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Abstract: Background/Objectives: Healing of colonic anastomoses is critical to surgical
recovery, particularly under obstructive ileus conditions. Adhesive biological materials
such as albumin/glutaraldehyde glue (Bioglue) show potential in enhancing anastomotic
healing and minimizing complications. This study investigates the effect of Bioglue on
colonic anastomoses healing under obstructive ileus conditions in rats. Methods: Eighty
albino Wistar rats were divided into control, ileus, Bioglue, and ileus + Bioglue groups
(n =20 each). Subgroups (1 = 10) were sacrificed on the 4th or 8th postoperative day. In the
control and Bioglue groups, end-to-end anastomoses were performed after colonic resection.
In the ileus and ileus + Bioglue groups, obstructive ileus was induced by colonic ligation,
followed by resection and primary anastomosis. Bioglue was applied in the Bioglue and
ileus + Bioglue groups. Assessments included bursting pressure, peritoneal adhesion
and inflammation scores, and biochemical markers (fibroblast activity, neoangiogenesis,
collagen deposition, hydroxyproline, and collagenase concentrations). Results: Bursting
pressure and fibroblast activity were significantly higher in the ileus + Bioglue group
compared to the ileus group on both postoperative days. Although anastomotic rupture
occurred in the ileus and ileus + Bioglue groups, the incidence was not significantly different
from the control and Bioglue groups. Ileus + Bioglue showed significantly higher adhesion
scores, inflammatory infiltration, neoangiogenesis, and collagen deposition compared to the
control and ileus groups. Hydroxyproline was significantly elevated in the ileus + Bioglue
group on the 8th day. Collagenase I concentrations were higher in ileus + Bioglue but not
significant. Conclusions: Bioglue application enhances colonic anastomotic healing under
obstructive ileus conditions, improving mechanical strength and promoting tissue repair by
the 4th and 8th postoperative days. These findings support its potential clinical application.

Keywords: bursting pressure; Bioglue albumin/glutaraldehyde; collagen; colonic anastomosis;
obstructive ileus; anastomotic leak
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1. Introduction

Anastomotic dehiscence is a serious complication after colorectal surgery, as it in-
creases postoperative morbidity and mortality rates, and also negatively affects healthcare
costs and oncologic outcomes, especially local recurrence rates and failure to receive adju-
vant chemotherapy [1,2]. Its incidence ranges between 2% and 19%, and differences among
authors may be attributed to a lack of consensus regarding the definition of anastomotic
leakage [3]. However, anastomotic rate may rise to 25% of the cases in the presence of an un-
derlying condition, such as malignancy or previous surgery combined with intraperitoneal
hyperthermic chemotherapy [4]. Anastomotic dehiscence can present either as a rupture or
as a simple leakage. Rupture most often occurs between the 2nd and the 5th postoperative
days, and leakage may present until the 7th postoperative day [5]. The literature contains
numerous classifications of anastomotic leak grade, including the classification proposed
by the International Study Group of Rectal Cancer, which is based on clinical management
modalities (grade A, no change in management; grade B, active therapeutic intervention
without the need for re-laparotomy; grade C, need for re-laparotomy) and by Lim and
colleagues, who classified anastomotic leakage according to presentation: generalized
peritonitis (type I), localized peritonitis (type II), and fistula or chronic sinus (type III) [6,7].

Furthermore, anastomotic leakage complicating colorectal procedures constitutes a
major economic burden for healthcare systems. Kang et al., in their retrospective, nation-
wide analysis, conclude that anastomotic leakage led to increased mean costs for the index
hospitalization, increased postoperative costs, readmission rates and costs, as well as longer
mean length of stay during readmissions, when patients develop complications due to
anastomotic leakage were compared to patients with intact anastomosis postoperatively [8].
The factors that influence the healing of anastomosis can be divided into two major cate-
gories, systemic (age, anemia, nutritional status, medications, hypoalbuminemia, more than
one associated comorbidity, diabetes mellitus, cirrhosis, blood transfusion, preoperative
radiation, anastomosis conducted in emergency setting, colonic anastomosis, preoperative
leukocytosis) and local (blood supply, intraoperative contamination, surgical technique,
bowel preparation, perioperative chemoprophylaxis, peritonitis and ileus) [9,10]. The
creation of protective ileostomy or colostomy more centrally of the anastomosis not only
does not appear to affect healing, but has also been associated with increased incidence of
complications such as disuse enteritis and intestinal obstruction [11].

Postoperative ileus (PPOI) is common after colorectal surgery, both open and la-
paroscopic, with important effects on postoperative course, mortality, and readmission
rates [12]. The literature data suggest that the incidence of PPOI following colorectal proce-
dures ranges from 2% to 54% [13]. In recent years, ileus has been associated with numerous
intraabdominal complications, and especially anastomotic dehiscence. However, up to
date, the direction of the link between ileus and anastomotic leakage remains obscure [14].

Numerous background pathophysiological mechanisms have associated ileus with
improper healing of the anastomosis after colon resection. The dilated central part of the
intestine, leading to impaired blood supply in its wall, as well as the significant difference in
the diameter of the two anastomotic segments can lead to an increased rate of anastomotic
dehiscence. Additionally, increased intraabdominal pressure due to small bowel and
colon distension can also result in reduced blood flow, pressure, and ischemia in the
anastomosis [14]. Furthermore, hypovolemia and electrolytic disorders caused by ileus
are responsible for inhibiting healing [15]. Based on experimental findings, Peters and
colleagues reported the important role of systemic inflammation in the relationship between
anastomotic leak and PPOI [16]. In conclusion, intestinal obstruction negatively impacts
anastomotic healing by impairing blood supply, increasing intraluminal pressure, and
inducing ischemia-reperfusion injury, which collectively disrupt normal tissue repair.
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The seriousness and economic burden of the anastomotic dehiscence has aroused
researchers’ interest, and in recent years, there have been several ongoing experimental
studies aimed at finding more effective methods for protecting the anastomosis. Despite
scientific research and the investigation of protective materials, the ideal protective agent
to reduce anastomotic dehiscence rate has not been established yet [4].

Various adhesive biological materials have been evaluated for their potential to
enhance anastomosis (fibrin adhesive, fibrin sealant, fibrin glue, Floseal, cyanoacrylate
glue) [17-20]. These adhesives are biodegradable and biocompatible and have been used in
numerous procedures [21]. However, existing options, such as fibrin glue and cyanoacry-
late glue have notable limitations that impact their efficacy in anastomotic reinforcement.
Fibrin glue, despite its biocompatibility and ease of application, has limited mechani-
cal strength and rapid degradation, reducing its ability to provide long-term structural
support [22]. Additionally, its reliance on exogenous thrombin raises concerns about im-
mune reactions and variable clot stability in patients with coagulopathies [23]. On the
other hand, cyanoacrylate-based adhesives offer strong bonding capabilities but suffer
from high tissue toxicity, leading to local inflammation, necrosis, and a potential foreign
body reaction [24]. These drawbacks necessitate the exploration of alternative bioadhesives
with enhanced mechanical strength, biocompatibility, and controlled degradation to opti-
mize anastomotic healing. However, concerns regarding long-term biocompatibility and
potential inflammatory responses remain, warranting further investigation into its safety
and efficacy in colorectal anastomoses.

In 1998, albumin/glutaraldehyde (Bioglue) tissue sealant, an FDA-approved dual-
composition adhesive consisting of 45% of purified bovine albumin (BSA) solution and
10% of glutaraldehyde solution (4:1 ratio), was first used in cardiac surgery [25-27]. Later
on, applications of Bioglue also extended to a wider spectrum, in addition to established
methods of surgical repair, in order to strengthen soft tissues, such as pulmonary, vascular,
and urogenital [28-32]. Bioglue addresses some of the abovementioned challenges by
providing superior tensile strength and prolonged tissue adhesion.

However, the literature contains limited reports regarding the effect of Bioglue on
healing anastomosis after colorectal procedures, mainly in rat experimental models [33].
Furthermore, Ekici and colleagues were the first to investigate the role of Bioglue in the
healing of normal and impaired colonic anastomosis [34]. Despoudi et al. proved that
obstructive ileus is an important factor for high-risk anastomosis [35], as well as the
protective role of Bioglue on colonic anastomosis healing [36]. Regarding clinical trials, a
pilot study by de la Portilla et al. evaluated its use in the treatment of high transsphincter
anal fistulas, demonstrating a 50% success rate in fistula healing after a mean follow-up
of 13.92 months [37]. While these preliminary results suggest potential utility, this study
highlights the need for further long-term prospective trials to establish its efficacy and
safety in colorectal applications. No other large-scale clinical trials have been conducted to
evaluate Bioglue’s efficacy and long-term safety in human colorectal anastomoses. Given
its promising mechanical properties, further research is warranted to assess its clinical
applicability, biocompatibility, and potential risks in colorectal surgery.

As a result, our team designed the present experimental study to investigate the effect
of local application of Bioglue on the healing of colonic anastomosis under obstructive
ileus conditions in rats and to explore if Bioglue can reverse the negative effects of ileus
in anastomotic integrity. We hypothesize that the local application of Bioglue (CryoLife,
Atlanta, GA, USA) on colonic anastomoses under obstructive ileus conditions enhances
anastomotic healing by improving mechanical strength, promoting tissue repair, and
mitigating the adverse effects of ileus-induced ischemia. This study aims to assess the
impact of Bioglue on anastomotic integrity through histopathological and biochemical
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analyses, evaluating its potential role in reducing anastomotic dehiscence and improving
healing outcomes.

2. Materials and Methods
2.1. Experimental Animals

This study was a prospective, randomized, double-blind experimental study. All
necessary approved protocols for laboratory animal care were ensured. The experiment
was performed, and the results were published in accordance with the ARRIVE guidelines
2.0 [38].

Eighty male rats of the Wistar species, 3-4 months old, each weighing 200-300 g, were
used for this study. Male rats were chosen to avoid the confounding effects of hormonal fluc-
tuations associated with the estrous cycle, which can influence wound healing and immune
response. An experimental animal protocol was designed to minimize pain and discomfort
in the animals. The rats were under a 12 h cycle of light and dark conditions for seven to ten
days prior to the surgery. Each animal was individually housed and had unlimited access
to both water and food before and after the surgery. No antibiotics were administrated.
The sacrifice was performed using intracardial infusion of 10% KCL solution.

Both the maintenance of the rats and the experimental procedures were conducted at
the Experimental Laboratory of the Veterinary School of A.U.Th. under the supervision of
a veterinarian responsible for ensuring the hygiene of the facilities and maintaining the
appropriate conditions for the protection of the laboratory animals. This experimental
study was approved by the Ethical Committee of the Department of Veterinary Services
of the Prefecture of Thessaloniki (5.N.: 13/10767/15 September 2003). The experiments
were performed in accordance with the provisions of the European Convention for the
protection of animals used for experimental and research purposes (Law 1197/81 Art. 4,
Law 2015/92, PD 160/91). This study was conducted under the supervision and with the
contribution of a veterinarian, who was responsible for ensuring compliance with hygiene
regulations in the premises, as well as the rules of acclimatization, protection, and nutrition
of the experimental animals.

2.2. Study Groups

Eighty male rats were randomly divided into 4 groups of 20 rats each and each of
them into 2 subgroups depending on the day of sacrifice, leading to 8 subgroups of 10,
using electronic randomization software. Each animal corresponded to a unique three-digit
number. The randomization process was conducted using Research Randomizer software
(Version 4.0) by Urbaniak & Plous.

Control group (n = 20 animals): a 1 cm segmental colonic resection was performed
5 cm cranial to the rectum, followed by a primary end-to-end anastomosis.

Controll (10 animals): the sacrifice took place on the 4th postoperative day.
Control2 (10 animals): the sacrifice took place on the 8th postoperative day.

Ileus group (n = 20 animals): the left colon was ligated at 5 cm cranial to the rectum
using a silk 3/0 suture. After 24 h, a colonic resection of the obstructed part 1 cm around
the ligation and a primary end-to-end anastomosis were performed.

Ileus1 (10 animals): the sacrifice took place on the 4th postoperative day.
Ileus2 (10 animals): the sacrifice took place on the 8th postoperative day.

Bioglue group (n = 20 animals): a 1 cm segmental colonic resection was performed
5 cm cranial to the rectum, followed by a primary end-to-end anastomosis. After creating
the anastomosis, albumin/glutaraldehyde sealant [Bioglue® (CryoLife, Atlanta, GA, USA)]
was locally applied around it.
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Biogluel (10 animals): the sacrifice took place on the 4th postoperative day.
Bioglue2 (10 animals): the sacrifice took place on the 8th postoperative day.

Ileus + Bioglue group (n = 20 animals): the left colon was ligated at 5 cm cranial to
the rectum using a silk 3/0 suture. After 24 h, a colonic resection of the obstructed part,
1 cm around the ligation, and a primary end-to-end anastomosis were performed, and
albumin/glutaraldehyde was locally applied around it.

