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Summary Objective: We performed a prospective randomized study to assess whether the
use of sodium hyaluronate-based bioresorbable membrane (Seprafilm�) and liquid-based hyal-
uronic acid and carboxymethyl cellulose solution (Guardix) to reduce postoperative small
bowel small bowel obstruction in patients undergoing colorectal surgery. This study aimed
to compare the incidence of postoperative bowel obstruction.
Methods: One hundred seven patients were assigned to the Seprafilm� group and 155 were as-
signed to the Guardix� group during the study period. The control group of 166 patients
received no anti-adhesive. Patients were randomly assigned.
Results: The overall small bowel obstruction rate was 7.6% (N Z 37/488 patients). Small bowel
obstruction developed in 9 patients (5.8%) in the Guardix� group and 9 patients (7.1%) in the
Seprafilm� group and 19 patients (11.4%) in the control group. Seprafilm� group had signifi-
cantly lower obstruction rate as compared to control group (P Z 0.036). Guardix� solution
and Seprafilm� did not alter the liver and renal function, as assessed by the blood chemistry.
Conclusions: The use of Seprafilm significantly reduces the incidence of postoperative small
bowel obstruction in patients undergoing colorectal surgery. We observed no difference in
the incidence of postoperative small bowel obstruction after the application of Seprafilm�

and Guardix� in patients undergoing colorectal surgery.
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1. Introduction

Postoperative intra-abdominal adhesions are the most
frequent complication of laparotomy surgery; although
these adhesions are often not recognized, they are
observed in nearly 95% of patients at the time of subse-
quent surgery.1 Adhesions are internal post-traumatic
“scars” that form through a complex process that involves
the injured tissues and the peritoneum. Although intra-
abdominal adhesions are asymptomatic in most patients,
in some patients these adhesions can cause intestinal
obstruction, infertility, chronic abdominal pain, and an
increased rate of complications during subsequent
operations.2

Several clinical studies have announced that the use of a
sodium hyaluronate-based bioresorbable membrane
(Seprafilm�; Genzyme Corp., Cambridge, MA, USA) signifi-
cantly reduces the incidence and severity of adhesions
after abdominopelvic surgery, with no adverse or toxic ef-
fects.3,4 Additionally, a liquid-based hyaluronic acid (HA)
and carboxymethyl cellulose (CMC) mixture are available as
an adhesion reduction agent (Guardix�; Hanmi Medicare,
Seoul, Korea).

HA is a key component of the extracellular matrix and is
involved in several steps of the wound healing process. This
hydrophilic and non-immunogenic macromolecule easily
coats and lubricates mucus membranes, thereby reducing
friction and/or preventing trauma after surgery.5,6 HA is
expected to be effective at surgical sites where a film-type
anti-adhesive agent is difficult to apply. CMC is a nontoxic
polysaccharide made from monochloroacetate and cellu-
lose and is used in the cosmetic, food, and drug industries.7

Guardix� is a sterile, transparent, colorless adhesion bar-
rier, formulated as a viscous gel consisting of two anionic
polysaccharides, sodium hyaluronic acid (HA) and sodium
carboxymethyl cellulose (CMC). Guardix can apply
to lubricate in the surgical area for effective anti-
adhesion (product information, Hanmi Medicare).

Although both the film-type (Seprafilm�) and liquid-type
(Guardix�) commercially available preparations of HA and
CMC have been used to prevent adhesions after surgery, no
currently available published data have directly compared
Seprafilm� and Guardix� in terms of their abilities to reduce
the rate of small bowel obstruction after colorectal surgery.
In the present study, we performed a prospective random-
ized study to assess whether Seprafilm� or Guardix� could
reduce the rate of small bowel obstruction including small
bowel atony in patients who underwent colorectal surgery.
2. Methods

The study proposal was finalized and approved by our
institutional review board prior to study initiation. Written
informed consent was required from all participants. This
investigator-initiated randomized controlled trial (RCT) was
performed at Gachon University Gil Hospital between
September 2013 and December 2014 (clinical trial number:
NCT02168426, www.clinicaltrials.gov). All patients at our
institution who required Colorectal surgery during the
study period were randomized using to receive Seprafilm�

or Guardix�. A simple randomization table was used to
randomize the patients.

