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Abstract

Background: Anastomotic leakage remains a serious complication following colorectal surgery, often
associated with significant morbidity and mortality. Impaired blood supply at the incision site has
been suggested as a key contributing factor. Objective: To develop and validate a reproducible rat
model of colonic anastomotic leakage induced by graded mesocolon ischemia at the incision margins.
Methods: 144 rats underwent end-to-end colonic anastomosis with five different levels of mesocolon
ligation, ranging from no ligation (control) to 2 cm ischemia on each side. Postoperative outcomes,
including anastomotic integrity, abscess formation, and mortality, were assessed 10 days
postoperatively. Results: Anastomotic leak rates increased proportionally with the extent of
mesocolic ischemia: 0% in controls, 19.04% with 0.2 cm ligation, 44.23% with 0.4 cm, and 100% with
1 and 2 cm. The model was consistent and reproducible. Conclusions: This model reliably induces
graded anastomotic leaks in rats and may serve as a platform for future studies evaluating
interventions to reduce leak risk in high-risk colorectal surgery patients.

Keywords: anastomotic leak; colonic surgery; ischemia; rat model; mesocolon ligation; colorectal
anastomosis

1. Introduction

Despite extensive research in the field, anastomotic leakage remains a common and serious
complication in colorectal surgery, occurring in approximately 3—7% of cases, with mortality rates
ranging from 2—4% [8]. Furthermore, the leakage rate for low rectal anastomoses may be even higher,
reaching up to 27% in some reports [4,6,7]. Anastomotic leakage is multifactorial in etiology, and
ischemia of the colonic margins is considered one of the most important contributing factors [1].
Known risk factors include smoking, coronary artery disease, and hypertension. Patients with these
comorbidities often suffer from microvascular disease that impairs tissue perfusion, especially in the
anastomotic area, which may lead to ischemia and subsequently increase the risk of leakage [9-11].
This complication can significantly affect the clinical course of the patient, potentially resulting in
fever, abscess formation, sepsis, metabolic disturbances, and/or multiorgan failure [12]. However, no
existing animal model has demonstrated a direct link between marginal ischemia and anastomotic
leakage. Therefore, the aim of the present study was to develop a rat model with varying degrees of
ischemia at the colonic incision margins to test this relationship. A validated model of this nature
could assist in evaluating new interventions intended to reduce the incidence of anastomotic leakage,
particularly in high-risk patients [1]. Animal experiments remain essential tools for understanding
pathophysiological mechanisms and for evaluating interventions aimed at preventing anastomotic
leakage. Most experimental models in this field have utilized rats to establish colonic anastomoses
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[12-14]. Other animal models, such as pigs and dogs, have also been used. However, these models
pose several limitations including ethical concerns, high cost, housing difficulties, and lack of clinical
relevance, making rodent models more practical and commonly used [15-17]. Several studies in the
literature have focused on optimizing the development of models that reliably induce anastomotic
leaks in rodents. These efforts have included evaluating appropriate analgesic protocols, determining
the ideal number of sutures, and the adoption of absorbable sutures, all of which have contributed to
refining these experimental models. Accordingly, future research may focus on identifying
predisposing factors that elevate the risk of leakage. Recognizing such factors may aid surgeons in
selecting appropriate patients for primary anastomosis and ultimately reduce postoperative
morbidity and mortality [19]. Our model simulates a mechanical injury to the intestinal wall by
applying localized pressure to the mesenteric side of the bowel, in a manner resembling conditions
such as intestinal strangulation, segmental ischemia, or trauma. The model is based on creating a
partial obstruction of blood flow in the mesenteric vessels of the bowel segment, with end-to-end
anastomosis performed afterward. This simulation allows evaluation of various factors affecting
anastomotic healing, such as blood supply, age, systemic diseases, pharmacologic interventions, and
more.

