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Abstract: Peristomal adhesions complicate closure of defunctioning

enterostomy. The efficacy and safety of sodium hyaluronate gel and

chitosan in preventing postoperative adhesion have not been extensively

studied. This study aims to evaluate the safety and efficacy of sodium

hyaluronate gel and chitosan in the prevention of postoperative peri-

stomal adhesions.

This was a prospective randomized controlled study. One hundred

and fourteen patients undergoing defunctioning enterostomy were

enrolled. Patients were randomly assigned to receive sodium hyalur-

onate gel (SHG group) or chitosan (CH group) or no antiadhesion

treatment (CON group) during defunctioning enterostomy. The safety

outcomes included toxicities, stoma-related complications, and short-

term and long-term postoperative complications. Eighty-seven (76.3%)

of the 114 patients received closure of enterostomy, during which

occurrence and severity of intra-abdominal adhesions were visually

assessed by a blinded assessor.

Incidence of adhesion appears to be lower in patients received sodium

hyaluronate gel or chitosan but differences did not reach a significant level

(SHG group vs CH group vs CON group: 62.1% vs 62.1% vs 82.8%,

P¼ 0.15). Compared with the CON group, severity of postoperative

adhesion was significantly decreased in the SHG and CH group (SHG

group vs CH group vs CON group: 31.0% vs 27.6% vs 62.1%; P¼ 0.01).

There was no significant difference in the occurrence of postoperative

complications and other safety outcomes among the 3 groups.
, Xianrui Wu, MD eng He, MD,
, PhD, and Ping Lan, MD, PhD

(Medicine 94(51):e2354)

Abbreviations: ALT = alanine transaminase, BMI = body mass

index, BUN = blood urea nitrogen, CH = chitosan, CON = control,

CRC = colorectal cancer, SHG = sodium hyaluronate gel, WBC =

white blood cell.

INTRODUCTION

I ntra-abdominal adhesions are a common complication fol-
lowing colorectal surgery. Their occurrence is associated with

tissue damage, inflammation, angiogenesis, fibrin exudation, and
fibrinolysis suppression. Intra-abdominal adhesions are one of
the leading causes of severe or even fatal sequelae, such as bowel
obstruction, chronic abdominal pain, difficulty in reoperation,
and infertility.1–5 The reoperation rate associated with intra-
abdominal adhesions has been reported as up to 30% to 40%.6,7

Antiadhesion agents, such as sodium hyaluronate, fibrin
sheets, dextran, and chitosan, have been used to prevent post-
operative intra-abdominal adhesion in clinical practice. Among
them, sodium hyaluronate gel and chitosan (carboxymethyl
chitin) have been shown to be effective in animal studies.8–11

There are several mature products of sodium hyaluronate, such as
SprayGel12 and Seprafilm.13 Efficacy in preventing peritoneal
adhesions12,13 or intra-abdominal adhesions14,15 of these pro-
ducts has been demonstrated by some studies, although as
indicated in several, their application around anastomosis also
increased incidence of anastomotic leakage.16 Chitosan has been
shown to be effective in preventing adhesion in several animal
studies.9,11,17,18 Clinical trials are needed to further confirm its
efficacy in human.

A temporary enterostomy is usually performed to protect a
distal anastomosis from postoperative anastomotic compli-
cations after colorectal surgery. Separation of peristomal adhe-
sions under limited exposure from parastomal incision
complicates closure of enterostomy. The closure of the stomas,
however, provides an opportunity to visually assess peristomal
adhesions. The objective of this prospective randomized con-
trolled study was to evaluate the safety and efficacy of sodium
hyaluronate gel and chitosan in preventing peristomal adhesions
after defunctioning enterostomy.