2.1. Exclusion criteria

For the 663 patients were screened (Seprafilm� and
Guardix� group and no additive group) using the following
study exclusion criteria: 1) patient refusal; 2) APCT o or
sonographic findings indicating an intra-abdominal abscess;
3) history of cirrhosis and/or coagulation disorders and/or
hemodynamic instability; 4) other contraindications to
general anesthesia (severe cardiac and/or pulmonary dis-
ease); 5) inability to provide informed consent because of
mental disability; 6) pregnancy; 7) use of any other inves-
tigational product; 8) history of peritoneal irrigation or
radiation; 9) incomplete medical records during screening
and after the randomization; 10) signs of peritonitis due to
anastomosis leakage or presence of small bowel obstruction
before surgery and 11) stage IV patients and/or patients
needing ileostomy or colostomy. Of the remaining cura-
tively resected stage I to III patients, 167 were assigned to
the Seprafilm� group, 155 were assigned to the Guardix�

group and 166 received no antiadhesive (Fig. 1).

2.2. Products used in the study

Seprafilm� is a membrane developed for the temporary
separation of tissues damaged mechanically during surgery.
It is available in 12.7 cm � 15.2 cm sheets and comprises
chemically modified sodium hyaluronate, a glycosamino-
glycan, and CMC. No adverse or toxic effects have been
described with the use of these substances.3,7

Guardix is a liquid-based anti-adhesive agent with the
following characteristics: nonpyrogenic, nontoxic sodium
hyaluronic acid and carboxymethyl cellulose, colorless,
transparent, viscous solution; and pH of 6.0e8.0. All of the
patients received 5 g of Guardix� which contains 5 mL of
antiadhesive solution.

2.3. Operative procedure

Two colorectal surgeons participated in this study. These
surgeons followed the standard procedures for colectomy
and proctectomy with lymph node dissection and anasto-
moses. All enrolled patients received Guardix� or
Seprafilm� to the surface of the small intestine under the
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524 pa ents enrolled for randomiza on

N= 200 assigned to membrane based Seprafim® group N = 191 assigned liquid based Guardix®group

33 excluded due to incomplete medical 
records or protocol viola on or follow up loss

167 received membrane based Seprafim® 155 received liquid based Guardix®

36 excluded due to incomplete 
medical records or protocol 
viola on or follow up loss

663 pa ents screened for eligibility 

excluded due to 71 refusal to study,
12 pregnancy, 5 radia on, other reasons including    

incomplete medical records 51

166 received no an -adhesive

Figure 1 Patient allocation.
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main abdominal wound. Contact with the anastomoses was
avoided. A routine 24 h fentanyl based intravenous patient
controlled analgesia was used. No prokinetic drugs were
given.

2.4. Data collection

Data were collected according to a previously published
protocol.7 Age, gender, body weight, height, medical his-
tory, use of preoperative chemotherapy, and history of
abdominal surgery were recorded at the time of admission
to the hospital. The following postoperative parameters
were documented: type of operation, use of postoperative
radiation therapy, perioperative complications such as
intra-abdominal abscess, anastomotic site leakage, perito-
nitis, and early postoperative intestinal obstruction, and
perioperative mortality. In addition, laboratory tests
(complete blood cell count and aspartate aminotrans-
ferase, alanine aminotransferase, blood urea nitrogen, and
serum creatinine levels) were performed on postoperative
day 3. All of the patients took a routine simple abdomen to
access immediate postoperative obstruction.

