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Purpose: The aim of this study was to investigate the current status of the use of antiadhesive agents (AAdAs) via a ques-
tionnaire and to discuss the availability of AAdAs. Methods: The survey was sent to a list of members that was approved by 
the Korean Gastric Association. The survey included questions on AAdA use by surgeons, the type of AAdAs used, and the 
reasons for not using AAdAs. Surgeons were also asked to describe complications related to AAdAs, and the reliability of its 
use. Results: The response rate was 21%. The rates of frequent use stratified by procedure were 26.9% (14/52) for open gas-
trectomy, 5.9% (3/51) for laparoscopic gastrectomy, and 31.5% (17/54) for surgery for postoperative bowel obstruction (P ＜ 

0.01). After including data from the occasional use group, the corresponding values were 51.9% (27/52), 19.6% (10/51), and 
70.4% (38/54), respectively (P ＜ 0.01). Sefrafilm and Guardix were most commonly used for open procedures. Guardix and 
Interceed were most commonly used for laparoscopic surgery. The primary reasons for nonuse of AAdAs were ineffective-
ness and high cost. Ten percent (4/40) of surgeons observed complications associated with AAdAs. A minority (17.3%, 9/52) 
had positive attitudes toward AAdAs. The majority of respondents expressed neutral (73.1%, 38/52) or negative (9.6%, 
5/52) attitudes toward AAdAs.  Conclusion: The low use rates of AAdAs in gastric cancer surgery may be attributable to per-
ceptions that AAdAs are ineffective, unreliable, and costly. We anticipate the emergence of promising antiadhesive strategies 
that reach far beyond the limitations of current products.
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INTRODUCTION

Postoperative intraabdominal adhesions are pathologi-
cal bonds, usually formed between the omentum, loops of 
the bowel, and the abdominal wall. These bonds may be 

formed by a thin film of connective tissue, a thick fibrous 
bridge containing blood vessels and nerve tissue, or direct 
contact between 2 organ surfaces [1]. Adhesions occur in 
more than 90% of patients following abdomino-pelvic sur-
gery [2,3]. In the United States (US), an epidemiological 
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 Survey questions: personal data ※ Underline the word or make a bold type

 1. What is your age range? 
     1) 30s 2) 40s 3) 50s 4) 60s or older
 2. Please indicate number of patients who underwent gastrectomy at your institution yearly.
     1) less than 100 2) 100–199 3) 200–499 4) more than 500

 Antiadhesive agents

 1. After open gastrectomy 
     1-1. Please check whether you used antiadhesive agents.
        1) Not at all 2) Sometimes 3) Always
     1-2. If you use antiadhesive agents, what kind of agents do you usually apply?
        1) Sefrafilm 2) Interceed     3) Surgiwrap     4) Guardix     5) Medishield     6) Oxiplex     7) Adept     8) Others _______
     1-3. If you do not use these agents, what are the reasons?
        1) High cost 2) Ineffectiveness     3) Worries about anastomotic failure 4) Rather aggravated adhesion 5) Others _______
 2. After laparoscopic gastrectomy
      2-1. How often do you use antiadhesive agents (check one)?
        1) Not at all 2) Sometimes 3) Always
     2-2. If you use antiadhesive agents, what kind of agents do you usually use?
        1) Sefrafilm 2) Interceed     3) Surgiwrap     4) Guardix 5) Medishield     6) Oxiplex    7) Adept 8) others _______
     2-3. If you do not use antiadhesives, why (check one)?
        1) High cost 2) Ineffectiveness 3) Worries about anastomotic failure     4) Rather aggravated adhesion     5) Others _______
 3. For postoperative obstruction
     3-1. How often do you use antiadhesive agents?
        1) Not at all 2) Sometimes 3) Always
     3-2. If you use antiadhesive agents, which types do you usually apply?
        1) Sefrafilm 2) Interceed 3) Surgiwrap 4) Guardix 5) Medishield 6) Oxiplex 7) Adept 8) others _______
     3-3. If you do not use these agents, what is the reasons?
        1) High cost 2) Ineffectiveness 3) Worries about anastomotic failure 4) Rather aggravated adhesion 5) Others _______
 4. Complications related to the use of antiadhesive agents
     4-1. Have you ever experienced complications after use antiadhesive agents?
        1) Wound dehiscence 2) Anastomotic failure     3) Aggravation of adhesion     4) Not at all 
     4-2. If you suffered complications, what kind of antiadhesive agents do you use?
        1) Sefrafilm 2) Interceed    3) Surgiwrap     4) Guardix     5) Medishield     6) Oxiplex     7) Adept 8) others _______
 5. Opinion on antiadhesive agents
     5-1. One of the advantages of the use of antiadhesive agents is prevention of postoperative bowel obstruction.
        1) Agree 2) Neutral 3) Disagree
     5-2. Where do you prefer to apply antiadhesive agents?
        1) Directly below the skin wound  2) Gastrectomy site 3) Others _______