Ileus + Biogluel (10 animals): the sacrifice took place on the 4th postoperative day.
Ileus + Bioglue2 (10 animals): the sacrifice took place on the 8th postoperative day.

Our ileus induction technique aligns with previously published methods in exper-
imental models of bowel obstruction, since the use of bowel ligation, with either a sili-
con ring or sutures is a widely used and feasible method to model conditions of bowel
obstruction [39,40].

2.3. Anesthesia and Operative Technique

Surgery was performed through a 3 cm midline laparotomy. A total of 40 mg/kg of
thiopental was administered intraperitoneally for anesthesia. Afterwards, a 1 cm segmental
colonic resection was performed in both the control and Bioglue groups, followed by a
primary end-to-end anastomosis. Primary end-to-end anastomosis refers to the direct
surgical reconnection of the ends of two segments of the colon following resection, without
the creation of a protective stoma. The proximal and distal colonic parts were manually
decompressed from fecal content prior to anastomosis. In the ileus and ileus + Bioglue
groups, the left colon was ligated at 5 cm cranial to the rectum for ileus establishment using
a 3/0 silk suture. After 24 h, a colonic resection of the obstructed part 1 cm around the
ligation and a primary end-to-end anastomosis were performed. In all rats, a single layer of
eight extramucosal interrupted 6-0 poly-propylene sutures were used for the anastomosis in
a single layer fashion, including individual sutures placed in the seromuscular layer of the
intestinal wall without penetrating the mucosa. In this study, we selected single interrupted
polypropylene sutures, as they allow for precise tension control and uniform placement,
minimizing variability in experimental conditions. While continuous absorbable sutures
are commonly used in clinical intestinal anastomoses, polypropylene sutures are widely
utilized in experimental models due to their non-degradable nature, ensuring stability
throughout the study period. This choice facilitates the accurate assessment of anasto-
motic healing without the confounding effects of early suture absorption. Additionally,
previous experimental studies investigating anastomotic reinforcement strategies have suc-
cessfully employed polypropylene sutures, making them a well-established option in this
setting [41,42]. In this study, a Lembert suture pattern was used to ensure a secure, invert-
ing closure. Additionally, in our experiment, a single-layer extramucosal interrupted suture
technique was used, as it has been widely validated in experimental settings for its repro-
ducibility and minimal confounding variables [43,44]. In the Bioglue and ileus + Bioglue
groups, albumin/glutaraldehyde glue was also applied around the anastomosis with an
applicator, taking care to avoid dispersion into the peritoneal cavity. The peritoneal cavity
was irrigated, and the abdominal wall was closed using 3-0 silk sutures.

After the operation, the experimental animals were kept in pairs in cages, where they
were monitored for an hour until they fully recovered and regained normal mobility. All
experimental animals had free access to food and water from the day of surgery until
sacrifice. An overview of the experimental procedure is shown in Figure 1.
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Figure 1. An overview of the experimental procedure: (A) stay suture marking the beginning of the

anastomosis; (B) one side of the hand-sewn anastomosis; (C) completed colonic anastomosis in a
single layer with eight extramucosal interrupted 6-0 polypropylene sutures; (D) topical application of
Bioglue at the anastomotic site; (E) reinforcement of anastomosis with Bioglue; (F) anastomotic leak
in a rat from the ileus + Bioglue group; (G) 2.5 cm colon segment encompassing the anastomosis.

2.4. Body Weight Measurement

All animals” body weight was measured at the beginning of the experiment and
immediately prior to sacrifice. Measurements were performed by using precision scales,
according to a code assigned to each animal after the anesthesia was administered.

2.5. Macroscopic Examination

On the sacrifice day, the animals underwent midline laparotomy under proper anes-
thesia. During the operation, the anastomotic parts of the intestine were resected and
examined macroscopically. The presence of peritonitis, adhesions, or abscess near the anas-
tomosis, as well as anastomotic integrity, were evaluated using the van der Ham scale [45],
in which a score of 0 represents absence of adhesion formation, a score of 1 a minimum
number of adhesions, a score of 2 moderate adhesions between the anastomosis and, for
example, an intestine loop, and a score of 3 represents severe adhesion formation plus the
presence of abscess.

2.6. Bursting Pressure Measurement

The bursting pressure of anastomosis was evaluated ex vivo. A 2.5 cm segment of the
colon containing the anastomosis was removed along with the attached adhesions. This was
followed by the thorough cleansing of the intestine to remove fecal content and meticulous
rinsing of the specimen with normal saline. The proximal segment of the removed colon
was closed with a silk 3-0 suture, and then a three-way catheter was inserted into the
distal part. The catheter was secured at the bursting pressure measuring device, which
consisted of a custom-made setup incorporating a basic manometer, a tube attached to
the three-way cannula, and a syringe filled with dyed water connected to the three-way
cannula. The specimen was secured to the tube with a purse-string suture, while its free
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edge was clamped. The catheter was fixed to the bursting pressure apparatus, as described
in previous research [46,47]. Through this, the lumen of the bowel was filled with normal
saline solution at a 1ml/min rate. The pressure at which a leakage of normal saline or
rupture occurred, measured in mmHg, was defined as the bursting pressure. The exact site
of leakage or rupture during the measurement of bursting pressure was noted, due to the
fact that in some rats that point was noted at the site of the anastomosis, while in others, it
was noted at another point.

2.7. Histopathological Assessment

After the bursting pressure was measured, the mesentery and fat were removed from
the resected segment of the intestine, which was then cleaned with normal saline. The
part of the colon containing the anastomosis was resected, with margins of 0.5 cm on
each side, and then divided into two parts at a level perpendicular to the longitudinal
axis of the intestine to ensure precise anatomical orientation. One part of the segmented
colon was placed in a 4% formaldehyde solution for histology examination and then
stained with eosin-haematoxylin stain. The anastomosis was evaluated histologically,
under a light microscope, using the 0—4 Erlich-Hunt grading scale with the Phillips et al.
modification [48]. The parameters evaluated included the new blood vessels formation, the
infiltration of inflammatory cells, the activity of fibroblasts, and the collagen deposition [49].
These parameters were evaluated individually using a numbered scale: 0 (-) = no evidence;
1 (+) = occasional evidence; 2 (++) = light scattering; 3 (+++) = abundant evidence; and
4 (++++) = confluent fibers or cells.

2.8. Hydroxyproline Measurement

The collagen deposition in the anastomosis was assessed by evaluating the hydrox-
yproline percentage [50]. For that purpose, the second segment of the resected intestine
with the anastomosis was weighed and kept at —20 °C after being divided vertically into
two segments. The hydroxyproline quantity in the tissue was measured with modified
experimental methods, as described be Reddy et al. and Hewitt et al. [28,51]. At first, the
samples were lyophilized, then the tissue specimens were homogenized with the use of a
polytron homogenizer in distilled water. The collagen that was soluble in acid was removed
from the tissue of the specimens using incubation overnight with an acetic acid solution of
0.5mol/L at 4 °C. An amount of 70 pL of standard/test sample was hydrolyzed in 30 uL.
NaOH 10.125 mol/L for 25 min at 120 °C by autoclaving. After hydrolyzation, the sample
was blended with a chloramines-T reagent buffer (0.056 mol/L) at room temperature. The
oxidation process lasted for 25 min. Chromophore growth was monitored by adding
Ehrlich’s reagent. The absorption was evaluated at 550 nm using a Biotek pQuantTM
spectrophotometer. The presence of hydroxyproline in unknown tissue extracts was deter-
mined from the standard curve by plotting absorbance values against the concentration of
standard hydroxyproline. The outcomes were evaluated in pg per gram of tissue [51].

2.9. Type I Collagenase Measurement

Type I collagenase density was also measured in another segment of the anastomotic
area using an ELISA kit (USCNLIFEm E0212r). A plate was precoated with specific
antibodies for type I collagenase (polyclonal, conjugated to biotin). Then, the control
sample was added. Avidin, which was also conjugated to hydroxyproline, was also added
to the plate and hatched. The development of chromophore occurred after adding TMB
substrate solution. A sulfuric acid solution was used in order to terminate the reaction. The
alteration in color was evaluated at 450 nm, using spectrophotometry (by Stat Fax-210TM
spectrophotometer (Awareness Technology Inc., Palm City, FL, USA). Type I collagenase
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density in random tissue specimens was extracted from the standard curve. The results
were measured in pg per gram of wet tissue [51].

2.10. Statistical Analysis

The data obtained from the experiment were summarized using statistical descriptive
indices of absolute and relative frequencies (percentages %), indices of central tendency
(means, medians, 95% confidence intervals), and dispersion indices (minimum and maxi-
mum values, standard deviations). For each parameter, the Least Significant Difference test
(LSD) was used to compare mean values. The statistical analysis of results was performed
using the ANOVA (Analysis of Variance) test and Fisher’s Exact Test for comparison of
percentages (%). The level of statistical significance was pre-set at a p value < 0.05 for the
comparisons between groups and at p < 0.10 for percentage comparisons. The latter was
selected due to the relatively small sample size, which may lead to underpowered results
when assessing categorical differences. While p < 0.1 does not indicate definitive statistical
significance, it allows us to identify potential trends that may warrant further investigation
in future studies. IBM SPSS Statistics for Windows, Version 22.0 (IBM Corp., Armonk, NY,
USA) enhanced with the module Exact Tests was used for all the statistical analyses. Bar
charts were designed for the diagrammatic presentation of the results.

3. Results

No deaths or wound infections occurred, and no anastomotic leak was noted before
sacrifice day. The results concerning the comparison between the control and the Bioglue
groups [36], as well as that between the control and ileus groups [35] have already been
published by authors, and they will not be further discussed in this paper.

3.1. Body Weight

The mean body weight was calculated both preoperatively and on the day of sacrifice
(4th and 8th postoperative days). The difference between the mean values was evaluated
(Table S1, Supplementary Materials). According to the statistical analysis, the mean weight
between the subgroups did not differ significantly at the beginning of the experiment
(p = 0.707). However, the mean body weight differed between the groups at the end of
the experiment.

On the 4th postoperative day, the mean body weight reduction in the ileus + Biogluel
subgroup was significantly lower compared to the ileus1 subgroup (p < 0.001), indicating
that Bioglue mitigated weight loss under obstructive ileus conditions. Compared to the con-
troll and Biogluel subgroups, the ileus + Biogluel subgroup showed moderate weight re-
duction, though these differences were not significant (p = 0.148 and p = 0.225, respectively).

On the 8th postoperative day, the Ileus + Bioglue2 subgroup experienced a smaller
reduction in body weight compared to the Ileus2 subgroup (p < 0.001). However, compared
to the Control2 and Bioglue2 subgroups, the weight loss in the ileus + Bioglue2 subgroup
was greater, though not significant (p = 0.134 and p = 0.225, respectively).

When comparing the ileus + Bioglue group between postoperative days 4 and 8, a
significantly greater reduction in body weight was observed on day 8 (p < 0.001), indicating
a progressive decline over time (Figure 2A).
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Figure 2. Body weight and bursting pressure changes: (A) body weight alteration per group and day;
(B) bursting pressure (mmHg) per group and day.

3.2. Bursting Pressure

The bursting pressure results among the groups are presented in Table S2, Supplementary
Materials. Bursting pressure was zero in the rats in which anastomotic dehiscence was noted.

On the 4th postoperative day, the mean bursting pressure in the ileus + Biogluel
subgroup was higher compared to the ileusl subgroup (p = 0.130) but did not reach
statistical significance. It was also higher than in the controll and Biogluel subgroups, but
the differences were not significant (p = 0.289 and p = 0.316, respectively).

On the 8th postoperative day, the ileus + Bioglue2 subgroup demonstrated a sig-
nificantly higher mean bursting pressure compared to the ileus2 subgroup (p < 0.001),
confirming the positive effect of Bioglue on anastomotic strength under ileus conditions.
While bursting pressure was also higher in the ileus + Bioglue2 subgroup compared to
the control2 and Bioglue2 subgroups, these differences were significant (p = 0.067 and
p = 0.115, respectively).

Between the 4th and 8th postoperative days, the ileus + Bioglue group showed a
significant increase in bursting pressure (p < 0.001), reflecting the improved mechanical
strength of the anastomosis over time (Figure 2B).

3.3. Anastomotic Dehiscence

On the 4th and 8th postoperative days of sacrifice, according to the protocol of the
experiment, the removed part of the colon was examined macroscopically to determine
whether the anastomosis was intact. The frequency of rupture of the anastomosis was
evaluated on both 4th and 8th postoperative days (Table S3, Supplementary Materials).

On the 4th postoperative day, the incidence of anastomotic dehiscence in the ileus +
Biogluel subgroup was lower than in the ileus1 subgroup (one rat—10% vs. two rats—20%),
but this difference was not significant (p = 0.395). Compared to the controll and Biogluel
subgroups (0% in both), the ileus + Biogluel subgroup had a higher frequency of dehiscence,
though this was not significant (p = 0.500 for both comparisons).

