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Abstract
Introduction: Major complications of colonic anastomosis include fistula, bleeding, and anastomotic stricture, and the most 

common one is anastomotic leakage. Many organic or inorganic tissue adhesives are being used such as fibrin glue or cyanoac-
rylate to strengthen or protect colonic anastomosis. Up to now, a great number of studies have been carried out to investigate 
the effects of these biomaterials. 

Aim: To determine the effect of cyanoacrylate application on anastomosis safety. 
Material and methods: In this experimental study, rats were divided into two groups; a control group and an experimental 

group. Full-thickness incisions were done on the left colon of the rats, and then end-to-end anastomosis was performed by 
using 5/0 silk separated sutures. In the experimental group we applied cyanoacrylate over the sutures. The samples were taken 
on the 7th day.

Results: In the control group the average tissue hydroxyproline levels and the average bursting pressures were significantly 
higher than in the experimental group. 

Conclusions: The purpose of all the experimental studies is to prevent and reduce anastomotic complications. Despite all 
the studies that have been done, colonic anastomosis complications continue to be a problem. As a result, we suggest that 
cyanoacrylate has a negative effect on the healing process of colonic anastomosis.

Introduction
Although surgical anastomosis is not a difficult 

process, surgeons hesitate to perform anastomoses 
and they seek reasons that are considered right to 
make this decision. The reasons for this hesitation 
are major complication risks; fistula, bleeding, and 
stricture at the anastomotic line. The most significant 
among these is anastomosis leakage [1, 2]. Malnu-
trition, diabetes, shock, immunosuppression, hypo-
albuminaemia, and chronic disease are some of the 
systemic factors effecting wound healing. Additionally, 
intra-abdominal sepsis, foreign bodies, and inadequate 
bowel cleansing are local factors that have a negative 
effect on the healing process. Anastomosis technique 

is another factor that is as important as the others. 
Tight anastomosis, lack of blood supply to the end of 
the anastomotic line, the presence of a pathological 
situation at the anastomosis, distal obstruction of the 
lumen, and poor anastomotic technique have adverse 
effects on healing. 

Many organic or inorganic tissue adhesives are 
being used, such as fibrin glue or cyanoacrylate, to 
strengthen or protect the colonic anastomosis. Up to 
now, a great number of studies have been carried out 
to research the effects of these biomaterials. The aims 
of the studies until today have been to prevent and de-
crease anastomotic complications. Despite the studies, 
intestinal anastomosis complications still continue and 
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more than half of the postoperative deaths are caused 
by sepsis related to anastomosis leakage [2, 3]. While 
the risk of anastomosis leakage is 1% in the proximal 
small intestine, it may increase up to 16% beyond the 
transverse colon [4, 5].

Aim
Major complications of colonic anastomosis are fis-

tula, bleeding, and anastomotic stricture, and the most 
common one is anastomotic leakage. Many organic or 
inorganic tissue adhesives are currently used, such as 
fibrin glue or cyanoacrylate, to strengthen or protect co-
lonic anastomosis. Up to now, lots of studies have been 
carried out to research the effects of these biomaterials. 
The aim of this study was to determine the effect of 
cyanoacrylate application on anastomosis safety.

Material and methods
This research was conducted at the Haydarpasa Ed-

ucation And Research Hospital Experimental Research 
and Animal Laboratory in the year 2013, after obtain-
ing the approval of THE Board of Test Animal Research 
Ethics. During the study, the rules of the Helsinki decla-
ration regarding care and usage of laboratory animals 
were applied with utmost care. Twenty-four Wistar Albi-
no female rats, each 10 weeks old, were separated into 
two groups of 12 rats each. In the control group, while 
keeping the left colon bleeding, end-to-end anastomo-
sis was performed with single layer separated 5/0 silk 
after resecting the 0.5 cm colon segment.

The same anastomosis technique of the control 
group was performed on the experimental group, and 
tissue glue (cyanoacrylate) was applied all around the 
anastomosis. The animals were kept in metal cages at 
normal room temperature and humidity. 

