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Abstract

Purpose Postoperative peritoneal adhesion formation (PAF) is a distressing complication. Leptin, secreted by fat tissues,
may be associated with PAF. However, the relationships between PAF and leptin are unclear. This study investigated the
impact of leptin on PAF after colorectal tumor resection.

Methods A cecum cauterization mouse model was used to investigate PAF and its association with leptin. Mice adhesion
score (AS) was evaluated on day 7 after treatment. The clinical study included patients who underwent elective colorectal
resection with temporary ileostomy between April 2021 and December 2024. The AS was evaluated at the time of ileostomy
closure. Patients with the highest AS quartile were classified into the high-AS group; clinical factors associated with PAF were
examined. An enzyme-linked immunosorbent assay was used to measure human and murine serum leptin concentrations.
Results The animal experiment revealed that serum leptin levels on postoperative day 7 were negatively correlated with mice
ASs (P=0.0043, r=-0.6241). In a clinical study, eight patients had a high AS (27.6%). Visceral fat mass and preoperative
serum leptin levels were higher in the high-AS group than in the low-AS group. The serum leptin ratio (postoperative value
to preoperative value) on postoperative day 7 was lower in the high-AS group. In multivariate analysis, the serum leptin ratio
was an independent factor for classifying into the high-AS group.

Conclusions A decrease in postoperative serum leptin levels was associated with severe PAF. Leptin may be a novel key
molecule in PAF.
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Introduction Therefore, it is crucial to clarify PAF preventive methods

and predictors.

Surgical resection of abdominal tumors is one of the most
effective treatments for cancers without distant metastases.
However, surgical intervention induces peritoneal adhesion
formation (PAF), a distressing postoperative complication
estimated to occur in 63—97% of patients after abdominal
surgery [1-3]. PAF may significantly impair the quality
of life in postoperative patients with chronic abdominal
pain, female infertility, and small bowel obstruction [4-6].
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Peritoneal adhesions form when fibrin clots containing
immune cells, such as peritoneal macrophages and neu-
trophils, excessively accumulate in the peritoneal wall,
which lacks mesothelial cells [7—11]. In normal peritoneal
repair, these clots are fully fibrinolyzed within 72 h. How-
ever, if excessive clots accumulate, fibrinolysis becomes
impossible, and fibrous structures form within the clots,
resulting in PAF [12]. Currently, several materials are
used clinically to suppress PAF by covering postopera-
tive mesothelial cell defects [13—15], but these materi-
als fail to completely prevent PAF [5, 16]. Regarding
the predictors of PAF, clinical factors such as operative
time [17, 18], surgical blood loss [17, 18], anastomosis
leakage [17, 18], history of previous surgery [3, 17, 18],
preoperative C—reactive protein levels [19, 20], and high
body mass index (BMI) [19] have been reported as factors
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related to PAF. These findings suggest that severe surgi-
cal stress, acute perioperative inflammation, and chronic
inflammation due to underlying diseases contribute to the
initiation and development of PAF. However, clinically
valuable predictors have yet to be identified. Therefore,
the development of new preventive methods and predic-
tors is needed.

Surgeons may encounter various cases and conduct
translational research to explore the molecular mecha-
nisms [21]. One hypothesis is that visceral fat is related
to PAF, although the details of this mechanism remain
unknown [22]. Adipocytes that constitute visceral fat
affect various biochemical reactions via the secretion of
adipokines, such as leptin and adiponectin [23]. In par-
ticular, leptin, which correlates with BMI and body fat
[24], is associated with adipose tissue fibrosis [25] and
wound healing [26-28]. The repair of peritoneal injuries
may involve the skin repair system, which is structurally
similar to the peritoneum. Therefore, leptin may be asso-
ciated with that mechanism if visceral fat affects PAF.