METHODS

Study Design and Patients

pective blinded randomized controlled
ing colorectal surgery with a defunction-
stomy at the Department of Colorectal
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Surgery, the Sixth Affiliated Hospital of Sun Yat-sen University
from June 2011 to January 2015 were prospectively enrolled.
All patients were >18 years old and underwent defunctioning
ileostomy or colostomy with or without bowel resection, fol-
lowed by a stoma closure procedure at a second stage. Exclusion
criteria are as follows: (1) patients with cicatricial diathesis or
allergic constitution; (2) patients undergoing a permanent
colostomy; (3) patients with a history of operation or adhesion
at the peristomal area; (4) patients with a preoperative diagnosis
of endometriosis or diffuse peritonitis; (5) use of corticosteroid,
immunosuppressant, or receiving peritoneal dialysis within 3
years before the surgery; (6) female patients who were pregnant.
The Hospital Ethic Review Board approved the study and all
participants provided written informed consent.

Randomization and Treatment Groups
Participants were randomly assigned to 3 study groups:

sodium hyaluronate gel group (SHG group), chitosan group
(CH group), or control group (CON group). Randomization
number was generated by the computer and kept in a sealed
envelope. Patients and surgeons were blinded to the treatment
assignment before the surgery. The envelope was unsealed at the
operation room before the closure of the abdominal incision and
the creation of the enterostomy, to reveal the assignment. For
patients randomized to the SHG group or the CH group, sodium
hyaluronate gel (Haohai Biological Technology Co, Ltd, Shang-
hai, China) or chitosan (water-soluble medical chitosan, Qisheng
Biological Preparation Co, Ltd. Shanghai, China) was smeared to
both limbs of enterostomy. Patients in the control group had
standard abdominal procedures without using sodium hyaluro-
nate gel, chitosan, or any other antiadhesion agents.

Three to six months after the enterostomy, the patients
underwent second surgery to close the enterostomy. Before the
closure of stoma, radiograph was taken to evaluate the integrity
of the colorectal anastomosis. Enterostomies were closed with
hand-sewn or stapled anastomosis. During the second surgery,
the presence and severity of adhesions to the enterostomy site
were evaluated by the operating surgeons, who were unaware of
the patients’ treatment groups and were different from the ones
who performed the initial surgery. All patients received standard
care and were kept blinded to their treatment assignments
during the study. Follow-up evaluations were performed on
the 2nd or 3rd day, 7th day, 30th day, and 12 to 24
weeks postoperation.

Safety Evaluation
All efficacy and safety outcomes were adjudicated by

surgeons who were blinded to patients’ treatment assignment.
All participants were included in the safety evaluation. Toxi-
cities to liver and kidney related to the use of sodium hyalur-
onate gel or chitosan were evaluated within 7 days after
enterostomy. Postoperative short-term complications included
peristomal cutaneous infection, intra-abdominal hemorrhage,
and abscess. Stoma-related complications included stoma ste-
nosis, parastomal hernia, stoma prolapse, and stoma retraction.
Long-term postoperative complications included intestinal
obstruction and anastomotic leakage. Cancer progression was
defined as local recurrence and metastasis.

Efficacy Evaluation

Hu et al
Patients who received the closure of the enterostomy were
included in the efficacy analyses. The primary outcome was
the incidence of adhesions present during the follow-up surgery
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(3–6 months after the initial surgery), defined as 1 or more
adhesions to the enterostomy wound or between intestinal
tracts. The secondary outcome was the severity of adhesion
scored as: 0¼ no adhesion; 1¼ filmy or negligible, avascular
adhesions, separated easily with blunt dissection; 2¼ firm or
moderately thick, limited vascular adhesions, separated with
blunt or sharp dissection; and 3¼ fibrotic, dense, well-vascular
adhesions, separated only with sharp dissection.19,20

Statistical Analysis
Sample size was calculated using SAS software (version

9.4, SAS Inc, Cary, NC). A sample size of 30 per group was
required to detect a difference of 50% in incidence of adhesions,
with 80% power (b¼0.20) and 5% 2-tailed significance level
(a¼0.05). A total of 111 patients (37 patients per group) were
enrolled in this study, allowing a dropout rate of 20%.