After their initial discharge, all patients were followed
up at an outpatient department 2e3 week after surgery. All
patients were instructed to revisit the clinic if they devel-
oped any symptoms such as abdominal pain/distension or a
failure to pass gas. Any adverse events and concomitant
medications were assessed as previously described by Lee
et al.7

The primary endpoint of this study was the incidence of
postoperative bowel obstruction. The diagnostic criteria
were similar to those previously described by Hayashi
et al.6 Small bowel obstruction was confirmed on the basis
of clinical symptoms (e.g., nausea, vomiting, abdominal
pain, abdominal distension, and the absence of defecation
or gas passage in the previous 24 h), physical examination
findings (e.g., abdominal tenderness, accentuated bowel
sounds, and tympanic sounds on percussion), simple
abdominal radiographs showing an air-fluid level in a pa-
tient while in an erect position, and a dilated small bowel
on enhanced computed tomography (CT) scans. Diagnosis of
small bowel obstruction was made according to findings on
the simple abdominal radiographs or enhanced abdomi-
nopelvic CT scans and the presence of at least 3 of the
aforementioned clinical symptoms and physical examina-
tion findings. Postoperative morbidity and mortality were
also evaluated within 60 days from the initial surgery.7 This
study included patients with bowel atony or impairment of
bowel movement after immediate operation since this in-
fluence of atony on the results cannot be omitted during
the study.

2.5. Therapy for bowel obstruction

All patients received intravenous basic fluid therapy and
broad-spectrum antibiotics as indicated. If evidence of
small intestinal dilatation was seen on plain abdominal ra-
diographs or enhanced abdominopelvic CT scans, a 16- or
18-French Levin nasogastric tube was placed.

2.6. Statistical analysis

A sample size was calculated using a 2-proportions power
analysis. Previous studies reported that the incidence of
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small bowel obstruction after colorectal surgery ranged
from 10% to 38.5%.8 Assuming that a 20% incidence of small
bowel obstruction after Colorectal surgery in the conven-
tional arm would decrease to 10% in the study arm with a a-
error of 0.05 and b-power of 80%, the total target sample
size was 150 patients. Differences in continuous variables
were analyzed using Student’s t-test. For categorical vari-
ables, differences were analyzed with the c2 test. For
multiple comparisons between groups, Bonferroni cor-
rected P value less than 0.017 were considered statistically
significant. The cumulative incidence of small bowel
obstruction was calculated according to the KaplaneMeier
method, and the resulting curves were compared using
the log-rank test. The reported probability values are 2-
sided; P-values <0.05 were considered to indicate statis-
tical significance.
3. Results

Of the 322 eligible patients in the antiadhesive group, 167
received Seprafilm� and 155 received Guardix� (Fig. 1). All
of the patients had complete medical data set for analysis.
The mean follow-up duration was 16.2 months (range: 5e30
months). There were no significant differences in baseline
characteristics between the groups (Table 1). Regarding
operative data, there were no significant differences be-
tween the groups in terms of the level of anastomosis
(rectum vs. colon, P Z 0.415; Table 2). Combined resection
including small bowel segmental resection and total hys-
terectomy was done in 5.0% of all patients. There was no
difference between the groups regarding combined resec-
tion (P Z 0.793). There was no difference among the
groups regarding types of surgery (Table 2). The serum
laboratory values did not significantly differ between the
groups on postoperative day 3 (Table 3), and the mean
values were within normal ranges. Additionally, there were
no differences in the incidence rates of wound infection
and anastomotic leakage between the groups (Table 4). All
cases of anastomosis leakage occurred in patients who
underwent low anterior resections, and all patients were
diagnosed within 12 h of leakage.

The overall small bowel obstruction rate was 7.6%
(N Z 37/488 patients). Small bowel obstruction developed
in 9 patients (5.8%) in the Guardix� group and 9 patients
(7.1%) in the Seprafilm� group and 19 patients (11.4%) in
the control group. Seprafilm� group had significantly lower
Table 1 Patient demographics (N Z 488).