On the 8th postoperative day, three rats (30%) in the ileus2 group and one rat (10%)
in the ileus + Bioglue2 group experienced dehiscence. Therefore, the ileus + Bioglue2
subgroup had a lower incidence of dehiscence compared to the ileus2 subgroup, but this
difference was not significant (p = 0.248). No dehiscence was observed in the control2 or
Bioglue2 subgroups (p = 0.500 for both comparisons with ileus + Bioglue2).

No significant difference in anastomotic dehiscence was observed within the ileus +
Bioglue group between postoperative days 4 and 8 (10% on both days, p = 1.000) (Figure 3A).
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Figure 3. Anastomotic dehiscence: (A) frequency of anastomotic rupture per group; (B) frequency of
rupture in the anastomotic area or away from it.

3.4. Rupture Site

The rupture site was evaluated during bursting pressure testing, with ruptures cat-
egorized as occurring either at the anastomotic site or away from the anastomosis. The
effects of the subgroups and the day of sacrifice in the rupture site are presented in Table 54,
Supplementary Materials.

On the 4th postoperative day, the rupture at the anastomotic site was observed in the
ileus + Biogluel subgroup at a lower frequency compared to the ileus1 subgroup (20% vs.
30%), but this difference was not significant (p = 0.081). Compared to the controll and
Biogluel subgroups, where no ruptures were observed (0%), the ileus + Biogluel subgroup
had a higher rupture frequency at the anastomotic site, though these differences were also
not significant (p = 0.344 and p = 0.272, respectively). Ruptures away from the anastomosis
were not noted in the ileus + Biogluel subgroup on the 4th day.

On the 8th postoperative day, rupture at the anastomotic site occurred significantly
less frequently in the ileus + Bioglue2 subgroup compared to the ileus2 subgroup (20% vs.
40%; p = 0.024), indicating the enhanced mechanical strength of the anastomosis. However,
ruptures away from the anastomosis were more frequent in the ileus + Bioglue2 subgroup
compared to the ileus2 subgroup (30% vs. 10%; p = 0.003), suggesting a shift in the rupture
site due to improved anastomotic integrity. No ruptures were observed in the control2 and
bioglue2 subgroups at either site.

The frequency of rupture at the anastomotic site in the ileus + Bioglue group decreased
from 20% on the 4th postoperative day to 10% on the 8th day, but this difference was
not significant (p = 0.564). Conversely, ruptures away from the anastomosis increased
significantly between days 4 and 8 (0% vs. 30%; p = 0.008), indicating that as the strength
of the anastomosis improved over time, ruptures shifted to less stable bowel segments
(Figure 3B).

3.5. Adhesion Formation

The evaluation of adhesions was performed during the macroscopic examination
of the anastomosis, according to the van der Hamm scale [52]. The frequency of oc-
currence of the different adhesion grades per group and day is described in Table S5,
Supplementary Materials.

On the 4th postoperative day, the adhesion scores in the ileus + Biogluel subgroup
were significantly higher compared to the controll and ileusl subgroups (p < 0.001 for
both comparisons). However, the adhesion scores in the ileus + Biogluel subgroup were
comparable to those in the Biogluel subgroup (p = 0.272).
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On the 8th postoperative day, the ileus + Bioglue2 subgroup showed more adhesions
compared to the ileus2 subgroup, though the difference was not significant (p = 0.235). The
adhesion scores were significantly higher in the ileus + Bioglue2 subgroup compared to the
control2 subgroup (p < 0.001) but not significantly different from the Bioglue2 subgroup
(p = 0.288) Adhesion formation in the ileus + Bioglue group increased significantly between
days 4 and 8 (p < 0.001), indicating progressive fibrin deposition over time (Figure 4).
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Figure 4. Adhesion formation per group and day.

3.6. Histological Assessment

The segments from the anastomotic region were microscopically assessed after haema-
toxylin and eosin staining. The classification was semiquantitative/categorical and was
based on the Erlich-Hunt scale, as amended by Philips. The analysis was performed in a
blind fashion by an experienced pathologist. In each group, leukocytosis, neovasculariza-
tion, fibroblasts, and neo-collagen formation were evaluated.

3.6.1. Leukocytosis

The results of the effect of subgroups and day of sacrifice on leukocytosis are presented
in Table 56, Supplementary Materials.

On the 4th postoperative day, the mean leukocyte count in the ileus + Biogluel
subgroup was significantly higher than in the ileus1 and controll subgroups (p < 0.001 for
both). Based on hematoxylin and eosin staining, on the 8th postoperative day, the ileus +
Bioglue2 subgroup had a significantly higher leukocyte count, predominantly composed of
neutrophils, than the ileus2 and control2 subgroups (p = 0.034 and p < 0.001, respectively).
Leukocytosis decreased significantly in the ileus + Bioglue group between days 4 and 8
(p < 0.001), indicating the resolution of the inflammatory response (Figure 5A).
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Figure 5. Histopathology: (A) leukocytosis per group and day; (B) neovascularization per group and
day; (C) fibroblasts per group and day; (D) neocollagen per group and day.

3.6.2. Neovascularization

The results of the effect of subgroups and day of sacrifice on neovascularization are
presented in Table S7, Supplementary Materials.

On the 4th postoperative day, the ileus + Biogluel subgroup exhibited significantly
higher neovascularization compared to the ileus1 subgroup (p = 0.002), though not signifi-
cantly different from the controll or Biogluel subgroups (p = 0.161 and p = 0.089, respec-
tively). On the 8th postoperative day, neovascularization in the ileus + Bioglue2 subgroup
was significantly higher than in the ileus2 and control2 subgroups (p < 0.001 and p = 0.038,
respectively). Neovascularization increased significantly in the ileus + Bioglue group
between days 4 and 8 (p < 0.001), indicating enhanced vascular regeneration (Figure 5B).

3.6.3. Fibroblast Activity

The results of the effect of subgroups and day of sacrifice on fibroblasts count are
presented in Table S8, Supplementary Materials.

On both the 4th and 8th postoperative days, fibroblast activity was significantly higher
in the ileus + Bioglue subgroup compared to the ileus subgroup (p = 0.016 for both days).
Comparisons with the control and Bioglue subgroups showed no significant differences on
the 4th day (p > 0.05) but revealed increased activity on the 8th day (p = 0.048 for control2
and p = 0.045 for Bioglue2)

Between days 4 and 8, fibroblast activity increased significantly (p < 0.001) in the
ILEUS+BIOGLUE group, reflecting progressive connective tissue repair (Figure 5C).

3.6.4. Neocollagen Production

The results of the effect of subgroups and day of sacrifice on neocollagen production
are presented in Table 59, Supplementary Materials.
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On the 4th postoperative day, the ileus + Biogluel subgroup showed significantly
higher collagen deposition compared to the ileusl subgroup (p = 0.024), indicating that
Bioglue promotes early collagen synthesis under obstructive ileus conditions. Collagen
production in the ileus + Biogluel subgroup was also moderately higher than in the
controll and Biogluel subgroups, but these differences were not significant (p = 0.081 and
p = 0.112, respectively).

On the 8th postoperative day, the ileus + Bioglue2 subgroup demonstrated significantly
increased collagen deposition compared to the ileus2 subgroup (p < 0.001), reflecting a
sustained positive effect of Bioglue on anastomotic healing. Comparisons with the control2
and Bioglue2 subgroups revealed moderately higher collagen deposition in the ileus +
Bioglue2 subgroup, though the differences did not reach statistical significance (p = 0.089
and p = 0.127, respectively).

Collagen deposition in the ileus + Bioglue group increased significantly between the
4th and 8th postoperative days (p < 0.001), indicating progressive and enhanced collagen
production over time. This finding highlights the role of Bioglue in accelerating and
sustaining the tissue repair process under conditions of obstructive ileus (Figure 5D).

3.6.5. Hydroxyproline Levels

The results of the effect of subgroups and day of sacrifice on the concentration of
hydroxyproline are presented in Table 510, Supplementary Materials.

On the 4th postoperative day, the concentration of hydroxyproline in the ileus +
Biogluel subgroup was higher compared to the controll and ileusl subgroups, but this
difference was not significant (p = 0.778 and p = 0.619, respectively). On the 8th postopera-
tive day, a significantly higher hydroxyproline concentration was specifically observed in
the ileus + Bioglue2 subgroup compared to the ileus2 subgroup (p < 0.001). Comparing
hydroxyproline on the 4th and 8th days within the ileus + Bioglue group revealed a signifi-
cant increase from the 4th to the 8th day (ileus + Biogluel vs. ileus + Bioglue2: p < 0.001).
Between days 4 and 8, the hydroxyproline levels in the ileus + Bioglue group increased
significantly (p < 0.001), indicating accelerated collagen deposition (Figure 6).
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Figure 6. Hydroxyproline levels per group and day.

3.6.6. Type I Collagenase

The results of the effect of subgroups and day of sacrifice on the concentration of
collagenase are presented in Table 511, Supplementary Materials.

On the 4th postoperative day, a higher collagenase concentration was observed in the
ileus + Biogluel subgroup compared to the ileusl subgroup, but this difference was not
significant (p = 0.183). On the 8th postoperative day, the ileus + Bioglue2 subgroup had
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the highest concentration of collagenase among the subgroups ileus2 and Bioglue2, but
this difference was not significant (p = 0.384 and p = 0.686, respectively). The collagenase
concentration was increased from the 4th to the 8th postoperative day in the ileus + Bioglue
group, but not significantly (ileus + Biogluel vs. ileus + Bioglue2: p = 0.123). Between
days 4 and 8, the collagenase levels in the ileus + Bioglue group showed no statistically
significant change (p = 0.123) (Figure 7).
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Figure 7. Type I collagenase per group and day.

4. Discussion

Anastomotic healing is a dynamic process and consists of a well-characterized series
of events, which can be summarized into the following stages: coagulation, inflammation,
proliferation, and remodeling [52]. In the beginning, hemostasis and preliminary spanning
of the defect between colonic edges takes place, creating a hemostatic clot, which is infil-
trated by migrating immune cells, especially leukocytes, to form the inflammatory infiltrate.
This phase is characterized by a shift from pro- to anti-inflammatory signaling, in order to
restrict endogenous inflammatory response [53]. During the proliferation stage, fibroblasts
are the dominant cell type present in healing bowel tissue, aiming at collagen deposition,
mainly of type III collagen, in the wound bed. This phase is also characterized by neoangio-
genesis and the re-epithelialization of the bowel’s mucosal surface [54]. Finally, during the
remodeling stage, collagen-degrading enzymes, called matrix metalloproteinases (MMPs),
work to remove type III collagen from granulation tissue and form collagen type I [53].

Despite technological progress in colorectal surgery, impaired anastomotic healing
may occur in up to 20% of cases, leading to anastomotic leakage, which is defined as
the communication between the intraluminal and extraluminal space [53]. Anastomotic
leakage has been associated with high morbidity and short-term mortality rates of up
to 39%, increased length of hospital stay, and higher healthcare costs [55]. Numerous
several patient-specific, surgical, and surgeon-related factors have been implicated in the
disruption of anastomotic healing after colon and rectal surgery [56]. Many studies have
focused on the effect of postoperative ileus on colonic anastomosis [57,58]. However, the
role of preoperative ileus on colonic anastomotic integrity, such as in emergency cases of
obstructive neoplasms or masses, has been scarcely described.

It is well-known that 10-28% of patients with colorectal cancer present with obstructive
ileus symptoms as the first manifestation of the disease, while 10% of them will need
urgent surgical treatment [59]. Obstructive colonic malignancies are a risk factor for poor
postoperative prognosis, since immediate postoperative mortality ranges from 15 to 30%
versus 1 to 5% in elective cases. Poor postoperative outcomes after emergency surgery
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for obstructive colon malignancy are multifactorial and are related to the consequences
of obstruction, to the advanced stage of the tumor, and to suboptimal resection under
emergency circumstances [60]. Based on the expertise and clinical experience of a group
of national clinical specialists, the EUPEMEN Protocol has been proposed, in an effort to
minimize surgical stress, improve postoperative outcomes and enhance the recovery of
patients presenting with bowel obstruction [61].

Obstruction is usually located in the left colon, as its diameter is smaller and its
contents denser [62]. Ileus causes local and systemic disorders, which inhibit the healing
process of anastomosis and lead to an increased frequency of anastomotic leakage. More
specifically, ileus impairs the anastomosis blood supply, which is crucial because of the
limited, even in normal conditions, capillary density of the large intestine [63]. In addition,
ileus causes increased intraluminal pressure, which leads to intestinal ischemia, and as
ischemia prolongs, mucosa ulcerates due to epithelial cell destruction. Over time, lesions
extend to the muscularis propria and involve the full thickness of the intestinal wall,
becoming irreversible, which can lead to bowel perforation [64,65]. Intestinal ischemia-
reperfusion (IR) is a common phenomenon after obstructive ileus resolves and is associated
with high morbidity and mortality [66]. Ischemic lesions, the reduction in intestinal wall
capillaries, and the secretion of vasoconstriction substances result in disruption of the
anastomotic blood supply and inhibit anastomotic healing [67].

