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Abstract
Background We explored the potential of two cyanoacrylate tissue adhesives for constructing colonic anastomoses.
Method The study involved 12 female domestic pigs. The animals were divided into two equal groups. In both groups, the
sigmoid colon was transected. An intestinal anastomosis was constructed with a modified circular stapler (all staples were
withdrawn) and cyanoacrylate tissue adhesives. Glubran 2® was used in group A and Dermabond® was applied in group B.
Fourteen days after the first operation, a follow-up surgery was performed in both groups. The glued section of the colon
was resected, processed with the standard paraffin technique and stained with haematoxylin–eosin. The finished specimens
were examined under light microscopy. Assessments were made for the presence of fibroblasts, neutrophils, giant
polynuclear cells, neovascularisation and collagen deposits. Adhesions, anastomotic dehiscence, peri-anastomotic
inflammation and intestinal healing were assessed peri-operatively.
Results All anastomoses in group A healed with no signs of pathology. In group B, fibrotic adhesions and stenoses tended
to occur in areas surrounding the anastomoses. Histological examinations confirmed increased fibrosis.
Conclusion The tissue adhesive Glubran 2 appears to be (under experimental conditions) a promising synthetic adhesive for colonic
anastomosis construction; conversely, the tissue adhesive Dermabond was unsuitable for suture-free anastomosis construction.
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Introduction

Correct technical execution is the fundamental prerequisite
for success in any surgical procedure. Anastomotic dehis-
cence is one of the most serious post-operative complica-
tions in colorectal surgery. Anastomotic dehiscence occurs
in 2–7% of patients after planned colon resection oper-
ations1–4 and in 7–15% of patients after planned rectal
surgeries.5–7 This complication contributes substantially to
morbidity and mortality rates associated with colorectal
surgery.1,3,7 The occurrence of dehiscence depends on a
range of factors that have long been the subject of research
and analyses. Surgical technique, tension in the area of
anastomosis, type of sewing material, previous therapy,
patient’s overall health and nutritional status and the
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erudition of the surgeon have been explored as potential
impacting factors.4,5,8–10

Parallel to the research on factors that might negatively
impact anastomosis healing, researchers are also exploring
new materials and techniques that could prevent or
minimize the risk of anastomosis dehiscence. The basic
and seemingly simple aim of sutured or stapled anastomosis
construction is to secure an appropriate edge-to-edge
apposition for healing. It is necessary to achieve optimal
distance, freedom from tension and suitable suture or staple
tightness to ensure appropriate blood perfusion to the
connected parts of the intestine.11

Cyanoacrylate tissue adhesives provide another option
and alternative approach to traditional suture techniques.
Considering their mechanical, physical and biological
properties, tissue glues should facilitate an optimal bond
between anastomosed sections of the intestine with negli-
gible negative effects on intestinal wall perfusion.11,12

The aim of this experimental study was to explore the
technical and biological potential of two types of cyanoac-
rylate tissue glues used for large intestine anastomosis
construction (sigmoid colon). We compared their properties
and ascertained their reliability when used as a single
supportive element in intestinal anastomosis.

Materials and Methods

Experimental Animals

The study involved 12 experimental animals: female domestic
pigs of medium weight (average 32.7 kg). The animals were
divided into group A (six animals) and group B (six animals).

The experiments were conducted in accordance with the
Protection of Animals against Cruelty Act No. 246/92 Coll.
as amended. The experiments were approved by the joint
Departmental Committee of the Faculty of Military Health
Sciences and Faculty of Medicine, Charles University in
Hradec Kralove, Czech Republic.

Anaesthesia

The animals were fasted 1 day prior to surgery but were
allowed fluid intake. Fluid intake was stopped on the day of
operation. Animals were pre-medicated with ketamine,
15 mg/kg of body weight delivered intramuscularly (IM;
Narkamon, Zentiva, Prague, Czech Republic); azaperone,
1.0 mg/kg IM (Stresnil, Janssen, Beerse, Belgium) and
atropine, 0.02 mg/kg IM (Atropin, Hoechst-Biotika, Martin,
Slovakia). Next, an orotracheal intubation was performed;
subsequently, the animal was artificially ventilated with
managed volume ventilation (Cirrus-Trans, Datex-Ohmeda,
GE Company, Fairfield, CT, USA).

