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ABSTRACT

Background and Aims: Anastomotic leaks represent a major complication of colorectal surgery. This study, involving a rat
model of normal and ischemic colon anastomosis, aims to compare the effects of Duraseal® with those of Fibrin Glue (FG).
Methods: Fifty adult male Wistar Albino rats were divided into six groups; normal colon anastomosis, ischemic colon anas-
tomosis, FG on normal colon anastomosis, Duraseal® on normal colon anastomosis, FG on ischemic colon anastomosis, Du-
raseal® onischemic colon anastomosis. After scarification, bursting pressure were measured and samples were collected for
histopathological examination and hydroxyproline assays.

Results: While the mean bursting pressure was statistically higher in groups treated with Duraseal® when compared to con-
trols (p<0.05), no significant differences between Duraseal® and FG were detected (p>0.05). The mean hydroxyproline level
was significantly lower in the Duraseal® groups than in the FG groups (p<0.05). However, significant differences between
Duraseal® and control groups were found only in ischemic colon anastomosis (p<0.05). Histopathological examinations did
not show any differences in wound healing.

Conclusion: Considering the advantages associated with the use of Duraseal®, we may assume that it may play role in gas-
trointestinal surgery with respect to prevention of anastomotic leaks. However, data is limited, and further studies are war-
ranted to better define its place in surgery.
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INTRODUCTION

Anastomotic leaks represent a major complication of traditional or laparoscopic colorectal surgery that are associated with in-
creased morbidity, risk of reoperation, prolonged hospitalization, and reduced quality of life (Raptis, Pramateftakis, & Kanellos,
2018). Although the reported rates of anastomotic leaks vary between 1% and 24%, this figure is approximately 5% in experi-
enced centers (McArdle, McMillan, & Hole, 2005; Raptis et al,, 2018; ; Vakalopoulos et al., 2017b), while it may increase up to 30%
to 40% in ischemia, where wound healing is poor, and in patients with inflammatory bowel disease (Wu et al, 2015). Anasto-
motic leaks following curative surgery for colorectal cancer have been shown to have an adverse impact on the overall survival
(McArdle et al,, 2005).

Systemic factors influencing anastomotic healing include age, nutritional status, cigarette smoking, chemoradiation, and diabe-
tes, while local factors include the ischemia at the site of anastomosis as well as the surgical technique utilized (Raptis et al.,, 2018).
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Until now, a variety of surgical techniques, drugs, and adhe-
sion barriers have been investigated in experimental studies
of colon anastomosis in an attempt to identify effective means
of leakage prevention. In addition to agents such as 5-fluoro-
uracil and hydrocortisone that have been shown to negatively
affect the anastomotic healing, others, including tacrolimus
and iloprost, have exerted positive effects (Raptis et al,, 2018).
In recent years, tissue adhesives have been increasingly used
for the prevention of upper gastrointestinal leaks (Fullum,
Aluka, & Turner, 2009). Their effects have also been tested in a
number of studies involving lower gastrointestinal procedures,
although they are not used in clinical practice. While fibrin glue
(FG) is one of the most frequently investigated agents in exper-
imental studies of colonic anastomosis (Aghayeva et al,, 2017,
Daglioglu, Duzgun, Sarici, & Ulutas, 2018; Raptis et al,, 2018;
Senol et al, 2013; Torres-Melero, Motos-Mico, Lorenzo-Linan,
Morales-Gonzalez, & Rosado-Cobian, 2016; Vakalopoulos et
al, 2017a), Duraseal® has also been subject to some research
(Karagoz Avci et al,, 2011; Wu et al,, 2015).

In this study involving a rat model of normal and ischemic colon
anastomosis, we compared the effects of Duraseal® with those of
FG, which has been previously shown to have positive effects on
the healing of colonic anastomosis in a number of studies.

MATERIALS AND METHODS

Tissue adhesives in current clinical practice can be classified
into four categories based on their chemical structure: cyano-
acrylates (CA), FG, polyethylene glycol (PEG) adhesives and,
biological adhesives, which contain albumin and/or gelatin
(Vakalopoulos et al,, 2017a). In this study, FG was compared
with Duraseal®, which is a modified PEG.