Table 1. Questionnaire survey on antiadhesive agents

study estimated adhesion-related health care costs at 1.3 
billion US Dollars in 1994 [4]. One study reported that a 
130-Euro antiadhesion product with an efficacy rate of 
25% could save over 40 million Euro over a 10-year period 
in the United Kingdom [5]. Peritoneal adhesions are com-
mon and costly sources of postoperative morbidity.

There are several classical strategies for adhesion pre-
vention or reduction. These include avoiding the use of 
powdered gloves, minimizing tissue handling and trauma, 
using sufficient irrigation, minimizing use of electro-
coagulation, performing meticulous hemostasis, using 

small, biocompatible suture materials, and avoiding desi-
ccation of the tissue [2,6,7]. Most surgeons endeavor to fol-
low these strategies, but clearly, adhesions still occur. 
Myriad abdominal adhesion prevention strategies (e.g., 
solid barriers, fluid and gel barriers, cellular strategies, 
pharmaceuticals) have been developed over the past 
decades. However, selection of the most appropriate pre-
ventive modality remains controversial. 

In gastric surgeries, the incidence of bowel obstruction 
ranges from 11.7% to 38.5% [8,9]. Despite the high risk 
associated with these obstructions, there have been very 
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Antiadhesive 
agents Manufacturer Main component Form of agent

Sefrafilm Genzyme Co. Biodegradable carboxymethyl cellulose and
   hyaluronate acid

Lucid film

Interceed Johnson & Johnson Medical Inc. Oxidized regenerated cellulose Fabrics
Surgiwrap Mast Biosurgery Co. Polylactic acid Lucid film
Guardix-sol Genewel Co. Carboxymethyl cellulose and hyaluronate acid Viscous solution
Guardix-SG Genewel Co. Carboxymethyl cellulose and hyaluronate acid Gel
Medishield FzioMed Inc. Carboxymethyl cellulose and polyethylene oxide Gel
Oxiplex FzioMed Inc. Carboxymethyl cellulose and polyethylene oxide Gel
Adept Baxter Healthcare 4% Icodextrin Solution

Table 2. Informations of antiadhesive agents came into the market in Korea

few reports of preventive strategies for this complication, 
especially in the English literature [10,11]. Several pre-
clinical studies of the use of antiadhesive agents (AAdAs) 
in abdominal surgery have been reported in South Korea 
[12,13]. However, there is little consensus regarding the 
use of AAdAs.

The aim of this study was to investigate the current 
status and controversies associated with the use AAdAs 
via a questionnaire survey conducted among Korean gas-
tric cancer surgeons.