General anaesthesia was maintained by titration with
midazolam, 0.05 to 0.1 mg/kg delivered intravenously
(Dormicum, Roche, Prague, Czech Republic), combined
with propofol, 2 to 4 mg/kg/h (Diprivan, Astra Zeneca,
Cheshire, UK) and metamizol, 5 mg/kg/h (Novalgin,
Aventis Pharma, Frankfurt on Main, Germany). Muscle
relaxation during the surgery was maintained with pipe-
curonium, 40 mg/kg, delivered intravenously (Arduan,
Budapest, Gedeon Richter, Hungary). The blood pressure
was monitored invasively via an axillary artery cannulation.

A single intramuscular bolus dose (‘one shot’) of
Betamox LA at 15 mg/kg (amoxicillin, Norbrook Labora-
tories, Newry, UK) was administered as an antibiotic
prophylaxis after the induction of anaesthesia. Continual
volume maintenance therapy consisted of a combination of
crystalloids (Infusio Hartmanni, Medicamenta, Vysoke
Myto, Czech Republic) and colloids (Hemohes 6%, Braun,
Melsungen, Germany). The electrocardiogram, O2 satura-
tion and end-tidal CO2 were monitored throughout surgery.

Surgical Procedure

A midline laparotomy was conducted after standard aseptic
preparation of the surgical field. A urine catheter was
introduced into the urinary bladder through a small incision
at the bladder apex and fixed with a circular suture to
ensure derivation of urine and management of diuresis
throughout surgery.

The sigmoid colon was transected. Circular monofila-
ment sutures (Prolene 3/0, Johnson & Johnson, division of
Ethicon, Somerville, NJ, USA) were placed on the ends of
the disconnected intestinal tubes. An intestinal anastomosis
was constructed with a modified circular 25 mm stapler
(Circular Stapler CDH25, Johnson & Johnson, division of
Ethicon, Somerville, NJ, USA). All staples were withdrawn
from the stapler, and only the circular blade and mechanical
part of the stapler was used. A stapler anvil was placed into
the oral section of the intestine and secured in place with a
circular suture. Following sphincter divulsion, the main part
of the stapler was inserted transrectally into the sigmoid
colon. The metal shaft of the stapler was ejected and the
aboral part of the intestine was fixed to the stapler with a
purse-string suture (Fig. 1). Then, cyanoacrylate tissue glue
was sparingly applied to both ends of the connected
intestine (Fig. 2). One millilitre of Glubran 2 (N-butyl-2-
cyanoacrylate + methacryloxysulpholane, GEM s.r.l.,
Viareggio, Italy) was used in group A and 1 ml of
Dermabond (2-octyl-cyanoacrylate, Johnson & Johnson, divi-
sion of Ethicon, Somerville, NJ, USA) was applied in group B.
The subsequent procedures were identical in both groups.

The circular stapler was closed in order to achieve tight
apposition of the glued surfaces. Any remaining glue was
cleared away from the glued surfaces with a gauze swab.
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After 90 s (time to glue polymerisation), the stapler was
fired, opened with two turns and withdrawn from the
intestine. Anastomosis was visually checked over the entire
diameter and the tightness was verified by ‘water test’. The
abdominal cavity was lavaged with 10% Betadine solution
(Povidonum iodinatum, Egis Pharmaceutical Ltd., Buda-
pest, Hungary) and then dried. The abdominal cavity was
closed in one layer, similar to a ‘mass closure’, with an
absorbable monofilament suture PDS-loop (polydioxanon,
Johnson & Johnson, division of Ethicon, Somerville, NJ,
USA). The abdominal skin was closed by stapling (Stapler
PMR 35, Johnson & Johnson, division of Ethicon, Somerville,
NJ, USA). Following surgery, the experimental animal
was extubated and placed into a warm end-of-anaesthesia
booth.

Post-surgery Period

The animals were started with liquid feed the second day
after surgery. Standard granulated feed was started on the
third day after surgery. The skin staples were left in place
until the follow-up operation.