In recent years, scientific interest has been focused on the study of systemic and local
anastomotic protection factors, aiming to enhance the healing process [68]. The most promis-
ing results have been observed with the use of the intraluminal latex implant, mechanical
protection using a biofragmentable ring (BAR), the administration of growth factors (EGF,
PDGF), and the application of bioadhesives (fibrin glue, fibrin sealant, Floseal) [69-71].
Various adhesive biological materials have been tested from time to time, aiming to en-
hance mechanical strength and to reduce the incidence of anastomotic dehiscence. These
fibrous adhesives are biodegradable and biocompatible and have been used in numerous
surgical procedures [72,73]. In particular, the literature contains studies investigating the
therapeutic compounds used to promote anastomosis healing under obstructive ileus con-
ditions in experimental models. These therapeutic strategies include intraoperative colonic
lavage with povidone iodine (PI) [74] or NG-NitroL-Arginine Methyl Ester (L-NAME) [75],
subcutaneous erythropoietin administration [76], intraperitoneal injection of iloprost [40],
and local application of granulocyte macrophage-colony-stimulating factor [77].

Albumin/Glutaraldehyde (Bioglue®, CryoLife, Atlanta, GA, USA) is an FDA-
approved tissue sealant used in various surgical procedures, including vascular, cardiac,
and intra-abdominal surgeries [78]. The sealant syringe is easy to use and contains two
components: purified bovine serum albumin and glutaraldehyde. Initially, it was mostly
applied in cardiac surgery as a complementary tool for adhesion, sealing, and tissue
strengthening. Its characteristic is that it creates a hydrophobic mechanical barrier protect-
ing the surrounding tissue, thus preventing the escape of fluid and air, and consequently;,
perianastomotic leakage. It has also been found to affect the healing of anastomosis
by increasing angiogenesis and fibroblasts proliferation and thereby promoting collagen
production [79-81]. This adhesive can be used as an additional procedure to the established
method of surgical repair strengthening, especially for soft tissues, such as the cardiac,
pulmonary, vascular, urogenital, and of gastrointestinal tissues [82,83]. The advantages of
its use are as follows: (1) rapid hemostasis, (2) improved anastomoses tightness, (3) reduced
surgery time, (4) minimized blood loss, especially after cardiac surgery, and (5) reduced
number of re-operations due to hemorrhaging [84,85]. It consists of a combination of
two components, including a 10% glutaraldehyde solution and a 45% purified bovine al-
bumin solution, which are kept separately until its application. Bovine serum albumin is
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derived from bovine herds in North America, which are free from bovine spongiform en-
cephalopathy. It is converted to purified serum after cooling, chromatography, and gamma
radiation. Its mechanism of action is based on the chemical reaction between aldehydes and
amines. The amines for this reaction are administered by the amino-groups of the albumin
lysine and by the extracellular tissue proteins. Glutaraldehyde is a dual-acting aldehyde
that acts as a bridge, joining the lysine (albumin) groups with the extracellular proteins and
the cell surface [84,86,87]. The result of this action is the formation of a permanent covalent
bond between the tissues and the adhesive. This reaction increases the mechanical strength
of the tissues regardless of the patient’s coagulation state. The high concentration of albu-
min present in albumin/glutaraldehyde (Bioglue), in combination with the rapid reaction
between aldehydes and amines, allows this adhesive to stabilize in 20-30 sec and ensure
maximum complex strength within 2-3 min [84,85]. The purpose of this experimental
study was to investigate the action of the local application of the albumin/glutaraldehyde
(Bioglue®) glue on the healing of colon anastomoses in rats undergoing colonic anastomosis
under conditions of obstructive ileus.

Patients with colorectal cancer are generally characterized by decreased body weight
and impaired preoperative malnutrition status, which have been associated with greater
postoperative morbidity after resection [88]. In addition, malnutrition negatively affects the
anastomotic healing process by impairing collagen synthesis and fibroblast proliferation,
thereby reducing anastomotic mechanical strength [89]. In our study, on the 4th and 8th
postoperative days, the use of the glue under obstructive ileus conditions led to a smaller
reduction in average body weight compared to the rats with ileus.

According to Vakalopoulos et al. [17], the reported incidence of anastomotic leakage
ranges from 5% to 25%, with an associated mortality rate of up to 32%. The percentage of
anastomotic leakage is the most indicative marker reflecting a sufficient healing process [17].
Regarding anastomotic dehiscence, our results show that the administration of Bioglue
adhesive had a positive effect on the waterproofing of the anastomosis, as no leakage
was observed in the rats in which glue was applied. The effect of the adhesive was
also protective in obstructive ileus conditions, as the incidence of leakage was lower
in the rats in which glue was applied after the ileus compared to those with ileus, but
this comparison was not significant. In addition, the use of the glue under obstructive
ileus conditions resulted in a lower incidence of rupture in anastomosis compared to
ileus alone, and this difference was significant. A similar beneficial role in decreasing
the anastomotic leakage after the resection of colonic obstruction seems to be played by
AZD3342, a selective MMP-8, MMP-9, and MMP-12 inhibitor [90]. A 2022 systematic review
and meta-analysis confirmed the above in humans, demonstrating a leakage reduction in
patients in whom intestinal anastomosis was coated by fibrin adhesives or collagen-based
laminar biomaterials [19]. The literature also contains reports of therapeutics offering
enhanced anastomosis protection under artificially obstructive conditions in rats, such as
intraperitoneal iloprost and tacrolimus [91].

A successful anastomotic healing process is defined by the ability of bowel anasto-
mosis to withstand tensile forces and can be assessed by measuring bursting pressure,
which is associated with anastomosis mechanical strength [92]. In our experiment, on
the 4th postoperative day, the mean bursting pressure in the ileus subgroup that received
albumin/glutaraldehyde was higher compared to the untreated ileus subgroup, although
the difference was not statistically significant. However, this difference was significant on
the 8th postoperative day. The observation that the mean bursting pressure was signifi-
cantly higher on day 8 compared to day 4 when glue was used, even after ileus, whereas
no statistical significance was found in the rats that experienced ileus, demonstrates the
positive effect of adhesive on the healing of anastomosis in both normal and obstructive
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ileus conditions. On the contrary, a study in rats that examined the use of fibrin glue only
under low-risk conditions did not find any difference regarding bursting pressure between
the control group and the group in which glue was applied in the anastomosis [93].

During the early post-operative period, collagenolysis decreases the collagen levels at
the site of anastomosis up to 40%, leading to an increased rate of anastomotic dehiscence
at the anastomotic site during this period. In contrary, with the progressive increase in
collagen formation from day 5, the mechanical strength of anastomosis increases, and
ruptures usually occur away from the anastomosis in focal necrosis sites [94]. In our study,
the frequency of rupture away from anastomosis during the 4th postoperative day did not
differ significantly among the groups because in these anastomoses the healing process was
at an early stage. On the 8th postoperative day, the lowest rupture frequency away from
anastomosis was observed in the rats of the ileus group compared to all other subgroups,
and this difference was significant. In addition, the rats treated with glue application after
ileus had a higher frequency of rupture away from anastomosis than the ileus subgroup,
and this difference was significant. This means that the application of the adhesive has the
effect of increasing the strength of the anastomosis between the 4th and 8th day, both in the
adhesive group and in the ileus and adhesive groups, presenting a positive effect on the
healing process of anastomosis, both in normal and obstructive ileus conditions.

Fibrinous adhesions are formed between intestinal loops, other abdominal viscera,
and the peritoneum in the early period after surgery, particularly in intestinal ischemia,
inflammation, or abdominal trauma [95]. Adhesions have a protective effect on the anas-
tomotic healing process because of their ability to cover small defects of the suture line
and to increase vascularity in the hypoperfused sites of the anastomosis [96]. The grade of
adhesion formation is affected by the severity of intestinal trauma, fibroblast activity, the
action of metalloproteinases, and the efficacy of the fibrinolytic mechanisms [35]. In our
experiment, on the 4th postoperative day, the ileus and glue subgroups showed significant
more adhesions compared to the ileus subgroup, while on the 8th postoperative day, the
ileus subgroup showed more adhesions compared to the ileus + adhesive subgroup, with
no significant difference. In addition, adherence testing between the control and Bioglue
groups revealed significantly more severe adhesions in the glue group on both the 4th
and 8th postoperative days. The effect of the adhesive, therefore, resulted in an increased
number of adhesions on both days of sacrifice. These results agree with the findings of van
der Ham et al., who concluded that fibrin glue increases the adhesion formation of colonic
anastomosis [45]. In contrary, Ceran et al. concluded that postoperative intraperitoneal
administration of ghrelin after colonic anastomosis leads to lower adhesion formation rates
and more loose adhesions [42].

Immune system cells, and mainly polymorphonuclear cells, have a crucial role in
the regulation of the anastomosis healing, through the secretion of molecular signals [97].
In our study, the application of adhesive resulted in an increase in leukocytes count in
the glue and ileus and the glue groups compared to the control and ileus groups on both
days of sacrifice, while the mean leukocyte counts on the 8th postoperative day were
significantly reduced in all groups compared to the 4th day, as a normal development in
the process of healing the bowel anastomosis. Similarly, Vakalopoulos et al. reported that
Bioglue induced the most intense short-term inflammatory response, due to direct toxic
effect on bowel and due to its initial degradation into toxic by-products [98]. Ekici et al.,
investigating the role of Bioglue on high-risk left colon anastomosis after the intraperitoneal
injections of 5-fluorouracil (5-FU), found no difference in inflammatory cell infiltration after
the application of tissue glue [34].

Furthermore, on the 4th postoperative day, the ileus led to the least neovascularization
compared to all other subgroups, and this difference was significant. Similarly, on the
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8th postoperative day, neovascularization was reduced in the subgroup that experienced
obstructive ileus compared to all other subgroups, but this difference was significant in the
subgroups in which glue was applied, both under and in the absence of ileus conditions.

Neoangiogenesis is an important factor for sufficient anastomotic healing through
vascularity increase and new tissue formation [99]. We noticed that the local application
of the adhesive increased neovascularization on both days of sacrifice, both in normal
conditions and in the obstructive ileus conditions, promoting neoangiogenesis. Similar
results have emerged from a very recent study, in which fibrin glue was found to increase
angiogenesis in rats that underwent enterotomy and ileoileal anastomosis [96].

Fibroblasts are the main source of the main constituents of the connective tissue,
such as collagen, proteoglycans, and elastins, and their migration to the anastomotic
site increases markedly on the second postoperative day, returning to the normal level
afterwards [100]. Therefore, concerning the effect of Bioglue on fibroblasts in both normal
and obstructive ileus conditions, an increase in their number was observed in the rats in
which glue was applied, both in the absence and under ileus conditions compared to those
that presented ileus, a difference that was significant on both the 4th and 8th postoperative
days. Similarly, a recent study showed that TISSEEL, another fibrin sealant, increases the
fibroblast concentration both in euglycemic and diabetic rats in which colorectal anastomo-
sis was performed [101]. In addition, Ekici and colleagues proved that Bioglue reversed the
negative effects of 5-FU on fibroblast proliferation and activity in colonic anastomosis [34].

In our study, on the 4th postoperative day, neocollagen production was higher in
the rats in which with glue was use after ileus compared to the ileus subgroup, but this
difference was not significant. On the 8th postoperative day, neocollagen production
was found to be higher in the ileus + Bioglue subgroup compared to the ileus group,
and this difference was significant. Therefore, the application of the adhesive, both under
normal conditions and under obstructive ileus conditions, resulted in increased neocollagen
formation in the rats in which glue was applied, even after ileus conditions, on both the 4th
and 8th postoperative days, compared with the control and ileus subgroups. The beneficial
role of glue, TISSEEL in this occasion, was demonstrated recently under both euglycemic
and hyperglycemic conditions in rats [101]. Similarly, Yol et al. also concluded that the
application of Bioglue on colonic anastomosis contributed to increased collagen formation
and density [102].

Hydroxyproline levels are used for the biochemical evaluation of anastomotic healing,
since low hydroxyproline levels are associated with poor anastomotic healing [103]. We
found that, on the 4th postoperative day, the concentration of hydroxyproline after the use of
glue under ileus conditions was increased compared to the control and ileus subgroups, but
this difference was not significant. On the 8th postoperative day, the effect of the adhesive
under ileus conditions was positive, leading to significant increased hydroxyproline levels
in the ileus + Bioglue group compared to ileus group. These results show that the increase
in collagen was not only qualitative but also quantitative, leading to increased anastomotic
strength. Van de Ham et al. found similar results while examining the use of fibrin glue in
rats under normal conditions [45].

