (10.5) 897 (16.2) 206 (11.2) 222 (12.0)

2011 191 (9.7) 761 (13.8) 185 (10.0) 220 (11.9)

2012 284 (14.4) 745 (13.5) 265 (14.4) 246 (13.3)

2013 306 (15.5) 656 (11.9) 283 (15.3) 256 (13.9)

2014 311 (15.7) 647 (11.7) 284 (15.4) 250 (13.5)

2015 132 (6.7) 274 (5.0) 125 (6.8) 121 (6.6)

2016 345 (17.5) 585 (10.6) 301 (16.3) 284 (15.4)

Data are given as n (column %) unless otherwise indicated.
Variables with ASD > 0.1 after matching were considered imbalanced and thus included in subsequent multivariable regression models
to control for residual confounding.

@ Data not available for all subjects before matching. Missing values: Body Mass Index = 77, Preoperative Hemoglobin = 73, Time
weighted average MAP = 1.

b Data are given as mean =+ SD.

¢ Data are given as median [Q1, Q3].

Table 2 Summary Statistics of Intraoperative Characteristics.

Duration of surgery (min) 259 (90,722) 199 (90,942) 0.56 258 (90,722) 208 (90,942) 0.47
Epinephrine (mg) 0.0 (0.0,0.1) 0.0 (0.0,11.3) 0.06  0.0(0.0,0.1) 0.0 (0.0,1.0) 0.06
Ephedrine (mg) 0 (0.85) 0 (0.90) 0.07 0(0.85) 0 (0.90) 0.07
Norepinephrine (mg) 0.0 (0.0,1.4) 0.0 (0.0,4.9) 0.06  0.00 (0.0,1.4) 0.00 (0.0,1.4) 0.04
Phenylephrine (mg) 0.1 (0.0,27.2) 0.1 (0.0,29.7) 0.01 0.1 (0.0,27.2) 0.1 (0.0,26.0) 0.02
Urine output 300 (0, 3,850) 250 (0,4460) 0.28 300 (0, 3,850) 225 (0, 4,460) 0.36
Estimated blood loss 100 (0, 4,300) 150 (0, 16,100) 0.30 100 (0, 4,300) 100 (0, 8,500) 0.15
RBC transfusion (cc) 0 (0.2814) 0 (0.10608) 0.26  0(0.2814) 00 (0.10608) 0.19
FFP transfusion (cc) 0 (0.658) 0 (0.3188) 0.14  0(0.658) 0 (0.2995) 0.11
Platelet transfusion (cc) 0 (0.522) 0 (0.1210) 0.10 0 (0.522) 0 (0.1210) 0.08
Amount of crystalloids 2900 (400,9225) 2600 (0,16000) 0.27 2900 (400,9225) 2500 (100,15000) 0.30
Amount of colloids 0 (0.3500) 0 (0.3750) 0.27 0 (0.3500) 0 (0.2750) 0.17
Time weighted average MAP? 87 (67,128) 83 (58,131) 0.44 87 (67,128) 83 (61,125) 0.39
Regional analgesia (yes) 74 (3.7) 709 (12.8) 0.33 70 (3.8) 276 (15.0) 0.39

Data are given as median (min, max).
Intraoperative characteristics were not considered in propensity score nor any regression modeling.
@ Data not available for all subjects. Time weighted average MAP = 1.
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2009 and June 2016

16,178 adult patients (18-85 years old) at Cleveland Clinic Foundation
Main Campus were scheduled for colorectal surgery between January

h 4

8,671 (54%) did not meet inclusion/exclusion criteria
3,547  Duration of surgery <90 minutes

231  Missing ICD-9/10 procedures
94  Laparoscopic converted to open procedure
2,193  Laparoscopic and Non-Trendelenburg position or Open
and Trendelenburg
691  Preoperative renal insufficiency (creatinine > 1.6mg/dL)
24 Not a major therapeutic or diagnostic surgery, by HCUP
definition
433 Missing primary outcome (postop eGFR)
83  Chronic kidney disease stages 5-6 (including patients
receiving dialysis)
28  Patients with sepsis
799  Stayed in hospital less than 3 days postop
178  Primary surgery not colorectal
370 Emergency Surgeries

7,507 met inclusion/exclusion criteria

\ 4

130 (7%) lap + Trend surgical patients were excluded
from analysis because they could not be matched

3,692 were included in the analyses

v

v

1,846 (93%) lap + Trend position surgical patients
were included in the analyses

Figure 1
Clinic Foundation Main Campus.

ear Regression (MLR) was used to assess the relationship
between postoperative eGFR and surgical approach in the
matched sample, adjusting for covariables with ASD > 0.1
after matching. Residuals were examined to ensure there
were no gross deviations from regression model assump-
tions.

We also assessed whether laparoscopy was associated
with our secondary outcome of AKI stage, adjusting for
imbalanced covariables. Holm-Bonferroni step-down proce-
dure for multiple testing adjustment was utilized to adjust
the p-values from our secondary analyses.

A multivariable logistic regression model on the matched
data adjusted for unbalanced confounders after matching
was used to estimate an adjusted Odds Ratio (OR) comparing
the odds of AKI in the laparoscopic surgical procedure to
those in the open group.