Fourteen days after the first operation, a follow-up
surgery was performed in both groups to evaluate the
integrity of the anastomosis (Fig. 3) and uncover any
potential strictures or leaks. We also reviewed the presence
of abscesses or other forms of inflammation in the area of
anastomosis, other pathological processes in the abdominal
cavity and the incidence and the extent of adhesions. A
scale modified by Houston and Rotstein13 was used to
assess adhesions: 0 = no adhesions; 1 = minimal adhesions,
mainly between the small part of omentum and intra-
abdominal organs or abdominal wall or freely separable
adhesions between organs; 2 = small adhesions, i.e.
between omentum and anastomotic site or between anasto-
mosis and small bowel, oviducts, urinary bladder or other
organs and 3 = extensive adhesions with partial obliteration
of abdominal cavity.

The glued section of the intestine was resected to include
at least 5 cm of the intestine on both sides of the
anastomosis. Resected segments were cut lengthwise and
macroscopic evaluation was performed on the mucosal side
of the anastomosis. The animals were euthanized by
intravenous administration of T61 (Hoechst, Frankfurt on
Main, Germany) at the end of the operation.

Histopathological Examination

The resected parts of the intestine were fixed in a 10%
formalin solution, processed with the standard paraffin
technique and stained with haematoxylin–eosin. The
finished specimens were examined under light microscopy.
Assessments were made for the presence of fibroblasts,
neutrophils, giant polynuclear cells, neovascularisation and
collagen deposits. Collagen deposit area was evaluated with
Masson’s trichrome stain. Semi-quantitative histopathological
evaluation of the presence of cell elements in the glued area of
the anastomosis was performed according to the Ehrlich–
Hunt numeric scale.14

Fig. 3 Healed anastomosis 2 weeks after it was glued with Glubran 2.
The arrow shows the anastomosis

Fig. 2 Application of the cyanoacrylate adhesive on the intestinal
sections

Fig. 1 Intestinal sections fixed on the stapler with circular sutures
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For fibroblasts and neutrophils, one to 40 cells in ten
high-power fields was graded as 1+, 41 to 80 as 2+ and 81
to more as 3+. One to 3 giant polynuclear cells or vessels in
neovascularisation or collagen deposits areas in ten high-
power fields was graded as 1+, four to six as 2+ and seven
to more as 3+. The histopathologist who assessed the
specimens was blinded to the type of glue used on the
evaluated specimens.

Variables were expressed as medians (25th percentile,
75th percentile), and Wilcoxon two-sample test was used to
compare them. Probability values were two-tailed and were
considered significant if <0.05 (Table 2).

Results

Macroscopic Picture—Group A (Glubran 2)

All anastomoses created with Glubran 2 healed, and no
dehiscence or leaks were observed. Adhesions were
minimal or small in all cases. The adhesions mostly
involved adhesions of the omentum to the abdominal wall,
but in one animal, the small intestinal loop had adhered to
the abdominal wall. It is likely that these adhesions were
related more to the laparotomy than to the method of
constructing the anastomosis. Peri-anastomotic adhesions
mostly involved freely separable adhesions of the oviducts.
The presence of these adhesions was attributable to the
anatomic arrangement of the female pig pelvis; the
bicornuate uterus and the adjacent oviducts pressed
ventrally and laterally upon the sigmoid colon. In one
animal, the wall of the urinary bladder was drawn up
against the anastomosis (Table 1).

No abscesses or other inflammatory changes to the
abdominal cavity were identified, but one subcutaneous
abscess was observed in one animal. Macroscopic assess-
ments of the resected anastomoses revealed nearly complete
healing of the mucosal layers in all specimens (Fig. 4). No
stenosis was found.

Macroscopic Picture—Group B (Dermabond)

Complete healing of the anastomosis occurred in four
animals in the Dermabond group. One animal had to be
euthanized the third day after surgery due to signs of acute

peritonitis; an autopsy revealed dehiscence of 1/3 of the
perimeter of the anastomosis. During the planned follow-up
surgery performed 2 weeks later, one animal displayed a
small peri-anastomotic abscess and a small covered
dehiscence of the posterior anastomotic wall. The incidence
and extent of adhesions within the abdominal cavity were
more extensive (Table 1). Peri-anastomotic adhesions were,
compared to group A, more fibrotic. The most frequent
adhesions were observed in the oviducts, and in two
animals, the wall of the urinary bladder was tightly fixed
to the anastomosis. Apart from the one case of a local
abscess at the anastomosis, no signs of peritonitis were
observed in any of the surviving animals.