Type I collagenase belongs to the metalloproteinases family and is the initiating en-
zyme responsible for mature collagen degradation from the submucosal layer, contributing
to colonic anastomotic dehiscence. In this way, the collagenase concentration assay is in-
dicative of the balance between collagenogenesis and collagenolysis [104]. In our study, on
both sacrifice days, the ileus +Bioglue group exhibited a higher collagenase concentration
compared to the ileus subgroup, but with no significant difference, with an increase on its
levels noticed from the 4th to the 8th postoperative days.
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Regarding the safety profile, our study showed that no deaths or other adverse effects
were caused by the application of Bioglue on anastomotic line. However, Bioglue has been
associated with toxic adverse effects in various tissue types, such as the phrenic nerve
and cardiac conduction tissues. It has also been reported that the toxic effect increases
after the contact of Bioglue with incisional tissue surfaces. Thus, application to the outer
layer and vascular tissues is recommended [34]. In addition, concerns regarding its long-
term biocompatibility remain, as glutaraldehyde-based adhesives have been associated
with inflammatory responses and potential foreign body reactions in some experimental
models [34]. Long-term results after glue application in aortic tissues revealed severe active
inflammation and massive foreign body reaction [105]. In addition, Bioglue application in
mouse colonic anastomosis has resulted in increased rates of mechanical ileus, as well as
increased mortality rates, according to Slieker et al. [106].

Previous studies have explored the effects of Bioglue on anastomotic healing under
normal conditions, as well as the impact of obstructive ileus on anastomotic integrity [35,36].
However, the present study is the first to evaluate the combined effect of Bioglue application
in the setting of obstructive ileus, a condition known to impair anastomotic healing through
ischemia, inflammation, and increased mechanical stress. Our findings demonstrate that
Bioglue enhances key aspects of tissue repair—including collagen deposition, neovascu-
larization, and fibroblast activity—even under the compromised conditions of ileus. This
suggests that Bioglue may mitigate the detrimental effects of ileus on anastomotic healing,
providing a potential strategy for reinforcing anastomoses in high-risk surgical scenarios.
These insights extend previous research and highlight the relevance of Bioglue beyond
elective cases, supporting its possible application in emergency colorectal surgery where
obstructive ileus is a common challenge.

The role of Bioglue in anastomotic reinforcement must be considered in the context of
other bioadhesives used in gastrointestinal surgery. Fibrin glue, despite its biocompatibility
and ease of application, has limited mechanical strength and undergoes rapid degrada-
tion, reducing its ability to provide long-term structural support [107]. Additionally, its
reliance on exogenous thrombin raises concerns about immune reactions and variable
clot stability in patients with coagulopathies. Cyanoacrylate-based adhesives offer strong
bonding capabilities but suffer from high tissue toxicity, leading to local inflammation,
necrosis, and potential foreign body reactions, which restrict their use in gastrointestinal
surgery [108]. A systematic review by Vakalopoulos et al. [17] extensively analyzed the
use of tissue adhesives in gastrointestinal anastomoses, highlighting both their potential
benefits and limitations. The review found that while fibrin glue has been widely studied,
it does not consistently reduce anastomotic leakage rates in colorectal surgery. Additionally,
cyanoacrylate glues, despite their strong adhesive properties, were noted to cause foreign
body reactions and fibrosis, limiting their clinical applicability. The review further empha-
sized that the variability in study methodologies and adhesive formulations makes direct
comparisons challenging, and no single adhesive has yet emerged as the gold standard for
colorectal anastomotic reinforcement.

There are some limitations to be considered in this study. First, this study was con-
ducted on experimental animals, and a large number of animal studies are needed to
confirm the utility of the data in humans. As a result, while the results provide valuable
insights into the effects of Bioglue on colonic anastomotic healing under obstructive ileus
conditions, caution is needed when interpreting these findings, as they cannot be directly
applied to clinical practice. Furthermore, the relatively small sample size of this study limits
the statistical power of our findings. Although significant trends were observed, a larger
sample would be necessary to draw more definitive conclusions. In addition, our study
does not provide long-term follow-up data on the effect of Bioglue on colonic tissues, which
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are also scarce in literature. Bridging the gap between experimental findings and clinical
application requires further research. In this way, further large-scale experimental studies
and clinical trials are required in order to assess the effects of Bioglue on anastomotic
healing after direct application to the colon, as well as the safety profile and long-term
outcomes. In addition, studies with an increased number of animals could enhance the
reliability of the results and allow for more robust statistical analyses and applicability
of findings in surgical settings. Additionally, comparative studies with existing clinical
interventions would provide a better context for its potential role in surgical practice.

The findings of this study suggest that Bioglue may have potential applications in
colorectal surgery, particularly in cases where anastomotic integrity is compromised due
to ischemia, infection, or high-risk surgical conditions. Given the limited clinical evi-
dence available, further research is necessary to evaluate its efficacy and safety in human
colorectal anastomoses. Future studies should focus on large-animal models, such as
porcine models, which closely resemble human colorectal physiology, to better assess
Bioglue’s mechanical properties and biocompatibility. Additionally, well-designed clinical
trials are essential to determine whether Bioglue can reduce anastomotic leakage rates,
improve healing outcomes, and minimize postoperative complications in high-risk surgical
patients. Expanding research to alternative surgical applications, including minimally
invasive and robotic-assisted colorectal procedures, may further clarify its role in modern
surgical practice.

Statistical power is a fundamental aspect of study reliability, as it determines the
likelihood of detecting true effects. In this study, while the trends suggest a potential
benefit of Bioglue in anastomotic healing, the small sample size limits the ability to draw
definitive conclusions. The relatively limited number of animals per group increases the
risk of Type II errors, potentially obscuring meaningful differences. Although ANOVA and
Fisher’s exact tests were employed for statistical analysis, the limited sample size reduces
the robustness of these comparisons. To partially address this, p-values at a slightly higher
threshold (p < 0.10) were reported for certain analyses; however, this does not substitute
for the need for larger-scale studies.

Enhancing statistical power in future research requires a larger sample size to improve
effect estimate precision and reduce both Type I and Type II errors. The application of
advanced statistical methodologies, such as mixed-effects modeling, could provide better
control for individual variability and increase analytical robustness. Furthermore, meta-
analyses of multiple experimental studies could offer a more comprehensive assessment
of Bioglue’s impact on anastomotic healing. Given these limitations, the findings of this
study should be interpreted as preliminary, underscoring the need for further large-scale
experimental and clinical investigations to confirm their validity and clinical applicability.

In conclusion, anastomotic leakage after colonic resection is a serious complication,
associated with increased postoperative morbidity and mortality rates. The rate of anasto-
motic dehiscence is also increased under obstructive ileus conditions. Our study proved
that the local application of albumin/glutaraldehyde (Bioglue) anastomosis healing both
on the 4th and on the 8th postoperative days did no lead to anastomotic leakage and
increased mechanical strength. Specifically, the application of Bioglue increased inflam-
matory response, neoangiogenesis, fibroblasts proliferation, and neocollagen production
under obstructive ileus conditions. Therefore, local application of albumin/glutaraldehyde
(Bioglue) on colonic anastomosis seems to have a protective and reinforcing effect on the
healing process of colonic anastomoses, in conditions of obstructive ileus, both on the 4th
and on the 8th postoperative days.
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5. Conclusions

Anastomotic dehiscence remains a major complication in colorectal surgery, partic-
ularly under obstructive ileus conditions. Our study demonstrates that the application
of albumin/glutaraldehyde (Bioglue) enhances colonic anastomotic healing by improv-
ing mechanical strength, promoting fibroblast activity, neovascularization, and collagen
deposition. While a trend toward lower anastomotic dehiscence was observed, statisti-
cal significance was not reached. These findings suggest that Bioglue may mitigate the
adverse effects of ileus on anastomotic integrity, reducing the risk of dehiscence. How-
ever, its clinical applicability in colorectal surgery remains uncertain due to the lack of
large-scale clinical trials evaluating its long-term biocompatibility and safety. While it may
be beneficial for high-risk anastomoses, particularly in cases with ischemia, peritonitis,
or intra-abdominal sepsis, further research is required to assess its degradation profile,
potential inflammatory response, and effects on tissue remodeling. This study has some
limitations, including a modest sample size, the exclusive use of male rats, which prevents
the assessment of sex-based differences in anastomotic healing, and the absence of im-
munohistochemical analysis to further investigate inflammation, fibrosis, and angiogenesis.
Future studies should include both male and female subjects, incorporate large-animal
models for better translational relevance, and compare Bioglue with other bioadhesives to
determine its relative efficacy. Additionally, long-term safety evaluations and clinical trials
are needed to establish whether Bioglue can enhance anastomotic integrity in colorectal
surgery, particularly for high-risk patients.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jcm14072457/s1. Table S1: Body weight (gr) before the experiment
and on the sacrifice day; Table S2: Bursting pressure (mmHg) on 4th and 8th postoperative day;
Table S3: Frequency of the rupture of the anastomosis per group and day; Table S4: Rupture site per
group and day; Table S5: Frequency of adhesion formation per group and day; Table S6: Leukocytosis;
Table S7: Neovascularization; Table S8: Fibroblasts; Table S9: Neocollagen; Table S10: Hydroxyproline;
Table S11: Type I Collagenase.

Author Contributions: Conceptualization, K.D. and I.M.; methodology, O.L; software, A.A.B.;
validation, E.K., S.B., and M.G.P,; formal analysis, S.S.; investigation, F.T.; resources, B.D.; data
curation, B.D.; writing—original draft preparation, K.D. and E.A.; writing—review and editing, K.D.,
O.I, and E.A.; visualization, E.S.-P; supervision, LM. and S.A.; project administration, . M.; funding
acquisition, K.A. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the by the Ethical Committee of the Department of Veterinary Services
of the Prefecture of Thessaloniki (S.N.: 13/10767/15 September 2003).

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are available to any qualified researchers upon request to
telonakos@gmail.gr.

Conflicts of Interest: The authors declare no conflicts of interest.

1. Kim, LY;; Kim, B.R.; Kim, Y.W. The Impact of Anastomotic Leakage on Oncologic Outcomes and the Receipt and Timing of
Adjuvant Chemotherapy after Colorectal Cancer Surgery. Int. J. Surg. 2015, 22, 3-9. [CrossRef] [PubMed]

2. Gallo, G.; Pata, F; Vennix, S.; Laurberg, S.; Morton, D.; Rubbini, M.; Vaizey, C.; Magill, L.; Perry, R.; Sheward, N.; et al.
Predictors for Anastomotic Leak, Postoperative Complications, and Mortality after Right Colectomy for Cancer: Results from an
International Snapshot Audit. Dis. Colon Rectum 2020, 63, 606-618. [CrossRef]


https://www.mdpi.com/article/10.3390/jcm14072457/s1
https://www.mdpi.com/article/10.3390/jcm14072457/s1
https://doi.org/10.1016/j.ijsu.2015.08.017
https://www.ncbi.nlm.nih.gov/pubmed/26283295
https://doi.org/10.1097/DCR.0000000000001590

J. Clin. Med. 2025, 14, 2457 22 of 26

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

Zarnescu, E.C.; Zarnescu, N.O.; Costea, R. Updates of Risk Factors for Anastomotic Leakage after Colorectal Surgery. Diagnostics
2021, 11, 2382. [CrossRef]

Geropoulos, G.; Psarras, K.; Giannis, D.; Martzivanou, E.C.; Papaioannou, M.; Kakos, C.D.; Pavlidis, E.T.; Symeonidis, N.;
Koliakos, G.; Pavlidis, T.E. Platelet Rich Plasma Effectiveness in Bowel Anastomoses: A Systematic Review. World ]. Gastrointest.
Surg. 2021, 13, 1736-1753. [CrossRef]

Buchs, N.C.; Gervaz, P.;; Secic, M.; Bucher, P.; Mugnier-Konrad, B.; Morel, P. Incidence, Consequences, and Risk Factors for
Anastomotic Dehiscence after Colorectal Surgery: A Prospective Monocentric Study. Int. |. Color. Dis. 2008, 23, 265-270. [CrossRef]
Rahbari, N.N.; Weitz, J.; Hohenberger, W.; Heald, R.J.; Moran, B.; Ulrich, A.; Holm, T.; Wong, W.D.; Tiret, E.; Moriya, Y.; et al.
Definition and Grading of Anastomotic Leakage Following Anterior Resection of the Rectum: A Proposal by the International
Study Group of Rectal Cancer. Surgery 2010, 147, 339-351. [CrossRef]

Lim, S.B.; Yu, C.S.; Kim, C.W.; Yoon, Y.S.; Park, L].; Kim, J.C. The Types of Anastomotic Leakage That Develop Following Anterior
Resection for Rectal Cancer Demonstrate Distinct Characteristics and Oncologic Outcomes. Int. J. Color. Dis. 2015, 30, 1533-1540.
[CrossRef]

Kang, J.; Kim, H,; Park, H].; Lee, B.; Lee, K.Y. Risk Factors and Economic Burden of Postoperative Anastomotic Leakage Related
Events in Patients Who Underwent Surgeries for Colorectal Cancer. PLoS ONE 2022, 17, e0267950. [CrossRef]

