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2. DEFINITIONS 

Anastomotic leakage was defined according to the definitions 

made by the Surgical Infection Study Group [1]. They have de-

fined anastomotic leakage as a leak of luminal contents from a 

surgical join between two hollow viscera, emerging through the 

wound or drain site, or collecting in relation to the anastomosis. 

The leakage may affect the clinical state of the patient, causing 

fever, abscess, septicemia, metabolic disturbances and/or multi-

ple-organ failure. Any local anastomotic leakage in the absence of 

clinical symptoms may be regarded as a subclinical leakage [1]. 

Moreover, anastomotic leakage may be defined according to the 

degrees of severity. 

 Radiological leakage is defined as leakage visualized upon 

radiological examination without the patient having clinical symp-

toms. Both minor and major clinical leakage are defined as clinical 

symptoms of anastomotic leakage as described above. However, 

when a change in surgical and/or medical management is neces-

sary, the leakage is defined as major. For both conditions, radio-

logical leakage may also be present [2]. 

3. INTRODUCTION 

DESCRIPTION OF THE CONDITION 

Anastomotic leakage after construction of a colorectal anastomo-

sis is an important clinical problem in gastrointestinal surgery. 

This condition occurs in 3-7% of all colonic resections with a mor-

tality rate of up to 27%. Anastomotic leakage is even more fre-

quent for the rectal resections with a leakage rate of 13% [3-8]. In 

addition to this, anastomotic leakage after resection for malig-

nant disease may increase the recurrence rate and impair cancer 

related survival [9]. 

PATHOPHYSIOLOGICAL MECHANISMS 

When anastomotic leakage occurs in a patient, it may be caused 

by different pathophysiological mechanisms. Presumably, anas-

tomotic leakage is multifactorial and cannot be attributed to a 

single mechanism. However, tissue ischemia and insufficient 

surgical technique are considered two of the most important 

factors. Regarding surgical technique, it has been shown that 

experienced surgeons with a high caseload of colorectal resec-

tions produce better patient related outcomes, including a re-

duced anastomotic leakage rate [6, 10], a lower operative mortal-

ity and a better 5 year survival [11]. Moreover, the anastomotic 

leakage rate among the individual surgeons varies greatly, which 

indicates that the technical abilities of the surgeon play a role for 

the risk of anastomotic leakage [12].  

 With regard to ischemia, blood supply and oxygenation are 

considered important factors for anastomotic healing [13]. It has 

been shown that low oxygen tension in the perianastomotic 

tissue is a predictor for colon anastomotic leakage in humans [14] 

and in the experimental setting [15]. Furthermore, experimental 

blood loss leading to low tissue oxygen tension reduced collagen 

content of the anastomosis [16]. Thus, impaired healing in re-

sponse to ischemia may explain this mechanism. 

Experimental evaluation of clinical colon anastomo-
tic leakage 
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PREVENTION OF ANASTOMOTIC LEAKAGE 

Anastomotic leakage continues to be a major clinical issue, even 

though researchers have sought to prevent it with various inter-

ventions. However, the majority of interventions have only been 

tested experimentally. Among these are pharmacological inter-

ventions such as immunomodulatory drugs (e.g. tacrolimus [17] 

and TNF-α antagonists [18]), nutrients (e.g. glutamine [19], short 

chain fatty acids [20] and resveratrol (antioxidant) [21]), hor-

mones (e.g. human growth hormone [22] and insulin-like growth 

factor 1 [23]) and proteinase inhibitors (matrix metallopro-

teinases [24]). Most of these studies have found positive results. 

However, these drugs have not been evaluated clinically.  

 A promising strategy to prevent anastomotic leakage may be 

external coating of the anastomosis. With this strategy, possible 

defects in the anastomosis may be sealed by the coating material, 

which thereby encapsulates the leak to prevent clinical symp-

toms. Such defects may be a result of insufficient surgical tech-

nique or a result of tissue ischemia and subsequent focal necrosis. 

These coating materials may be liquid or solid (e.g. mesh). How-

ever, common for them are a need for flexibility to allow adaption 

to the bowel movements as well as an ability to cause minimal 

tissue reaction.  

IMPORTANCE OF EXPERIMENTAL RESEARCH 

Whether a novel intervention may be beneficial or even harmful 

to patients is unknown, hence it is unethical to test such treat-

ments directly in humans. Thus, animal models are necessary to 

evaluate the safety and efficiency of interventions prior to clinical 

testing. The optimal animal model should simulate the conditions 

of a specific disease in humans as accurately as possible. There-

fore, the clinical condition of anastomotic leakage in humans with 

subsequent abscess/peritonitis and sepsis should be simulated if 

possible. A technical insufficiency model is a relevant choice, in 

which insufficient surgical technique is simulated by means of too 

few sutures with subsequent defects in the suture line. When 

initiating the projects of this thesis, no suitable model of this type 

was available. The existing models were either unable to simulate 

the clinical scenario [25], too costly to use [26] or insufficiently 

described with respect to the methodology to allow reproduction 

and validation [27]. Therefore, a new animal model of clinical 

leakage due to technical insufficiency was needed. In addition, 

the existing models of anastomotic leakage due to ischemia were 

unsatisfactory as they failed to produce clinical leakage [28-30]. 

Therefore, a new ischemia model was also needed. Subsequently, 

these models could be used to test whether anastomotic coating, 

or other interventions, may decrease the leakage rate in absence 

of adverse effects. 

ETHICAL CONSIDERATIONS 

Colorectal anastomotic leakage is a serious condition resulting in 

multiple deaths worldwide. Thus, with colorectal resection being 

a common surgical procedure, many patients are at risk for anas-

tomotic leakage. Therefore, it is considered ethical to use experi-

mental animals to evaluate this condition. In order to limit the 

number of animals in the experiments, inbred animals are used. 