Resections of the anastomoses revealed fibrotic restruc-
turing of the mucosal layer (Fig. 5). The anastomoses were
characterized by a partially stenotic ring and intestinal
dilatation above the anastomosis, exceeding the diameter of
the intestine below the anastomosis by 1/3 to 1/2 in all the
cases. The narrowing was consequent to protuberance of
the fibrotic tissue into the lumen of the intestine within the
area of glued anastomosis.

Microscopic Picture—Group A (Glubran 2)

The histological findings in the area of the glued anasto-
mosis were virtually uniform in all animals in group A. The
adhesive was spread evenly over the entire perimeter of the
anastomosis and was surrounded by a wide layer of
granulated tissue with mixed inflammatory infiltrate rich

Extent of adhesions Group A Glubran 2 (N=6) Group B Dermabond (N=5)

0 No adhesions 0 0

1 Minimal adhesions 4 0

2 Small adhesions 2 5

3 Extensive adhesions 0 0

Table 1 The incidence and the
extent of adhesions

Fig. 4 Healed mucosal layer of anastomosis 2 weeks after it was
glued with Glubran 2
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in neutrophils. A fresh thin layer of cellular fibrous tissue
was evident at the periphery. Giant polynuclear cells were
either absent or infrequent (Fig. 6). Part of the mucosal
surface was replaced with granulated tissue of mixed
inflammatory infiltrate, and the other part showed a
tendency towards complete healing. The presence of
cellular elements, vascularisation and collagen deposits
was assessed semi-quantitatively (Table 2).

Microscopic Picture—Group B (Dermabond)

An even, thin layer of the adhesive was found within the entire
perimeter of the anastomoses in group B specimens. This was
surrounded by a very thin border of granulated tissue with
acute or mixed inflammatory infiltrate rich in neutrophils and
encircled with a wide layer of cellular fibrous tissue
containing numerous polynuclear cells that are common in

response to a foreign body (Fig 7). The mucosal tissue above
the anastomosis was ulcerated and replaced with granulated
tissue with inflammatory infiltrate. Also, fibrous hypertrophy
was evident in the serous layer. The presence of cellular
elements, vascularisation and collagen deposits was assessed
semi-quantitatively (Table 2).

Discussion

Tissue glues are biological, semi-synthetic or synthetic
substances. The basic feature of tissue glue is a strong
adherence to living tissue surfaces. Tissue glues are
classified as those with haemocoagulation factors (biological
glues), including fibrin and thrombin glues, and those without
haemocoagulation factors, i.e. cyanoacrylates, polyethylene-
glycols, albumin with glutaraldehyde, cellulose, gelatine and
collagen.15,16

Initially, abdominal surgery was predominantly associ-
ated with fibrin glues. These adhesives mimic the last step
in the haemocoagulation cascade, i.e., conversion of
fibrinogen into fibrin. Concentrated fibrinogen forms the
primary component of these glues, and minor components
include fibronectin, factor VIII and plasminogen.16

At present, research regarding tissue adhesives focuses
mostly on cyanoacrylate-based agents. With this type of tissue
glue, a firm bond between tissues occurs as a result of the
transformation of monomer cyanoacrylate components (clear,
colourless liquids) into polymer chains. The polymerization
process is induced by anions (I−, CH3COO−, OH−), weak
organic bases and amino acids.17 Polymerization induced by
the amino acids in the proteins of living tissues results in the
formation of a thin polymer film firmly fixed to the tissue
surface. Consequently, when polymerization takes place
between two apposed tissue sections, they become firmly
attached.18 The polymerized film is then biodegraded by the
gradual hydrolysis of alkyl-group bonds by esterases
contained in cellular lysosomes. The by-products of degra-
dation (polycyanoacrylate acids) are water-soluble and are
excreted renally.17,18

Methyl-cyanoacrylate was the first glue used for medical
purposes in 1964; it was used to close a 3-cm-long
cystostomy in a dog. However, this derivative was not
widely used in practice due to its rapid biodegradation and
tissue toxicity.18

It was not until the 1990s, when derivatives with long
polymer chains had become available, that wider utilisation
of cyanoacrylates was reported in experimental and clinical
practices. Currently, the most widely used cyanoacrylate is
2-octyl-cyanoacrylate (Dermabond®, Nexaband®, Liqui-
Band®, SurgiSeal®). This derivative is now routinely used
to form suture-free closers in skin injuries, predominantly
in paediatric and plastic surgery practices.