The experimental animals were left without food  
12 h prior the operation. In the operation, 50 mg/kg 
ketamine sodium were administered intraperitoneally 
to obtain general anaesthesia. After shaving the oper-
ation site, antisepsis was ensured using povidone/io-
dine. Left colon was revealed via median laparotomy by 
keeping the left colon bleeding. End-to-end anastomo-
sis was performed on the left colon by using one layer 
separated No: 5/0 silk (Figure 1). In the experimental 
group, cyanoacrylate was applied over the anastomosis 
and also 5 mm of the proximal and distal part of the 
anastomosis, which was performed with 5/0 silk on the 
left colon (Figure 2). 

Subsequently, the operation was ended by closing 
the abdomen. After the operations, the animals were 
placed into cages, three rats per cage. Standard rat food 
and water were given to all rats until the second opera-
tion. Rats in both groups were sacrificed by high dosage 
ether inhalation on the 7th day postoperatively

Anastomotic bursting pressure 
measurement
Bursting pressures were recorded in mm Hg. Con-

tents of anastomotic colons were carefully cleaned 
and colon ends were tied to the catheter using 3/0 silk 
again after closing the distal ends with a clamp and 
placing a polyethylene catheter 3 mm in diameter at the 
proximal ends. Catheters were tied to the setup and the 
pressure in the system was increased gradually after 
placing the colonic segments in a clear container filled 
with physiological saline solution. 

While observing the anastomosis, when the first 
outlet of air from the anastomotic line or a nearby area 
was obtained, the pressure in the system was recorded 
as the bursting pressure. Subsequently, a 1-cm tissue 
covering the 0.5 cm distal and proximal of the anas-

Figure 1. End-to-end anastomosis on the left 
colon

Figure 2. Cyanoacrylate was applied over the 
anastomosis
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tomosis line was resected and preserved at –22°C to 
detect the hydroxyproline level in the tissue after fixing 
it in 1 cc isotonic sodium chloride solution.

Detection of hydroxyproline level
Detection of the hydroxyproline level was performed 

by using the high performance liquid chromatography 
(HPLC) method. Materials were brought up to a normal 
ambient temperature prior to study. Materials obtained 
were extracted by treating with pure HCI at a tempera-
ture of 120°C. The study material was obtained after 
centrifuging 30 min at a rate of 5000 rmp. An HPLC 
device (Shimadzu, Japan) was used in the study. Values 
were recorded. The study was concluded by applying 
the Student-t test to the recorded values. 

Statistical analysis
In the statistical analysis, NCSS 2007&PASS 2008 

Statistical Software (Utah, USA) was used to evaluate 
the data. The Student-t test was used to compare the 
groups either in descriptive statistical methods (medi-
an, standard deviation) or quality values with normal 
range parameters. Value of p < 0.05 was considered 
statistically significant.

Results
The hydroxyproline levels ranged from 168 to 621 µg/g 

tissue and the average value was 366.92 ±161.44. The 

bursting pressure values ranged from 90 to 260 mm Hg  
and the average value was 162.71 ±49.99 mm Hg  
(Table I).

Significant statistical differences were detected 
among the tissue hydroxyproline levels in two groups 
(p < 0.01); the average tissue hydroxyproline level in 
the control group was significantly higher than in the 
experimental group (Table II).

Significant statistical differences were detect-
ed among the average bursting pressures in the two 
groups (p < 0.01); the average bursting pressure in the 
control group was significantly higher than in the exper-
imental group (Table III).

Discussion
Wound healing is a complex biological process that 

continues with cell division, chemotaxis, neovasculari-
sation, extracellular matrix protein synthesis, and scar 
formation [6]. More homogeneous tissues such as skin 
rarely encountered serious problems in wound healing. 
On the other hand, the healing process is under the in-
fluence of the negative effect of colon microorganisms 
on heterogeneous tissues such as colon.