Duraseal®

Duraseal® (Confluent Surgical, Inc, Waltham, MA) is an FDA-
approved surgical sealant that is generally used to prevent
cerebrospinal fluid leaks in cranial and spinal surgery as well
as for improved anastomotic safety in cardiovascular surgery
(Jeon et al, 2017; Nishimura, Kimura, & Morita, 2012; Osbun
etal, 2012; Pereira, Grandidge, Nowak, & Cudlip, 2017; Strong
etal,2017).

This hydrogel system consists of two solutions; the first con-
tains modified PEG and very low concentrations of FD&C Blue
#1 dye, while the second solution contains a low molecular
weight, water soluble trilysine amine at very low concentra-
tions. When sprayed onto the tissues, these two solutions re-
act and form cross-links within a few seconds, leading to the
formation of a strong hydrogel (90% water) without measur-
able increases in local temperature and without requiring the
application of any external source of energy (Preul, Bichard, &
Spetzler, 2003). FD&C Blue #1 dye, on the other hand, provides
a measure of the extent and thickness of the application (Preul
et al, 2003), and diffuses out of the wound site to be finally
excreted via the renal route without being incorporated into
the hydrogel structure (Preul et al.,, 2003).

The hydrogel formed by the above-described reaction leads to
the formation of a barrier impermeable to fibroblasts, and re-

mains on site for 4 to 8 weeks. Subsequently, it is broken down
into water soluble PEG molecules, and is excreted primarily
through the kidneys.

Some advantages of Duraseal® include storage at room tem-
perature, absence of a requirement for heating or external
source of energy, easy preparation, good mechanical strength
and elasticity, usability in moist conditions, good adaptation to
irregular surfaces, good tissue adhesion, and clear visibility due
to the blue dye content.

Care should be practiced when using Duraseal® in patients
with severe impairment of kidney or liver function, pregnant
women, patients with immune suppression or autoimmune
conditions, and in individuals allergic to FD&C Blue #1 dye.
Also, concomitant use with other tissue adhesives or hemo-
static agents should be avoided, and it should not be used in
patients who have active infection at the site of surgery.

Fibrin glue
FG is a biological adhesive derived from human fibrinogen
concentrates, and has been reported to provide strong tissue
adhesion for wound healing, in addition to hemostatic proper-
ties at the wound site (Raptis et al., 2018; Senol et al,, 2013; Wu
etal, 2015).

Fibrin adhesives contain thrombin and aprotinin, and mimic
the final step of the coagulation cascade (Karagoz Avci et al,
2011), leading to the conversion of fibrinogen to fibrin with the
effect of thrombin. On the other hand, Factor Xlll is responsible
for the formation of a stable clot thanks to the formation of
covalent bonds between fibrin monomers. In order to prevent
excessive and sudden fibrinolysis, aprotinin is added into fibrin
adhesives. Fibrin adhesives trigger the clotting cascade on the
site of application, resulting in the conversion of fibrinogen to
fibrin and formation of a gel-like adhesive.

Fibrin glues have positive effects on wound healing, reduce
hematoma formation due to their hemostatic effects, and
stimulate the migration of macrophages that are involved in
the maturation of fibroblasts and in angiogenesis (Karagoz
Avcietal, 2011).

Contraindications to the use of fibrin glues include arterial or
severe venous bleeding and hypersensitivity to bovine pro-
teins or to any of the ingredients. Data on their use during
pregnancy or breastfeeding is insufficient.

In this experimental study, Beriplast® P combi-set (Farma-Tek,
Istanbul, Turkey) was used as the fibrin glue.

Design of the study

This experimental study was performed at Istanbul University,
Cerrahpasa Medical Faculty, Experimental Medicine Research
Institute after approval of the Institutional Review Board.

Fifty adult male Wistar Albino rats 10-12 weeks of age and
weighing 200-250 g, were obtained from Istanbul University
Cerrahpasa Medical Faculty Experimental Animals Research Lab-
oratory. The rats were cared for in accordance with the “Guide
for the Care and Use of Laboratory Animals” prepared by the In-
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stitute of Laboratory Animals Resources and published by the
National Institute of Health; maintained in colony cages (five rats
per cage) under controlled conditions of temperature (28°C),
light (10 h light: 14 h dark) and humidity (50°F 5%). The rats were
not permitted ad libitum access to standard lab chow and tap
water starting from 12 hours before the surgery until the end of
the experimental procedures to decrease fecal contamination.