These animals are genetically similar [31], which causes them to 

respond in a similar manner in the experiments, and thereby 

adding less variation to the results. Hence, a smaller number of 

animals may be used to obtain the same results [31]. Moreover, 

sample size calculations based on previous studies both avoid 

unnecessary use of animals and allow proper dimensioning of the 

experiments to detect a possible effect. Furthermore, to limit the 

number of animals, the control group from one study may be 

reused in another study, given that it is not considered a problem 

for the study design. Strict humane endpoints should be main-

tained for all the animals throughout all experiments to ensure 

that no animals are suffering. In collaboration with veterinarians, 

proper analgesic regimens should be developed to ensure a 

minimal level of pain in the animals. 

OBJECTIVE 

The objective of this thesis was:  

To identify the best suited animal to model the clinical presenta-

tion of colon anastomotic leakage in humans. 

To create animal models in which clinical colon anastomotic 

leakage is induced by two possible pathophysiological mecha-

nisms (technical insufficiency and ischemia). 

To determine the best suited coating material for prevention of 

anastomotic leakage. 

4. PRESENTATION OF STUDIES: 

STUDY 1: CHOOSING THE BEST ANIMAL SPECIES TO MIMIC CLINI-

CAL COLON ANASTOMOTIC LEAKAGE IN HUMANS: A QUALITA-

TIVE SYSTEMATIC REVIEW 

Aim 

The aim of this study was to identify the best suited animal to 

model clinical colon anastomotic leakage in humans. 

Methods  

This study was a systematic review conducted according to the 

PRISMA guidelines [32], in which the databases PubMed and Rex 

were searched up to October 2010. The PubMed search aimed at 

identifying experimental animal models evaluating clinical anas-

tomotic leakage defined as fecal peritonitis or abscess formation. 

The Rex database was searched to identify textbooks on animal 

physiology and anatomy, and surgical aspects of experimental 

animals. Studies exclusively evaluating healing properties of anas-

tomotic tissue were excluded. For the study selection process, see 

Figure 1. 

 

 
 

Figure 1  

The study selection process (reproduced with permission from European Surgical 

Research) 

Results  

Models of clinical anastomotic leakage exist in the mouse, pig, 

rat, dog and rabbit. The rat is mostly used. However, extreme 

interventions, such as tissue trauma or a high dose of steroid, are 

needed to induce anastomotic leakage in this animal. In contrast, 

the rats may be well suited to evaluate healing properties of 

anastomotic tissue by methods such as breaking strength, burst-

ing pressure and collagen content measurements. The mouse and 
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pig are considered the best suited animals to evaluate clinical 

leakage using technical insufficiency models. The pig is highly 

comparable to humans, both with respect to gastrointestinal 

physiology and anatomy. However, the pig model is less validated 

compared with the mouse model. The pig is also more expensive 

to use, and housing and surgical procedures are generally more 

complicated. The mouse is cheap and practical due to easy han-

dling and maintenance, which makes it more suitable than the 

pig. 

Conclusions 

The mouse and the pig are considered the best suited animals for 

models of clinical colon anastomotic leakage created by technical 

insufficiency. However, the mouse may be preferred for various 

reasons. Validated models, such as the mouse model, should be 

used by researchers across centers to allow reproduction and 

comparison of results.   

Limitations 

This systematic review was conducted using only one database to 

identify studies. Other databases, such as Embase and Web of 

Science, may also have been relevant to use.  

 The review was conducted according to the PRISMA guide-

lines [32]. However, these guidelines were not adhered to in 

every detail. A formal bias assessment of individual studies and 

across studies were not performed. However, this may be difficult 

in experimental studies since scoring systems suitable for such 

studies are lacking. Furthermore, the method section in experi-

mental studies is often insufficiently described, which makes it 

difficult to evaluate its quality. Reporting of PICO (population, 

intervention, comparison and outcome) as recommended in the 

PRISMA guidelines [32], was not done either. However, PICO 

seems less important when the included studies are not interven-

tional. Moreover, we did not publish a review protocol although 

this is not mandatory in the guidelines.  

 The included studies were mostly non-validated models, 

meaning that the results may be different if the experiment is 

reproduced in a different setting. Moreover, most models were 

non-randomized without blinding of the investigator, which may 

introduce bias in the studies. However, we chose the best avail-

able studies and these limitations may be a result of the general 

study methodology in this field of research.  

 A large degree of heterogeneity was observed among the 

studies. The studies were very dissimilar with respect to designs, 

e.g. non-randomized vs. randomized, use of control group vs. no 

control group. Moreover, the technique used when constructing 

the anastomosis was not comparable between studies, e.g. re-

sorbable vs. non-resorbable sutures and continuous vs. inter-

rupted sutures. The place of the anastomosis was also different 

among the studies with the majority done on the anal part of the 

colon. Some studies even used additional interventions such as 

chemotherapy, antibiotic treatment or radiation. The definition of 

anastomotic leakage was not always clearly defined in the 

method section, thus it may have been different between the 

studies. Moreover, the detection of anastomotic leakage was 

frequently observer dependent and therefore subjected to bias. 

Considerable differences were noted among the studies with 

respect to the choice of measurements for healing properties e.g. 

breaking strength, bursting pressure and collagen measurements. 

Altogether, these limitations make results of the different studies 

difficult to compare.  

 In general, there are many translational limitations of ex-

perimental studies, since results obtained in animals are difficult 

to translate directly into the clinical setting. The use of clinical 

anastomotic leakage as outcome in the models may reduce this 

limitation. However, animals and humans are dissimilar on many 

aspects, e.g. animals used in experiments are often young and 

healthy compared to the clinical scenario of the old and sick 

patient with comorbidity. Moreover, little knowledge exists on 

animal intestinal physiology and anatomy. Altogether, this makes 

it difficult to compare experimental animals to human. 