SAS software version 9.4 (SAS Institute, Cary, NC, USA)
was used for all statistical analyses.

Results

There were 16,178 adults scheduled for colorectal surgery
between January 2009 and June 2016 at the Cleveland
Clinic Main Campus, of whom 7,507 qualified for analysis
(Fig. 1). Among those, 7,357 (98%) had complete data for
the primary covariable-adjusted analysis comparing laparo-
scopic vs. open surgical procedures. Thus, only 2% of eligible

v

1,846 open + non-Trend position surgical patients
were included in the analyses

Types and numbers of exclusions of the available colorectal surgical cases (January 2009 - June 2016) at Cleveland

patients (150) were excluded from consideration in the
propensity score matching due to missing covariable values.
Specifically, BMI was missing in 77 patients and preoperative
hemoglobin was missing in 73.

We successfully matched 1,846 laparoscopic surgical
patients (93% of the total) with 1,846 open patients for a
total analysis set of 3,692 surgical patients. As indicated
by the Absolute standardized difference in Table 1 and the
absolute standardized difference plot in Fig. 2, we were
able to successfully balance all but one variable, surgeon
(standardized difference = 0.14), after matching exactly on
colorectal surgical type and propensity score. Therefore,
we adjusted for surgeon in all subsequent regression models
comparing laparoscopic vs. open surgical procedures to con-
trol for residual confounding.

There was no association between laparoscopic approach
and postoperative eGFR (Table 3). The covariable-adjusted
estimate of the difference in postoperative eGFR between
the laparoscopic surgical procedure and the reference open
procedure was 1.1 (95% Cl -0.42, 2.67) mL.min-"/1.73 m?,
p = 0.15. Examination of the residuals revealed no gross
deviations from multiple regression model assumptions

We also considered the association between surgical
approach and absolute change in creatinine level from
baseline (postoperative - preoperative creatinine). The
difference in means for change in creatinine was not sta-
tistically different from 0: -0.01 (95% CI -0.03, 0.01), p

54
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Surgeon o
Procedure type ©
Year of the surgery ©
Preoperative hemoglobin | © o
Steroids o o
ASA physical status | O o
Smoker o o]
Dyslipidemia | O o
Statins o} [¢]
Race o o
Cardiac dysrhythmias O (]
AT I-antagonists O o
Chronic obstructive pulmonary disecase |0 O
Pulmonary circulation discase © O
Diuretics oo
Diabetes | O ©
Coronary artery disecase |O O
Proton-pump inhibitor o
ACE-Inhibitors | 0 ©
Body mass index © ©

o
o

Preoperative ¢GFR
NSAIDs

Female

o O
800

Risk Stratification Index (RSI)
History of CHF ¢
Age

©
[¢]

Beta-blocker
Liver discase
Angina decubitus
Obesity

Aspirin

8808088

Calcium-antagonists

History of stroke

Hypertension
Number of antihypertensive agents
History of MI

o Before Matching
o After Matching

0.2

o
Hypothyroidism
Immunosuppressants (cyclosporine, tacrolimus)
History of PVD
o
|

0.4 0.6 0.8 1.0

Figure 2 Absolute standardized difference plot showing balance between laparoscopic and open before (red) and after (blue)
matching. The vertical line at absolute standardized difference = 0.1 is the pre-specified cutoff indicating balanced (left) and

imbalanced (right) variables.

= 0.16). Similarly, we considered the association between
surgical approach and the fold change (postoperative cre-
atinine/preoperative creatinine). The difference in fold
change in creatinine was not statistically different from 0:
-0.12 (95% Cl -0.03, 0.01), p = 0.19.

Initially, we planned to analyze AKI via multivariable
ordinal logistic regression. However, the proportional odds
assumption for this outcome suggested it may have been
violated (x§0 = 34, p = 0.026). Thus, we used multivariable
logistic regression, modeling the odds of any AKI (Stages I,
Il or Ill) vs. no AKI adjusting for surgeon, to assess the rela-
tionship between AKI and surgical procedure. A significant
protective effect of the laparoscopic procedure on the odds
of having AKI was found. Patients who had laparoscopic surg-
eries were an estimated 0.70 (95% Cl 0.55, 0.90, proim-aqi =
0.006) times as likely to have AKI as open surgical patients. A

similar result was observed in the proportional odds logistic
model (OR (95% Cl) = 0.70 [0.54, 0.90], Proim-aqi = 0.006).

AKI Stage | (5.0% vs. 6.8%) and Stage Il (0.8% vs. 1.4%)
were less common in patients who had laparoscopic surgery,
whereas Stage Il (0.3% vs. 0.2%) was similar.

Discussion

Postoperative Acute Kidney Injury (AKI), defined by a sudden
loss of renal function, affects 7% to 13% of patients hav-
ing non-cardiac surgery.'*'> Postoperative AKI is associated
with significant morbidity, increased mortality, prolonged
hospital and ICU stays, and high health care costs.'® Even
small increases in creatinine after surgery are associated
with a three-fold increased risk of developing end-stage
renal disease'” and a marked increase in mortality.'® It

55
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Table 3 Summary of raw and surgeon-adjusted associations between surgical procedure and postoperative kidney outcomes

in the propensity matched analysis set.

