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Introduction

Anastomotic leakage is the most feared complication after
rectal surgery, the incidence of which is associated with a

low pelvic anastomosis.1 Proximal fecal diversion can reduce
the incidence of symptomatic anastomotic leakage and the
need for reoperation related to leakage.2 For these reasons,
the creation of a temporary diverting stoma is recommended
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Abstract Objectives Sometimes, severe adhesion occurs between the rectus abdominis
muscle and the ileal intestinal limbs after temporary diverting ileostomy. This can
make ileostomy reversal difficult. The aim of the present study is to assess whether
absorbable adhesion barrier made of oxidized regenerated cellulose (INTERCEED) could
contribute to improved surgical outcomes in stoma reversal.
Methods This was a single-institutional retrospective study. A total of 36 consecutive
patients who underwent ileostomy reversal by a single surgeon were retrospectively
reviewed. INTERCEED was inserted between the ileal limbs and the rectus abdominis
muscle at the time of ileostomy creation in 12 patients. Surgical outcomes of the
ileostomy reversal were compared between patients treated with and without
INTERCEED.
Results The degree of adhesion formation between the ileal limbs and the rectus
abdominis muscles, operating time, and estimated blood loss were significantly
reduced in patients treated with INTERCEED compared with those treated by the
conventional approach. None of the patients in the INTERCEED group had postopera-
tive complications after the initial surgery and ileostomy reversal.
Conclusions INTERCEED is suitable for insertion between the ileal limbs and the
rectus abdominis muscles because of its softness and flexibility. The use of INTERCEED
for diverting ileostomy contributes to reduced adhesion formation, operative time, and
blood loss in patients, and further research is needed to confirm our results.
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for patients who have a high risk of anastomotic leakage.
Stomas are generally brought through the rectus abdominis
muscle to prevent parastomal herniation. However, at the
time of stoma reversal, dense adhesions usually have formed
between the bowel limbs and the rectus abdominis muscles.
Adhesiolysis can be difficult to implement without injuring
the stomal wall.3

INTERCEED (Johnson & Johnson, New Brunswick, NJ, USA)
is a knitted fabric of oxidized regenerated cellulose. INTER-
CEED and other similar absorbable adhesion barriers have
been reported to reduce adhesion formation after abdominal
and gynecological surgery. Some of these adhesion barriers
also prevent the formation of adhesions between the stomal
limbs and subcutaneous tissues4–10; however, as yet, INTER-
CEED has not been reported as an intervention against
adhesion formation in patients with temporary stomas.

Unlike other absorbable adhesion barriers, INTERCEED
does not stick to soft tissues and is easy to manipulate
because of its softness and flexibility11; therefore, INTER-
CEED could be effectively inserted between the stomal limb
and the rectus abdominis muscle to prevent or reduce
adhesion formation. The aim of the present study was to
assess whether INTERCEED could contribute to improve
surgical outcomes after stoma reversal.

Methods

This is a retrospective study of consecutive patients who
underwent ileostomy reversal between January 2016 and
October 2020 at a single institution. All patients were
originally treated by laparoscopic or robotic-assisted laparo-
scopic rectal surgery, with primary surgery and ileostomy
creation performed by a single surgeon (Nagasaki T.) Among
patients who underwent curative resection for primary
rectal neoplasm, a diverting loop ileostomy was created for
those who required a very low anastomosis (within 4 cm
from the anal verge), and for thosewho received neoadjuvant
treatment. We conducted the present study in compliance
with the principles of the Declaration of Helsinki. All of the
included patients signed a general consent form prior to
surgery.

Preoperative chemoradiotherapy or radiotherapy was
performed in low rectal cancer patients with clinical stage
II/III, as previously described.12 Patients with a more locally
advanced stage received sequential chemotherapy and che-
moradiotherapy.13 Patients with pathological stage III were
treated with 5-FU-based adjuvant chemotherapy.

The following data were compared between patients
treated with and without INTERCEED: pathology of the
primary tumor, clinical stage (UICC 8th edition), with or
without neoadjuvant treatment, type of rectal anastomosis,
operation time and estimated blood loss during the initial
surgery, postoperative complications, white blood cell count
(/µL), neutrophil count (/µL), C-reactive protein levels (mg/dL)
on postoperative day 1, duration of hospital stay after rectal
surgery, with or without adjuvant treatment, and time to
ileostomy closure from the date of the initial surgery. More-
over, the following data after ileostomy reversal were com-