Here, we revealed the relationship between leptin and
PAF using preclinical data from a mouse model of cecum
cauterization and clinical data from patients undergoing
colorectal tumor resection. This study suggests that leptin
may be a candidate for a novel key molecule in PAF.

patients who underwent
colorectal resection with a temporary ileostomy
(n=38)

Methods

Evaluation of anti-PAF effects by leptin in animal
experiments

Eight-week-old female BALB/c mice were purchased from
Japan SLC, Inc. (Shizuoka, Japan). All animals were main-
tained in a specific pathogen-free facility under a 12-h
light/12-h dark cycle at 22 °C in the Research Center for
Animal Life Science at Shiga University of Medical Sci-
ence (SUMS). Cecum cauterization was performed on
10- to 12-week-old mice to evaluate the degree of PAF and
serum leptin concentration. In brief, mice were anesthetized
with 2% isoflurane. A 15 mm midline incision was made
in the abdominal wall, and the cecum was removed from
the body and cauterized immediately with an electric wire
to avoid perforation (Online Resource Fig. 1). The peri-
toneum and skin were sutured using 60 vicryl (Ethicon,
D5890). Mice were harvested for heart blood collection
and sacrificed between 8 h and 14 days after treatment. An
inverted U-shaped incision was made to evaluate the adhe-
sion strength of the cecum and midline wound. In the leptin
treatment experiment, mice were injected intraperitoneally
with 500 pL of phosphate-buffered saline (PBS) or murine
recombinant leptin diluted in PBS to 5 pg/g daily, from the
day of surgery to 6 days post-surgery. On postoperative day
7, the mice were sacrificed to collect heart blood and evalu-
ate the mouse adhesion score (AS).

Eligible patients
(n=29)

Cut-off value of the high-AS group
AS =5

l |

Patients excluded (n=9)

» Underwent reoperation between colorectal resection
and two-stage ileostomy closure (n=2)

* Ileostomy closure was not performed due to the patient’s
condition (n=7)

High-AS group
8 cases (27.6%)

Low-AS group
21 cases (72.4%)

Fig. 1 Flow chart of the study

@ Springer



International Journal of Colorectal Disease (2025) 40:67

Page3of 11 67

Patient inclusion

This prospective study included 38 patients scheduled to
undergo elective colorectal cancer resection with temporary
ileostomy and two-stage ileostomy closure between April
2021 and December 2024. The protocol for this research
project was approved by the Ethics Committee of SUMS
(Approval No. R2020-202) and conformed to the provi-
sions of the Declaration of Helsinki. The study included
29 patients, excluding those for whom ileostomy closure
was not performed due to patient condition (n="7) and those
who underwent reoperation between colorectal resection and
two-stage ileostomy closure (n=2) (Fig. 1). Clinical data
for all patients were collected, and AS were recorded when
they underwent two-stage ileostomy closure. Venous blood
samples were collected the day before and 1-7 days after
surgery, centrifuged at 2000 g for 6 min, and the supernatant
was collected and stored at —80 °C, and thawed immediately
before use for measurements.

Clinical data collection

Patient characteristics, including perioperative laboratory
data and postoperative findings, were also collected. Smok-
ing history was defined as having smoked at least once in the
past or currently, whereas drinking history was defined as
drinking at least once per week. Computed tomography was
performed using 64- and 320-slice devices (Aquilion™ CX
Edition and Aquilion™ ONE, respectively; Canon Medical

Table 1 Evaluation methods for adhesion tissues

Systems Corporation, Tochigi, Japan). The slice thickness
was set at 5 mm in all patients in accordance with our institu-
tional protocol. Visceral and subcutaneous fat volumes were
calculated using 3—dimensional computed tomography with
SYNAPSE VINCENT (Fuji Film Co., Tokyo, Japan). These
computed tomography data were obtained within 1 month
before the primary surgery. The CONUT score, a key com-
ponent of our research, was calculated based on the serum
albumin concentration, total lymphocyte count, and total
cholesterol concentration [29].