Guardix group Seprafilm group Contro

Number 155 167 166
Age 60.3 63.2 62.5
Gender M:F 87:68 103:64 87:78
Body mass index (range) 23.4 22.7 23.6
Height (cm) 164.7 � 12.5 165.4 � 13.1 164.2
Colon 79 80 83
Rectum 81 82 83
obstruction rate as compared to control group (P Z 0.036).
Guardix� group had a tendency toward lower obstruction
rate but was not found to be statistically significant
(P Z 0.055) as compared to the control group (Table 4). All
37 patients were treated conservatively and recovered. The
mean time to small bowel obstruction was similar between
the groups (5.0 days vs. 5.8 days vs. 4.1 days respectively,
P Z 0.741; Table 4). The mean number of days required for
obstruction treatment did not differ significantly between
the groups (6.7 days vs. 6.2 days, and 5.5 days, respec-
tively, P Z 0.879; Table 3).

The overall complication rates did not differ significantly
between the Guardix� and Seprafilm� groups (12.9% vs.
15.5% vs. 18.7%; P Z 0.533; Table 4). No in-hospital deaths
occurred in either group. The median blood loss volumes
were 137 mL (range: 10e340 mL) in the Guardix� group and
141 mL (range: 10e290 mL) in the Seprafilm� group
(P Z 0.143; Table 4).

Laparoscopic surgery group had a lower incidence of
small bowel obstruction (25/345 vs 12/143). However, did
not reach statistical significance in this study (P Z 0.081).
We did find that Seprafilm� reached statistical significance
in reducing small bowel obstruction as compared to control
group (P Z 0.031) in laparoscopic surgery. Guardix� group
had a tendency toward lower obstruction rate but did not
reach statistical significance (P Z 0.073) as compared to
the control group (Table 4).
4. Discussion

In this randomized study, no significant difference in the
incidence of small bowel obstruction after colorectal sur-
gery was detected between the Seprafilm� and Guardix�

groups, despite the slightly lower overall incidence in the
Seprafilm� group than in the Guardix� group (5.8% vs. 7.1%;
P Z 0.377). The 7.6% overall incidence of small intestinal
obstruction was acceptable when compared with previous
reports (range: 11.7e38.5%).10 Furthermore, the blood loss
volume and operation time did not differ significantly be-
tween the groups. The groups were also similar with
respect patient characteristics, including body mass index
and disease stage, as well as operative data, including
experience level of the surgeon and types of colorectal
surgery performed. Additionally, we analyzed the serum
laboratory variables on the third postoperative day and
found no significant differences between the groups. All
l group Guardix vs Seprafilm
P value

Guardix vs Control
P value

Seprafilm
vs Control
P value

0.143 0.741 0.971
0.477 0.432 0.553
0.534 0.643 0.417

� 10.3 0.341 0.746 0.974
0.941 0.794 0.746
0.913 0.884 0.941



Table 2 Operative type and clinical data.

Guardix group
(N Z 155), %

Seprafilm group
(N Z 167), %

Control group
(N Z 166), %

Guardix vs
Seprafilm
P value

Guardix vs
Control
P value

Seprafilm vs
Control
P value

Location
Colon:Rectum 81:74 81:86 83:83 0.872 0.746 0.531

Operation type 0.415 0.459 0.143
Anastomosis below
peritoneal reflection

77 (49.7) 86 (51.5) 83 (50.0)

Above peritoneal reflection 78 (50.3) 81 (48.5) 83 (50.0)
Operation time (min) 101 � 39.4 110 � 27.7 107 � 24.8 0.631 0.446 0.892
ASA class 0.402 0.134 0.746

I þ II 137 151 146
III þ IV 17 16 20

Mean blood loss (mL) 137 � 43.1 141 � 51.7 133 � 49.7 0.143 0.416 0.613
Laparoscopic surgery 114 (73.5) 115 (68.9) 116 (69.9) 0.753 0.345 0.891
Open surgery 41 (26.5) 52 (31.1) 50 (30.1)

Data are mean � standard deviation.