pared: gender, age, body mass index (BMI) at ileostomy
reversal, American Society of Anesthesiologists (ASA) perfor-
mance status, operation time and estimated blood loss of
ileostomy closure, degree of the adhesion between the ileal
limbs and rectus abdominis muscles, white blood cell count
(/µL), neutrophil count (/µL), C-reactive protein levels (mg/dL)
on postoperative day 1, postoperative complications (Clav-
ien-Dindo grade 2 or higher), and postoperativehospital stay.
The primary outcomes of the present study included opera-
tive time and estimated blood loss. The operative records of
ileostomy reversal were reviewed to confirm the degree of
adhesion formation between the ileal limbs and rectus
abdominis muscles. The degree of the adhesion was classi-
fied as not severe or severe according to the descriptions in
the operative records. The evaluation of the degree of adhe-
sion was made based on the subjective impression of the
surgeon at that time.

Operative Procedures

Laparoscopic procedures were performed using the five-
trocar approach, as previously described;14 the hand-
assisted technique was not used. Diverting ileostomy crea-
tionwas performed after rectal anastomosis. The distal ileum
– � 25 cm from the Bauhin valve –was lifted through a split
rectus abdominus muscle at the right lower quadrant. To
prevent stenosis, the ileostomyaperturewas dilated to easily
admit two fingers. For patients treated after July 2019,
INTERCEED was inserted between the ileum and the rectus
abdominis muscle. One-quarter of an INTERCEED sheet was
cut (rectangular reed-shape) and inserted from the ventral
side of the abdomen (►Figures 1 and 2). The sheet was used
to separate the ileal limbs from the rectus abdominis
muscles. The sheet was placed circumferentially without
overlapping the edges to prevent stenosis. The ileum was
opened after the sheet was inserted to prevent infection due
to the use of a foreignmaterial. The distal limbof the loopwas
located on the caudal side, and the ileal mucosa was sutured

Fig. 1 INTERCEED is supplied as a knitted fabric measuring
15.2� 12.7 cm. One-quarter of a sheet was cut into a rectangular
reed-shape (red-dotted line) and inserted between the ileal limbs and
the rectus abdominis muscle in 10 patients treated after July 2019.
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circumferentially to the skin edges. Fixation to the rectus
abdominus fascia was not performed. Except for the inser-
tion of the INTERCEED, the procedures of stoma creation
were the same for all patients. In theNo INTERCEED group, no
other adhesion barrier was not used.

The ileostomywas closed at about 3 months after the initial
surgery or after the completion of adjuvant chemotherapy, and
all surgeries were performed electively by the same single
surgeon (Nagasaki T.) A circumstomal skin incision was made
and the ileal loopwas mobilized down to the peritoneal cavity.
Adhesions surrounding the ileostomy, if present, were mobi-
lized as much as possible after entering the peritoneal cavity.
The mesentery of the ileostomy was divided, and small trans-
verse incisions on the antimesenteric aspect were made just
proximal and distal to the mobilized segments. A Proximate
Linear Cutter (TVC55; Ethicon Endo-Surgery, Cincinnati, OH,
USA)was inserted through the enterotomy into the afferent and
efferent limbs. The stapler was fired after ensuring no interpo-
sitionof themesentery. The ileostomy-bearing segment and the
enterotomy site were removed by firing a different Proximate
Linear Cutter (TLC75; Ethicon Endo-Surgery, Cincinnati, OH,
USA). Thepatencyof theanastomosiswascheckedby thethumb
and indexfingers of the surgeon. The edges and junctions of the
stapled lines were reinforced, and the mesenteric window was
closed to prevent an internal hernia. The rectus abdominis
fascia, subcutaneous fat, and the peritoneum were closed by
interrupted sutures. The skin incisionwas closed with a purse-
stringsuturewithout insertionofadrainagetube.The ileostomy
reversalprocedureswerethesamethroughout thestudyperiod,
and the same clinical pathway was used for all patients.

Statistical Analyses

All data were analyzed using BellCurve for Microsoft Excel
(Microsoft Corporation, Redmond, WA, USA) software, ver-

sion 3.20 (Social Survey Research Information Co., Ltd.,
Tokyo, Japan). Continuous data are presented as the median
and range, with differences compared using the Mann-
Whitney U-test. Differences between categorical variables
were compared using the Fisher exact test. A p-value<0.05
was considered statistically significant.

Results

In the present study period, 53 patients underwent rectal
surgery and ileostomy reversal by the first author. Three
patients who underwent another operation at the time of
ileostomy reversal were excluded. Similarly, 14 patients who
underwent simultaneous primary rectal resection andmajor
abdominal surgery were also excluded. Finally, 36 patients
were included in the analysis.