METHODS

The survey was sent to a list of members of the Korean 
Gastric Association that was approved by the Korean 
Gastric Association throughout Korea on November 11, 
2011. Responses were received over a period of 2 weeks. 
The questionnaire as translated into English is shown as 
Table 1. We obtained the following data using the ques-
tionnaire: 1) age of the respondent; 2) annual number of 
patients who underwent gastrectomy at respondent's hos-
pital; 3) AAdAs use by the respondent; 4) the type of 
AAdAs used (Sefrafilm, Genzyme Co., Cambridge, MA, 
USA; Interceed, Johnson & Johnson Medical Inc., Arling-
ton, TX, USA; Surgiwrap, Mast Biosurgery Co., San Diego, 
CA, USA; Guardix, Genewel Co., Seoul, Korea; Medishi-
eld, FzioMed Inc., San Luis Obispo, CA, USA; Oxiplex, 
FzioMed Inc., San Luis Obispo, CA, USA; Adept, Baxter 
Healthcare, Utrecht, The Netherlands; others); 5) reasons 
for not using AAdAs (high cost, ineffectiveness, worries 

about anastomotic failure, aggravated adhesion, and oth-
ers); 6) the incidence of complications after application of 
AAdAs (wound dehiscence, anastomotic failure, aggra-
vation of adhesion); 7) type of AAdAs if complications 
were noted after use; 8) the attitude toward the idea that 
AAdAs prevent postoperative bowel obstruction; 9) the 
location of application (directly below the skin wound, 
gastrectomy site, others). AAdAs brands included in the 
questionnaire were those currently on the market in 
Korea. More detailed information about AAdA types are 
shown in Table 2.  For questions 3) to 5), we classified each 
answer according to the type of surgical procedures, 
namely, (1) open radical gastrectomy with standard 
lymph node dissection for gastric cancer; (2) laparoscopic 
radical gastrectomy with standard lymph node dissection 
for gastric cancer; and (3) surgery for postoperative bowel 
obstruction, including both open and laparoscopic 
procedures. In addition, the number of respondents for 
each type of question was different. 

We divided into the respondents into the following 3 
groups depending on the frequency of AAdAs applica-
tion: (1) frequent use group - these respondents almost al-
ways used AAdAs; (2) occasional use group - these re-
spondents occasionally used AAdAs; and (3) no use group - 
these respondents never used AAdAs.

Statistical analyses were performed using PASW ver. 
18.0 (IBM Co., Armonk, NY, USA). The significance of dif-
ferences was determined using the χ2 test. Statistical tests 
were two-sided. P ≤ 0.05 was considered statistically 
significant.
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Fig. 1. Whether to use of antiadhesive agents. OG, open gastrec-
tomy; LG, laparoscopic gastrectomy; POO, surgery for postopera-
tive bowel obstruction.

Fig. 2. Type of applying antiadhesive agents. OG, open gastrec-
tomy; LG, laparoscopic gastrectomy; POO, surgery for posto-
perative bowel obstruction.

RESULTS

Responses were obtained from 63 of 300 (21.0%) mem-
bers at 35 institutions (36.8%, 35/95). Twenty (31.7%) of the 
respondents were in their 30s, 24 (38.1%) were in their 40s, 
18 (28.6%) were in their 50s, and 1 (2.0%) was in his 60s. The 
respondents’ hospitals were grouped according to the 
number of patients who underwent gastrectomy for gas-
tric cancer each year at the hospital: 17 (27.0%), more than 
500 operations; 27 (42.9%), 200 to 500 operations; 15 
(23.8%), 100 to 200 operations; 4 (6.3%), less than 100 
operations. The response rates of each grouped hospital 
according to annual number of gastrectomies were: 44.7% 
(17/38), more than 500 operations, 8 hospitals; 50% (27/54), 
200 to 500 operations, 12 hospitals; 24.2% (15/62), 100 to 
200 operations, 11 hospitals; 44.4% (4/9), less than 100 op-
erations, 4 hospitals.

The use and type of AAdAs are shown in Figs. 1, 2. Rates 
of frequent use group were 26.9% (14/52), 5.9% (3/51), and 
31.5% (17/54), respectively (P = 0.005), for open gas-
trectomy, laparoscopic gastrectomy, and surgery for post-
operative bowel obstruction. The rates for these proce-
dures in the use group, including the occasional use 
group, were 51.9% (27/52), 19.6% (10/51), and 70.4% 
(38/54) respectively (P ＜ 0.001). The AAdAs used mainly 
were Sefrafilm and Guardix for open procedures, and 
Guardix and Interceed for laparoscopic surgery.