Fig. 5 Healed mucosal layer of anastomosis 2 weeks after it was
glued with Dermabond fibrous restructuring of mucosal lining and
narrowing of the lumen at anastomosis is evident macroscopically

Fig. 6 Glubran 2. The amorphous mass of tissue adhesive (asterisk)
encircled with granulation tissue layer with mixed inflammatory
infiltrate rich in neutrophils (white arrow). Fresh thin layer of cellular
fibrous tissue is present on the periphery (black arrow; enlarged ×10)
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2-Octyl-cyanoacrylate (Dermabond®) was successfully
used in in vivo experiments with pigs to create closures of
urinary bladder incisions. Two comparative studies demon-
strated healing of 7.5-cm-long incisions made through the
entire thickness of the bladder wall.19,20

Only two experimental studies focusing on creating
suture-free colonic anastomosis with cyanoacrylate glues
have been conducted so far. Both studies involved
laboratory rats. Similar experiments on a large laboratory
animal (domestic pig) have not been performed so far.

The first study compared colonic closures created with a
monofilament fibre (polypropylene) and cyanoacrylate tissue
glue n-butyl-2-cyanoacrylate (Histoacryl Blue®).21 The
comparisons between the cyanoacrylate glue and the suture
groups were made with respect to outcome measures
including anastomotic leakage, anastomotic stricture, perito-
nitis and wound infection. Also, histological appearance of

tissue samples from anastomotic site was evaluated, and
anastomotic bursting pressure was measured. The measure-
ment was made on the third and seventh post-operative day.

The authors concluded that the use of Histoacryl Blue®
in rat colonic anastomosis does not improve the healing
process due to significantly higher incidence of anastomotic
stricture, adhesion formation and higher bursting pressure
in the suture group. There were no significant differences in
histological scores.

The second study investigated the effects on healing in
high-risk experimental intestinal anastomosis rats. The colon-
ic closures created with a monofilament fibre (polypropylene)
and 2-octyl-cyanoacrylate (Dermabond®) were compared
under standard and high-risk conditions, where the intestinal
wall was intentionally bruised with a Pean clamp.22 The
investigated end-points were mechanical strength, gross
adhesion formation, hydroxyproline concentration and his-
tological healing parameters. The study demonstrated a
comparable degree of intestinal healing on the third and
seventh post-surgery day. No differences between the groups
regarding gross peri-anastomotic changes and hydroxypro-
line concentration were identified on the seventh post-
operative day, representing a late phase of healing in a rat.
Compared to the third post-operative day, there were fewer
general inflammatory changes; granulocyte infiltration level,
representing the acute inflammatory reaction, was still
increased in the high-risk and octyl-cyanoacrylate groups
compared to the normal anastomosis group. Also in these
groups, the presence of necrosis, exudate and peritonitis was
more evident. Regarding to mechanical strength, there were
no differences between the groups on the third post-operative
day, but on the seventh day, the sewn anastomoses resisted
higher pressure during the bursting pressure test.

The authors concluded that the tested adhesive was not
suitable for construction of colonic anastomoses, due to the
lower resistance to pressure and the higher (but not
significant) incidence of inflammatory changes in the area

Fig. 7 Dermabond. The glue (asterisk) is surrounded by a thin layer
of granulation tissue rich in neutrophils (white arrow) with evidence
of giant polynuclear cells (grey arrow). This layer is surrounded by a
wide layer of cellular fibrous tissue (black arrow; enlarged ×10)

Table 2 Semi-quantitative histopathological score of the presence of cellular elements, neovascularisation, and collagen deposits; examined under
light microscopy

