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Abstract

Background: Some studies have reported that adhesion prevention barriers (APBs) reduce adhesion after
abdominal surgery; however, evidence showing that APBs reduce the incidence of postoperative small
bowel obstruction (SBO), one of the most serious complications after abdominal surgery, is little. One con-
cern is that APBs are usually applied only under the midline incision, although adhesion can occur at any
place in the peritoneum where an incision is made during surgery. INTERCEED" is an APB that reportedly
prevents postoperative SBO after surgery. This study aims to assess the clinical utility of INTERCEED" for
the prevention of SBO after laparoscopic colorectal cancer surgery and determine whether the application
site of INTERCEED" affects the incidence of SBO.

Methods/Design: This study is a prospective, multicenter, observational study conducted in Japan. The pri-
mary end point is the incidence of postoperative SBO 2 years after laparoscopic colorectal cancer surgery.
The secondary end points include whether the site of the application of INTERCEED" affects the incidence
of SBO. Each surgeon selects one of the following three procedures: 1) INTERCEED" is placed only under
the midline incision; 2) INTERCEED" is placed at the site of bowel mobilization and/or lymph node dis-
section, but not under the midline incision; and 3) INTERCEED" is placed at both sites.

Discussion: This is the first study to assess whether the placement of APBs affects the incidence of SBO.
The study results may lead to a subsequent randomized study.
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Background

Postoperative small bowel obstruction (SBO) is one of the
most serious complications after colorectal cancer surgery; it
often impairs patient quality of life. Intra-abdominal adhe-
sions are thought to be one of the causes of SBO. Okabay-
ashi et al.[1] demonstrated that the overall weighted mean
formation rate of adhesions after abdominal surgery was
54% (95% confidence interval (CI): 40-68). A large retro-
spective cohort study demonstrated that the 5-year incidence
rate of adhesive SBO was higher after open colectomy com-
pared with laparoscopic colectomy (5.5% vs 2.8%, p <
0.001)[2]. To prevent abdominal adhesion, adhesion preven-
tion barriers (APBs) have been developed. In Japan, three
anti-adhesion barriers (Seprafilm®, INTERCEED"®, and Ad-
spray”) are now available. A systematic review and meta-
analysis concluded that hyaluronate-carboxymethylcellulose
membranes (Seprafilm®) can decrease abdominal adhesions
but cannot reduce postoperative SBO after general sur-
gery[3]. Furthermore, a single-center, randomized control
trial involving open colon cancer surgery showed that
Seprafilm® does not reduce postoperative SBO after open
colon cancer surgery (Seprafilm group vs control group:
7.8% vs 10%, p = 0.46)[4]. Suto et al. conducted a prospec-
tive, randomized, single-blind study in patients who under-
went laparotomy with ileostomy to clarify whether Ad-
spray”, a newly developed spray-type APB, reduce the inci-
dence of adhesion after open rectal anterior resection with
ileostomy[5]. This study showed that the incidence of adhe-
sions observed at the second-look surgery was significantly
lower in the Adspray group than in the control group (52.7
vs 90.7%, p < 0.001). However, the incidence of postopera-
tive SBO was similar in both Adspray and control groups
(18% vs 13.1%, p = 0.618).

The failure of APBs to prevent SBO may reflect the man-
ner in which they are applied rather than its ineffectiveness.
In previous studies, Seprafilm” and Adspray® were used
only under the midline incision. However, SBO occurred
most often at sites other than the midline incision. Thus, we
hypothesize that the incidence of SBO can be reduced by
applying APBs at sites of bowel mobilization and lymph
node dissection.

Seprafilm® is difficult to position with trocars because it
is highly adhesive to wet tissue. In contrast, INTERCEED"
(Johnson & Johnson, New Brunswick, NJ, USA), which is a
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woven sheet of oxidized, regenerated cellulose, is more
readily manipulated during surgery because of its softness
and pliability. Some previous studies have reported that IN-
TERCEED" is useful for preventing postoperative SBO at
short term (6 months) after laparoscopic colorectal sur-
gery[6,7]. This multicenter, prospective, observational study
aims to assess the clinical utility of INTERCEED® for pre-
venting long-term postoperative SBO after laparoscopic col-
orectal cancer surgery and determine whether the site of at-
tachment, i.e., under the midline incision, at the site of
bowel mobilization or lymph node dissection, or both, af-
fects the incidence of SBO.