STUDY 2: COLON ANASTOMOTIC LEAKAGE: IMPROVING THE 

MOUSE MODEL 

Aim 

The aim of this study was to improve and validate a model of 

clinical anastomotic leakage in the technically insufficient colonic 

anastomosis in mice. 

Methods 

In this study, experimental anastomoses were performed on the 

ascending colon with different numbers of sutures in order to 

mimic the technically insufficient anastomosis. Sufficient anasto-

moses were compared with insufficient anastomoses, in which 

the number of sutures was reduced to create a suitable leakage 

rate. A total of 110 C57BL/6 mice were used in three pilot studies 

and two experiments in which analgesia, suture numbers and 

suture materials were modified throughout the studies. The pilot 

studies were carried out in order to determine how the control 

anastomosis, with an acceptable low leakage rate, should be 

created. 

Pilot Study 1 

In ten animals, the anastomoses were created with twelve 8-0 

sutures. Subcutaneously administered Temgesic® was used as 

analgesia. Prolene® was used as suture material in five mice and 

Vicryl coated® was used in the remaining five mice. 

Pilot Study 2 

In six animals, the Pilot Study 1 was repeated. However, in this 

experiment subcutaneously administrated Rimadyl® (NSAID) was 

used as analgesia.  

Pilot Study 3 

In six animals, the Pilot Study 1 was repeated. However, in this 

experiment the suture material was changed to Vicryl coated®. 

Experiment A 

Forty-eight animals were randomized to either a twelve (control) 

or a five (intervention) suture anastomosis. As in the final pilot 

study, Vicryl coated® was used as suture material and Rimadyl® 

was used for analgesia. 
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Figure 2  

A mouse anastomosis using eight sutures (left picture) and four sutures (right 

picture), respectively (reproduced with permission from Surgery Today) 

Experiment B 

Forty animals were randomized to either an eight (control) or a 

four (intervention) suture anastomosis (Figure 2). In this experi-

ment, voluntarily ingested Temgesic® mixed with Nutella® choco-

late spread was used as analgesia and Vicryl coated® was used as 

suture material. 

 The primary outcome of this model was clinical anastomotic 

leakage measured as either abscess formation or fecal peritonitis. 

The animals were observed for seven days after surgery to evalu-

ate the clinical condition, wellness score (see Table 1) and weight. 

Animals which were considered too ill were sacrificed and evalu-

ated for signs of anastomotic leakage with re-laparotomy. At the 

end of the study period all animals were sacrificed and evaluated 

for signs of anastomotic leakage. The anastomotic breaking 

strength was determined using a material testing machine (LF+, 

Lloyd Instruments, Fareham, UK) with an XLC10n loading cell as 

described earlier [33]. The anastomosis with adjacent bowel was 

placed in two clamps and pulled apart (10 mm/min). The breaking 

strength was derived with software from a load-strain curve 

(Nexygen, Lloyd Instruments, Fareham, UK).  

 Fischer's exact test was used to compare the anastomotic 

leakage rates between the groups. Student’s t-test was used to 

evaluate the differences in breaking strength, as the measure-

ments were considered normally distributed. Friedman's test on 

differences was used to evaluate the course of wellness score and 

weight loss throughout the study period. 

 

 
 

Table 1 

Parameters examined for wellness score (reproduced with permission from Surgery 

Today) 

Results 

Pilot Study 1 

In this study, large bowel obstruction was found in all animals. 

The animals quickly became very ill and all were sacrificed before 

post-operative day (POD) 4. 

Pilot Study 2 

None of the animals had large bowel obstruction and 33.3% had 

anastomotic leakage presented as small abscesses. 

Pilot Study 3 

None of the animals had large bowel obstruction and 33.3% had 

anastomotic leakage, of which 16.6% had abscess formation and 

16.6% had fecal peritonitis. 

Experiment A 

In the control anastomoses (12 sutures), an anastomotic leakage 

rate of 25% was observed. Among the intervention group (techni-

cally insufficient anastomoses) with five sutures, a leakage rate of 

67% was observed. This was significantly different compared with 

controls (p=0.008, Fisher’s exact test). 

Experiment B 

In the control anastomoses (eight sutures), an anastomotic leak-

age rate of 0% was observed. An anastomotic leakage rate of 40% 

was observed in the intervention group (four sutures). This was 

significantly different compared with controls (p=0.003, Fisher’s 

exact test).  

 The anastomotic breaking strength was not significantly 

different between the control [0.55 N ±0.09] and intervention 

anastomoses [0.49 N ±0.15], (p=0.091, Student t-test). The major-

ity of the anastomoses broke in adjacent tissue (only 15.7% and 

38.5% broke at the anastomotic line in the control group and 

intervention group, respectively), which was not different be-

tween the groups (p=0.219, Fisher’s exact test). The wellness 

score was lower and the weight loss (Figure 3) was greater in 

animals with anastomotic leakage compared to the others 

(p<0.001, Friedman's test). 

 

 

Figure 3  

Median weight in animals with or without anastomotic leakage (reproduced with 

permission from Surgery Today) 

Conclusions  

The optimal model for creating a technically insufficient anasto-

mosis in the mouse was found to be with four sutures in the 
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intervention group and eight sutures in the control group. More-

over, the optimal analgesic regimen was considered to include 

voluntarily ingested Temgesic® mixed with Nutella® chocolate 

spread. Absorbable sutures may be used instead of non-

absorbable sutures making the experiments comparable to the 

clinical scenario of the interrupted suture anastomoses. 

Limitations 

The technical difficulties in Pilot Study 1 may have been responsi-

ble for the high large bowel obstruction rate. Too large suture 

bites when constructing the anastomoses may have led to anas-

tomotic stenosis.  On the other hand, the large bowel obstruc-

tions may have been a result of the subcutaneous Temgesic® 

regimen leading to paralytic ileus as an adverse effect.  