Definition of AS

Based on previous reports [7, 13, 30], the extent and
strength of adhesion tissues were macroscopically evalu-
ated on a 5-point scale (Table 1). In animal experiments,
the mouse AS was defined as the sum of [points of the adhe-
sion strength around the cecum] + [points of the adhesion
strength around the midline wound]. In clinical research,
the extent and strength of adhesion tissue around the ile-
ostomy and at the midline wound were rated. For midline
wound AS, severity could not be assessed because adhe-
sions in this area are not typically dissected during actual
surgery. Therefore, to balance the weighting between peri-
stomal and midline wound AS, the score for the extent of
midline wound adhesions was doubled to approximate the
combined evaluation of extent and severity. AS was then
defined as follows: [Points for the extent of adhesions around
the ileostomy] + [points for the adhesion strength around the

Animal studies

The degree of adhesions according to the strength of adhesions around the cecum and midline wound

None

Film-like without neovascularization
Fiber-like without neovascularization
Bundle-like with partial neovascularization

Integration with other organs, which cannot be separated without injury

Clinical studies

The degree of adhesions according to the extent of adhesions around the ileostomy and midline wound

None

Adhesions less than a quarter of the circumference or length

Adhesions between one-quarter and one-half of the circumference or length

Adhesions between one- half and three-quarters of the circumference or length

Adhesions more than three-quarters of the circumference or length

The degree of adhesions according to the strength of adhesions around the ileostomy

None
Film-like without neovascularization
Fiber-like without neovascularization

Bundle-like with partial neovascularization

Integration with other organs, which cannot be separated without injury

Points
0

B N S

Points

A WO~ O

Points
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ileostomy] 42 X [points for the extent of adhesions around
the midline wound]. Finally, patients were divided into low-
and high-AS groups, with high AS defined as the highest
quartile.

Measurement of serum leptin levels

The serum leptin concentrations in each patient sample
were measured using the Human Leptin DuoSet® ELISA
(R&D, DY398-05) according to the manufacturer’s instruc-
tions. The serum leptin concentrations in murine samples
were measured using the Mouse/Rat Leptin Quantikine®
ELISA (R&D, MOBO0OB) according to the manufacturer’s
instructions. Perioperative changes in serum leptin levels
were calculated, and the serum leptin ratio was defined as
[postoperative serum leptin levels] / [preoperative serum
leptin levels].

Statistical analysis

Statistical analyses were performed using the GraphPad
Prism 10 (GraphPad Software, San Diego, California, USA).
For the mouse experimental data, the Mann—Whitney U test
was used to compare two groups, and P <0.05 was consid-
ered significant. In the clinical data, the measured param-
eter concentrations are shown as the median (interquartile
range). Fisher’s exact (for categorical variables) and the
Mann—Whitney U test (for continuous variables) were used
to evaluate the significance of differences between the two
groups, with P <0.05 considered significant. The Spearman
correlation coefficients were used to determine P values and
r values in the correlation analysis. Multivariate logistic

A 8-
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Serum leptin, ng/mL
F S
1

|

0 2 4 6 8
Day

10 12 14

Fig.2 Effect of serum leptin levels on peritoneal adhesion forma-
tion in the cecum cauterization mouse model. A The perioperative
serum leptin levels of mice with cecum cauterization were charac-
terized postoperatively on days O to 14 (n=4-5). The serum leptin
level on day O is the control level. B A scatter plot with a fitted linear

@ Springer

regression analyses were used to identify risk factors asso-
ciated with classification into the high-AS group. Prior to
regression analysis, continuous explanatory variables were
standardized using Z-score transformation to allow for direct
comparison of effect sizes. P <0.05 was considered statisti-
cally significant.

Results
Impact of leptin on PAF in mice experiments

We hypothesized that perioperative serum leptin concentra-
tions would change if leptin affects PAF as a circulating hor-
mone. To investigate the perioperative dynamics of serum
leptin concentrations, we sacrificed mice at multiple time
points before and after cecum cauterization. This experiment
revealed that serum leptin concentrations slightly increased
8 h after surgery and then decreased below baseline lev-
els from the next day onward (Fig. 2A). Next, mice were
administered exogenous leptin intraperitoneally to investi-
gate whether leptin affected PAF in the cecum cauteriza-
tion mouse model. The body weight of the mice was nearly
identical (mean: 21.41 g, standard error: 1.47 g), with no
significant differences before or after treatment between the
PBS (n=19) and leptin (n=17) groups (Online resource
Figs. 2A and B). Contrary to expectations, there were no sig-
nificant differences in mouse AS and serum leptin levels on
postoperative day 7 between the two groups (Online resource
Figs. 2C and D). However, serum leptin levels on postop-
erative day 7 in the PBS group (P=0.0021, r=-0.6598)
and in all samples (P=0.0112, r=—-0.4177) were negatively