Methods/Design

This study is designed as a prospective, multicenter, ob-
servational study. Patients will be recruited from 20 institu-
tions in Japan. Patients can decline participation in this
study on the websites of the participating hospitals. This
trial is organized by the Department of Gastrointestinal and
Hepato-Biliary-Pancreatic Surgery, Nippon Medical School,
Tokyo, Japan. The study protocol (B-2019-086) was ap-
proved by the Ethics Committee of Nippon Medical School
(Tokyo, Japan) on September 2, 2020, and was registered to
the University Hospital Medical Information Network
(UMIN000040969). Each researcher is committed to imple-
menting obligations in accordance with provisions of the
Helsinki Declaration. A total of 400 patients with colorectal
cancer who undergo laparoscopic surgery between Septem-
ber 2020 and August 2022 will be registered.

Patient selection criteria and registration

The inclusion and exclusion criteria for this study are
shown in Table 1. Briefly, we include patients with his-
tologically verified colorectal carcinoma, without metastasis
or invasion of adjacent organs, who underwent laparoscopic
curative surgery. We exclude patients with previous abdomi-
nal surgery.

This prospective, observational study includes only pa-
tients who underwent curative surgery, because approxi-
mately 75% of those patients are observed for >5 years. If
we register patients before surgery, we would inadvertently
include some patients who underwent non-curative surgery.
Therefore, participants are registered within 3 days after sur-
gery to minimize selection bias.
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Table 1. Inclusion/Exclusion Criteria for This Study.
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<Inclusion criteria>

. Histologically confirmed colorectal carcinoma

. Without metastasis and/or invasion of adjacent organs
. Laparoscopic surgery performed

. Curative surgery performed

. Patient with age between 20 and 80 years

0 N N B W N =

. Registered until postoperative day 3

. INTERCEED® used as an anti-adhesion barrier during surgery

. Patient with an Eastern Cooperative Oncology Group Performance Status of 0 or 1

9. Exhibiting sufficient organ function within 1 month prior to enrollment in the study with the following parameters considered:

eLeukocyte count >3,500/mm?
*Hemoglobin level >8.0 g/dL.
*Platelet count >75,000/mm?

*Total bilirubin level <1.5 mg/dL
eSerum creatinine level <1.5 mg/dL

<Exclusion criteria>
1. Contraindications for INTERCEED® use

2. History of previous abdominal surgery, except for appendectomy performed >5 years prior
3. The treating physician did not feel that the use of INTERCEED® was appropriate
4. Patients who were not followed up for at least 2 years and were excluded from statistical analyses

Procedure

At the final step of the surgery, complete hemostasis is
achieved before using INTERCEED". (Two sheets of IN-
TERCEED" are permitted to use.) Each surgeon selects one
of the following three procedures: 1) INTERCEED" is
placed only under the midline incision; 2) INTERCEED" is
placed at the site of bowel mobilization and/or lymph node
dissection, but not under the midline incision; and 3) IN-
TERCEED" is cut to the appropriate size and placed at the
site of bowel mobilization and/or lymph node dissection in
addition to under the midline incision. INTERCEED" was
moistened with a little physiological saline after attachment
to the tissue. Each researcher decides whether patients are
registered or not in consideration of macroscopic curativity
immediately after surgery and sent the registration form to
the research organizer within 3 days after the surgery.

Objectives

Primary end point
The primary end point is the incidence of postoperative
SBO within 2 years after laparoscopic colorectal cancer sur-
gery. In this study, bowel obstruction is defined as meeting
all of the following criteria:
i) Clinically diagnosed bowel obstruction treated upon ad-
mission;
ii) Fasting for more than 1 day;
iii) Patients with or without insertion of a nasal gastric
tube, a nasal long decompression tube, or a trans-anal
decompression tube;
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iv) Patients with bowel obstructions due to cancer recur-
rence are excluded; and

v) Exclusive diagnosis by computed tomography is pre-
ferred.