 In experiment A, the 12 sutures in the control anastomoses 

may have been the cause of the high anastomotic leakage rate. 

Theoretically, the 12 sutures may have induced focal ischemia 

due to the minimal space between the sutures. On the other 

hand, NSAIDs per se are suspected to increase the risk of anasto-

motic leakage [34]. In fact, when changing the suture number 

from five to four in the intervention group (from experiment A to 

B) the leakage rate was expected to increase. However, together 

with the discontinuation of the NSAID, the leakage rate was re-

duced instead. Thus, it seemed prudent to conclude that Ri-

madyl® may have had a compromising effect on the healing of the 

anastomosis. 

 There may be several explanations for the lack of difference 

in breaking strength between the sufficient and the insufficient 

anastomosis. All animals exhibiting signs of illness were removed 

from the experiment and therefore not included in the breaking 

strength evaluation. The majority of these animals came from the 

intervention group. Thus, the animals remaining in the interven-

tion group were not representative for the group. In general, the 

anastomoses were covered with adhesions around the anastomo-

tic line and these were difficult to remove in a reproducible man-

ner due to the strength of these adhesions and the small size of 

the anastomosis in the mouse, which may have introduced bias in 

the experiment. Moreover, the majority of the anastomoses 

broke in adjacent tissue. Therefore, the breaking strength meas-

urement could be considered a measurement of the integrity of 

healthy bowel, which may explain the lack of difference between 

the groups. There were technical difficulties when handling the 

small anastomosis. Despite using the smallest available instru-

ments, the anastomosis was difficult to position in a reproductive 

manner in the testing machine. This also may have introduced 

bias in the experiment. 

 The wellness score was significantly lower in animals with 

anastomotic leakage. Thus, it may be a valid indicator of leakage 

in the animals. However, as with the breaking strength, it may not 

fully represent all the animals with anastomotic leakage as the 

very ill animals, with fecal peritonitis, were removed in the early 

phase of the experiments. Therefore, these animals did not con-

tribute to the wellness score in the main part of the experiment. 

This might have been accounted for, by carrying forward the last 

observation of these animals, when performing the wellness 

score comparison analysis. However, despite this limitation the 

wellness score was sensitive enough to detect a reduced well-

being in the remaining animals with leakage, which primarily may 

be due to the abscesses affecting the clinical condition.  

 The wellness score may be used to evaluate the well-being of 

the animals and to decide when to remove an animal from the 

experiment. A threshold of 4 or lower (12 represented a normal 

clinical condition) in the wellness score for removing animals was 

used by Komen et al. [27]. This may have been suboptimal in our 

setting, considering that the majority of very ill animals with fecal 

peritonitis had a wellness score of only 6-7. The animal caretak-

ers, including the veterinarian at the institution, agreed that 

animals with this score should be removed from the experiments. 

This difference may be a result of the score being imprecise to 

evaluate animals with fecal peritonitis or it may be a result of us 

being inexperienced in using the wellness score. In general, it was 

uncomplicated to decide which animals should be removed from 

the experiments. The animals, at least the ones with fecal perito-

nitis, probably became ill due to a septic condition. As a result, 

the animals would lie still in the cage making very little effort to 

escape when being grabbed by the investigator. Therefore, the 

wellness score may be obsolete for this purpose, when selection 

of animals to be removed from the experiment can be done this 

easy, even for investigators with limited experience in handling 

animals. Although the wellness score may be a more objective 

method to remove animals from the experiment, in our experi-

ence, it was not well suited for this.  

STUDY 3: IMPAIRED BLOOD SUPPLY IN THE COLONIC ANASTO-

MOSIS IN MICE COMPROMISES HEALING WITHOUT CREATING 

CLINICAL LEAKAGE 

Aim 

The aim of this study was to evaluate whether reduced blood 

supply in the colonic anastomosis may induce anastomotic leak-

age in mice. 

Methods 

In this experiment, we used 53 C57BL/6 mice in which a sufficient 

eight-suture anastomosis was created 1 cm distal to the caecum 

with Vicryl coated® extramucosal sutures. This was a procedure 

similar to the construction of the anastomoses in the control 

group of Study 2. In order to create ischemia and subsequent 

anastomotic leakage, different amounts of blood supply were 

removed from the anastomoses with bipolar coagulation of mes-

enteric vessels prior to creating the anastomoses (Figure 4).  
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Figure 4  

The anatomy of vessels in relation to the anastomotic area and the place of coagula-

tion in the different experiments 

 

 The first three experiments were regarded as pilot studies 

aimed at determining the proper amount of ischemia to induce 

leakage. The number of coagulated vessel was increased if leak-

age was not achieved, whereas the number was decreased in 

case of large bowel obstruction (Table 2). The anastomotic break-

ing strength was measured in a similar manner as in Study 2 to 

evaluate anastomotic healing. Moreover, the control group from 

that study was used as reference when comparing leakage rates, 

large bowel obstructions rates and breaking strength.  

 To compare the number of animals with anastomotic leak-

age or large bowel obstruction between the groups, Fischer's 

exact test was used. Mann-Whitney's test was used to compare 

breaking strength (data not normally distributed). Friedman's test 

on differences was used to compare weight loss and wellness 

score between the groups. 

 

 
 

Table 2  

Ischemic intervention and anastomotic site in the different experiments 

Results 

Summary of results is presented in Table 3.  

 
 

Table 3 

Results from the different experiments 

NR: not recorded, significant results are in bold, *: Compared with controls (Fischer’s 

exact test), a: Compared with controls (Mann-whitney test), b: Compared with 

controls (Friedman’s test on differences), c: 20 mice were initially enrolled in this 

study, however one died during the operation as a result of a failure in the anaesthe-

sia apparatus. 