The findings for each procedure are as follows.

Open gastrectomy for gastric cancer
Nearly half of the respondents (48.1%, 25/52) did not 

use AAdAs. Fourteen surgeons (26.9%) applied them usu-
ally, and 13 surgeons used AAdAs (25.0%) occasionally. 
Among those using AAdAs, 51.9% (14/27) usually applied 
Sefrafilm, while the others generally used Guardix (44.4%, 
12/27) and Interceed (4.0%, 1/27). The main reasons for 
nonuse were as follows: ineffectiveness (52.0%, 13/25), 
high cost (40.0%, 10/25), worries about anastomotic failure 
(4.0%, 1/25), rather aggravated adhesion (4.0%, 1/25), and 
others (no interest, etc.).

Laparoscopic gastrectomy for gastric cancer
More than three quarters of respondents (78.4%, 40/51) 

did not apply AAdAs. Three surgeons (5.9%) applied 
AAdAs usually, and 6 surgeons (11.8%) applied AAdAs 
occasionally. Among the surgeons using AAdAs, more 
than half usually applied Guardix (55.6%, 5/9), and the oth-
ers generally used Interceed (33.3%, 3/9) and Adept (11.1%, 
1/9). The reasons for nonuse were as follows: ineffective-
ness (50.0%, 20/40), high cost (22.5%, 9/40), worries about 
anastomotic failure (2.5%, 1/40), rather aggravated adhe-
sion (2.4%, 1/42), and others (difficulty of application, no 
interest, etc.).

Surgery for postoperative bowel obstruction
More respondents used AAdAs under these circums-

tances. Thirty-one percent of respondents (17/54) always 
used AAdAs, 21 surgeons (38.9%) occasionally used them, 
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and 16 surgeons (29.6%) did not use AAdAs at all. Among 
those using AAdAs, 47.5% of respondents (19/40) usually 
applied Guardix, others generally used Sefrafilm (42.5%, 
17/40), Interceed (5.0%, 2/40), Surgiwrap (2.5%, 1/40), and 
Adept (2.5%, 1/40). The reasons for nonuse were as fol-
lows: ineffectiveness (62.5%, 10/16) and high cost (37.5%, 
6/16).

Complication related to use of AAdAs 
Ninety percent of respondents (36/40) observed no com-

plications associated with application of AAdAs. Four 
surgeons (10%) reported postapplication morbidity (dete-
rioration of adhesion, 3; anastomotic failure, 1). The AAdAs 
used in cases with complications were Sefrafilm (50%, 2/4) 
and Guardix (50%, 2/4).

Opinion on antiadhesive agents
Only 17.3% (9/52) of respondents expressed a positive 

attitude toward AAdAs, and 9.6% (5/52) of the respon-
dents expressed a negative attitude. A clear majority of re-
spondents (73.1%, 38/52) had neutral opinions. AAdAs 
were applied directly below the main wound (73.7%, 
28/38), gastrectomy site (23.7%, 9/38), and to other loca-
tions (2.6%, 1/38; nearby adhesive band).

DISCUSSION

Gastrectomy for gastric cancer treatment is associated 
with a high risk of bowel obstruction (incidence, 11.7– 
8.5%) [8,9]. In one study conducted in a high-volume in-
stitute in Korea, intestinal obstruction was the most fre-
quent complication requiring reoperation after gastrec-
tomy for gastric cancer [14]. Furthermore, previous clin-
ical and experimental studies have shown the relationship 
between peritoneal adhesion and intraperitoneal re-
currence [15,16]. Peritoneal recurrence is among the most 
common patterns of recurrence (29–40%) in gastric cancer 
[17,18]. Peritoneal healing causes damage to the peri-
toneum and adhesion formation, which may promote in-
traperitoneal growth of tumor cells [15]. Prevention of per-
itoneal adhesion during gastric cancer surgery is an un-
avoidable issue for gastric cancer surgeons. However, 

there is little evidence available for guidance in choosing 
AAdAs, except for the classic surgical strategies for 
adhesion prevention.