2. Materials and Methods

A total of 144 rats were used in this experimental study conducted at the animal facility of Soroka
University Medical Center. For the study, rats weighing 300 grams were used and underwent open
surgery via laparotomy. Anesthesia was administered using inhalational gas. The procedure
involved transection of the transverse colon followed by an end-to-end anastomosis, performed using
a single-layer, interrupted suture technique with six 5-0 Vicryl stitches. The experimental groups
were defined based on the degree of ischemia applied to the mesocolon, simulating varying levels of
vascular injury:

e The first group (control group) underwent resection without any mesocolon injury.

e  In the other groups, ischemia was induced by clamping a defined segment of the mesocolon on
one side of the bowel, for a specific length proximal to the anastomosis site. The degree of
vascular injury to the mesocolon was modulated as follows:

e  Group 1 - No mesocolon injury

e  Group 2 - 0.2 cm ischemic segment on one side of the mesocolon

e  Group 3 - 0.4 cm ischemic segment on one side of the mesocolon

e Group 4 -1 cm ischemic segment on one side of the mesocolon

e  Group 5 -2 cm ischemic segment on one side of the mesocolon
All rats were monitored for 20 minutes postoperatively to assess bleeding and recovery from

anesthesia. The rats were then returned to their cages with free access to food and water. Ten days

after the primary surgery, a second laparotomy was performed to evaluate the healing of the
anastomosis and assess for complications such as anastomotic leak, peritonitis, or other causes of
morbidity and mortality. This study was conducted in accordance with the ethical guidelines for the
use of animals in research and was approved by the Institutional Animal Care and Use Committee

(IACUC) of Ben-Gurion University of the Negev, Israel. All experiments were performed on a defined

number of healthy rats, using standard anesthetic protocols and humane endpoints.

3. Results

For an entire year, experiments were conducted on rats, which were divided into small groups.
In each group, rats were randomly selected to undergo mesocolon ligation, with a different type of
ligation performed each time. The table below summarizes all the small rat groups together and
presents the number of animals that died during the procedure for various reasons, those that died
later, and those that survived with a proper anastomosis, abscess formation, or other outcomes. It is
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important to note that equal conditions were strictly maintained for all rats in terms of anesthesia
administration, analgesics, hydration, and nutrition.

Following the random allocation of rats to undergo surgery with mesocolon ligation at varying
lengths, the anastomoses were evaluated. Some anastomoses were intact, while others were
compromised, presenting with leakage, abscesses, and related complications. The table above
presents the leakage rates observed in each experimental group. It can be concluded that rats which
did not undergo mesocolon ligation exhibited a 100% rate of intact anastomosis. In rats subjected to
ligation of 0.2 cm on each side, leakage occurred in 19.05% of cases. In those with 0.4 cm ligation on
each side, leakage was observed in 44.23% of cases. Rats that underwent ligation of 1 cm showed a
100% leakage rate, while those with 2 cm ligation on each side experienced 100% mortality.

Based on our results, it can be concluded that ligation at 0.4 cm results in a leakage rate of 44.23%,
which may serve as a reliable model for future experimental studies. Ligation at 0.2 cm could also be
considered as a model, though the leakage rate was less consistent, occurring in only 19.05% of cases.
According to the present study, ligation greater than 1 cm resulted in 100% mortality. Additionally,
it was decided to measure the bursting pressure of the anastomosis as part of the evaluation of the
anastomotic line, ten days after the initial surgery.

Table 1. Summary of outcomes by mesocolon ischemia severity.

Died Post-o Anastomotic
Group Survived Died Intra-op P Leak Total Leak Rate
(24h)
(%)
No ischemia 2 2 1 0 2 0.0
(control)
0.2 cm
mesocolon 24 2 1 4 24 19.05
ischemia
0.4 cm
mesocolon 52 2 0 23 54 4423
ischemia
1em mesocolon 1 19 23 24 100
ischemia
2 cm mesocolon 0 0 20 20 20 100

ischemia

Summary of perioperative and postoperative outcomes in rats undergoing end-to-end colonic anastomosis with
varying lengths of mesocolon ischemia. Data include intraoperative mortality, early postoperative mortality,
anastomotic leakage, and overall survival rates. Increasing ischemic length was associated with progressively

higher rates of anastomotic failure and mortality.