Intestinal anastomosis becomes necessary in many 
intestinal pathologies especially in malignant colon tu-
mours. Morbidity and mortality rates of colonic anasto-
mosis leakage are higher than others [7]. Malnutrition, 
diabetes, shock, immunosuppression, hypoalbuminae-
mia, and chronic disease are some of the systemic 
factors effecting wound healing. Additionally, intra-ab-
dominal sepsis, foreign bodies, and inadequate bowel 
cleansing are local factors that have a negative effect on 
the healing process. Anastomosis technique is another 
factor, which is as important as the others. Tight anas-
tomosis, lack of blood supply to the end of anastomot-
ic line, the presence of a pathological situation at the 
anastomosis, distal obstruction of the lumen, and poor 
anastomotic technique have adverse effects on healing.

The number of microorganisms in the colon lumen 
is greater than the other side of the gastrointestinal 
tract. For this reason anastomotic leakage of the colon 
is observed much more than of the stomach and small 
intestine [8, 9]. The distal segment of the left hemi-co-
lon in particular has higher risk of anastomosis leakage 
and impairment [10–13]. These complications lead to 
high morbidity and mortality [11, 14, 15]. Due to all of 
these, studies of intestinal anastomoses have concen-
trated mostly on the colon. For this reason, in our study 
we preferred to practice the effects of a cyanoacrylate 
agent in the descending colon anastomosis, which is 
the most problematic segment.

Tissue adhesives are in two groups: synthetic tis-
sue adhesives (cyanoacrylate derivatives, hydrogel) 

Table I. Bursting pressures and tissue hydroxyproline 
levels (n = 24)

Min–max [mm Hg] Mean ± SD

Hydroxyproline 168–621 366.92 ±161.44

Bursting pressure 90–260 162.71 ±49.99

Table II. Evaluation of the tissue hydroxyproline levels 
according to the groups

Groups Hydroxyproline P-value

Mean SD

Experimental 228.17 39.31 0.001
(Student t test)

Control 505.67 104.62

Table III. Evaluation of the bursting pressure values 
according to the groups

Groups Bursting pressure P-value

Mean SD

Experimental 136.25 31.63 0.006
(Student t test)

Control 189.17 51.95
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and biological tissue adhesives (fibrin glue, photody-
namic fibrin glue) [16, 17]. There are various types of 
cyanoacrylate derivatives; N-heptyl, isobutyl (Histacryl), 
methyl-2 (Eastman 910), carbohexoxy methyl-2, N-butyl 
(Nexacryl, USA), isobutyl-2, N-butyl-2 (Histoacryl-N-Blue, 
Adhist), 2-isobutyl, octyl, and 2-octyl [16, 18]. In this 
study octyl cyanoacrylate was preferred.

The tissue adhesive effect of the cyanoacrylate was 
firstly discovered by Eastman Kodak Company in 1951 
and extensive researches have begun [19, 20]. Cyano-
acrylate adhesives have been used for many years in 
the fields of medicine such as ophthalmology, dentist-
ry, pediatric surgery, general surgery and cardiovascular 
surgery [21–24]. Octyl cyanoacrylate was approved by 
the American Food and Drug Administration (FDA) as 
a tissue adhesive in skin lacerations [21].

Various organic (such as fibrin adhesive) and inor-
ganic tissue adhesives (cyanoacrylate derivatives) are 
being investigated for their ease of application, adhe-
siveness, elasticity, features of absorption or degradation, 
haemostasis effect, wound healing acceleration, impact 
as a foreign body, and risk of infection [25]. Bactericidal 
and bacteriostatic effects with cyanoacrylate derivatives 
were determined in the applied area by avoiding the de-
velopment of infection. Negligible slight submucosal in-
flammation has been reported in the applied area when 
compared to other synthetic substances [26].

In a study on rats Madden et al. described that 
explaining the importance of the collagen amount in 
biology of wound healing is not enough. The rates of 
collagen synthesis and lysis should also be known. They 
claimed that the collagen synthesis and deposition may 
be detected by giving marked proline in a certain period 
of time and measuring the hydroxyproline amount in 
a healing wound [27].