McDermott, ED.; Heeney, A.; Kelly, M.E.; Steele, R.].; Carlson, G.L.; Winter, D.C. Systematic Review of Preoperative, Intraoperative
and Postoperative Risk Factors for Colorectal Anastomotic Leaks. Br. J. Surg. 2015, 102, 462—479. [CrossRef]

Sakr, A.; Emile, S.H.; Abdallah, E.; Thabet, W.; Khafagy, W. Predictive Factors for Small Intestinal and Colonic Anastomotic Leak:
A Multivariate Analysis. Indian J. Surg. 2017, 79, 555-562. [CrossRef]

Niu, L.; Wang, J.; Zhang, P.; Zhao, X. Protective Ileostomy Does Not Prevent Anastomotic Leakage after Anterior Resection of
Rectal Cancer. |. Int. Med. Res. 2020, 48, 300060520946520. [CrossRef]

Abernethy, E.K.; Aly, E.H. Postoperative Ileus after Minimally Invasive Colorectal Surgery: A Summary of Current Strategies for
Prevention and Management. Dig. Surg. 2024, 41, 79-91. [CrossRef] [PubMed]

Lluis, N.; Biondo, S. Prolonged Postoperative Ileus after Colorectal Surgery: Still an Unresolved Problem. Ann. Laparosc. Endosc.
Surg. 2018, 3, 15. [CrossRef]

Venara, A.; Hamel, J.-F,; Beyer-Berjot, L.; Vignaud, T.; Slim, K.; Abderrazak, M.; Abolo, H.; Abras, N.; Aissou, M.; Albertini, S.;
et al. Link between Postoperative Ileus and Anastomotic Leakage: A Structural Equation Modelling Approach. Surg. Open Dig.
Adv. 2021, 2, 100009. [CrossRef]

Pavlidis, T.E. Carcinoma of the Colon Caused Intussusception Presenting with Obstructive Ileus. Int. ]. Color. Dis. 2007, 22, 337.
[CrossRef]

Peters, E.G.; Dekkers, M.; van Leeuwen-Hilbers, EW.; Daams, F; Hulsewé, KW.E.; de Jonge, W.J.; Buurman, W.A.; Luyer, M.D.P.
Relation between Postoperative Ileus and Anastomotic Leakage after Colorectal Resection: A Post Hoc Analysis of a Prospective
Randomized Controlled Trial. Color. Dis. 2017, 19, 667—674. [CrossRef]

Vakalopoulos, K.A.; Daams, F; Wu, Z.; Timmermans, L.; Jeekel, ].J.; Kleinrensink, G.J.; Van Der Ham, A.; Lange, J.F. Tissue
Adhesives in Gastrointestinal Anastomosis: A Systematic Review. J. Surg. Res. 2013, 180, 290-300. [CrossRef]

Nordentoft, T. Sealing of Gastrointestinal Anastomoses with Fibrin Glue Coated Collagen Patch. Dan. Med. J. 2015, 62, B5081.
Cira, K; Stocker, F; Reischl, S.; Obermeier, A.; Friess, H.; Burgkart, R.; Neumann, P.A. Coating of Intestinal Anastomoses for
Prevention of Postoperative Leakage: A Systematic Review and Meta-Analysis. Front. Surg. 2022, 9, 882173. [CrossRef]

Panda, S.; Connolly, M.P.; Ramirez, M.G.; de Heredia, J.B. Costs Analysis of Fibrin Sealant for Prevention of Anastomotic Leakage
in Lower Colorectal Surgery. Risk Manag. Healthc. Policy 2020, 13, 5-11. [CrossRef]

Stanojkovi¢, Z.; Stanojevi¢, G.; Stojanovi¢, M.; Mili¢, D.; Zivi¢, S. Determination of fibrin glue with antibiotics on collagen
production in colon anastomosis. Vojnosanit. Pregl. 2008, 65, 681-687. [CrossRef] [PubMed]

Houston, K.A.; Rotstein, O.D. Fibrin Sealant in High-Risk Colonic Anastomoses. Arch. Surg. 1988, 123, 230-234. [CrossRef]
[PubMed]

Voloudakis, N.; Koutelidakis, I.; Christoforidis, E.; Atmatzidis, S.; Kotoreni, G.; Papaziogas, B.; Schizas, D.; Zavos, C.; Papalois, A,;
Chatzimavroudis, G. Fibrin Glue and Coats Compromise the Integrity of Colonic Anastomosis: An Experimental Trial on Rats.
Ann. Gastroenterol. 2024, 37, 216-224. [CrossRef]

Leggat, P.A.; Smith, D.R.; Kedjarune, U. Surgical Applications of Cyanoacrylate Adhesives: A Review of Toxicity. ANZ |. Surg.
2007, 77,209-213. [CrossRef] [PubMed]

Passage, J.; Jalali, H.; Tam, R K.W.; Harrocks, S.; O’'Brien, M.E. BioGlue Surgical Adhesive—An Appraisal of Its Indications in
Cardiac Surgery. Ann. Thorac. Surg. 2002, 74, 432-437. [CrossRef]

Gundry, S.R.; Black, K.; Izutani, H. Sutureless Coronary Artery Bypass with Biologic Glued Anastomoses: Preliminary in Vivo
and in Vitro Results. ]. Thorac. Cardiovasc. Surg. 2000, 120, 473-477. [CrossRef]

Bavaria, J.E.; Brinster, D.R.; Gorman, R.C.; Woo, Y.J.; Gleason, T.; Pochettino, A. Advances in the Treatment of Acute Type A
Dissection: An Integrated Approach. Ann. Thorac. Surg. 2002, 74, 2-6. [CrossRef]


https://doi.org/10.3390/diagnostics11122382
https://doi.org/10.4240/wjgs.v13.i12.1736
https://doi.org/10.1007/s00384-007-0399-3
https://doi.org/10.1016/j.surg.2009.10.012
https://doi.org/10.1007/s00384-015-2359-7
https://doi.org/10.1371/journal.pone.0267950
https://doi.org/10.1002/bjs.9697
https://doi.org/10.1007/s12262-016-1556-0
https://doi.org/10.1177/0300060520946520
https://doi.org/10.1159/000537805
https://www.ncbi.nlm.nih.gov/pubmed/38359801
https://doi.org/10.21037/ales.2018.02.06
https://doi.org/10.1016/j.soda.2021.100009
https://doi.org/10.1007/s00384-005-0746-1
https://doi.org/10.1111/codi.13582
https://doi.org/10.1016/j.jss.2012.12.043
https://doi.org/10.3389/fsurg.2022.882173
https://doi.org/10.2147/RMHP.S221008
https://doi.org/10.2298/vsp0809681s
https://www.ncbi.nlm.nih.gov/pubmed/18814504
https://doi.org/10.1001/archsurg.1988.01400260118015
https://www.ncbi.nlm.nih.gov/pubmed/2449148
https://doi.org/10.20524/aog.2024.0859
https://doi.org/10.1111/j.1445-2197.2007.04020.x
https://www.ncbi.nlm.nih.gov/pubmed/17388821
https://doi.org/10.1016/S0003-4975(02)03689-5
https://doi.org/10.1067/mtc.2000.108596
https://doi.org/10.1016/S0003-4975(02)04128-0

J. Clin. Med. 2025, 14, 2457 23 of 26

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

43.

44.

45.

46.

47.

48.

49.
50.

51.

52.

53.

54.

Hewitt, CW.; Marra, S.W.; Kann, B.R.; Tran, H.S.; Puc, M.M.; Chrzanowski, EAJ; Tran, ].L.; Lenz, S.D.; Cilley, ].H.J.; Simonetti,
V.A; et al. BioGlue Surgical Adhesive for Thoracic Aortic Repair during Coagulopathy: Efficacy and Histopathology. Ann. Thorac.
Surg. 2001, 71, 1609-1612. [CrossRef]

Zehr, K.J. Use of Bovine Albumin-Glutaraldehyde Glue in Cardiovascular Surgery. Ann. Thorac. Surg. 2007, 84, 1048-1052.
[CrossRef]

Raanani, E.; Latter, D.A.; Errett, L.E.; Bonneau, D.B.; Leclerc, Y.; Salasidis, G.C. Use of “BioGlue” in Aortic Surgical Repair. Ann.
Thorac. Surg. 2001, 72, 638-640. [CrossRef]

Rathinam, S.; Naidu, B.V,; Nanjaiah, P.; Loubani, M.; Kalkat, M.S.; Rajesh, P.B. BioGlue and Peri-Strips in Lung Volume Reduction
Surgery: Pilot Randomised Controlled Trial. J. Cardiothorac. Surg. 2009, 4, 37. [CrossRef]

Kocherov, S; Lev, G.; Chertin, B. Use of BioGlue Surgical Adhesive in Hypospadias Repair. Curr. Urol. 2014, 7, 132-135. [CrossRef]
de Lucena, M.T.; Mathias, C.A.; de Pontes Filho, N.T.; Candido, A.C.L.; Vasconcelos, E. Influéncia Da Cola Bioglue® Na Deiscéncia
de Anastomose Colonica: Estudo Experimental. Rev. Bras. De Coloproctol. 2007, 27, 158-166. [CrossRef]

Ekici, Y.; Yilmaz Akgay, E.; Moray, G. Effect of the Bioadhesive, BioGlue, on Impaired Colonic Anastomose Healing in Rats. Int.
Surg. 2015, 100, 1375-1381. [CrossRef]

Despoudi, K.; Mantzoros, I.; Ioannidis, O.; Loutzidou, L.; Christidis, P.; Chatzakis, C.; Gkasdaris, G.; Raptis, D.; Pramateftakis,
M.G.; Angelopoulos, S.; et al. Healing of Colonic Anastomosis in Rats under Obstructive Ileus Conditions. Discoveries 2021,
9, €129. [CrossRef]

Despoudi, K.; Mantzoros, I.; Ioannidis, O.; Cheva, A.; Antoniou, N.; Konstantaras, D.; Symeonidis, S.; Pramateftakis, M.G.;
Kotidis, E.; Angelopoulos, S.; et al. Effects of Albumin/Glutaraldehyde Glue on Healing of Colonic Anastomosis in Rats. World J.
Gastroenterol. 2017, 23, 5680-5691. [CrossRef]

de la Portilla, F; Rada, R.; Ledn, E.; Cisneros, N.; Maldonado, V.H.; Espinosa, E. Evaluation of the Use of BioGlue in the Treatment
of High Anal Fistulas: Preliminary Results of a Pilot Study. Dis. Colon Rectum 2007, 50, 218-222. [CrossRef]

Percie du Sert, N.; Hurst, V.; Ahluwalia, A.; Alam, S.; Avey, M.T.; Baker, M.; Browne, W.J.; Clark, A.; Cuthill, I.C; Dirnagl, U.; et al.
The ARRIVE Guidelines 2.0: Updated Guidelines for Reporting Animal Research. PLoS Biol. 2020, 18, e3000410. [CrossRef]
Aguilar-Nascimento, J.E.; Mathie, R.T.; Man, WK_; Williamson, R.C. Enhanced Intra-Anastomotic Healing by Operative Lavage
with Nutrient Solutions in Experimental Left-Sided Colonic Obstruction. Br. ]. Surg. 1995, 82, 461-464. [CrossRef]
Galanopoulos, G.; Raptis, D.; Pramateftakis, M.-G.; Mantzoros, I.; Kanellos, I.; Lazarides, C. The Effects of Iloprost on Colonic
Anastomotic Healing in Rats under Obstructive Ileus Conditions. J. Surg. Res. 2014, 189, 22-31. [CrossRef]

Malone, P.S. An Experimental Single Layer Colonic Anastomosis. Ir. |. Med. Sci. 1985, 154, 422-426. [CrossRef] [PubMed]
Ceran, C.; Aksoy, R.T.; Giilbahar, O.; Oztiirk, F. The Effects of Ghrelin on Colonic Anastomosis Healing in Rats. Clinics 2013,
68, 239-244. [CrossRef] [PubMed]

Krasniqi, A.; Gashi-Luci, L.; Krasniqi, S.; Jakupi, M.; Hashani, S.; Limani, D.; Dreshaj, I.A. A Comparison of Three Single Layer
Anastomotic Techniques in the Colon of the Rat. Int. J. Surg. 2009, 7, 31-35. [CrossRef]

Kanellos, I.; Mantzoros, I.; Demetriades, H.; Kalfadis, S.; Sakkas, L.; Kelpis, T.; Betsis, D. Sutureless Colonic Anastomosis in the
Rat: A Randomized Controlled Study. Tech. Coloproctol. 2002, 6, 143-146. [CrossRef]

van der Ham, A.C.; Kort, W.J.; Weijma, I.M.; van den Ingh, H.E; Jeekel, H. Effect of Antibiotics in Fibrin Sealant on Healing
Colonic Anastomoses in the Rat. Br. |. Surg. 1992, 79, 525-528. [CrossRef]

Sapidis, N.; Tziouvaras, C.; Ioannidis, O.; Kalaitsidou, I.; Botsios, D. The Effect of Glutamine and Synbiotics on the Healing of
Colonic Anastomosis. Rev. Esp. Enfermedades Dig. 2014, 106, 255-262.