Therefore, we conducted a nationwide survey assessing 
the utilization of AAdAs among Korean gastric cancer 
surgeons. 

The strategies for adhesion prevention or reduction in-
clude the classical surgical principles to reduce surgical 
trauma and use of AAdAs. AAdAs can be classified into 4 
categories: solid barrier, fluid or gel barrier, cellular strat-
egies, and pharmaceuticals [7]. In our, study, we focused 
on barrier membrane and gel-type AAdAs, which are 
used primarily in clinical settings in Korea.

Our results indicate that AAdAs were commonly used 
in 26.9%, 5.9%, and 31.5% of all open gastrectomy, laparo-
scopic gastrectomy, and surgery for postoperative bowel 
obstruction procedures, respectively. By including the da-
ta from the occasional use group, the rates of use increased 
to 51.9%, 17.7%, and 70.4% respectively. Considering the 
surgical and economic significance of adhesion-related 
complications, these usage rates can be considered to be 
quite low. In addition, only 17.3% of the respondents re-
acted positively on being enquired about the effectiveness 
of AAdAs. The main factors influencing the rates of 
AAdAs usage were the efficacy of AAdAs and their high 
price. In addition, some respondents expressed concerns 
over anastomotic failure, aggravation of adhesions, and 
difficulty in laparoscopic application of AAdAs, while an-
other small group of respondents believed that post-
operative adhesion may have positive physiologic effects. 

The preferred AAdAs among Korean gastric cancer sur-
geons were Seprafilm and Guardix for open gastrectomy, 
Guardix and Interceed for laparoscopic gastrectomy, and 
Guardix and Seprafilm for surgery for postoperative bowel 
obstruction.

Seprafilm is a solid sheet of sodium hyaluronate and 
sodium carboxymethylcellulose, which is a transparent 
and resorbable membrane capable of mechanically sep-
arating 2 opposite tissue areas over a 7-day period of 
peritoneal reformation. In many randomized, controlled 
human trials, Seprafilm was shown to reduce the in-
cidence, severity, and extent of abdominal adhesion 
[7,19-22]. Furthermore, Seprafilm has the unique dis-
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tinction of being approved by the US Food and Drug 
Administration (FDA) as an AAdA for patients under-
going abdominal or pelvic laparotomy [19]. However, 
there is debate over its tendency to induce inflammatory 
reaction, the anastomotic instability associated with its 
use, and its limited laparoscopic applicability [7,23]. Two 
clinical trials reported the results obtained with 
Seprafilm after gastrectomy in gastric cancer operation. In 
one randomized controlled, trial comprising 150 gastric 
cancer patients, the use of Seprafilm did not significantly 
reduce the incidence of small bowel obstruction [10]. 
However, another retrospective study of 282 patients stat-
istically proved the effectiveness of Seprafilm in reducing 
the incidence of adhesive obstruction after distal gas-
trectomy [11].

Interceed is a fabric barrier of oxidized regenerated cel-
lulose that typically undergoes biodegradation within 1 to 
2 weeks. A number of well-designed studies in humans 
have indicated the efficacy of Interceed in preventing 
adhesions [7,24]. One review of 15 randomized, controlled 
trials in humans showed that Interceed has superior effec-
tiveness to Seprafilm in pelvic surgery [25]. However, 
Interceed suffers from a number of limitations related to 
difficulty in handling, susceptibility to infection, in-
effectiveness in a blood infiltration environment, mobility 
in the presence of excess peritoneal fluid, and laparoscopic 
application. Interceed was approved by the US FDA as an 
AAdA in only open gynecologic pelvic surgery after 
meticulous hemostasis is completed [6,7].