Primary

Postoperative 90 + 25 89 + 23 1.1 (-0.4, 2.7) 0.155
eGFR, mL. 92 [76, 106] 92 [74, 106]

min''/1.73 m?

Secondary

AKI (Any AKI vs. None) 113 (6) 155 (8) 0.7 (0.6, 0.9) 0.006°
AKIN stages® 0.7 (0.5, 0.9) 0.006°
Stage 1 93 (5) 126 (7)

Stage 2 14 (0.8) 25 (1)

Stage 3 6 (0.3) 4(0.2)

Primary outcome: The raw group estimates of postoperative eGFR are mean + SD and the regression estimate (95% Cl) is the
surgeon-adjusted multivariable linear regression estimated difference (laparoscopic - open) in eGFR group means. Median (Q1, Q3)
of postoperative eGFR by procedure are also presented.

Secondary outcomes:

AKI (Any AKI vs. None): The raw group estimates for any acute kidney injury (AKI) are incidences of any AKI by procedure type, presented
as n (%) and the regression estimate (95% Cl) is the multivariable logistic regression Odds Ratio (OR) for the odds of any AKI for the
laparoscopic procedures vs. the open procedures. AKIN (Stage 3, Stage 2, Stage 1, Stage 0): The raw group estimates for AKI by stage
are incidences of AKI stage by procedure type, presented as n (%) and the regression estimate (95% Cl) is the multivariable ordinal
logistic regression OR for the odds of AKI for the laparoscopic procedures vs. the open procedures. The Chi-Square p-value for testing the
proportional odds assumption suggests that this assumption was violated (p = 0.026 < 0.05), yet the results are presented as a sensitivity
analysis. All p-values presented are from their respective regression analysis. The p-values for the secondary analysis were adjusted for

multiple testing via Holm step-down procedure.
@ Surgeon-adjusted regression estimate (95% Cl).
b Holm-adjusted p-value.

¢ Sensitivity analysis using AKIN Stages (0, 1, 2, 3) instead of binary AKI (Any AKI - Stages 1, 2, 3 vs. No AKI - Stage 0).

is thus of considerable interest to consider whether peri-
toneal insufflation combined with Trendelenburg positioning
impairs renal function.?

Although there were convincing reasons to expect an
association between the surgical approach and renal injury,
none was observed in our analysis. Laparoscopic surgical
approach was not associated with a reduction of postopera-
tive eGFR. Consequently, the choice of surgical approach
(open vs. laparoscopic) should not be influenced by the
attempt to prevent renal injury. Well known benefits of
laparoscopic surgical approach including reduced blood loss,
decreased postoperative pain, and shorter in-hospital recov-
ery should be considered instead.

Our secondary analyses showed that patients who had
open surgery were more likely to develop AKI within the ini-
tial 48 postoperative hours in our cohort. However, about
80% of all postoperative AKI cases were Stage 1 of the AKIN
criteria, considered to be ‘risk’’ rather than injury. The
importance of Stage 1 AKI remains unclear. Several studies,
based on limited numbers of young and relatively healthy
patients, did not identify long-lasting impairment.'-?2 But
there are other analyses that suggest increased mortality
even with Stage 1 AKI.Z>-% We did only detect a minor dif-
ference in AKI Stage 2 (0.8% vs. 1.4%) and no meaningful
difference in AKI Stage 3 (0.3% vs. 0.2%) between the groups
which is unsurprising considering the low baseline incidence
of these serious outcomes.

Laparoscopic procedures usually require restricted intra-
venous fluid administration which may have promoted

hemoconcentration and slight increases in creatine that
are perhaps of little physiological consequence. Consis-
tent with this theory, our laparoscopic patients received 11
mL/minute of intravenous fluids during laparoscopic surgery
compared to 13 mL/minute in the open group.

Intraoperative hypotension, perioperative anemia, and
preoperative use of aspirin are potential causes of postop-
erative kidney injury.'>2%27 But none of these factors seems
to be likely to explain our results as blood pressures did
not differ meaningfully (time weighted average mean arte-
rial pressure 87 vs. 83 mmHg). Nor did perioperative anemia
requiring blood transfusions and aspirin use differ substan-
tively in patients with each surgical approach.

It is possible that surgeons selected open surgery for
patients whom they expected might need more extensive
and complicated operations, which in turn would be asso-
ciated with more blood loss and vasopressor use. However,
there were negligible differences in blood loss and vasopres-
sor requirements. Our analysis surely suffered from some
degree of residual confounding. But we reduced the risk of
selection bias by carefully matching patients on a long list
of baseline characteristics. After matching, patients having
each type of surgery were well balanced on most variables.

In summary, laparoscopic surgical approach combined
with steep Trendelenburg positioning does not appear
to cause substantial renal impairment as measured by
estimated glomerular filtration rate. Given the other advan-
tages of laparoscopic surgery, the approach should not be
avoided for concerns about renal injury.
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