Data were analyzed on an intention-to-treat basis. All
analyses were performed using SPSS software (Version 19.0,
SPSS, Inc, Chicago, IL). Data were presented as mean� stan-
standard deviation for normally distributed continuous data,
median with range for non-normally distributed continuous
data, and frequency and percentage for categorical data.
One-way analysis of variance (for normally distributed data)
and Kruskal–Wallis test (for non-normally distributed data)
were used to compare continuous variables among the 3 groups.
Between-group differences in categorical variables were ana-
lyzed by the Chi-square test or Fisher’s exact test. Categorical
variables were tested by Kruskal–Wallis analysis. When overall
between-group difference was statistically significant, a Neme-
nyi test was used for further multiple comparisons. All statisti-
cal tests were 2-tailed with P< 0.05 as statistically significant.

RESULTS

Baseline Characteristics
A total of 114 patients were enrolled and were randomly

assigned to 3 groups (Fig. 1). Eighty-seven (76.3%) patients (29
patients in each group) underwent the closure of the enterost-
omy. Twenty-seven cases did not receive the closure of enter-
ostomy because of death (n¼ 2, 1.8%, 1 in the SHG group due
to tumor metastasis, 1 in the CON group due to cardiovascular
accident), postoperative complications (n¼ 6, 5.3%), cancer
progression (n¼ 4, 3.5%), closure in other hospitals (n¼ 2,
1.8%), personal reasons (n¼ 2, 1.8%), or in adjuvant che-
motherapy (n¼ 11, 9.6%).

Table 1 shows the baseline characteristics of the 114
patients included in this study. Age (P¼ 0.74) and gender
(P¼ 0.85) did not differ significantly among the 3 groups.
The majority of the patients (83.3%) had an underlying disease
of colorectal cancer (89.5%, 86.5%, and 74.4% for SHG, CH,
and CON groups, respectively, P¼ 0.17). The proportion of
patients having preoperative chemotherapy or radiotherapy was
similar among the 3 groups (P¼ 0.36 and P¼ 0.70, respect-
ively). No patient received steroids or immunosuppressant
within 3 years before the enterostomy.

Table 2 shows the baseline characteristics of 87 patients
(29 patients per group) who received the closure of enterost-
omy. The mean�SD age was 50.31� 15.61 years (SHG
group), 53.0� 15.79 years (CH group), and 51.10� 14.30
years (CON group), with no significant between-group differ-
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ence (P¼ 0.79). There was a slight male preponderance in the
CON group, but the difference was not significant (P¼ 0.21).
Patients were comparable among groups in terms of clinical
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FIGURE 1. The flowchart of study enrollment.

TABLE 1. Baseline Characteristics of All Patients Included

SHG n¼ 38 CH n¼ 37 CON n¼ 39 P Value

Gender – – – 0.85
Male 60.5% (23) 64.9% (24) 66.7% (26) –
Female 39.5% (15) 35.1% (13) 33.3% (13) –
BMI 21.53� 3.49 22.88� 3.72 22.17� 3.38 0.26
Age (year) 50.29� 15.42 53.05� 16.28 51.10� 15.28 0.74
Preoperative radiotherapy 18.4% (7) 16.2% (6) 7.7% (3) 0.36
Preoperative chemotherapy 31.6% (12) 27.0% (10) 23.1% (9) 0.70
Diagnosis – – – 0.17
Colorectal cancer 89.5% (34) 86.5% (32) 74.4% (29) –
Noncancer 10.5% (4) 13.5% (5) 25.6% (10) –
Bowel preparation – – – 0.68
Polyethylene glycol 86.8% (33) 89.2% (33) 76.9% (30) –
Clyster 10.5% (4) 8.1% (3) 15.4% (6) –
No 2.6% (1) 2.7% (1) 7.7% (3) –
Operation type – – – 0.07
Laparotomy 28.9% (11) 27.0% (10) 48.7% (19) –
Laparoscopic surgery 71.1% (27) 64.9% (24) 46.2% (18) –
Laparoscopic surgery convert to laparotomy 0% (0) 8.1% (3) 5.1% (2) –
Duration of enterostomy (minute) 254 (40–505) 250 (120–465) 300 (40–610) 0.70
Blood loss (mL) 150 (5–1400) 100 (20–1000) 100 (10–950) 0.88
Drainage 94.7% (36) 97.3% (36) 84.6% (33) 0.14
Intraoperative flushing 78.9% (30) 91.9% (34) 82.1% (32) 0.28
Stoma location – – – 0.91
Ileum 92.1% (35) 94.6% (35) 94.9% (37) –
Transverse colon 5.3% (2) 2.7% (1) 5.1% (2) –
Sigmoid colon 2.6% (1) 2.7% (1) 0% (0) –