The rats were placed under general anesthesia using intraperi-
toneal administration of 50 mg/kg Ketamine HCI (Ketalar® vi-
als, Eczacibasi). After the site of surgery was shaved, skin was
cleansed with povidone iodine. Experimental animals were
categorized into six groups based on the procedure and type
of adhesion barrier to be applied (Table 1). Beriplast P® and Du-
raseal® were prepared in accordance with the instructions of
the manufacturers.

A catheter was advanced 1 c¢m distally into the left colon
through the anal canal of the rats and was fixed using 3/0 silk
sutures. The rats were sunk into a bowl filled with water. Air
insufflation was performed at a stable speed of 6 ml/min, and
the bursting pressure was measured using a sphygmomanom-
eter. Bursting pressure was defined as the highest reading at
the sphygmomanometer with simultaneous visualization of air
bubbles in the water.

After bursting pressure measurements, the anastomoses were
released from the surrounding adhesions. A 1-cm segment en-
compassing the proximal and distal parts of the anastomotic
line was removed. One part of the segment was fixed in 10%
formaldehyde for histopathological examinations, and the
other was wrapped into aluminum folios for hydroxyproline
assays and was stored at -22°C.

Table 1. Procedures and adhesion barriers applied to the groups.

Group Procedure Adhesion barrier  Number of subjects (n)
Group1  Segmenter colon resection + end-to-end anastomosis - 5
Segmenter colon resection + end-to-end anastomosis at ischemic
Group 2 - 5
colon segment
Group3  Segmenter colon resection + end-to-end anastomosis Fibrin Glue 10
Group 4  Segmenter colon resection + end-to-end anastomosis Duraseal® 10
P L s .
Group 5 Segmenter colon resection + end-to-end anastomosis at ischemic Fibrin Glue 10
colon segment
P o s .
Group 6 Segmenter colon resection + end-to-end anastomosis at ischemic Duraseal® 10

colon segment

In all animals, the abdomen was accessed with a four cm
standard midline incision. After the descending colon was
released, a 0.5 cm segment was resected. End-to-end anas-
tomosis was performed by 6-8 interrupted sutures using 5/0
polypropylene suture material. In Group 1, no procedures
were carried out on the anastomotic line, while FG was ap-
plied on anastomosis in Group 3, and Duraseal® in Group 4. In
Groups 2, 5, and 6, the free ends of the colonic segments were
devascularized up to a distance of 0.5 cm from the end, fol-
lowed by anastomosis with the same method to allow for the
formation of ischemic colonic anastomoses (Portilla-de Buen
etal, 2014).In Groups 5 and 6, FG and Duraseal® were applied
on the anastomosis, respectively. In all groups, for the closure
of the midline incision, fascia and skin were closed separately
using 3/0 silk sutures.

The rats were sacrificed at postoperative day four using high
dose ether inhalation. Then, the bursting pressure were mea-
sured at anastomosis sites, and samples were collected for his-
topathological examination and hydroxyproline assays.

Bursting pressure

Bursting pressures were measured in mmHg. Adhesions
around the anastomoses were not released after opening the
abdominal cavity, as these were thought to reflect an effect on
anastomotic healing.

Hydroxyproline quantification

Hydroxyproline is a part of collagen that was demonstrated to be
positively correlated with the amount of collagen formation and
healing of colonic anastomosis. Hydroxyproline quantification
was performed at the Biochemistry Laboratory, Cerrahpasa Medi-
cal Faculty, Istanbul University. After weighing, the colonic samples
were treated with the modified Bergman and Loxley method for
quantification of hydroxyproline, which was expressed as mg/g in
wet tissue (Karagoz Avci et al, 2011; Lee et al, 2005).

Histopathological examination

Half of the 1 cm colon segment removed after bursting pressure
measurements that included the line of anastomosis was fixed
in 10% formaldehyde. Then, cross-sections obtained from colon-
ic segments were embedded in paraffin blocks as to expose all
layers of the colon. Samples were stained with hematoxylin and
eosin. Inflammatory cells, neutrophils, extent of neovasculariza-
tion, fibroblastic activity, and collagen fibrils were examined mi-
croscopically to assess the healing (Ersoy et al, 2016).