The present cohort comprised 21 (58.3%) men and 15
(41.7%) women with a median age of 63.5 years old (range:
from 31 to 79 years old). The primary tumors included rectal
adenocarcinoma in 28 patients and neuroendocrine tumor in
8 patients. Neoadjuvant treatment was performed in 8
(28.6%) patients with rectal adenocarcinoma. Adjuvant che-
motherapy was administered in 7 of the 9 patients with
pathological stage II/III rectal cancer. None of the patients
underwent early stoma closure (within 60 days). A total of 24
consecutive patients who underwent ileostomy reversal
between March 2016 and July 2019 were included in the
No INTERCEED group, and 12 patients treated after July 2019
were included in the INTERCEED group. Two patients in the
INTERCEED group underwent robotic-assisted laparoscopic
surgery, whereas the other 34 patients underwent laparo-
scopic curative resection for the primary tumor. No patient
required conversion to laparotomy.

►Table 1 shows a comparison of the clinical character-
istics and perioperative outcomes at the time of the initial
surgery between the groups. Pathological type of the prima-
ry tumor, clinical stage, the administration of neoadjuvant
treatment, type of rectal anastomosis, operation time and
estimated blood loss during the primary surgery, inflamma-
tory response on postoperative day 1, and postoperative
hospital stay were similar between the 2 groups. None of
the patients in the INTERCEED group had postoperative
complications after the initial surgery, whereas two patients
in the No INTERCEED group had grade 2 enteritis postopera-
tively. The time to ileostomy closure was not significantly
different between the two groups. None of the patients
experienced any severe morbidity or mortality.

►Table 2 shows a comparison of the clinical character-
istics and surgical outcomes following ileostomy reversal
between the two groups. Patient gender, age at ileostomy
reversal, BMI, and ASA performance status were similar
between the groups. None of the patients in the INTERCEED
group had severe adhesions between the ileal limbs and the
rectus abdominis muscles, whereas 9 (37.5%) patients in the
No INTERCEED group had severe adhesions (p¼0.0163).
There were no intraoperative bowel injuries or serosal tears
among patients in the INTERCEED group, but one patient in
the No INTERCEED group had intraoperative bowel injury

Fig. 2 INTERCEED was inserted between the ileal limbs and the rectus
abdominis muscle from the ventral side of the abdomen.
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and another patient had serosal tears. Operation time was
significantly shorter and estimated blood loss was signifi-
cantly reduced in the INTERCEED group compared with the
No INTERCEED group. Inflammatory response on postopera-
tive day 1 was similar between the 2 groups. There were no
complications among patients in the INTERCEED group after
ileostomy reversal, whereas 2 patients in the No INTERCEED
group had grade 2 enteritis postoperatively. Postoperative
hospitalization was similar between the groups.

Discussion

The present study demonstrates a novel use of INTERCEED in
temporary diverting ileostomy. Our results show that INTER-
CEED can reduce operative time and blood loss during
ileostomy reversal, which could be due to the prevention
of dense adhesion formation between the ileal limbs and the
rectus abdominis muscle. In the present study, none of the

patients in the INTERCEED group had severe adhesions, and
adhesiolysis was easily performed. The ileostomy reversal
was accomplished with � 5ml blood loss in 83.3% of the
patients in the INTERCEED group; intraoperative blood loss
in previous studies is much higher (15 to 50ml).5,7–9

Significant progress in the design of surgical devices and
multimodal therapy has provided patients with a broader
range of sphincter-sparing procedures with low pelvic anas-
tomosis.15 The frequency of temporary stoma creation for
proximal fecal diversion has also increased accordingly.16

Although loop ileostomy is the preferred method of treat-
ment for temporary proximal diversion, ileostomy reversal is
associated with a certain morbidity. Previous studies have
shown a wide range in the morbidity and mortality rates
after ileostomy reversal of 16.4 to 36.5% and of 0.4 to 3.3%,
respectively.17–24 Schneider et al. reported that 5.4% of the
patients suffered intraoperative bowel perforation, while
30.5% of the patients experienced serosal tears during

Table 1 Comparison of clinical characteristics and surgical outcomes of the initial surgery between the two groups

INTERCEED group
(n¼ 12)

No INTERCEED group
(n¼24)

p- value

Primary tumor 0.3974

Adenocarcinoma 8 20

Neuroendocrine tumor 4 4

Clinical stage of primary tumor 1.000

I 9 17

II/III 3 7

Neoadjuvant treatment for primary tumor 1.000

No 9 19

Yes 3 5

Type of initial anastomosis 0.2784

Double stapling technique 12 20

Coloanal hand-sewn anastomosis 0 4

Operation time of the initial surgery, minutes (range) 278 (174–345) 278.5 (147–451) 0.6748