BMI¼ body mass index; CH¼ chitosan; CON¼ control; SHG¼ sodium hyaluronate gel.
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TABLE 2. Baseline Characteristics of Patients Received Closure of Enterostomy

SHG n¼ 29 CH n¼ 29 CON n¼ 29 P Value

Gender – – – 0.21
Male 51.7% (15) 31.0% (9) 72.4% (21) –
Female 48.3% (14) 69.0% (20) 27.6% (8) –
BMI 21.29� 3.43 22.79� 3.79 22.94� 3.07 0.14
Age (year) 50.31� 15.61 53.0� 15.79 51.10� 14.30 0.79
General information of enterostomy

Preoperative radiotherapy 13.8% (4) 17.2% (5) 6.9% (2) 0.61
Preoperative chemotherapy 24.1% (7) 31.0% (9) 27.6% (8) 0.84

Diagnosis – – – 0.18
Colorectal cancer 89.7% (26) 86.2% (25) 72.4% (21) –
Noncancer 10.3% (3) 13.8% (4) 27.6% (8) –

Bowel preparation 1
Polyethylene glycol 86.2% (25) 86.2% (25) 82.8% (24) –
Clyster 10.3% (3) 10.3% (3) 10.3% (3) –
No 3.4% (1) 3.4% (1) 6.9% (2) –

Operation type – – – 0.29
Laparotomy 27.6% (8) 24.1% (7) 41.4% (12) –
Laparoscopic surgery 72.4% (21) 72.4% (21) 51.7% (15) –
Laparoscopic surgery convert to laparotomy 0% (0) 3.4% (1) 6.9% (2) –
Duration of enterostomy (min) 270 (50–505) 255 (138–465) 308 (60–610) 0.63
Blood loss (mL) 150 (5–1400) 150 (20–1000) 200 (20–950) 0.75
Drainage 96.6% (28) 100% (29) 93.1% (27) 0.77
Intraoperative flushing 79.3% (23) 96.6% (28) 93.1% (27) 0.14

Stoma location – – – 0.77
Ileum 93.1% (27) 96.6% (28) 100% (29) –
Transverse colon 3.4% (1) 0% (0) 0% (0) –

Sigmoid colon 3.4% (1) 3.4% (1) 0% (0) –
Postoperative radiotherapy 0% (0) 0% (0) 0% (0)
Postoperative chemotherapy 44.8% (13) 34.5% (10) 55.2% (16) 0.29
General information of stoma-closure
Laboratory examination preoperatively – – – –

WBC (�10E9/L) 5.15 (2.35–10.16) 6.11 (1.83–12.08) 5.96 (3.29–11.87) 0.16
Neutrophils (%) 54.60 (33.90–91.00) 55.90 (23.90–80.200) 53.00 (27.80–78.40) 0.51
Platelet (�10E12/L) 206 (66–454) 203 (95–375) 178 (62–416) 0.70
Hb (g/L) 124.14� 14.95 124.66� 19.19 123.76� 19.63 0.98
Alb(g/L) 43.45� 3.60 43.56� 2.94 43.37� 4.19 0.98
ALT(U/L) 35 (9–98) 32 (8–132) 31.5 (6.3–144) 0.99
BUN (mmol/L) 4.80 (2.50–8.15) 5.40 (2.90–13.30) 5.55 (3.30–41.00) 0.30
Scr (mmol/L) 68 (50–124) 77.5 (43–233) 79 (46–127.5) 0.22