B } 107 o P=0.0021
% g r=-0.6598
= =~
B
EE 4
0 o
8
2 24
=
=]
0 1 1 1 1
0 2 4 6 8

Mouse adhesion score

regression line shows the relationship between the mouse serum lep-
tin levels and adhesion score in the phosphate buffered saline group
(n=19). Values are presented as means + standard error of the mean
in (A). The Spearman correlation coefficient determined the P values
and r in (B)
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correlated with mouse AS (Fig. 2B and Online resource
Fig. 2E). Thus, these findings from the animal experiments
suggested that low postoperative serum leptin levels may be
associated with severe PAF.

Clinical study population

To investigate whether serum leptin levels were associated
with PAF, we conducted a prospective study. A total of 29
patients were enrolled. Among these, 19 were males (65.5%)
and 10 were females (34.5%), with a median age of 67 years
(interquartile range [IQR], 55—74). Twenty-six patients
(89.7%) were diagnosed with colorectal cancer, two (6.9%)
with neuroendocrine tumors, and one with gastrointestinal

stromal tumors (3.4%). Colorectal resection was performed
in all cases. Among these, 28 were performed laparoscopi-
cally (96.6%), including nine robotic surgeries (31.0%), 13
with transanal total mesorectal excisions (44.8%), and seven
with lateral lymph node dissections (24.1%). Additionally,
neoadjuvant chemotherapy was administered to 10 patients
(34.5%), with radiation therapy to nine patients (31.0%). The
median AS score was 2 (IQR, 0-5) (Fig. 3A).

Clinical features of the low- and high-AS groups
To study the relationship between PAF and clinical fac-

tors, including serum leptin levels, we compared patients
in the low- and high-AS groups. Twenty-one patients were
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Fig.3 Effect of leptin on peritoneal adhesion formations in the clini-
cal study. A Adhesion scores are evaluated for each assessment item
and in total. B A scatter plot with a fitted linear regression line shows
the relationship between serum leptin levels and visceral fat mass
before colorectal resection. C The characteristics of serum leptin lev-
els preoperatively and on days 1-7 postoperatively in all patients are
shown. Day 0 is the preoperative day. (D) Each group’s perioperative
serum leptin ratios are characterized postoperatively from day O to 7.

The reference values are from day 0, the preoperative levels. E Quan-
tification of the relative serum leptin levels on postoperative day 7 in
low- (n=21) and high- (n=8) AS groups. Values are presented as the
median with interquartile range in (A and E) or as means + standard
error of the mean in (C and D). The Spearman correlation coefficient
determined the P values and r in (B). Statistical analyses were per-
formed using the Mann—Whitney U test (E): **P <0.01
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included in the low-AS group (72.4%) and eight in the
high-AS group (27.6%). Table 2 shows the patients’ back-
ground and blood test data before colorectal resection. Body
weight (57.0 kg vs. 68.6 kg, P=0.0371), BMI (20.9 kg/m?
vs. 25.4 kg/mz, P =0.0070), and visceral fat mass (1633
cm’ vs. 4754 cm’, P=0.0134) were lower in the low-AS
group than in the high-AS group. In addition, the propor-
tion of patients with a drinking history was higher in the
low-AS group than in the high-AS group (42.9% vs. 0%,
P=0.0332). Furthermore, in preoperative blood tests, the
low-AS group had lower serum leptin levels than the high-
AS group (1.77 ng/mL vs. 4.25 ng/mL, P=0.0474). How-
ever, no significant differences were observed in age, sex,
presence of diabetes mellitus, smoking history, previous
surgery, previous antithrombotic therapy, tumor stage, or
previous preoperative therapy. Moreover, no significant dif-
ferences were observed in other blood test data before colo-
rectal resection, such as white blood cell count, Creatinine,
C-reactive protein, and albumin levels, or in preoperative
nutritional status, such as the CONUT score.