Experiment I (pilot) (n=4) 

In this study, one large vessel branching into five smaller vessels 

was coagulated. All the mice had large bowel obstruction and 

none had anastomotic leakage. 

Experiment II (pilot) (n=4):  

In this experiment, two vessels were coagulated. However, in 

contrast to the other studies the anastomoses were created four 

centimeters distal to the caecum. In 75% of the animals, large 

bowel obstruction was observed and 50% had anastomotic leak-

age.  

Experiment III (pilot) (n=6):  

This experiment was a repetition of Experiment II (pilot) except 

for the place of the anastomosis (1 cm distal to the caecum). In 

total, 16.6% of the animals had large bowel obstruction, whereas 

none had anastomotic leakage. 

Experiment IV (n=19):  

This experiment was a repetition of Experiment III (pilot). In total, 

10.5% of the animals had large bowel obstruction, whereas 5% 

had anastomotic leakage. The breaking strength was significantly 

lower in these animals compared with the control group. The 

wellness score and weight loss were not significantly different 

from the control group. 

Experiment V (n=10):  

This experiment was a repetition of Experiment IV, except that 

three vessels were coagulated instead of two. This resulted in a 

large bowel obstruction rate of 0% and anastomotic leakage rate 

of 0%. The breaking strength was significantly lower in these 

animals and the weight-loss was significantly higher in this group 

compared with controls. 

Experiment VI (n=10):  

This experiment was a repetition of Experiment IV, except that 

four vessels were coagulated instead of two. This resulted in a 

large bowel obstruction rate of 20% and an anastomotic leakage 

rate of 0%. Again, the breaking strength was significantly lower 
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compared with controls. However, weight loss and wellness score 

were not different compared with controls. 

Conclusions 

The reduced blood supply to the colonic anastomosis in mice led 

to large bowel obstruction and not to anastomotic leakage. How-

ever, a relationship between reduced blood supply and reduced 

breaking strength was evident in this experiment. 

Limitations 

The lack of anastomotic leakage may be due to the large bowel 

obstruction in itself. The animals had large bowel obstruction as a 

result of stenosis in the anastomosis, most likely as a result of 

tissue ischemia. As the anastomoses were stenotic, no feces were 

passing the anastomotic line making leakage, at least fecal peri-

tonitis, impossible.  

 The results from the control group were used from a previ-

ous experiment (Study 2). However, this decision was not consid-

ered a problem for the study design. The control group was 

merely used as a comparative reference to evaluate if the re-

duced blood supply would alter the normal conditions. A new 

control group would have been introduced at the next level of the 

model in a randomized setup, if a correlation between ischemia 

and leakage was found. However, at this point it was considered 

unethical.  

 The results may be due to lacking comparability between 

animals and humans. The experimental animals are young and 

healthy, compared to old and frail patients, and may generally 

have a greater ability for neoangiogenesis compared to patients, 

who may have universal atherosclerosis and co-morbidities.  

Possibly, the bipolar coagulation may have been done incom-

pletely resulting in reperfusion of the vessels, which may explain 

the difference between Experiment I and VI, in which a compara-

ble amount of ischemia was induced with completely different 

outcomes.  

 As previously stated, anastomotic leakage is a multifactorial 

condition and therefore pure ischemia may be too simple an 

approach. When coagulating vessels macrovascular ischemia 

(necrosis) is induced. However, this may not be comparable to 

the microvascular disease seen in some humans, which is corre-

lated to anastomotic leakage [35]. 

 In humans, anastomotic leakage generally occurs between 

day 5 and 8 [36]. However, one study found it to occur at a mean 

of 12 days after surgery, in which case our model may have been 

terminated prematurely [37].  

 In our study, no histological evaluation was performed. Such 

an evaluation may have offered an explanation for the reduced 

breaking strength in the ischemic anastomosis and clarified how 

and if the healing was affected in these anastomoses.  

 Another limitation was that the place of disruption in the 

anastomosis was not recorded and therefore we did not know 

how many anastomoses broke in adjacent tissue. 

STUDY 4: EXTERNAL COATING OF COLONIC ANASTOMOSES: A 

SYSTEMATIC REVIEW 

Aim  

The aim of this study was to evaluate different coating materials 

as external coating of colonic anastomoses. 

Methods 

This study was a systematic review conducted according to the 

PRISMA guidelines [32]. The databases PubMed, Embase and 

Cinahl were searched up to September 2011 to identify human or 

experimental studies evaluating external coating of colonic anas-

tomoses. For the study selection process, see Figure 5. The out-

come measures in these studies should be either clinical leakage 

or indirect measures of reduced anastomotic healing such as 

breaking strength, bursting pressure, collagen measurements or 

histological evaluation. 

 

 
 

Figure 5  

The study selection process (Reproduced with permission from Colorectal Disease). 

Results 

The majority of the studies were experimental and only fibrin 

sealant, omental pedicle graft and hyaluronic 

acid/carboxymethylcellulose were evaluated in humans.  

For the human studies, evaluation of omental pedicle graft 

showed no protective effect against anastomotic leakage. The 

leakage reduction in humans obtained with fibrin sealant was not 

significant. However, this may have been a result of too few 

patients included in the specific study. Hyaluronic 

acid/carboxymethylcellulose resulted in an increased risk of anas-

tomotic leakage and should therefore be avoided.  

 The results from the experimental studies are mostly contra-

dictory. When evaluating the same material in a different experi-

mental setting or in different animal species, results are not re-

producible and validation of positive results from single studies 

has generally not been attempted. Despite this, coating with 

Tachosil®, fibrin sealant and polyethylene glycols (PEGs) show 

positive results. The experimental studies primarily involved rats 

in which indirect measures of anastomotic leakage were used to 

evaluate risk of leakage. However, in contrast to anastomotic 

coating in humans, mice and pigs, coating in itself may increase 

the leakage rate in rats.  