Statistical evaluation

All the values were expressed as the mean + standard deviation
(SD). The data of the bursting pressure and the hydroxyproline
content were analyzed by ANOVA (Analysis of Variance) test.
Post-hoc analyses were performed with the Tukey test. Values
were considered as significant when p<0.05.

85



86

Istanbul J Pharm 50 (2): 83-88

RESULTS

Although the surgical procedures and anesthesia were well
tolerated by the animals, one rat in each of Groups 1 and 6,
and two rats in each of Groups 3, 4, and 6 died in their cages
before postoperative day 4. However autopsy in these eight
rats showed no signs of macroscopic anastomotic leak or peri-
tonitis.

None of the rats sacrificed at postoperative day four using
high dose ether inhalation had macroscopic leaks. All bursts
occurred in the line of anastomosis during the measurement
of bursting pressures. Average bursting pressures in the study
groups are shown in Table 2.

emia (McArdle et al,, 2005; Raptis et al.,, 2018; Vakalopoulos et
al, 2017b;Wu et al, 2015). Due to the recent increase in the use
of cytoreductive surgery together with hyperthermic intraperi-
toneal chemotherapy (HIPEC), concerns have been expressed
regarding the effect of chemotherapeutic agents on anasto-
motic healing, with a consequent emphasis on the prevention
of such leaks (Raptis et al., 2018).

Although a variety of surgical techniques, drugs, and adhe-
sion barriers have been utilized in experimental studies of
colonic anastomoses, no ideal algorithms for the preven-
tion of anastomotic leaks have been established until now
(Aghayeva et al,, 2017; Daglioglu et al,, 2018; Demiryas et al,,
2019; Raptis et al,, 2018; Senol et al,, 2013; Torres-Melero et

Table 2. Mean bursting pressure and Hydroxyproline levels.

Experimental group

Group 1 98.75£15.47
Group 2 87.00+16.80
Group 3 115.62+23.21
Group 4 129.37+20.07
Group 5 107.77+22.33
Group 6 122.50+19.45

values are given as mean + SD

Rats undergoing Duraseal® and FG treatment were found to
have significantly higher mean bursting pressures both in isch-
emic and normal colon anastomoses as compared to rats in
the other groups (p<0.05). Although the mean bursting pres-
sure in the Duraseal® groups (Groups 4 and 6) were higher than
in the FG groups (Groups 3 and 5), the difference was not sta-
tistically significant (p>0.05).

The mean hydroxyproline levels were significantly lower in
the Duraseal® groups (Groups 4 and 6) than in the FG groups
(Groups 3 and 5) (p<0.05). When the Duraseal® groups (Groups
4 and 6) were compared with the control groups (Group 1 and
2), the difference was significant only between the ischemic
colonic anastomosis groups (Groups 2 and 6) (p<0.05).

Comparison of inflammatory cells, neutrophils, neovasculariza-
tion, fibroblastic activity, and collagen fibers showed no signifi-
cant differences between groups. However, despite similar col-
lagen content between the Duraseal® and the control groups,
these groups were found to have irregular collagen alignment.

DISCUSSION

Anastomotic leaks are a major complication of colorectal sur-
gery that lead to increased morbidity and mortality (McArdle
et al, 2005; Raptis et al., 2018; ; Vakalopoulos et al.,, 2017b). Al-
though the reported rates of anastomoses range between 1%
and 24%, this figure may rise up to 30% to 40% in the presence
of conditions that lead to poor wound healing, such as isch-

Mean bursting pressure (mmHg)

Mean Hydroxyproline level (mg/g wet tissue)
1.85+2.13
12.14+8.44
13.61+£15.94
0.21£0.04
8.72+9.10
0.29+0.15

al, 2016; Vakalopoulos et al., 2017a). Advances in technology
have allowed the introduction of adhesion barriers in a wide
spectrum of procedures (Vakalopoulos et al., 2017a). Despite
the confirmed efficacy of adhesion barriers, the ideal mol-
ecule, particularly for the lower gastrointestinal system, has
not been defined (Daglioglu et al., 2018; Fullum et al., 2009;
Raptis et al, 2018; Senol et al., 2013; Torres-Melero et al., 2016;
Vakalopoulos et al, 20173, 2017b; Wu et al, 2015). An ideal
barrier should have certain characteristics such ease of prep-
aration, low cost, sterility, pliability, biochemical inertness
and harmlessness, and minimal or no inflammatory proper-
ties as well as causing no adhesions or infections.