This table summarizes the experimental results from a controlled animal model, in which rats
underwent colonic anastomosis under varying degrees of ischemia applied to the mesocolon adjacent
to the anastomotic site. Each experimental group was defined according to the severity and length of
the ischemic injury applied unilaterally to the mesocolon, with standardized timing and location
relative to the anastomosis. The data presented in the table reflect a clear trend: as the degree of
mesocolon ischemia increases, there is a corresponding rise in morbidity and mortality, either
intraoperatively or in the postoperative period. This highlights the critical role of mesenteric
perfusion in anastomotic healing. The differences in anastomotic leak rates among the groups further
emphasize the importance of local tissue perfusion and vascular integrity for successful anastomotic
recovery.
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Anastomotic Leakage Rates by Mesocolon Ligation Length
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Figure 1. Anastomotic leakage rates according to mesocolon ligation length.
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Figure 2. Flowchart illustrating rat allocation, survival and postoperative outcomes across experimental

groups.

This model establishes a direct relationship between incision margin ischemia and anastomotic
leak rates in rats. Our findings align with previous animal studies demonstrating ischemia as a critical
factor in leak development. Unlike models using large animals, the rat model offers logistical and
ethical advantages. The 0.4 cm ligation condition yielded a consistent and intermediate leak rate
suitable for testing preventive strategies. Future applications include evaluating antibiotics, novel
suturing techniques, and perfusion-enhancing technologies.
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In addition, it was decided to measure the anastomotic bursting pressure as part of the
assessment of the anastomotic line, ten days after the initial surgical procedure.

Intestine

Bulb - Pressure

\ gauge
\

Anastomosis

Figure 3. Schematic illustration of the bursting pressure measurement model.

An illustration simplifying the model we constructed for measuring bursting pressure. On one
side, the connection to the pump is shown, and on the other side, the pressure gauge used to measure
the bursting pressure inside the intestine (comparing an unoperated intestine with one following

surgery).
Bursting pressures were measured in 10 rats from each group:

Table 2. Bursting pressure measurements according to anastomotic conditions.

Bursting pressures

Intestine without an anastomosis »300
Intestine with an intact anastomosis 145«
Intestine with an abscess at the anastomotic site 85¢
Intestine with a perforation 40«