Adept, a 4% icodextrin solution, has been approved as a 
fluid barrier by the US FDA for only laparoscopic gyneco-
logical surgery. It shows antiadhesive effects by separating 
the damaged tissues and allowing prolonged “hydroflota-
tion” of the peritoneal cavity for 3 to 4 days after the oper-
ation [7,26]. Although many clinical and experimental 
studies have validated the antiadhesive effect of Adept, it 
has clear limitations and is contraindicated for patients 
with infection or allergy to cornstarch as well as in oper-
ations including laparotomy incision, bowel resection, or 
appendectomy [7].

 Guardix is a solution of carboxymethylcellulose and 
hyaluronic acid, the same ingredients that are used to cre-
ate Seprafilm, and has been recently developed and found 

to significantly reduce postoperative adhesions [12,27]. It is 
cost-effective, since it is developed in South Korea, and of-
fers several clinical advantages such as ease of application 
in multifocal trauma and suitability in laparoscopic 
procedures. Although there are several reports describing 
the clinical efficacy of Guardix, its biggest limitation is the 
absence of a randomized, controlled trial in humans that 
definitively validates its use in preventing abdominal adhe-
sions in abdominal surgery. Moreover, it could not gain ap-
proval by the US FDA as an AAdA for any abdomino-pelvic 
surgery, excluding rhinologic surgery. However, it was ap-
proved by European Conformity Certification (CE mark-
ing) and Korean Food & Drug Administration (KFDA) as 
an AAdAs for intraabdominal surgery [28,29]. 

The AAdAs in current surgical use represent solid, fluid, 
and gel barriers. The effects of AAdAs on prevention of 
peritoneal adhesion are supported and proved by many 
evidence-based studies. However, these AAdAs have 
several limitations and problems involving difficulty in 
application, susceptibility to infection, laparoscopic appli-
cation, anastomotic failure, promotion of inflammatory 
reaction and adhesions, and ineffectiveness in cases show-
ing blood infiltration and intra-abdominal fluid retention. 
Surgery for gastric cancer is inevitably accompanied with 
intestinal anastomosis and the risk of bleeding, intra-
peritoneal fluid collection, and infection. Therefore, we 
should carefully consider the use of AAdAs introduced. 
During operation for postoperative bowel obstruction 
without intestinal resection and anastomosis, application 
of AAdAs is worth considering. The major AAdAs are 
Seprafilm, Interceed, Guardix in conventional open sur-
gery and Guardix and Adept in laparoscopic procedures.  

This survey-based study had several limitations. The 
21% low response rate, small-sized sample, and a ques-
tionnaire analysis that was restricted to gastric cancer sur-
geons would reflect a selection bias. Postoperative adhe-
sions are common problems through all fields of abdomi-
nal and pelvic surgery and are associated with major 
morbidity, mortality, and financial burdens. In a retro-
spective analysis of 144 cases of small-bowel obstruction 
from adhesions in the US, the main causative procedures 
were appendectomy, colorectal resection, and gynecologic 
procedures. These are responsible for about 60% of all 
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abdomino-pelvic surgeries [30]. Despite these draw-
backs, we can also ascertain some advantages. Our 
survey recruited faculty members of expert groups for 
gastric cancer surgery. The rate of response from hospitals 
with more than 100 cases of patients who underwent gas-
trectomy for gastric cancer was 93.7% (59/63). Moreover, 
this study was conducted without any financial support.

In conclusion, despite the positive and encouraging im-
plications of numerous clinical and experimental trials for 
prevention of postoperative adhesion, application rates of 
AAdAs are still low. Surgeons cite low reliability and high 
cost to performance ratio in elective gastric cancer surgery 
as the reasons for this phenomenon. However, the use rate 
in operations for intestinal obstruction was rather high in 
comparison to that in gastric cancer operations. We antici-
pate the emergence of new and promising antiadhesive 
strategies far beyond the limitations of current products.
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