Interval of enterostomy and closure (day) 157 (94–768) 128 (73–692) 128 (86–250) 0.23
Duration of stoma-closure (min) 105 (40–520) 100 (55–283) 112 (57–192) 0.28
Blood loss of stoma-closure (mL) 20 (5–500) 20.00 (5–500) 20 (5–150) 0.92
Anastomosis method after closure – – – 0.43

Manual 72.40% (21) 58.60% (17) 72.4% (21) –
Staple 27.60% (8) 41.40% (12) 27.6% (8) –

ALT¼ alanine transaminase; BUN¼ blood urea nitrogen; BMI¼ body mass index; CH¼ chitosan; CON¼ control; SHG¼ sodium hyaluronate

Hu et al Medicine � Volume 94, Number 51, December 2015
characteristics. Eighty-three percent of patients had colorectal
cancer (89.7% in the SHG group, 86.2% in the CH group, and
72.4% in the CON group, P¼ 0.18). Preoperative chemother-
apy and radiotherapy were similar among the 3 groups
(P¼ 0.61 and P¼ 0.84, respectively).

gel; WBC¼white blood cell.
Safety Outcomes
All 114 patients were included for safety evaluation and

results are shown in Table 3. Median follow-up duration was
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22.77 months (SHG group), 15.57 months (CH group), and
28.07 months (CON group), with no between-group difference
(P¼ 0.55). Duration of hospitalization after enterostomy did not
differ among the 3 groups (median duration: 12.5 vs 10 vs 12,
P¼ 0.15). There was no significant toxicity to liver or kidney
related to the use of sodium hyaluronate gel or chitosan. Liver

function, renal function, and white blood cell (WBC) levels
within 2 weeks after the initial surgery were comparable among
the 3 groups (all P> 0.05).

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 3. Safety Outcomes

SHG n¼ 38 CH n¼ 37 CON n¼ 39 P Value

Follow-up (month) 22.77 (5.53–42.77) 15.57 (4.37–42.17) 28.07 (4.93–43.67) 0.55
General information of enterostomy
Laboratory examination postoperatively – – – –
WBC (�10E9/L) 8.88 (4.05–14.20) 7.90 (4.02–15.90) 8.50 (3.11–20.66) 0.75
Neutrophils (%) 76.60 (47.90–88.60) 73.30 (45.20–87.30) 70.55 (48.70–83.70) 0.10
Platelet (�10E12/L) 252.5 (124–871) 250 (117–656) 269.5 (117–682) 0.48
Hb (g/L) 108.95� 17.78 109.97� 19.18 109.87� 24.86 0.97
Alb (g/L) 33.90 (21.90–41.90) 36.20 (19.80–42.20) 35.40 (23.90–48.30) 0.29
ALT(U/L) 24 (7–141) 19 (7–177) 17 (8–73) 0.53
BUN (mmol/L) 4.94� 1.52 5.08� 1.56 5.08� 1.67 0.91
Scr (mmol/L) 68 (33–95) 73.3 (31–140) 70 (42–131) 0.36
Postoperative temperature (8C) 37.9 (37.1–40.0) 38.0 (37.0–40.7) 37.9 (36.5–39.0) 0.80
Time of exhaust postoperatively (day) 2 (1–6) 3 (2–4) 3 (1–6) 0.22
Time of defecation postoperatively (day) 3 (1–6) 3 (3–6) 3 (1–6) 0.09
Postoperative hospitalization duration (days) 12.5 (7–33) 10 (7–38) 12 (2–51) 0.15
Postoperative complications