Blood loss during the initial surgery, ml (range) 10 (5–50) 15 (3–290) 0.2981

Postoperative complications after rectal surgery 0.5429

No 12 22

Yes 0 2

Enteritis 2

Laboratory results on postoperative day 1

White blood cell count, /µL (range) 9,650 (4,000–11,700) 8,750 (4,,600–13000) 0.5568

Neutrophil count, /µL (range)# 7,570 (3,160–9,300) 7,715 (3,580–11,610) 0.9385

C-reactive protein, mg/dL (range) 4.77 (2.27–7.71) 3.81 (1.84–9.61) 0.2082

Hospitalization after primary surgery, days (range) 13.5 (11–-20) 13 (10–19) 0.9730

Adjuvant treatment for primary tumor 0.6910

No 10 18

Yes 2 6

Time to ileostomy closure, days (range) 99.5 (85–213) 120.5 (64–366) 0.2902

#Neutrophil counts were not available for 3 patients in the INTERCEED® group and for 6 patients in the No INTERCEED group.
�Postoperative complications were defined as Clavien-Dindo grade 2 or higher.
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ileostomy reversal.3 In addition, longer operating times and
intraoperative complications are independent risk factors for
readmission after ileostomy closure.18 Although loop ileos-
tomy reversal is regarded as a minor operation, it is not
always easy to perform. Surgeons know empirically that the
technical difficulties of loop ileostomy reversal depend on
the degree of subcutaneous and intra-abdominal adhesions
to the bowel loops. Although laparoscopic surgery tends to
have lower rates of intra-abdominal adhesion formation,25

dense adhesions often occur between the ileal limbs and the
subcutaneous tissues (especially with the rectus abdominis
muscles).

Previous studies have tried to solve this problem using
various absorbable adhesion barriers. A solid adhesion
barrier consisting of sodium hyaluronate and carboxymeth-
ylcellulose, known as Seprafilm, was used to reduce adhe-
sion formation between the ileal limbs and subcutaneous
tissues in four prospective randomized trials4–7 and in one
retrospective study.8 Adhesion scores were significantly
different between patients with and without Seprafilm in

all four randomized studies. However, only in one study5

there was a significant reduction in operation time and
estimated blood loss at the time of ileostomy closure with
the use of Seprafilm; there was no significant improvement
in either parameter for the other three prospective tri-
als.4,6,7 Another retrospective study demonstrated the sig-
nificant reduction in operation time in the Seprafilm group,
but there was no beneficial reduction in blood loss, and
intraoperative bowel injury and wound infection were
observed in 5.6 and 16.7% of the patients treated with
Seprafilm, respectively.8 A polyactide barrier film, Surgi-
Wrap, has also been tested against adhesion around the
stomal limb. Whereas operation time was significantly
shorter in patients treated with SurgiWrap, intraoperative
blood loss was unchanged, and wound infection occurred in
8.3% of the patients.9 Finally, using a sprayable hydrogel
adhesion barrier, SprayGel, one study showed that opera-
tion time was significantly reduced, but intraoperative
serosal tears occurred in 26.3% of the patients and wound
infection in 5.3% of the patients.10

Table 2 Comparison of surgical outcomes of ileostomy reversal between the two groups

INTERCEED group
(n¼12)

No INTERCEED group
(n¼24)

p-value

Gender 0.1753

Male 5 16

Female 7 8

Age, years old (range) 66.5 (48–77) 62.5 (31–79) 0.2605

Body mass index, kg/m2 (range) 22.8 (14.7–31.7) 22.7 (16.1–26.3) 0.9331

ASA performance status 1.000

1 5 10

2 7 14

Degree of the adhesion between
the ileal limbs and the rectus abdominis muscles

0.0163

Not severe 12 15

Severe 0 9

Intraoperative bowel perforation or serosal tears 0 2 0.5429

Operation time, minutes (range) 58 (46–64) 64 (47–98) 0.0357

Estimated blood loss, ml (range) 5 (2–10) 10 (2–70) 0.0060

Laboratory results on postoperative day 1

White blood cell count, /µL (range) 9,100 (5,300–13,100) 9,000 (5,100–15,100) 0.7753