Duraseal® is an FDA-approved synthetic hydrogel that is com-
monly used in cranial and spinal surgery, and in this study, its
effects on ischemic and normal colonic anastomoses have
been investigated and compared with an established product,
i.e. FG, in the current study.

The efficacy of FG has been shown in many previous stud-
ies (Fullum et al,, 2009; Raptis et al, 2018; Senol et al, 2013;
Vakalopoulos et al,, 2017a; Wu et al,, 2015). While experimen-
tal and retrospective studies have shown negative effects of
HIPEC on colon anastomoses, others have reported positive
effects for the fibrin glue on colorectal anastomosis following
HIPEC (Aghayeva et al, 2017; Piso et al,, 2019; Raptis et al., 2018;
Torres-Melero et al,, 2016). Buen et al. (Portilla-de Buen et al,
2014) showed a positive effect of the fibrin glue on bursting
pressure in an ischemic left colon anastomosis model, while
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Fullum et al. (Fullum et al,, 2009) suggested a possible reduced
risk of leakage with the use of FG in the anastomosis and sta-
pler lines, following laparoscopic Roux-en-Y gastric bypass. In
another experimental model, FG provided improved anasto-
motic safety in anastomoses performed in both clean abdomi-
nal wounds as well as in the presence of peritonitis (Senol et al,,
2013). Despite these reported positive effects of FG on anasto-
mosis, @ major drawback is its aprotinin content, which may
be associated with certain complications such as renal failure,
myocardial infarction, and anaphylaxis (Zoegall, 2008). Further-
more, FG requires storage in cold temperatures, and absence
of a dye precludes estimation of the extent of application. Also,
the surgical site should be dry for effective use of FG.

Duraseal® adhesion barrier is a practical synthetic hydrogel
free of infection-risk. Some of its advantages over FG include
storage in room temperature, easy preparation, good pliability,
suitability for moist conditions, good tissue adhesion, and blue
stain showing the extent of the application.

Several previous studies have compared Duraseal® with FG.
In an experimental rat study by Avci et al. (Karagoz Avci et
al., 2011), it was not significantly different from the fibrin
glue in duodenal perforation, while it showed no superiori-
ty over the conventional repair. In the study by Wu et al. (Wu
et al., 2015) the effects of FG, CA, and Duraseal® were com-
pared in the presence of experimental colitis, and a lower
bursting pressure was found in the control group, than in
the CA and Duraseal® groups. Conversely, in two separate
experiments by Vakalopoulos et al. (Vakalopoulos et al,
2017a; 2017b) involving colonic anastomoses and suture-
free colonic repair, Duraseal® did not show superiority over
the fibrin glue.

In the current study, although the bursting pressure was sta-
tistically higher in groups treated with Duraseal® adhesion
barrier when compared to controls, no significant differences
between Duraseal®and fibrin glue could be detected (p>0.05).
Hydroxyproline was significantly lower in the Duraseal® groups.
Histopathological examinations did not show any differences
in wound healing.

Thus, although Duraseal® offered certain advantages such as
ease of use, reduced risk of side effects, and less restrictive use
as compared to fibrin glue, it was found to have a negative im-
pact on the hydroxyproline level. However, increased bursting
pressure in the Duraseal® groups, higher than in the controls,
suggests that it may still hold some promise in gastrointestinal
surgery.

CONCLUSION

Although Duraseal® was clinically superior in normal and isch-
emic colon anastomosis in comparison with other approaches,
it failed to provide biochemical superiority. Considering the
advantages associated with the use of Duraseal® adhesion bar-
rier, we may assume that it may play a role in gastrointestinal
surgery with respect to prevention of anastomotic leaks. How-
ever, the data is limited, and further studies are warranted to
better define its place in such surgery.
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