Secondary end point

* Incidence of postoperative SBO within 5 years after la-
paroscopic colorectal cancer surgery

* Association between the site of INTERCEED" use and
the development of postoperative SBO

* Association between surgical procedures (right-side co-
lon surgery, left-side colon surgery, or rectal surgery)
and the development of postoperative SBO

* Association between patient background (age, sex, du-
ration of the operation, or intraoperative hemorrhage)
and the development of postoperative SBO

Data collection

1) Patient characteristics: gender, performance status, and
comorbidity

2) Surgical procedures: degree of lymph node dissection
and the site(s) of INTERCEED" application

3) Tumor characteristics: tumor location, depth of tumor
invasion, lymph node metastatic status, histological
findings, lymphatic invasion, and vascular invasion

4) Blood examination: white blood cell, neutrophil, and
platelet counts, and hemoglobin, albumin, creatinine,
and c-reactive protein levels

5) Tumor markers: CEA and CA19-9

6) Prognostic information: presence or absence of postop-
erative SBO, interval between surgery and onset of
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postoperative SBO, treatment for postoperative SBO
(only fasting, intervention with or without surgery),
survival, cause of death, recurrence or non-recurrence,
treatment for cancer recurrence, or cancerous lesion(s)
other than colorectal cancer
Researchers at each hospital maintain individual patient
data, including images, laboratory data, and other records.
All data are collected by the Nippon Medical School Data
Center. The data center oversees the data sharing process
during the trial. Clinical data entry, central monitoring, and
data management are performed. All data aggregation and
statistical analysis are performed at Nippon Medical School
Data Center. Only clinical data managers at Nippon Medical
School Data Center can access the reported case data.

Dissemination policy

The results of the present study will be submitted for
publication in peer-reviewed journals, and important findings
will be presented at domestic and international conferences.
Authorship will be assigned in accordance with the guide-
lines of the International Committee of Medical Journal Edi-
tors.

Statistical analysis plan

A meta-analysis showed that the incidence of SBO after
laparoscopic colorectal surgery was 11.8%[8]. We hypothe-
sized that APB has a potential to prevent SBO if the inci-
dence of SBO after laparoscopic colorectal surgery with
APB is lower than 8%. Thus, we defined the expected value
as 5% and planned to include 400 patients. If 20 patients
develop SBO, the incidence of SBO is 5%, and the upper
limit of 95% confidence interval is 7.64%.

Discussion

This is the first multicenter, prospective, observational
study to investigate the incidence of postoperative SBO with
the use of APB. Although numerous clinical studies have
examined the use APBs, most have applied APBs just be-
neath the small midline incision, and few studies have inves-
tigated the incidence of postoperative SBO when applying
APBs at surgical incision sites, including the sites of bowel
mobilization and lymph node dissection. Several studies
demonstrated that APB helps in reducing adhesions to the
midline incision but does not reduce the incidence of post-
operative SBO[3,4,7]. Thus, we hypothesized that adhesion
to sites other than the midline incision (the site of bowel
mobilization and lymph node dissection) is involved in post-
operative SBO and that the attachment of APB around the
site of bowel mobilization and lymph node dissection can
decrease the incidence of postoperative SBO.

Because of the lack of reports showing the utility of APB
application at sites of surgical incision, we conducted a non-
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randomized study. However, we believe that this study will
help promote surgery with lower rates of postoperative SBO.

Seprafilm” has been used in many previous studies of
anti-adhesion barriers. However, Sepraﬁlm@, which is made
of hyaluronate-carboxymethylcellulose, is difficult to insert
into the abdominal cavity through trocars and is not suitable
for laparoscopic surgery[6]. On the other hand,
INTERCEED" is easy to use during laparoscopic surgery
because its softness and pliability facilitate intraoperative
manipulation[6,9].

INTERCEED" is an absorbable adhesion barrier that is
composed of 100% oxidized, regenerated cellulose and com-
prised glucuronic acid and glucose with B-linkages. Macro-
phages/mononuclear phagocytes contain lysosomal enzymes
(B-glucuronidase and B-glucosidase), which are capable of
degrading these B-linkages. Previous reports on the use of
INTERCEED" for laparoscopic colorectal surgery have
demonstrated its utility for the prevention of postoperative
SBO[6,9].

This study includes some concerns. First, the follow-up
period (2 years) may be too short. Previous studies have
demonstrated that the majority of cases of adhesive postop-
erative SBO continue to develop for many years after sur-
gery, usually occurring within 4 years[4,10,11]. However,
we desire to show the utility of applying anti-adhesion barri-
ers around the site of bowel mobilization and lymph node
dissection as early as possible. Thus, the incidence of post-
operative SBO was set as a secondary end point. Based on
the results of the present study, we will conduct a random-
ized study. Second, we allow participants to register each
case until 3 days after surgery. Thus, patients with some
trouble, such as bleeding or long operative time, during the
operation or 1-3 days after operation could be excluded,;
thus, another bias might occur.
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