(short-term within 30 days)
0% (0) 0% (0) 0% (0) –

Peristomal cutaneous infection 0% (0) 0% (0) 0% (0) –
Intra-abdominal hemorrhage 0% (0) 0% (0) 0% (0) –
Intra-abdominal abscess 0% (0) 0% (0) 0% (0) –
Stoma-related complications 0% (0) 5.4% (2) 2.6% (1) 0.32
Stoma stenosis 0% (0) 5.4% (2) 0% (0) 0.10
Parastomal hernia 0% (0) 0% (0) 2.6% (1) 1
Stoma prolapse 0% (0) 0% (0) 0% (0) –
Stoma retraction 0% (0) 0% (0) 0% (0) –
Postoperative complications (long-term) 10.5% (4) 16.2% (6) 17.9% (7) 0.64
Intestinal obstruction 5.3% (2) 8.1% (3) 12.8% (5) 0.55
Anastomotic leakage 5.3% (2) 8.1% (3) 5.1% (2) 0.80
Progress of CRC 8.0% (2/25) 8.0% (2/25) 9.5% (2/21) 1
Local recurrence 8.0% (2/25) 4.0% (1/25) 0% (0/21) 0.77
Metastasis 0% (0/25) 4.0% (1/25) 9.5% (2/21) 0.29

ium
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Incidence of stoma-related complications was comparable
among groups (Table 3). No patient developed stoma prolapse
or retraction. Two patients in the CH group developed stoma
stenosis and 1 in the CON group developed parastomal hernia,
with no significant between-group difference (all P> 0.05). No
patient developed short-term postoperative complication such
as peristomal cutaneous infection, intra-abdominal hemorrhage,
or abscess. Incidence of long-term postoperative complication
was similar among groups. Anastomotic leakage occurred in 2
patients in the SHG group, 3 in the CH group, and 2 in the CON
group, with no significant between-group difference (P¼ 0.77).
Two patients in each group developed cancer recurrence or
metastasis after surgery, with no significant between-group
difference. Other safety outcomes, including interval between
enterostomy and closure, operation duration of stoma-closure,
and blood loss during the operation, were also comparable
among the 3 groups (Table 3, all P> 0.05).

Efficacy Outcomes
Eighty-seven patients (29 patients per group) who received

CH¼ chitosan; CON¼ control; CRC¼ colorectal cancer; SHG¼ sod
the closure of enterostomy were included in the efficacy
evaluation (Table 4). Incidence of peristomal adhesion in the
SHG group (62.1%) and the CH group (62.1%) were lower than

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
that in the CON group (82.8%), but the difference was not
significant (P¼ 0.15). Significant between-group difference
was found in the adhesion score (P¼ 0.02). Post-hoc analyses
showed significantly higher adhesion score in the CON group
than that in the CH group (P¼ 0.03) and difference between the
CON group and the SHG group was marginally significant
(P¼ 0.05). Patients in SHG and CH groups were less likely to
develop dense adhesion than those in the CON group (31.0% vs
27.6% vs 62.1%, P¼ 0.01). Post-hoc analyses showed margin-
ally significant difference between the SHG group and the CON
group (P¼ 0.05) and significant difference between the CH
group and the CON group (P¼ 0.01).

DISCUSSION
Intra-abdominal adhesions arise after up to 94% abdomi-

nal or pelvic surgery21,22 and are an importance source of
common and even fatal postoperative complications, such as
intestinal obstruction, chronic abdominal pain, higher compli-
cation rates in subsequent operations, and infertility.1–5 Reo-
peration rate due to intra-abdominal adhesions is up to 30% to

hyaluronate gel; WBC¼white blood cell.
40% of patients.6,7 Meticulous surgical techniques4,5 and
laparoscopic surgery23 could prevent, to some extent, intra-
abdominal adhesions. However, small bowel obstruction can

www.md-journal.com | 5



TABLE 4. Efficacy Outcomes

SHG n¼ 29 CH n¼ 29 CON n¼ 29 P Value

Adhesion 62.1% (18) 62.1% (18) 82.8% (24) 0.15
Adhesion score – – – 0.02
0 37.9% (11) 37.9% (11) 17.2% (5) –
1 31.0% (9) 34.5% (10) 20.7% (6) –
2 17.2% (5) 13.8% (4) 27.6% (8) –
3 13.8% (4) 13.8% (4) 34.5% (10) –
SHG vs CON – – – 0.05
CH vs CON – – – 0.03
SHG vs CH – – – 1
Adhesion severity – – – 0.01
Negligible adhesion (score 0/1) 69.0% (20) 72.4% (21) 37.9% (11) –
Dense adhesion (score 2/3) 31.0% (9) 27.6% (8) 62.1% (18) –
SHG vs CON – – – 0.05
CH vs CON – – – 0.02
SHG vs CH – – – 1