Croinin reported in a study that in measurements of 
anastomotic bursting pressure, the force being applied 
gradually increases after the third post-anastomosis 
day and reaches a maximum on the 7–10th day. It was 
also reported that on the first 3 days hydroxyproline 
levels decrease by 40% at the anastomosis site, return 
to the normal level after the 5th day, and increase above 
the normal level on the 10–14th days [28]. In our study 
we aimed to investigate the influence of cyanoacrylate 
material on anastomosis. For this purpose, anastomot-
ic bursting pressures and tissue hydroxyproline levels 
were measured on the 7th postoperative day.

In an experimental colonic anastomosis study with 
cyanoacrylate, Yıldız et al. divided 40 Wistar albino rats 
into two main groups. In the 1st group (20 rats) colonic 
resection and polypropylene sutures were applied. Ten 
rats (group 1a) were sacrificed on the 3rd postoperative 
day and other 10 (group 1b) were sacrificed on the 7th 

day for the investigation of the anastomosis. In the 2nd 
group colonic resection and polypropylene sutures were 
applied with cyanoacrylate. Ten rats (group 2a) were sac-
rificed postoperatively on the 3rd day and others (group 
2b) on the 7th day. Anastomotic bursting pressure rates, 
tissue hydroxyproline levels, and intensity of fibrosis on 
the anastomosis site were measured for the evaluation 
of the anastomosis. Anastomotic bursting pressures 
in group 2a were significantly higher than in group 1a  
(p < 0.05). There was no significant difference between 
group 1b and 2b. There were no significant differences 
between groups regarding tissue hydroxyproline levels 
and collagen density at the anastomosis line [29].

Kanelos et al. investigated the adhesion score and 
anastomotic bursting pressure rates of 20 rats. On the 
control group 6/0 polypropylene sutures were applied. 
2-octyl cyanoacrylate was additionally applied in the study 
group. The group were sacrificed postoperatively on the  
7th day and no significant difference was reported [30]. 

Irkorucu et al. experimentally studied with 40 Wistar 
albino rats. 6/0 polypropylene suture was applied with 
2-octyl cyanoacrylate on the left colon, and no signifi-
cant difference was reported postoperatively on the 4th 
day for both tissue hydroxyproline levels and anasto-
motic bursting pressures between groups [31].

In another study of Nursal et al. 90 Wistar albino 
rats were grouped. Octyl cyanoacrylate was applied on 
anastomosis and rats were sacrificed postoperatively on 
the 3rd and 7th days. Bursting pressures, tissue hydroxy-
proline levels, and histopathological examinations were 
obtained. There was no significant difference between 
groups on the 3rd postoperative day. Bursting pressures 
on the 7th day were seen to be lower in the octyl cya-
noacrylate applied group. In this group tissue necrosis, 
peritonitis, and exudative reactions were observed. It 
was reported in this study that octyl cyanoacrylate pro-
vides no benefit to the anastomosis line, it increases 
the inflammation, and has a harmful effect on wound 
healing [32].

Our study was performed on 24 Wistar albino rats 
in two groups. The blood supply of the left colon was 
preserved. End-to-end anastomosis with 5/0 silk suture 
was applied to the control group. Other group was also 
supported roundly with cyanoacrylate 5 mm distal and 
proximal to the anastomosis. Groups were postoper-
atively sacrificed on the 7th day. On the experimental 
group, the delay in wound healing was investigated. 
Also there was no environmental adipose tissue and 
omental migration on the specimen of experimental 
group. Bursting pressures and tissue hydroxyproline 
levels were also lower than in the control group.

There is no beneficial effect of cyanoacrylate on the 
experimental studies in the literature. In this study we 
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also obtained negative findings of the effect of cyano-
acrylate on the wound healing process of colonic anas-
tomosis, similarly to the literature.

Conclusions
Major complications of colon anastomosis include 

fistula, bleeding, and anastomotic stricture. Anasto-
motic leakage is the most significant of these. The pur-
pose of many experimental studies is to prevent and 
reduce anastomotic complications. Despite all of thte 
studies that have been carried out, bowel anastomosis 
complications continue to be a problem. As a result, we 
suggest that cyanoacrylate has a negative effect on the 
healing process of colonic anastomosis. 
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