Table 3 shows patients’ surgical factors and blood test
data after colorectal resection in the two groups. The low-AS
group had a higher platelet count on the first postoperative
day than the high-AS group (17.0 pLx 10* vs. 12.3 pLx 10,
P=0.0398). However, there were no significant differences
in other blood test items, such as white blood cell count,
creatinine, C-reactive protein, hemoglobin, total bilirubin,
prothrombin—activation, albumin, and leptin levels; surgi-
cal technique; use of anti-adhesive agents; operative time;
blood loss; presence of surgical site infection; date of drain
removal; or length of hospital stay.

Therefore, these results suggests that six clinical fac-
tors—high body weight, high BMI, high visceral fat mass,
preoperative high serum leptin levels, no history of alcohol
consumption, and low platelet count on the first postopera-
tive day—are potential candidates that may be associated
with severe PAF after colorectal tumor resection.

Clinical impact of the serum leptin ratio on PAF

It is well known that serum leptin concentrations are closely
correlated with BMI and body fat [23]. Therefore, we sus-
pected that differences in postoperative leptin levels between
the two groups were obscured by differences in basal lep-
tin levels. To validate this hypothesis, we investigated
the associations between leptin and PAF using the serum
leptin ratio. First, correlations between leptin and body
fat were confirmed. As expected, preoperative leptin lev-
els were correlated with visceral (P=0.0002, r=0.6446),
subcutaneous (P <0.0001, r=0.8478), and total fat mass
(P<0.0001, r=0.8253) (Fig. 3B, Online resource Fig. 3).
Next, the dynamics of perioperative serum leptin levels
were investigated, revealing that postoperative serum leptin
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levels transiently increased on postoperative day 1 compared
with preoperative levels and decreased to near preoperative
levels by postoperative day 7 (Fig. 3C). The serum leptin
ratios were higher throughout the postoperative period in
the low-AS group than in the high-AS group (Fig. 3D). In
particular, the serum leptin ratio on postoperative day 7 was
significantly higher in the low-AS group than in the high-AS
group (1.18 vs. 0.67, P=0.0079) (Fig. 3E). Additionally, the
serum leptin ratio did not show a correlation with visceral
fat (P=0.4166, r=—0.1630), subcutaneous fat (P =0.8489,
r=-—0.0385), and total fat (P =0.6344, r=—0.0959). Finally,
to identify risk factors associated with classification into the
high-AS group, we performed multivariate analysis using
the factors identified as significant in the univariate analy-
sis. In this analysis, body weight, which overlaps with BMI,
and alcohol consumption history, which showed complete
separation from the outcome variable, were excluded. As a
result, it was found that the serum leptin ratio on postopera-
tive day 7 is an independent factor for classifying into the
high-AS group (Odds ratio, 0.0559; 95% confidence interval
0.0020-0.4242; P=0.0212) (Table 4). Therefore, this study
suggested that a decreased postoperative serum leptin ratio
is associated with severe PAF.

Discussion

In this study, based on the hypothesis that visceral fat may
be associated with severe PAF, we focused on leptin, a hor-
mone secreted by adipose tissue, and demonstrated that a
postoperative decrease in serum leptin levels was associated
with severe PAF. However, no significant differences were
observed in well-known factors associated with PAF, such as
operative time and blood loss, as reported in previous studies
[17, 18]. Therefore, we will discuss two points: the effect of
leptin on PAF and the differences in factors related to PAF
from previous studies.