Hu et al Medicine � Volume 94, Number 51, December 2015
still occur in 7% to 8% patients after laparoscopic colorectal
surgery.24,25

Fibrin deposition and matrix formation start within 12 h
after damage of peritoneal and serosa tissue, which is a major
contributing factor in the formation of adhesions.26 Normal
fibrinolytic activity of tissue is further compromised under
ischemic conditions during surgical procedures, allowing fibrin
matrix to persist and mature into an organized fibrous adhesion
in�5 days.26 A new mesothelium normally forms within 7 to 9
days.24 Sodium hyaluronate gel and chitosan reduce adhesion
formation by separating surfaces of surgically damaged tissues.
In addition, chitosan has an antibacterial effect and can inhibit
the proliferation of fibroblasts.9

There are several studies evaluating the efficacy of
sodium hyaluronate in the prevention of intra-abdominal adhe-
sions. The majority of these studies used membranous sodium
hyaluronate,27,28 and the others used liquid forms. Several
studies evaluated the efficacy of sodium hyaluronate in the
prevention of intra-abdominal adhesions during closure of
enterostomy. Conflicting results on whether this agent could
prevent intra-abdominal adhesions have been reported in these
studies.29,30 Chitosan has been shown to be effective in animal
studies, although evidence of its efficacy in human in color-
ectal procedures is limited. Our study used gelatinous sodium
hyaluronate and chitosan, which stay in the intestinal tracts
around the stoma after being smeared. Our results showed a
comparable safety profile of these 2 antiadhesion agents and
that incidence of adhesions appeared to be lower with these
agents, albeit not statistically significant. Compared with the
control group without any antiadhesion treatment, occurrence
of dense adhesions was significantly reduced with these
2 agents.

Our study also investigated whether these antiadhesion
agents would induce toxic reactions or increase the risk of
other complications.31 We evaluated WBC levels and liver
and renal function 1 to 2 weeks after the initial surgery and did
not find significant toxic event associated with these agents.
No stoma prolapse or retraction occurred in this study and

CH¼ chitosan, CON¼ control, SHG¼ sodium hyaluronate gel.
other safety outcomes, such as stoma-related complications
and tumor progression, were comparable to those in the
control group. Previous studies reported that membranous
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sodium hyaluronate increased the incidence of anastomotic
leakage.16 Our results, however, showed that risk of anasto-
motic leakage did not increase with either agent. That may be
explained by the fact that application of gelatinous adhesion
barriers is simple and straightforward, requiring minimal
training, and they stay in the intestinal tracts around the stoma
after being smeared without affecting the anastomosis. None-
theless, cautions are required when applying these agents at
the anastomosis area.

This prospective randomized controlled study is the first
study to investigate the antiadhesion effect of chitosan in
human. Both formation and severity of intestinal adhesions
around stoma were visually assessed in this study during the
closure of enterostomy. The study has several limitations. First,
sample size was small and follow-up duration was relatively
short. Conclusions on long-term efficacy and safety of sodium
hyaluronate gel and chitosan in the prevention of adhesions
cannot be drawn. Second, although the study was evaluator-
blinded, adhesion is difficult to quantify and the scoring of
adhesion was based on a subjective evaluation. Third, some
postoperative complications, such as pelvic pain, fertility out-
comes, and quality of life, were not assessed.

In conclusion, in this randomized controlled study, we
evaluated the safety and efficacy of 2 antiadhesion agents, sodium
hyaluronate gel and chitosan, compared with control group
without antiadhesion treatment. Occurrence and severity of
intra-abdominal adhesions were assessed during closure of enter-
ostomy. Our results showed a comparable safety profile of these 2
antiadhesion agents and that incidence of adhesions appeared to
be lower with these agents, albeit not statistically significant.
Compared with control group without any antiadhesion treat-
ment, the severity of postoperative adhesion was significantly
decreased in sodium hyaluronate gel group and chitosan group.
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