Neutrophil count, /µL (range)# 9,870 (3,850–10,860) 7,400 (3,560–10,610) 0.7059

C-reactive protein, mg/dL (range) 2.30 (0.74–7.11) 2.95 (0.88–6.81) 0.5798

Postoperative complication
�

0.5429

No 12 22

Yes 0 2

Enteritis 2

Postoperative hospital stay, days (range) 7.5 (6–13) 8 (4–17) 0.2903

Abbreviation: ASA, American Association of Anesthesiologists
#Neutrophil counts were not available for 3 patients in the INTERCEED group and for 7 patients in the No INTERCEED group.
�Postoperative complications were defined as Clavien-Dindo grade 2 or higher.
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In the present study, none of the patients in the INTERCEED
grouphad intraoperativebowel injuryorpostoperativewound
infection. Infectiondue to theplacementof foreignmaterials is
an important potential complication for surgeons. A key point
in our procedure was that INTERCEED was cut into a rectan-
gular reed shape thatwas insertedonly into thespacebetween
the ileal limbs and the rectus abdominis muscle, not into the
subcutaneous adipose tissue. In addition, the ileum was
opened only after the sheet was placed. The bacteria-rich
effluent from an ileostomy easily flows into the subcutaneous
space and, therefore, a foreign body should not be placed into
the subcutaneous fatty tissue around the stoma.

The main purpose of inserting INTERCEED was to prevent
severe adhesion formation between the bowel wall and the
rectus abdominis muscle. Adhesiolysis of the bowel loop from
subcutaneous fat is not difficult; however, when there are
severe adhesions between the bowel wall and belly muscle, it
can be very difficult to identify theborder. Furthermore, in the
instance of intraoperative bowel injury, longer bowel seg-
ments might need to be sacrificed, and this, accordingly,
increases operative time and blood loss. Therefore, the use
of adhesion barriers that avoid the development of these
adhesions would reduce the operative time and blood loss
associatedwith longer surgeries. The choice ofmaterial is also
important: INTERCEED is suitable for insertion into deep and
narrow spaces because it is soft and malleable; a sticky and
fragilematerial, forexample,wouldbefar lessappropriate, as it
would be difficult to place correctly.

Adhesions begin forming at the time of surgery and contin-
ue until 5 days after surgery.26–28 INTERCEED forms a gel-like
membrane24hours after applicationandcovers the target site
with a gelatinous material for 7 to 10 days. The material is
completely absorbed within 4 weeks.29 Unlike with intra-
abdominal procedures, the stomal limbs continue to make
contactwith the rectusabdominismuscles after thematerial is
absorbed. In thepresent study, thedurationbetweenthe initial
surgery and ileostomy closure tented to be longer in the No
INTERCEEDgroup than in the INTERCEED group. Theoretically,
new adhesion formation would not occur after postoperative
day 7;27,28 therefore, a longer time to ileostomyclosure should
not affect the degree of adhesion formation between the
stomal limbs and the rectus abdominis muscles.

One important strength of the present study was that
ileostomy creation and reversal were performed by only one
surgeon, which allowed for an accurate assessment of oper-
ation times between the two groups. Operation times and
surgical outcomes will vary depending on technique, expe-
rience, and other preferences of the surgeon. Therewere also
several limitations in the present study. First, this was a
retrospective, single-institutional studywith a small number
of patients. The sample size of the study was too small to
draw a definite conclusion; therefore, further research, such
as a randomized controlled trial, is needed to confirm the
present results. Second, because of the retrospective design
of our study, the degree of adhesion between the ileal limbs
and subcutaneous tissues was not scored. In the aforemen-
tioned studies, adhesion scores were significantly different
between patients treated with and without adhesion bar-

riers. However, in many of these studies, improvement in
adhesion scores following the use of absorbable barriers did
not necessarily correlate with improved perioperative out-
comes, including operative time and intraoperative blood
loss.4,6,7 Quantification of the degree of adhesion is difficult
and highly subjective. An evaluation and improvement in the
objective parameters for measuring adhesion might be more
practical for clinical applications and is warranted in future
studies examining the beneficial use of INTERCEED. Further-
more, we found that the operative time of the initial surgery
tended to be longer in the No INTERCEED group than in the
INTERCEED group. A longer operative time is reported to be
associated with the formation of adhesion.30 Therefore,
patients in the No INTERCEED group might have more
intra-abdominal adhesions. These differences between the
groups might have affected the observed outcomes and
should be measured in future studies.

Conclusion

The present results show the potential clinical utility of
INTERCEED for better outcomes among patients requiring
ileostomy reversal. We believe that insertion of the INTER-
CEED absorbable adhesion barrier between the stomal limbs
and the recuts abdominismuscle can contribute to improved
operative outcomes among patients treated with temporary
diverting ileostomy. Although the characteristics of INTER-
CEED are optimal for this purpose, the present concept may
also be applied to the use of other absorbable adhesion
barriers. Further studies with a larger cohort and additional
quantitative measures are required.
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