First, this study suggested that a postoperative decrease in
serum leptin levels was associated with severe PAF. In the
animal experiments, serum leptin levels on postoperative day
7 were negatively correlated with mouse AS. Moreover, in
the clinical study, serum leptin ratios on postoperative day
7 were negatively correlated with AS and an independent
factor for classifying into the high-AS group. Serum leptin
levels are primarily influenced by body fat percentage, and
when body fat percentage is equalized, no gender differences
in serum leptin levels are observed [24]. Therefore, in animal
experiments, inbred mice with the same genetic background,
age, and sex were used to minimize experimental variability
due to individual differences and to standardize preopera-
tive body weight as much as possible. As a result, serum
leptin levels before treatment were expected to be relatively
similar across all mice. Thus, differences in postoperative
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Table 2 Preoperative clinical Findings Low AS High AS P value
features of the low- and high-AS n=21 n=8
groups
Background, n (%)
AS (IQR) 0(0-2) 7 (6.8-9) <0.0001
Age, median (IQR), y 66 (54-73) 70 (69-77) 0.1786
Sex, male/female 13 (61.9)/8 (38.1) 6 (75.0) 12 (25.0) 0.6749
Height (IQR), cm? 164.4 (158.0-169.9) 166.9 (160.6-168.3) 0.9523
Body weight (IQR), kg 57.0 (50.0-66.8) 68.6 (66.8-72.6) 0.0371
Body mass index, median (IQR), kg/m2 20.9 (20.0-23.3) 25.4 (23.7-26.0) 0.0070
Total fat mass (IQR), cm? 3771 (2643-8188) 9105 (7465-9881) 0.0593
Visceral fat mass (IQR), cm? 1633 (1151-3676) 4754 (2561-5086) 0.0134
Subcutaneous fat mass (IQR), cm? 2376 (1365-4970) 4300 (3323-4939) 0.1141
Drinking 9 (42.9) 0(0) 0.0332
Smoking 12 (57.1) 3(37.5) 0.4270
Hypertension 12 (57.1) 6 (75.0) 0.6706
Dyslipidemia 6 (28.6) 2 (25.0) >0.9999
Diabetes mellitus 4(19.0) 3(37.5) 0.3568
Cardiovascular disease 0 (0) 1(12.5) 0.2795
Receiving antithrombotic medication 14.8) 1(12.5) 0.4828
Past history of surgery 7 (33.3) 4 (50.0) 0.4327
ASA score >0.9999
1 4 (19.0) 1(12.5)
2 15 (71.4) 6 (75.0)
3 2(9.5) 1(12.5)
Diagnosis >0.9999
Adenocarcinoma 18 (85.7) 8 (100)
Neuroendocrine 2(9.5) 0(0)
Gastrointestinal stromal tumor 1(4.8) 0(0)
Stage (TNM) >0.9999
Stage 0-1I 12 (57.1) 5(62.5)
Stage I1I or IV 9 (42.9) 3(37.5)
Neoadjuvant chemotherapy 8(38.1) 2(25.0) 0.6749
Preoperative radiation therapy 8 (38.1) 1(12.5) 0.3715
Preoperative blood test data, median (IQR)
‘White blood cells, /uL 5500 (4600-6300) 5700 (4450-6500) 0.9904
Neutrophils, /uL 3062 (2574-4366) 3459 (2456-3975) 0.8752
Total lymphocyte count, /uL. 1342 (818-1733) 1577 (1275-2202) 0.2004
Hemoglobin, g/dL 13.4 (12.3-14.2) 13.3 (11.55-13.975) 0.9523
Platelet count, /pL X 10* 19.1 (16.4-28.1) 17.0 (13.9-18.8) 0.2421
Albumin, g/dL 4.03.744) 4.0 (4.04.1) 0.7821
Total-Bilirubin, mg/dL 0.73 (0.50-1.11) 0.58 (0.51-0.88) 0.8015
Prothrombin activation, % 102 (94-115) 103 (94-106) 0.7647
D-dimer, pg/mL 0.5 (0.3-0.8) 0.7 (0.5-1.8) 0.2198
Creatinine, mg/dL 0.80 (0.70-0.86) 0.88 (0.83-1.03) 0.1491
eGFR, mL/min/1.73m> 67.9 (64.3-73.8) 63.0 (53.4-68.8) 0.1803
Cholinesterase, U/L 275 (242-309) 275 (230-310) 0.7482
Total cholesterol, mg/dL 196 (171-213) 188 (161-216) 0.9144
Triglyceride, mg/dL 114 (86-189) 113 (104-165) 0.5574
C-reactive protein, mg/dL 0.08 (0.03-0.21) 0.10 (0.08-0.14) 0.5570
Hemoglobin Alc, % 5.6 (5.4-5.9) 6.0 (5.6-6.3) 0.0841
CONUT score 2 (1-3) 1(0-2) 0.1415
Leptin, ng/mL 1.77 (1.00-3.48) 4.25 (3.11-7.52) 0.0134