Glubran 2 (N=6) Dermabond (N=5) p value

Grading 0 1+ 2+ 3+ –c 0 1+ 2+ 3+ –c

Fibroblasts a – 4 2 – 1 (1, 2) – – 3 2 2 (2, 3) <0.05

Neutrophils a – – 2 4 3 (2,3) – 3 2 – 1 (1, 2) <0.05

Giant polynuclear cellsb 4 2 – – 0 (0, 1) – – 2 3 3 (2, 3) <0.05

Neovascularisationb – 4 2 – 1 (1, 2) – 3 2 – 1 (1, 2) NS

Collagen depositsb 4 2 – – 0 (0, 1) – 3 2 – 1 (1, 2) <0.05

a For fibroblasts and neutrophils, one to 40 cells per ten high-power fields (HPF) was graded as 1+, 41 to 80 as 2+ and 81 to more as 3+
b One to three giant polynuclear cells, neovascularisation or large collagen deposits per ten HPF was graded as 1+, four to six as 2+ and seven to more as 3+
cVariables are expressed asmedian (25th percentile, 75th percentile).Wilcoxon two-sample test was used to compare them. Probability values were two-tailed and
were considered significant if <0.05
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of anastomosis compared to sewn anastomoses.22 Both
studies used cyanoacrylates intended primarily for skin
closures, not for organ adhesions; in our opinion, this is the
likely explanation for the unsatisfactory results with the
cyanoacrylate tissue glues.

Currently, the only commercially manufactured cyano-
acrylate that is intended primarily for surgical bonding of
organs is Glubran 2 (GEM S.r.l., Viareggio, Italy), which is
a combination of N-butyl-2-cyanoacrylate and methacry-
loxysulpholane. The product conforms to the European
Directive on Medical Devices 93/42/CEE for internal and
external surgical use.23 N-Butyl-2-cyanoacrylate alone is
available under various brand names (Indermil®, Histo-
acryl®, Xoin®, GluStitch®) as a tissue glue intended for
suture-free skin closures or sclerotisations of esophageal
varices.24–26 The second component of the adhesive,
methacryloxysulpholane monomer provides the adhesive
with important properties; it reduces the temperature needed
for exothermic polymerization (approximately 45°C),
increases the elasticity of the glue after polymerization,
reduces tissue toxicity and prevents microbial invasion. These
properties may play a crucial role in the healing process of the
glued tissue. The proportions of the two substances in the glue
and its particular biological, physical and mechanical proper-
ties are subject to the manufacturer’s trade secret. In the
present study, the combination of N-butyl-2-cyanoacrylate
and methacryloxysulpholane contained in Glubran 2 provid-
ed significantly better healing of anastomoses, as assessed
macro- and microscopically. Our microscopic evaluations
corresponded to physiological healing of the colon in the
second week post-surgery.27,28

In contrast to Glubran 2, 2-octyl-cyanoacrylate (Dermabond)
was associated with pronounced fibrosis of the anastomosis
and a relatively high incidence of peri-anastomotic adhesions.
These results are in line with the results of previous studies
and provide evidence for some degree of organ toxicity.
However, these complications did not occur when the glue
was used for its original purpose, i.e. for skin closures.29

Wider use of cyanoacrylate adhesives in gastrointestinal
tract surgery has been hindered by reports of relatively
unreliable outcomes and, as already mentioned, various
extents of histological toxicity. Our study found statistically
significant difference in the occurrence of fibroblasts,
neutrophils, foreign-body giant polynuclear cells and
collagen deposits; this likely results from the different
responses of the organism to the type of the applied glue.
Dermabond, in comparison to Glubran 2, causes greater
fibrosis. This leads to formation of scar-like fibrous stenosis
in the area of anastomosis, representing an important
negative adverse effect of the glue. The presence of
foreign-body polynuclear cells is expected in areas where
a foreign material is present. Glue is a foreign material that
gradually disintegrates; this disintegration is proportional to

the pace of glue fragmentation, i.e. reduction into smaller
sections that cause increase in the number of polynuclear
cells. Another mechanism contributing to the polynuclear
cell elevation includes direct tissue toxicity that causes
destruction of the nearby cells—their necrosis. Therefore,
it can be assumed that Dermabond is associated with
faster fragmentation and possibly higher biological
toxicity. This is most probably the reason for greater
presence of giant cells associated with Dermabond use
compared to Glubran 2.