Conclusions 

The evidence is mostly based on experimental studies with non-

comparable designs and contradictory results. Validated models 

with similar design and animal species should be used across 

research centers in order to make results comparable. Experi-

mental coating with Tachosil®, fibrin sealant and polyethylene 
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glycols (PEGs) show promising effects. However, these results 

need confirmation from other studies. Human studies are needed 

to determine if anastomotic coating is a valuable technique for 

reducing the leakage rate in the clinical setting. 

Limitations 

As in Study 1, the PRISMA guidelines were not completely ad-

hered to. Bias assessments of the specific studies and across 

studies were not performed. However, this may be difficult in 

experimental studies, as a suited grading system is lacking and the 

method section of the articles often are insufficiently described. 

With respect to human studies, a formal quality assessment may 

have been done. Bias assessment across studies may have been 

of particular importance in this review, as it may be subjected to 

substantial publication bias, especially since negative animal 

studies may be difficult to publish. Thus, the published studies 

may give a biased analysis, which over-estimates a positive effect 

of coating. As with Study 1, we did not report PICO and did not 

publish a review protocol.    

 Another limitation of this review was that the studies were 

mainly experimental, which carries the translational limitations as 

described earlier. There was major heterogeneity among the 

studies, mainly due to use of different experimental designs, 

outcomes, surgical techniques and animal species.  

  

5. DISCUSSION 

In the studies included in this thesis, we found that mice and pigs 

may be the preferred animal species to evaluate clinical anasto-

motic leakage compared with the commonly used rat. On the 

other hand, the rat is well suited for evaluation of healing in the 

anastomosis.  

 We found that it was possible to optimize the model of 

clinical anastomotic leakage in mice resembling insufficient surgi-

cal technique. A relevant analgesic regimen without adverse 

effects was identified and the optimal number of sutures was 

determined. Moreover, the use of absorbable suture material was 

adopted into the model, which more closely resembles the clini-

cal scenario for hand sewn interrupted suture anastomoses. 

We found that reduced blood supply creates large bowel obstruc-

tion in the mouse unrelated to anastomotic leakage. However, a 

relationship between reduced blood supply and decreased break-

ing strength was found. 

 Evaluating the literature it seems that anastomotic coating 

may reduce the leakage rate. However, the evidence is scarce and 

mainly based on experimental studies with contradictory results. 

Moreover, the studies are difficult to compare since they use 

different study designs, outcome assessments, animal species and 

surgical techniques.  

THE THEORY BEHIND COLORECTAL ANASTOMOTIC LEAKAGE 

The direct pathophysiological mechanisms responsible for anas-

tomotic leakage remain unknown. Some patient related and 

procedure related risk factors have been determined. However, 

the most important risk factors remain uncertain. Studies have 

shown that several patient related risk factors may exist.   

 Among these are gender, where males seem to have a higher 

risk of leakage [34, 38-41]. Men have more chronic diseases [42] 

and a greater tendency to coronary heart disease [43]. This dis-

ease may be associated with peripheral and visceral microvascu-

lar disease, which has been shown to increase the risk of anasto-

motic leakage [35]. Moreover, men may have an increased risk of 

anastomotic leakage as a result of technical difficulties for the 

surgeon due to a narrow pelvis, at least for the rectal anasto-

moses [44, 45]. It has been proposed that the amount of intra-

abdominal fat is higher in men, which in theory may increase 

technical difficulties. However, a study found that the amount of 

intra-abdominal fat was not different between genders [46].  

Regarding the rectal anastomoses, several studies found that a 

low level anastomosis carries an increased risk of leakage com-

pared with a high level anastomosis [38, 41, 47-49]. This may be 

due to insufficient vascularization in the lower two thirds of the 

rectum [50]. Furthermore, there may be technical difficulties in 

the lower pelvis [45]. Lastly, the lack of serosa covering of the 

lower one third of the rectum, possibly make these anastomoses 

more prone to leakage [13]. In contrast to the part of the rectum 

covered with peritoneum, these anastomoses lack the outermost 

tissue layer, which may reduce the strength of the anastomosis.   

Some studies have shown that a high ASA (American Society of 

Anesthesiologists) class [34, 41, 51] may be associated with an 

increased risk of anastomotic leakage, possibly due to an in-

creased comorbidity rate in these patients, which may impair 

tissue perfusion and function.  

 Blood transfusion [34, 40] has been proposed as a risk factor 

for anastomotic leakage as well. This may serve as a surrogate 

marker for complicated surgery. Moreover, studies have shown 

that transfusion in itself may lead to an increased rate of surgical 

complications as a result of transfusion related immunomodula-

tion (TRIM) [52].  

 Perioperative radiotherapy has also been shown to increase 

the risk of anastomotic leakage [38]. This may be a result of re-

duced healing and increased tissue fibrosis, i.e. micro vascular 

changes [53].  

 Furthermore, it has been shown that perioperative use of 

NSAIDs, and in particular cyclooxygenase (COX)-2 specific antago-

nists, may be related to anastomotic leakage [34, 54, 55]. This 

may be due to reduced collagen content and reduced healing 

properties as a result of inhibition of the COX-2 enzyme [56-58]. 

Together, this emphasizes that the healing of anastomotic tissue 

is an important factor related to anastomotic leakage. 

 While many risk factors for anastomotic leakage have been 

identified, the true pathophysiological mechanisms behind the 

factors remain unknown. Most likely, anastomotic leakage is a 

multifactorial condition with many contributing factors. Animal 

models, in which single factors such as ischemia are evaluated, 

may therefore be too simple an approach. This may explain the 

negative results of Study 3.  