Table 3 Laboratory data on postoperative 7 days.

Guardix� group
(N Z 155)

Seprafilm� group
(N Z 167)

Control group
(N Z 166)

Guardix vs
Seprafilm
P value

Guardix vs
Control
P value

Seprafilm vs
Control
P value

Postoperative Day 1
Aspartate aminotransferase (U/L) 26.0 � 15.6 26.3 � 20.4 22.6 � 13.2 0.860 0.542 0.764
Alanine aminotransferase (U/L) 22.9 � 17.7 22.0 � 16.9 23.4 � 18.1 0.652 0.731 0.554
Blood urea nitrogen (mg/dL) 14.0 � 5.2 14.4 � 5.0 13.0 � 3.2 0.565 0.725 0.958
Serum creatinine (mg/dL) 0.7 � 0.2 0.8 � 0.4 0.5 � 0.2 0.489 0.325 0.688
White blood cell count (/mL) 9743 � 2475 9321 � 3049 8995 � 2475 0.721 0.538 0.574

Postoperative Day 5
Aspartate aminotransferase (U/L) 37.9 � 13.9 38.1 � 14.6 29.7 � 14.4 0.754 0.253 0.754
Alanine aminotransferase (U/L) 38.1 � 15.3 37.5 � 14.8 31.2 � 16.8 0.403 0.621 0.845
Blood urea nitrogen (mg/dL) 14.4 � 6.1 14.6 � 5.7 16.5 � 3.5 0.825 0.550 0.926
Serum creatinine (mg/dL) 0.5 � 0.2 0.6 � 0.3 0.4 � 0.3 0.501 0.764 0.185
White blood cell count (/mL) 6905 � 2393 6870 � 2466 6205 � 1994 0.907 0.457 0.625

Postoperative Day 7
Aspartate aminotransferase (U/L) 29.3 � 20.4 38.6 � 93.8 25.3 � 19.3 0.270 0.721 0.367
Alanine aminotransferase (U/L) 29.4 � 29.0 38.8 � 10.3 25.2 � 14.2 0.308 0.136 0.852
Blood urea nitrogen (mg/dL) 11.6 � 1.5 11.2 � 1.5 13.6 � 2.2 0.892 0.654 0.732
Serum creatinine (mg/dL) 0.5 � 0.2 0.6 � 0.5 0.5 � 0.2 0.196 0.756 0.984
White blood cell count (/mL) 6976 � 2352 6868 � 2416 5976 � 1842 0.976 0.345 0.356

Data are mean � standard deviation.
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such data were within the normal ranges. This lack of a
significant difference between the groups suggests that
Guardix� may be used as an alternative to Seprafilm�.
However, a larger study with a longer follow-up period may
be required to draw any concrete conclusions.

Adhesion develops in the vast majority of patients who
have undergone abdominal surgery and may lead to com-
plications. Intraperitoneal adhesions occur in as many as
60e90% of patients undergoing abdominal surgery.9 As
suggested in a previous study,6 we used only 1 piece of
Seprafilm� per patient in the Seprafilm� group and 1 vial of
Guardix� per patient in the Guardix� group. Vrijland
et al placed Seprafilm� at various locations in patients
subjected to the Hartmann procedure and reported that
this agent appeared to reduce the severity of postoperative
adhesion.10 Becker et al found that Seprafilm� significantly
reduced the incidence, extent, and severity of post-
operative abdominal adhesions in a randomized study in
which patients in the Seprafilm� group received an average
of 2 sheets each.11 However, in that study, the incidence of
obstruction was not significantly reduced. Fazio
et al reported that the rate of adhesive small bowel
obstruction requiring reoperation was significantly reduced
by the application of 3e10 sheets of Seprafilm� to all or-
gans and tissues sustaining direct trauma or considered at
high risk for adhesion, although the overall rate of bowel



Table 4 Postoperative data and incidence of small bowel obstruction.