Data are expressed as medians with interquartile ranges for continuous variables or as numbers and per-
centages for categorical variables. Bold values are statistically significant

AS; adhesion score, IQR; interquartile range, ASA; American Society of Anesthesiologists’ fitness grade,
eGFR; estimated glomerular filtration rate, CONUT; controlling nutritional status
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Table 3 Postoperative factors of Findings Low AS High AS P value
the low- and high-AS Groups n=21 n=8
Surgical factors, n (%)

Surgical technique
Open/laparoscopic 1(4.8) /20 (95.2) 0(0)/ 8 (100.0) >0.9999
Robotic 7 (33.3) 2(25.0) >0.9999
Transanal total mesorectal excision 10 (47.6) 3(37.5) 0.6968
lateral lymph node dissection 5(23.8) 2 (25.0) >0.9999
Using anti-adhesion materials 21 (100.0) 7(87.5) 0.2759
Operation time (IQR), min 439 (308-492) 441 (359-557) 0.6082
Blood loss (IQR), mL 91 (50-150) 75 (0-185) 0.8739
Transfusion 1(4.8) 0(0) >0.9999
Incisional surgical site infection 1(4.8) 0(0) >0.9999
Paralytic ileus 1(4.8) 0(0) >0.9999
Complications, > Clavien—Dindo grade 3 4(19.0) 0(0) 0.5520
Date of drain removal (range), day 5@3-7) 5@-7) 0.3787
Number of days in hospital (IQR), day 13.0 (12.0-15.0) 15.5 (11.8-16.3) 0.3891

Postoperative blood test data, median (IQR)

On postoperative day 1
White blood cells, /uL. 8800 (7200-10900) 8800 (7650-9250) 0.5573
Hemoglobin, g/dL 11.7 (10.8-12.4) 11.8 (11.1-12.5) 0.8389
Platelet count, /uL x 10* 17.0 (14.3-23.6) 12.3 (11.6-18.2) 0.0398
Albumin, g/dL. 3.0(2.9-3.2) 3.0 (3.0-3.1) 0.5871
Total-Bilirubin, mg/dL 0.93 (0.80-1.3) 0.83 (0.79-1.31) 0.9144
Prothrombin activation, % 77 (71-90) 81 (75-82) 0.8388
D-dimer, pg/mL 3.1 (2.54.6) 3.4 (3.2-3.8) 0.6754
Creatinine, mg/dL 0.80 (0.68-0.86) 0.92 (0.86-1.04) 0.0855
eGFR, mL/min/1.73m? 72.5 (63.6-77.6) 61.9 (54.3-64.8) 0.0526
C-reactive protein, mg/dL 5.88 (4.03-7.45) 7.16 (4.91-9.64) 0.4009
Leptin, ng/mL 2.87 (1.44-9.16) 6.37 (4.50-12.80) 0.2828
Serum leptin ratio 1.88 (1.34-2.20) 1.70 (0.92-2.02) 0.3670

On postoperative day 7
White blood cells, /uL 6900 (5800-8300) 5600 (5275-6400) 0.0950
Hemoglobin, g/dL 11.7 (10.4-13.6) 13.0 (11.5-13.1) 0.5412
Platelet count, /uL x 10* 26.2 (24.5-33.2) 24.6 (20.5-28.2) 0.0854
Albumin, g/dL 32(2.8-34) 3.3(3.1-3.5) 0.6914
Total-Bilirubin, mg/dL 0.50 (0.40-0.70) 0.59 (0.47-0.72) 0.4778
Prothrombin activation, % 97 (92-104) 102 (98-104) 0.4455
D-dimer, pg/mL 2.7 (1.9-4.3) 3.9(2.9-4.9) 0.1856
Creatinine, mg/dL 0.75 (0.65-0.92) 0.91 (0.84-0.98) 0.2135
eGFR, mL/min/1.73m? 72.0 (63.9-80.7) 63.7 (58.0-66.0) 0.0945
C-reactive protein, mg/dL 1.05 (0.69-2.13) 1.38 (1.04-1.96) 0.5494
Leptin, ng/mL 1.71 (1.09-4.80) 3.21 (2.51-3.81) 0.2375
Serum leptin ratio 1.18 (1.03-1.49) 0.67 (0.51-0.90) 0.0079