Ntampakis, G.; Pramateftakis, M.-G.; Ioannidis, O.; Bitsianis, S.; Christidis, P.; Symeonidis, S.; Koliakos, G.; Karakota, M.; Bekiari,
C.; Tsakona, A.; et al. The Role of Adipose Tissue Mesenchymal Stem Cells in Colonic Anastomosis Healing in Inflammatory
Bowel Disease: Experimental Study in Rats. J. Clin. Med. 2023, 12, 6336. [CrossRef]

Phillips, J.D.; Kim, C.S.; Fonkalsrud, E.W.; Zeng, H.; Dindar, H. Effects of Chronic Corticosteroids and Vitamin A on the Healing
of Intestinal Anastomoses. Am. . Surg. 1992, 163, 71-77. [CrossRef]

Shomaf, M. Histopathology of Human Intestinal Anastomosis. East. Mediterr. Health ]. 2003, 9, 413—421. [CrossRef]

Akyuz, C,; Yasar, N.E; Uzun, O.; Peker, K.D.; Sunamak, O.; Duman, M.; Sehirli, A.O.; Yol, S. Effects of Melatonin on Colonic
Anastomosis Healing Following Chemotherapy in Rats. Singap. Med. |. 2018, 59, 545-549. [CrossRef]

Reddy, G.K.; Enwemeka, C.S. A Simplified Method for the Analysis of Hydroxyproline in Biological Tissues. Clin. Biochem. 1996,
29, 225-229. [CrossRef] [PubMed]

Rosendorf, J.; Klicova, M.; Herrmann, I.; Anthis, A.; Cervenkova, L.; Palek, R.; Treska, V.; Liska, V. Intestinal Anastomotic Healing:
What Do We Know About Processes Behind Anastomotic Complications. Front. Surg. 2022, 9, 904810. [CrossRef] [PubMed]
Reischl, S.; Wilhelm, D.; Friess, H.; Neumann, P--A. Innovative Approaches for Induction of Gastrointestinal Anastomotic Healing:
An Update on Experimental and Clinical Aspects. Langenbeck’s Arch. Surg. 2021, 406, 971-980. [CrossRef]

Morgan, R.B.; Shogan, B.D. The Science of Anastomotic Healing. Semin. Colon Rectal Surg. 2022, 33, 100879. [CrossRef]


https://doi.org/10.1016/s0003-4975(01)02424-9
https://doi.org/10.1016/j.athoracsur.2007.01.012
https://doi.org/10.1016/S0003-4975(01)02663-7
https://doi.org/10.1186/1749-8090-4-37
https://doi.org/10.1159/000356265
https://doi.org/10.1590/s0101-98802007000200005
https://doi.org/10.9738/INTSURG-D-15-00085.1
https://doi.org/10.15190/d.2021.8
https://doi.org/10.3748/wjg.v23.i31.5680
https://doi.org/10.1007/s10350-006-0799-4
https://doi.org/10.1371/journal.pbio.3000410
https://doi.org/10.1002/bjs.1800820410
https://doi.org/10.1016/j.jss.2014.01.052
https://doi.org/10.1007/BF02937216
https://www.ncbi.nlm.nih.gov/pubmed/3912349
https://doi.org/10.6061/clinics/2013(02)OA19
https://www.ncbi.nlm.nih.gov/pubmed/23525322
https://doi.org/10.1016/j.ijsu.2008.10.005
https://doi.org/10.1007/s101510200033
https://doi.org/10.1002/bjs.1800790617
https://doi.org/10.3390/jcm12196336
https://doi.org/10.1016/0002-9610(92)90255-P
https://doi.org/10.26719/2003.9.3.413
https://doi.org/10.11622/smedj.2018035
https://doi.org/10.1016/0009-9120(96)00003-6
https://www.ncbi.nlm.nih.gov/pubmed/8740508
https://doi.org/10.3389/fsurg.2022.904810
https://www.ncbi.nlm.nih.gov/pubmed/35747439
https://doi.org/10.1007/s00423-020-01957-1
https://doi.org/10.1016/j.scrs.2022.100879

J. Clin. Med. 2025, 14, 2457 24 of 26

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Jongen, A.C; Bosmans, ].W,; Kartal, S.; Lubbers, T.; Sosef, M.; Slooter, G.D.; Stoot, ].H.; van Schooten, F.-J.; Bouvy, N.D.; Derikx,
J.P. Predictive Factors for Anastomotic Leakage After Colorectal Surgery: Study Protocol for a Prospective Observational Study
(REVEAL Study). JMIR Res. Protoc. 2016, 5, €90. [CrossRef]

Tsalikidis, C.; Mitsala, A.; Mentonis, V.I.; Romanidis, K.; Pappas-Gogos, G.; Tsaroucha, A.K.; Pitiakoudis, M. Predictive Factors
for Anastomotic Leakage Following Colorectal Cancer Surgery: Where Are We and Where Are We Going? Curr. Oncol. 2023,
30, 3111-3137. [CrossRef]

Kevin Emeka, C. Prolonged Post-Operative Paralytic Ileus and Anastomotic Leak: Guilty or Not Guilty. Biomed. . Sci. Tech. Res.
2022, 46, 37954-37957. [CrossRef]

Ntampakis, G.; Pramateftakis, M.-G.; Anestiadou, E.; Bitsianis, S.; Ioannidis, O.; Bekiari, C.; Koliakos, G.; Karakota, M.; Tsakona,
A_; Cheva, A; et al. Experimental Models of High-Risk Bowel Anastomosis in Rats: A Systematic Review. World J. Exp. Med. 2024,
14, 94135. [CrossRef]

Boeding, ] R.E.; Ramphal, W.; Crolla, R.M.P.H.; Boonman-de Winter, L.J.M.; Gobardhan, P.D.; Schreinemakers, ]. M.]. Ileus Caused
by Obstructing Colorectal Cancer—Impact on Long-Term Survival. Int. ]. Color. Dis. 2018, 33, 1393-1400. [CrossRef]

Gainant, A. Emergency Management of Acute Colonic Cancer Obstruction. J. Visc. Surg. 2012, 149, e3—e10. [CrossRef]
Ioannidis, O.; Ramirez, ].M.; Ubieto, ] M.; Feo, C.V.; Arroyo, A.; Kocidn, P.; Sdnchez-Guillén, L.; Bellosta, A.P.; Whitley, A.; Enguita,
A.B.; et al. The EUPEMEN (EUropean PErioperative MEdical Networking) Protocol for Bowel Obstruction: Recommendations
for Perioperative Care. J. Clin. Med. 2023, 12, 4185. [CrossRef] [PubMed]

Lindestrom, L.M.; Ekblad, E. Structural and Neuronal Changes in Rat Ileum after Ischemia with Reperfusion. Dig. Dis. Sci. 2004,
49,1212-1222. [CrossRef] [PubMed]

Pommergaard, H.C.; Achiam, M.P.; Burcharth, J.; Rosenberg, J. Impaired Blood Supply in the Colonic Anastomosis in Mice
Compromises Healing. Int. Surg. 2015, 100, 70-76. [CrossRef]

Farias Rolim, M.; Riger, C.J.; Eleutherio, E.C.; da Fonseca Colao, C.; Cotta Pereira, G.; Schanaider, A. Colonic Healing after Portal
Ischemia and Reperfusion: An Experimental Study with Oxidative Stress Biomarkers. Redox Rep. 2007, 12, 267-274. [CrossRef]
Renner, P; Kienle, K.; Dahlke, M.H.; Heiss, P; Pfister, K.; Stroszczynski, C.; Piso, P.; Schlitt, H.]. Intestinal Ischemia: Current
Treatment Concepts. Langenbeck’s Arch. Surg. 2011, 396, 3-11. [CrossRef]

Grootjans, J.; Lenaerts, K.; Derikx, ].P.M.; Matthijsen, R.A.; De Bruine, A.P,; Van Bijnen, A.A; Van Dam, R.M.; Dejong, C.H.C.; Buur-
man, W.A. Human Intestinal Ischemia-Reperfusion-Induced Inflammation Characterized: Experiences from a New Translational
Model. Am. ]. Pathol. 2010, 176, 2283-2291. [CrossRef]

Sand, E.; Themner-Persson, A.; Ekblad, E. Infiltration of Mast Cells in Rat Colon Is a Consequence of Ischemia/Reperfusion. Dig.
Dis. Sci. 2008, 53, 3158-3169. [CrossRef]

Raptis, D.; Pramateftakis, M.-G.; Kanellos, I. Our 20-Year Experience with Experimental Colonic Anastomotic Healing. J. Med.
Life 2018, 11, 5-14.

Kanellos, D.; Blouhos, K.; Pramateftakis, M.G.; Kanellos, I.; Demetriades, H.; Sakkas, L.; Betsis, D. Effect of 5-Fluorouracil plus
Interferon on the Integrity of Colonic Anastomoses Covering with Fibrin Glue. World ]. Surg. 2007, 31, 186-191. [CrossRef]
Rijcken, E.; Sachs, L.; Fuchs, T.; Spiegel, H.U.; Neumann, P.A. Growth Factors and Gastrointestinal Anastomotic Healing. J. Surg.
Res. 2014, 187, 202-210. [CrossRef]

Bobkiewicz, A.; Studniarek, A.; Krokowicz, L.; Szmyt, K.; Borejsza-Wysocki, M.; Szmeja, J.; Marciniak, R.; Drews, M.; Banasiewicz,
T. Gastrointestinal Tract Anastomoses with the Biofragmentable Anastomosis Ring: Is It Still a Valid Technique for Bowel
Anastomosis? Analysis of 203 Cases and Review of the Literature. Int. . Color. Dis. 2017, 32, 107-111. [CrossRef]

Gocol, R; Bis, ].; Hudziak, D.; Morkisz, L.; Deja, M.A. Aortic Root Reconstruction with Tachosil Fibrin Sealant Patch in Acute
Type a Aortic Dissection. Ann. Thorac. Cardiovasc. Surg. 2021, 27, 267-272. [CrossRef] [PubMed]

Prodromidou, A.; lavazzo, C.; Fotiou, A.; Psomiadou, V.; Drakou, M.; Vorgias, G.; Kalinoglou, N. The Application of Fibrin
Sealant for the Prevention of Lymphocele after Lymphadenectomy in Patients with Gynecological Malignancies: A Systematic
Review and Meta-Analysis of Randomized Controlled Trials. Gynecol. Oncol. 2019, 153, 201-208. [CrossRef]

Nerstrom, M.; Krarup, P-M.; Jorgensen, L.N.; Agren, M.S. Therapeutic Improvement of Colonic Anastomotic Healing under
Complicated Conditions: A Systematic Review. World J. Gastrointest. Surg. 2016, 8, 389. [CrossRef]

Erbil, Y.; Calis, A.; Berber, E.; Mercan, S. The Effect of Intraoperative Colonic Lavage with NG-Nitro-L-Arginine Methyl Ester
(L-NAME) on Anastomotic Healing in the Presence of Left-Sided Colonic Obstruction in the Rat. Surg. Today 2000, 30, 421-425.
[CrossRef]

Faruquzzaman; Mazumder, S.K. The Healing Role of Erythropoietin in the Obstructive vs. Nonobstructive Left Colonic
Anastomosis. Bratisl. Lek. Listy 2009, 110, 530-535.