Guardix� group
(N Z 155)

Seprafilm�

group
(N Z 167)

Control group
(N Z 166)

P value Guardix vs
Seprafilm
P value

Guardix vs
Control
P value

Seprafilm vs
Control
P value

Overall complication rate, % 20 (12.9) 26 (15.5) 31 (18.7) 0.533 0.495 0.336 0.271
Overall small bowel obstruction

rate, %
9 (5.8) 9 (7.1) 19 (11.4) 0.287 0.377 0.055 0.036

Mean days of small bowel
obstruction treated, days
(range)

6.7 (5e18) 6.2 (5e19) 5.5 (3e15)

Mean time to small bowel
obstruction after operation,
days � SD

5.0 � 1.7 5.8 � 2.2 4.1 � 2.1 0.741 0.425 0.341 0.751

Overall complication rate
except obstruction, %

11 (7.0) 17 (10.0) 10 (6.0) 0.314 0.611 0.513 0.487

Pneumonia 4 (2.6) 4 (1.9) 5 (3.0)
SSIa 5 (3.2) 9 (5.5) 5 (3.0)
Anastomosis leakage 1 (0.6) 3 (1.9) 1 (0.6)
Intra-abdominal abscess 1 (0.6) 1 (0.7) 1 (0.6)

Hospital stay, days 9 (6e30) 8 (6e42) 8 (6e37) 0.327 0.952 0.672 0.415
Reoperation due to small bowel

obstruction
0 (0%) 0 (0%) 0 (0%)

Repeat obstruction 0 (0%) 0 (0%) 0 (0%)
Laparoscopic 6/114 6/115 13/116 0.081 0.791 0.073 0.031
Open 3/41 3/52 6/50 0.613 0.066 0.069

SD: standard deviation.
a Surgical site infection.
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obstruction was unchanged.3 These findings raise the
question of whether the use of additional sheets of
Seprafilm� would further reduce the incidence of small
bowel obstruction. Conversely, a larger randomized trial is
needed to clarify whether the use of a larger amount of
Guardix� would reduce the incidence of small bowel
obstruction. Handling of these barrier agents must also be
considered. Seprafilm� requires careful handling because it
is brittle and cannot easily be moved after coming into
contact with wet tissue. In contrast, Guardix� was
straightforward and easily applied during surgery. However,
the area covered by the liquid form is relatively small as
compared to the film type.

The early postoperative complication was also evaluated
in this study. In previous clinical studies, Seprafilm� has not
been associated with significant differences in complication
rates.6,12,13 Similarly, no significant difference in morbidity
after Colorectal surgery was observed between the 2 groups
in our study. Anastomotic dehiscence patient occurred in 3
rectal cancer patients in the Seprafilm� group and 1 patient
in the Guardix� group. It is difficult to ascertain whether
both products were associated more strongly with anasto-
motic dehiscence because we avoided wrapping or spraying
around anastomoses. Beck et al reported that wrapping the
anastomosis with Seprafilm� should be avoided because of
an increased risk of anastomotic leakage.8 We observed no
increases in postoperative morbidity, including intra-
abdominal abscess, surgical site infection, or intestinal
fistula, associated with either product in patients under-
going Colorectal surgery. These findings are consistent with
the results of previously released studies.8,12 The major
weakness in this study was that we were unable to design a
double blind comparison. Due to the nature of the product
being liquid and a film. Another weakness is that both
laparoscopic and open approach is included. This may be a
confounding variable and the results should be interpreted
accordingly.

In summary, we observed no difference in the incidence
of postoperative obstruction after the application of
Seprafilm� and Guardix� in patients undergoing Colorectal
surgery. Seprafilm significantly lowered postoperative
obstruction while Guardix had a tendency toward a lower
rate of small bowel obstruction. Guardix� and Seprafilm are
equivalent in the development of subsequent small bowel
obstruction and may be used safely.
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