EXTRAPOLATION OF EXPERIMENTAL RESULTS TO THE CLINICAL 

SETTING 

In general, it is difficult to extrapolate results from experimental 

studies to humans due to various reasons. Animals differ from 

humans with respect to both anatomy and physiology, which 

makes a specific condition in humans difficult to mimic in animals. 

It seems that pigs are the most comparable of available animals 

for surgical experiments. With exception of the spiral colon, 

which is a unique structure in the pig consisting of the caecum 

and the ascending colon coiled together, the intestinal physiology 

and anatomy are highly comparable to humans [59-61]. To a 

lesser extent, rats and mice are comparable as well [62-65]. The 

animals used in the models are typically young and healthy, 

whereas the patients suffering from anastomotic leakage often 

are old and frail with comorbidity, which makes this comparison 

difficult. This problem is clearly visualized in animal models where 
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leakage in a normal/sufficient anastomosis seldom occurs [25, 27, 

66]. Therefore, pathophysiological mechanisms must be simu-

lated in animal models in order to create suitable leakage rates 

[27, 66] and to prevent the sample size from becoming too high 

to produce an ethically sound experiment with a reasonable cost 

and duration.  

 In contrast to mice and pigs, it seems that the rat is not 

comparable to humans with respect to the clinical response to an 

insufficient anastomosis. Thus, extreme conditions are needed for 

the rat anastomosis to leak [67, 68] and, in contrast to the mouse, 

technical insufficiency is ineffective to create leakage [25]. The 

rats’ higher resistance to infection and/or a more efficient intra-

abdominal immune system may explain this [27, 69]. Other re-

searchers have proposed that the fecal consistency in the anal 

part of the colon in rats, is too high to allow clinical leakage [25]. 

However, one rat study with insufficient anastomoses done on a 

more oral part of the colon (transverse colon) still did not result in 

anastomotic leakage [70]. Moreover, the rationale that the rat 

may have a more efficient immune system may be supported by 

the fact that steroid treatment can induce anastomotic leakage in 

rats [68]. Furthermore, the fact that anastomotic coating may 

increase the risk of anastomotic leakage may also imply that the 

intra-abdominal immune system is very strong in the rat. Thus, 

coating may prevent the intra-abdominal immune system from 

resolving smaller leakages by e.g. adhesion formation [68, 70]. In 

addition to the previously described drawbacks of the rat model, 

this response to coating is not comparable to that of humans [71].  

 A model of total colectomy has been developed in the pig in 

which an experimental ileocolic anastomosis was done with a 

nitinol compression device [72]. This model is interesting as a 

total colectomy was performed, which more closely resembles 

the surgical insult in humans compared with an anastomosis 

created merely on transected bowel. However, the lack of anas-

tomotic leakage and the use of the nitinol compression device 

limit comparability to the clinical scenario. 

THE TECHNICAL INSUFFICIENCY MODEL 

The technical insufficiency model created in Study 2 may resem-

ble insufficient surgical technique. However, to a lesser extent it 

may also be suited to resemble focal anastomotic breakdown 

because of tissue ischemia/necrosis at the anastomotic line. In 

both situations, anastomotic coating may be a relevant interven-

tion option. 

 Initially, the model in the mouse was introduced by Komen 

et al. [27], who repeated the experiment three times to validate 

the results. We aimed at improving the model by Komen et al. by 

introducing a suitable analgesic regimen and by using absorbable 

instead of non-absorbable sutures. While conducting our experi-

ments the model by Pantelis et al. [66] was published. Their re-

sults were in line with ours, suggesting a reduction in the number 

of sutures in the control as well as intervention anastomoses. Our 

results along with the results by the two other studies [27, 66], 

probably makes this model the most validated experimental 

model of colon anastomotic leakage. 

 It was difficult to determine whether the analgesic regimen, 

the suture number (12 vs. 8), or the suture material was respon-

sible for the initial high leakage rate in the control anastomoses in 

our Study 2. In the study by Komen et al., there was a very low 

leakage rate of the 12 suture (control) anastomoses. Since Komen 

et al. did not report the use of analgesic, it might have been our 

use of NSAID that resulted in the high leakage rate. When chang-

ing the suture number in the control anastomoses from 12 to 

eight and discontinuing NSAID, the leakage rate was reduced. The 

fact that the leakage rate in the intervention anastomoses was 

reduced as well, even though the number of sutures was reduced 

from five to four, indicates that the used NSAID (Rimadyl®) was a 

cause for the high leakage rate. As discussed earlier, NSAIDs may 

increase the leakage rate due to reduced healing [56-58]. Thus, 

Temgesic® may be superior for an animal anastomosis model. 

When administered orally (mixed with Nutella®), using a validated 

method for analgesia in the mouse [73, 74], no adverse effects 

were observed. Thus, the resulting large bowel obstruction in the 

initial part of the study when Temgesic® was administered subcu-

taneously may either be a product of a too high dose or a subop-

timal surgical technique. It has been shown that the serum con-

centration in mice receiving voluntarily ingested Temgesic® is 

more constant compared with when Temgesic® is given subcuta-

neously [74]. It is known that opioids (e.g. Temgesic®) may con-

tribute to postoperative ileus [75, 76]. However, at that early 

point in the experiment the anastomoses were not evaluated to 

conclude whether the large bowel obstruction was a result of 

anastomotic stenosis. This would have been visualized by a dila-

tion only orally to the anastomosis together with a lack of fecal 

passage.    

 The suture material and number of sutures may also have 

been a factor contributing to the high leakage rates in the control 

group initially. It has been shown that the anastomotic tissue 

surrounding sutures has increased collagenolysis (collagen break-

down), which may lead to decreased anastomotic strength [24]. 