Data are expressed as medians with interquartile ranges for continuous variables, as medians with ranges
for data on the number of days, or as numbers and percentages for categorical variables. Bold values are
statistically significant

AS; adhesion score, /QR; interquartile range, eGFR; estimated glomerular filtration rate

serum leptin levels in mice were considered to have almost
the same significance as the changes in serum leptin ratio
observed in the clinical data. These findings in both animal

and clinical studies suggest that low serum leptin ratios after
surgery may promote PAF. Given that leptin can inhibit adi-
pose tissue fibrosis [25], a postoperative decrease in serum
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Tab!e 4 Multivaluate gnalysis Risk factor Odds ratio 95% CI P value

of risk factors for the likelihood

of being classified into the Body mass index 4.082 0.7233-68.15 0.1771

high-AS group Visceral fat mass 4589 0.6060-87.61 0.1674
Preoperative leptin 0.3051 0.0170-1.901 0.2631
Platelet count on postoperative day 1 0.5132 0.0716-2.234 0.1732
Serum leptin ratio on postoperative day 7 0.0559 0.0020-0.4242 0.0212

Bold values are statistically significant

AS; adhesion score, CI; confidence interval

leptin may promote PAF due to the formation of strong
fibrotic structures, primarily involving adipose tissues, such
as the omentum and mesentery. In addition, the low serum
leptin ratios in the high-AS group may be due to prolonged
postoperative sympathetic nerve stimulation associated
with surgical invasion or postoperative infectious compli-
cations, which suppress leptin secretion [31, 32]. Therefore,
preventing excessive postoperative inflammatory responses
and maintaining adequate serum leptin levels may inhibit
severe PAF. However, no significant difference was observed
in mouse AS when administering exogenous recombinant
murine leptin. Two possible reasons for this exist. First, the
half-life of the circulating hormone leptin was tightly regu-
lated at 47.3 min [33]; therefore, temporary administration,
such as once daily, may not effectively reduce PAF because
serum concentrations are not adequately maintained. Sec-
ond, in the cecum cauterized mouse model used to create
severe PAF, fluid resembling abscesses leaked from the PAF
tissue during the AS evaluation in some samples from each
group. Therefore, these inflammatory complications caused
by cecum cauterization may affect the results. Complicating
matters, it was difficult to accurately distinguish whether
the fluid was due to fecal leakage from dissection or from
abscess formation. Therefore, further investigation is needed
to clarify how leptin affects PAF.

Second, we discuss the differences in factors related to
PAF from previous studies. Although several researchers
have shown that operative time and blood loss correlate with
PAF [17, 18], these factors were not significantly associated
with PAF in the present study. Additionally, we identified the
serum leptin ratio on postoperative day 7 as a novel predictor
of PAF. One possible reason for these differences is that this
study included only patients who underwent surgery using
an almost uniform technique for specific diseases, whereas
previous studies included surgical techniques for various
diseases. Another possible reason is that several previous
reports evaluated the presence of PAF based on small bowel
obstruction, whereas the present report directly assessed the
presence of PAF. By comparing patients with similar surgi-
cal stress and including minor PAF that did not contribute
to clinical symptoms, we hypothesized that factors related
to the more detailed mechanism of PAF could be identified.

This study had a few limitations. First, it excluded
patients who underwent reoperation due to anastomotic
leakage or other factors between colorectal resection and
two-stage ileostomy closure to detect factors associated with
PAF accurately. Identifying how various factors affect PAF
during regular postoperative intraperitoneal injury repair is
important. Second, we could not rule out the influence of
other factors on PAF because our study was limited to leptin.
Finally, the number of enrolled patients was small, and only
East Asian (Japanese) individuals from a single institution
were enrolled.

Conclusions

The postoperative decrease in serum leptin after colorectal
tumor resection was associated with severe PAF and may
serve as a novel predictor of its severity. Thus, elucidat-
ing the molecular mechanisms by which leptin affects PAF
may lead to the development of novel preventive strategies
beyond anti-adhesive agents that cover the peritoneal injury
area.
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