Previous experimental studies on the use of cyanoacry-
late glues for intestinal anastomoses frequently focused,
apart from macroscopic and microscopic assessment of
anastomotic healing, on measuring the maximal intra-
luminal pressure (‘bursting pressure’) that could be resisted
by the glued anastomosis. These experiments on laboratory
rats demonstrated that glued anastomoses did not resist the
same pressures as sewn anastomoses.21,22 The focus of the
present study was to determine whether the use of an
adhesive facilitated primary healing of an intestinal anasto-
mosis. We chose not to measure bursting pressures on
incompletely healed anastomoses because high pressures
would negatively impact the integrity of the anastomosis.
Consequently, the damaged anastomosis would require
reapplication of the adhesive, and this could bias the results
of the experiment. This might cause significant damage to
the pigs and result in the devaluation of this challenging
research work involving large experimental animals. Burst-
ing pressure measurement was not performed during the
follow-up surgery as it is very likely that, after 2 weeks, a
healed anastomosis is so strong that it is not important what
technique or material was used to make it. Nonetheless,
intra-luminal pressure resistance values and comparisons
represent valuable information. Therefore, in future phases
of this research project and in a wider time frame, it is the
authors’ intention to systematically measure resistance of
glued anastomoses to intra-luminar pressure at different
stages of anastomosis healing.

Hand-sewn and stapled anastomoses are well-established
and reliable techniques but may also be associated with
certain risks. In order for the intestinal tissue to be joined,
its structure is partly disturbed with a needle or a staple.
This results in tissue microtraumas and might cause mild
bleedings and haematomas in the area of anastomosis.
Intestinal wall disruption with a suture or a staple might
theoretically facilitate bacterial contamination. Hand-sewn
anastomosis also depends on an individual surgeon’s
technique. Tight and dense sutures may result in local
ischemia, necrosis and dehiscence. When a stapler with
unsuitable staple length is used, the intestinal wall
connection may be too tight and lead to ischemia or may
be too loose. These, together with other factors, may
contribute to development of a leak and dehiscence.
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It is advantageous that tissue glue is active only on the
intestinal wall (generally any glued organ) surface and that
the entire glued area is being joined; its activity is thus not
limited to restricted junctures as with the classical anasto-
moses. The tight interconnection with a cyanoacrylate
polymer chain does not in any way affect internal structure
or integrity of the connected tissue. This is the main reason
why the authors are researching the use of tissue glue in
colorectal surgery.

The present study aims not only to compare two glues, i.e.
Dermabond, a skin glue that had been previously applied in a
similar study,22 and Glubran 2 intended for gluing organs
and not previously investigated in a similar study, but it also
seeks to answer whether it is of value to continue researching
glued anastomoses. According to our results and in case of
Glubran 2, it seems to be justifiable to continue. Obviously,
it will be necessary to perform further experiments focusing
on comprehensive comparisons of glues with classical suture
materials. It is a view of the authors that rational use of glues
in colorectal and gastrointestinal surgery, respectively, could
at first be achieved through a combination of classical,
sparsely sutured (i.e. less traumatic for the tissue) stitched
anastomosis and tissue glue or a combination of a stapled
anastomosis (possibly with a lower number of staples) and
tissue glue.

Conclusion

The combination of N-butyl-2-cyanoacrylate and meth-
acryloxysulpholane in Glubran 2® appears to be (under
experimental conditions) a promising synthetic adhesive
for colonic anastomosis construction. It demonstrated a
high level of reliability, with minimal impact on the
surrounding organs or the entire abdominal cavity
throughout the course of anastomotic healing. It did not
facilitate adhesion formation. Further studies are needed to
determine the long-term effects of the adhesive on
intestinal wall tissue.

Our results also showed that 2-octyl-cyanoacrylate
(Dermabond®), used to glue organs in recent experimental
studies, was unsuitable for suture-free anastomosis con-
struction. We found that its organ toxicity led to intensive
inflammatory reactions and intestinal wall fibrosis.
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