Gulcelik, M.A; Dinc, S.; Bir, E; Elitok, O.; Alagol, H.; Oz, M. Locally Applied Molgramostim Improves Wound Healing at Colonic
Anastomoses in Rats after Ligation of the Common Bile Duct. Can. J. Surg. 2005, 48, 213-218.


https://doi.org/10.2196/resprot.5477
https://doi.org/10.3390/curroncol30030236
https://doi.org/10.26717/bjstr.2022.46.007426
https://doi.org/10.5493/wjem.v14.i2.94135
https://doi.org/10.1007/s00384-018-3132-5
https://doi.org/10.1016/j.jviscsurg.2011.11.003
https://doi.org/10.3390/jcm12134185
https://www.ncbi.nlm.nih.gov/pubmed/37445224
https://doi.org/10.1023/B:DDAS.0000037815.63547.08
https://www.ncbi.nlm.nih.gov/pubmed/15387349
https://doi.org/10.9738/INTSURG-D-13-00191.1
https://doi.org/10.1179/135100007X239261
https://doi.org/10.1007/s00423-010-0726-y
https://doi.org/10.2353/ajpath.2010.091069
https://doi.org/10.1007/s10620-008-0279-x
https://doi.org/10.1007/s00268-006-0094-5
https://doi.org/10.1016/j.jss.2013.10.013
https://doi.org/10.1007/s00384-016-2661-z
https://doi.org/10.5761/atcs.nm.20-00198
https://www.ncbi.nlm.nih.gov/pubmed/33563845
https://doi.org/10.1016/j.ygyno.2019.01.011
https://doi.org/10.4240/wjgs.v8.i5.389
https://doi.org/10.1007/s005950050615

J. Clin. Med. 2025, 14, 2457 25 of 26

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Bahouth, Z.; Moskovitz, B.; Halachmi, S.; Nativ, O. Bovine Serum Albumin-Glutaraldehyde (BioGlue®) Tissue Adhesive versus
Standard Renorrhaphy Following Renal Mass Enucleation: A Retrospective Comparison. Ther. Adv. Urol. 2017, 9, 67-72.
[CrossRef]

Abbas, M.A ; Tejirian, T. Bioglue for the Treatment of Anal Fistula Is Associated with Acute Anal Sepsis. Dis. Colon Rectum 2008,
51, 1155. [CrossRef]

Giuratrabocchetta, S.; Rinaldi, M.; Cuccia, F.; Lemma, M.; Piscitelli, D.; Polidoro, P.; Altomare, D.F. Protection of Intestinal
Anastomosis with Biological Glues: An Experimental Randomized Controlled Trial. Tech. Coloproctol. 2011, 15, 153-158.
[CrossRef]

Saunders, M.M.; Baxter, Z.C.; Abou-Elella, A.; Kunselman, A.R.; Trussell, ].C. BioGlue and Dermabond Save Time, Leak Less, and
Are Not Mechanically Inferior to Two-Layer and Modified One-Layer Vasovasostomy. Fertil. Steril. 2009, 91, 560-565. [CrossRef]
[PubMed]

Wang, N.D.; Doty, D.B.; Doty, ].R.; Yuksel, U.; Flinner, R. BioGlue®: A Protective Barrier after Pericardiotomy. J. Card. Surg. 2007,
22,295-299. [CrossRef] [PubMed]

Mohan, H.; Beddy, D.; Latif, A.; Bangash, T.; Quill, D.; Traynor, O. The “Flying” Bile Duct: Avulsion of the Common Bile Duct in a
Plane Crash Survivor. Ir. J. Med. Sci. 2009, 178, 523-525. [CrossRef]

De Somer, E; Delanghe, J.; Somers, P.; Debrouwere, M.; Van Nooten, G. Mechanical and Chemical Characteristics of an Autologous
Glue. J. Biomed. Mater. Res.-Part A 2008, 86, 1106-1112. [CrossRef]

Glickman, M.; Gheissari, A.; Money, S.; Martin, J.; Ballard, J.L. A Polymeric Sealant Inhibits Anastomotic Suture Hole Bleeding
More Rapidly than Gelfoam/Thrombin: Results of a Randomized Controlled Trial. Arch. Surg. 2002, 137, 326-332. [CrossRef]
Chen, X.; Qin, R.; Liu, B.; Ma, Y;; Su, Y.; Yang, C.S.; Glickman, ].N.; Odze, R.D.; Shaheen, N.J. Multilayered Epithelium in a Rat
Model and Human Barrett’s Esophagus: Similar Expression Patterns of Transcription Factors and Differentiation Markers. BMC
Gastroenterol. 2008, 8, 1. [CrossRef]

Dusick, J.R.; Mattozo, C.A.; Esposito, F,; Kelly, D.F. BioGlue® for Prevention of Postoperative Cerebrospinal Fluid Leaks in
Transsphenoidal Surgery: A Case Series. Surg. Neurol. 2006, 66, 371-376. [CrossRef]

Seretis, C.; Kaisari, P.; Wanigasooriya, K.; Shariff, U.; Youssef, H. Malnutrition Is Associated with Adverse Postoperative Outcome
in Patients Undergoing Elective Colorectal Cancer Resections. . BUON 2018, 23, 36—41.

Sripathi, S.; Khan, M.L; Patel, N.; Meda, R.T.; Nuguru, S.P.; Rachakonda, S. Factors Contributing to Anastomotic Leakage
Following Colorectal Surgery: Why, When, and Who Leaks? Cureus 2022, 14, €29964. [CrossRef]

Krarup, P.-M.; Eld, M.; Jorgensen, L.N.; Hansen, M.B.; Agren, M.S. Selective Matrix Metalloproteinase Inhibition Increases
Breaking Strength and Reduces Anastomotic Leakage in Experimentally Obstructed Colon. Int. J. Color. Dis. 2017, 32, 1277-1284.
[CrossRef]

Raptis, D.; Mantzoros, I.; Pramateftakis, M.G.; Despoudi, K.; Zaraboukas, T.; Koliakos, G.; Kanellos, I.; Lazarides, C. The Effects of
Tacrolimus on Colonic Anastomotic Healing in Rats. Int. J. Color. Dis. 2012, 27, 299-308. [CrossRef] [PubMed]

Ghiselli, R.; Lucarini, G.; Ortenzi, M.; Salvolini, E.; Saccomanno, S.; Orlando, F.; Provinciali, M.; Casciani, F.; Guerrieri, M.
Anastomotic Healing in a Rat Model of Peritonitis after Non-Steroidal Anti-Inflammatory Drug Administration. Eur. |. Histochem.
2020, 64, 3085. [CrossRef] [PubMed]

van der Vijver, R.]J.; van Laarhoven, C.J.H.M.; de Man, B.M.; Lomme, RM.L.M.; Hendriks, T. The Effect of Fibrin Glue on the
Early Healing Phase of Intestinal Anastomoses in the Rat. Int. ]. Color. Dis. 2012, 27, 1101-1107. [CrossRef]

Desmouliére, A.; Chaponnier, C.; Gabbiani, G. Tissue Repair, Contraction, and the Myofibroblast. Wound Repair Regen. 2005,
13, 7-12. [CrossRef]

Sousa, A.A.; Petroianu, A.; Trapiello Neto, V.; Rios, V.S.; Barbosa, A.J.A. Effect of Sodium Carboxymethylcellulose and Methyl-
prednisolone on the Healing of Jejunal Anastomoses in Rats. Braz. ]. Med. Biol. Res. 2001, 34, 519-523. [CrossRef]

Gerogiannis, I.; Papalois, A.; Psalla, D.; Kambaroudis, A. Beneficiary Effect of Fibrin Glue on Healing of Ileoileal Anastomoses in
Rats. In Vivo 2022, 36, 221-226. [CrossRef]

Deiters, U.; Barsig, ].; Tawil, B.; Miihlradt, P.F. The Macrophage-Activating Lipopeptide-2 Accelerates Wound Healing in Diabetic
Mice. Exp. Dermatol. 2004, 13, 731-739. [CrossRef]

Vakalopoulos, K.A.; Wu, Z.; Kroese, L.F.; van der Horst, PH.; Lam, K.H.; Dodou, D.; Jeekel, ].].; Lange, ].F. Clinical, Mechanical,
and Immunohistopathological Effects of Tissue Adhesives on the Colon: An in-Vivo Study. . Biomed. Mater. Res.-Part B Appl.
Biomater. 2017, 105, 846-854. [CrossRef]

Distler, ] HW.; Hirth, A.; Kurowska-Stolarska, M.; Gay, R.E.; Gay, S.; Distler, O. Angiogenic and Angiostatic Factors in the
Molecular Control of Angiogenesis. Q. J. Nucl. Med. 2003, 47, 149-161.

Citgez, B.; Cengiz, A.N.; Akgun, I.; Uludag, M.; Yetkin, G.; Bahat, N.; Ozcan, O.; Polat, N.; Akcakaya, A.; Karatepe, O. Effects
of Chitosan on Healing and Strength of Colonic Anastomosis in Rats | Efeitos de Quitosana Na Cicatrizagao e Resisténcia de
Anastomose Colonica Em Ratos. Acta Cir. Bras. 2012, 27, 707-712. [CrossRef]


https://doi.org/10.1177/1756287217697662
https://doi.org/10.1007/s10350-008-9332-2
https://doi.org/10.1007/s10151-010-0674-0
https://doi.org/10.1016/j.fertnstert.2007.12.006
https://www.ncbi.nlm.nih.gov/pubmed/18304547
https://doi.org/10.1111/j.1540-8191.2007.00410.x
https://www.ncbi.nlm.nih.gov/pubmed/17661769
https://doi.org/10.1007/s11845-008-0225-0
https://doi.org/10.1002/jbm.a.31705
https://doi.org/10.1001/archsurg.137.3.326
https://doi.org/10.1186/1471-230X-8-1
https://doi.org/10.1016/j.surneu.2006.06.043
https://doi.org/10.7759/cureus.29964
https://doi.org/10.1007/s00384-017-2857-x
https://doi.org/10.1007/s00384-011-1337-y
https://www.ncbi.nlm.nih.gov/pubmed/22065109
https://doi.org/10.4081/ejh.2020.3085
https://www.ncbi.nlm.nih.gov/pubmed/31941266
https://doi.org/10.1007/s00384-012-1435-5
https://doi.org/10.1111/j.1067-1927.2005.130102.x
https://doi.org/10.1590/S0100-879X2001000400012
https://doi.org/10.21873/invivo.12694
https://doi.org/10.1111/j.0906-6705.2004.00233.x
https://doi.org/10.1002/jbm.b.33621
https://doi.org/10.1590/S0102-86502012001000007

J. Clin. Med. 2025, 14, 2457 26 of 26

101.

102.

103.

104.

105.

106.

107.

108.

Stergios, K.; Frountzas, M.; Pergialiotis, V.; Korou, L.M.; Kontzoglou, K.; Stefanidis, K.; Nikiteas, N.; Perrea, D.N.; Vaos, G.
The Effect of TISSEEL® on Colorectal Anastomosis Healing Process in a Diabetic Animal Experimental Model. In Vivo 2020,
34, 659-665. [CrossRef]

Yol, S.; Tekin, A.; Yilmaz, H.; Kiiglikkartallar, T.; Esen, H.; Caglayan, O.; Tatkan, Y. Effects of Platelet Rich Plasma on Colonic
Anastomosis. J. Surg. Res. 2008, 146, 190-194. [CrossRef] [PubMed]

Goksu, M.; Alakus, H.; Ertan, S.; Akgtin, S. Effect of Platelet-Rich Plasma on Colon Anastomosis in Rats in Which Hyperthermic
Intra-Peritoneal Chemotherapy Was Performed Using 5-Fluorouracil. ANZ J. Surg. 2020, 90, 2290-2297. [CrossRef] [PubMed]
Chowcat, N.L.; Savage, FJ.; Lewin, M.R.; Boulos, P.B. Direct Measurement of Collagenase in Colonic Anastomosis. Br. J. Surg.
1990, 77, 1284-1287. [CrossRef]

Erasmi, A.W,; Sievers, H.H.; Wolschlédger, C. Inflammatory Response after BioGlue Application. Ann. Thorac. Surg. 2002,
73,1025-1026.

Slieker, J.C.; Vakalopoulos, K.A.; Komen, N.A.; Jeekel, J.; Lange, ].F. Prevention of Leakage by Sealing Colon Anastomosis:
Experimental Study in a Mouse Model. J. Surg. Res. 2013, 184, 819-824. [CrossRef]

Nordentoft, T.; Pommergaard, H.-C.; Rosenberg, J.; Achiam, M.P. Fibrin Glue Does Not Improve Healing of Gastrointestinal
Anastomoses: A Systematic Review. Eur. Surg. Res. 2015, 54, 1-13. [CrossRef]

Petrie, E.M. Cyanoacrylate Adhesives in Surgical Applications Cyanoacrylate Adhesives in Surgical Applications: A Critical
Review. In Progress in Adhesion and Adhesives; Wiley: Hoboken, NJ, USA, 2018. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.21873/invivo.11820
https://doi.org/10.1016/j.jss.2007.05.015
https://www.ncbi.nlm.nih.gov/pubmed/18028949
https://doi.org/10.1111/ans.15993
https://www.ncbi.nlm.nih.gov/pubmed/32436284
https://doi.org/10.1002/bjs.1800771129
https://doi.org/10.1016/j.jss.2013.04.015
https://doi.org/10.1159/000366418
https://doi.org/10.7569/RAA.2014.097306

	Introduction 
	Materials and Methods 
	Experimental Animals 
	Study Groups 
	Anesthesia and Operative Technique 
	Body Weight Measurement 
	Macroscopic Examination 
	Bursting Pressure Measurement 
	Histopathological Assessment 
	Hydroxyproline Measurement 
	Type I Collagenase Measurement 
	Statistical Analysis 

	Results 
	Body Weight 
	Bursting Pressure 
	Anastomotic Dehiscence 
	Rupture Site 
	Adhesion Formation 
	Histological Assessment 
	Leukocytosis 
	Neovascularization 
	Fibroblast Activity 
	Neocollagen Production 
	Hydroxyproline Levels 
	Type I Collagenase 


	Discussion 
	Conclusions 
	References