4. Discussion

Several similar studies in literature address ischemia models of the anastomotic margins in
laboratory animals. Pommergaard demonstrated that a murine model closely replicates anastomotic
leakage in humans. This model has high clinical relevance, as leakage in the model resembles the
outcomes of leakage in humans. They showed, in the murine model, an increased rate of colonic
anastomotic leakage when the anastomosis was performed with four absorbable sutures compared
to a control group with eight absorbable sutures (40% vs. 0%, p = 0.003). Weight loss was more
pronounced, and the vitality index was also significantly lower in these animals (p < 0.001) [1].
Boersema and colleagues concluded that hyperbaric oxygen therapy improves the healing of
ischemic anastomoses in rats and benefits postoperative renal function. They used 40 rats that
underwent colectomy with ischemic anastomosis. The rats were divided into a group receiving
hyperbaric oxygen treatment (HBOT) for 10 days and a control group without HBOT. In the HBOT
group, no anastomotic leakage was observed, compared to a leakage rate of 37.5% in the control
group [2]. Henne-Bruns D. determined that placing a polyglycolic acid (PGA) mesh over the colonic
anastomotic line impairs healing in rats, possibly due to reduced contact between the anastomosis
and the omentum. In this study, 75 rats underwent transverse colon transection with single-layer
anastomosis. In half of the rats, six sutures were placed, and in the other half, four sutures. In half of
the animals in each group, a PGA mesh was placed to cover the anastomosis [3]. In another study in
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pigs, significant anastomotic separation and marginal ischemia were not reliable predictors for
developing intra-abdominal abscess, peritonitis, or sepsis. In this study, 12 pigs underwent end-to-
end anastomosis of the descending colon, with ligation of the mesenteric vessels 5 cm from each side
of the anastomosis. No clinical leakage was demonstrated, even in animals with maximal ischemia
[4]. A Dutch research group concluded that weight loss and deterioration in the vitality index are
good predictors for an anastomotic leakage model in mice. They compared end-to-end colonic
anastomosis using 12 interrupted sutures to anastomosis with 5 interrupted sutures. In mice without
leakage, there was weight loss for 2-3 days postoperatively, followed by stabilization. In contrast, in
mice with leakage, weight loss continued beyond day five. Variability in vitality index values was
also observed [5]. It is evident that there is no consensus among researchers regarding the optimal
model for anastomotic leakage, with the main difficulty being the lack of a uniform, consistent rodent
model that would allow for significant and efficient follow-up studies. In the present study, we
succeeded in creating a clinical model that produces consistent leakage rates in end-to-end colonic
anastomoses by ligating the mesocolon at varying lengths on each side of the anastomosis in rats.
During the study, we aimed to maintain uniformity across all parameters, including the number of
sutures, suture type, rat weight, and other factors, to avoid influencing the results or introducing bias.
Anesthesia was achieved with isoflurane gas. All anastomoses were constructed with six sutures
using 5-0 coated Vicryl. Following the initial surgical procedure, the rats were given unlimited access
to food and water, in addition to analgesics. Notably, no antibiotics were administered. In the control
group (rats without mesocolon ligation), the leakage rate was 0%. In the group with 0.2 cm mesocolon
ligation on each side of the anastomosis, leakage rate was 19.05%. In the group with 0.4 cm ligation
on each side leakage rate was 44.23%. In the last two groups, with ligations of 1 cm and 2 cm on each
side, 100% leakage among the few survivors. As shown in the attached tables and diagrams, a
consistent leakage rate was observed in the group with 0.4 cm ligation on each side of the mesocolon.
In addition, bursting pressure measurements were performed 10 days after anastomosis creation,
comparing the control group to the mesocolon-ligation groups. A significant difference was found
between unoperated intestines and those after surgery. It should be noted that although differences
in bursting pressure were observed among postoperative anastomoses with varying mesocolon
ligation lengths, these differences were relatively small. The consistent leakage rate, as described
above, can serve for future studies using this model to evaluate the effects of additional variables,
such as smoking, antibiotic use, etc. The impact of these factors can be measured according to changes
in the leakage rate established in this model. The model we developed appears to have strong
potential for testing different approaches and innovative technologies aimed at preventing leakage
in colorectal surgery. Possible interventions include prophylactic antibiotic use, biological glues,
novel suture materials, blood supply assessment technologies for the anastomosis, and other
methods. We consider this model a successful platform for future research.

5. Conclusion

We developed a reliable rat model for colonic anastomotic leak based on mesocolon ischemia. A
0.4 cm bilateral mesocolon ligation yielded reproducible leak rates, supporting its use as a standard
for further experimental studies aimed at leak prevention.
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Figure 4. Measurement of mesocolon ligation length.

Intraoperative images 4 and 5 demonstrating measurement of the mesocolon ligation length
adjacent to the colonic anastomosis. Precise measurement ensured standardized and reproducible
induction of ischemia across experimental groups.
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Figure 5. Measurement of mesocolon ligation length.

Figure 6. Postoperative appearance of ischemic colonic anastomosis.
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Anastomotic leak - Abscess

Figure 7. Postoperative appearance of ischemic colonic anastomosis.

Representative images 6 and 7 showing the colon following mesocolon ligation, with visible
anastomotic leakage and associated intra-abdominal abscess formation.

-

Figure 8. Macroscopic appearance of the colon after mesocolon ligation.

Gross specimen of the intestine following mesocolon ligation, demonstrating ischemic changes
at the anastomotic site.
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Figure 9. Microscopic image of the anastomotic site.

Microscopic image obtained during the procedure, illustrating tissue morphology at the
anastomotic site following ischemic injury.
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