The inflammatory reaction in proximity to the sutures is less for 

Prolene® compared with Vicryl® [77]. Thus, increased inflamma-

tion, in addition to focal ischemia, may have led to increased risk 

of leakage in the 12 suture anastomoses compared with the eight 

suture anastomoses. Despite these results, the tissue reaction to 

Vicryl® is still very limited [78]. Moreover, the use of Vicryl® is 

comparable to the clinical scenario, where surgeons often use this 

material when constructing a hand sewn interrupted suture anas-

tomosis. Finally, we showed that control anastomoses with eight 

sutures led to a leakage rate of 0%, and therefore Vicryl® is con-

sidered suited to use in the mouse model. 

ISCHEMIA AS A RISK FACTOR FOR ANASTOMOTIC LEAKAGE IN 

ANIMAL MODELS 

As shown in Study 3, it seems that pure ischemia, as induced by 

compromising blood supply, may result in obstruction/stenosis in 

the anastomosis. Other studies have found similar results. In a 

study in pigs, compromised blood supply to the colonic anasto-

mosis resulted in a colonic obstruction rate of 75% [28]. The same 

tendency has been shown in rats, where ischemia resulted in a 

colonic obstruction rate of 46% [29]. Therefore, pure ische-

mia/anoxia may be too simple an approach to use in a model. On 

the other hand, ischemia may impair healing, as shown in our 

study by reducing breaking strength. This finding is supported by 

a study in rats, where ischemia resulted in reduced healing [30]. 

Pure ischemia failed to create anastomotic leakage, possibly since 

the scenario is not comparable to the human condition. In hu-

mans, it seems that microvascular disease plays a major role for 

anastomotic leakage [35], which may explain why macrovascular 

ischemia/total anoxia is not an optimal model. In microvascular 

disease, tissue perfusion/oxygenation may be impaired but is not 

completely absent. This may reduce the healing and subsequently 

create anastomotic leakage, whereas total anoxia may have dif-

ferent effects on the tissue, such as stenosis.  
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 The clinical scenario of microvascular disease may be difficult 

to produce in animal models. However, genetically modified mice 

prone to arteriosclerosis may be used as models. Alternatively, to 

demonstrate the multifactorial causality of anastomotic leakage, 

ischemia may be used in combination with other risk factors such 

as technical insufficiency, steroid treatment or irradiation. 

 Even though ischemia have failed to induce anastomotic 

leakage in models, the issue is still very relevant in the clinical 

scenario. As explained earlier, tissue oxygen tension in the anas-

tomotic tissue is a predictor of anastomotic leakage in patients, 

where low oxygen tension increases the risk of anastomotic leak-

age [14]. This has also been shown in the experimental setting 

[15]. Furthermore, it was shown that experimental hypovolemia 

in rabbits reduced tissue oxygenation and subsequently reduced 

collagen content [14]. This implies that tissue perfusion and 

thereby oxygenation may be of major importance for anastomotic 

healing. 

EVALUATION OF HEALING IN THE COLORECTAL ANASTOMOSIS 

Reduced healing of anastomotic tissue is considered an important 

risk factor for anastomotic leakage [13]. Thus, improved healing 

may subsequently reduce the risk of anastomotic leakage. It is 

known that the anastomotic tissue is weakest on day 3-5 after 

surgery, which is a time where collagen degradation dominates 

over synthesis and the time where the suture holding capacity of 

the anastomosis is lowest [33, 79]. The activity of matrix metallo-

proteinases (MMPs), which are involved in the collagen degrada-

tion, may be related to the strength of the anastomotic tissue. It 

has been shown that collagenolysis is increased in anastomotic 

areas compared with non-resected tissue [80]. Moreover, the 

levels of the MPPs are highest after three days corresponding to 

the lowest anastomotic strength at that time [81]. A prospective 

clinical study involving 119 patients showed that the MMP activity 

was increased in anastomotic tissue of patients with anastomotic 

leakage [82]. Furthermore, it has been shown that tissue ischemia 

increased the activity of MMPs [83]. In experimental studies 

aiming at improving the anastomotic healing, it has been shown 

that inhibition of MMPs improved healing of colonic anastomotic 

tissue [18, 79]. Altogether, it seems that activity of MMPs is im-

portant for healing of anastomotic tissue and that inhibiting of 

these may reduce the risk of leakage. However, to our knowl-

edge, clinical studies evaluating the effect of such MMP inhibitors 

are still lacking.  

 Measures such as bursting pressure and breaking strength 

may be used to evaluate the healing capacity of anastomotic 

tissue. Bursting pressure is dependent on the diameter of the 

bowel. Instead, bursting wall tension, which is calculated on the 

basis of bowel diameter, may be used [84]. However, this diame-

ter may be difficult to measure accurately. Anastomotic bursting 

pressure may be considered a parameter for anastomotic integ-

rity measuring e.g. degree of adhesions, focal necrosis or techni-

cal insufficiency and may not be a direct measurement of the 

strength of the tissue [85]. Conversely, breaking strength is hy-

pothesized to measure the suture holding capacity of the peri-

anastomotic tissue. It is argued that breaking strength is better 

suited to evaluate healing compared with bursting pressure [85]. 

However, bursting pressure is a more sensitive measure in the 

early phase [86] and only after post-operative day (POD) 4, burst-

ing pressure and breaking strength are correlated [85]. Thus, 

breaking strength may only be a suited measure to evaluate 

healing after POD 7 [87]. The relevance of bursting pressure and 

breaking strength are limited when disruption does not occur at 

the anastomotic line. In a study, in 54% and 42% of the cases for 

breaking strength and bursting pressure, respectively, the disrup-

tions occurred in adjacent bowel [85]. These results are compara-

ble to our results in Study 1, where the majority of anastomoses 

broke in adjacent tissue. When evaluating bursting pressure 

larger forces are applied to the tissue adjacent to the anastomosis 

due to a larger diameter compared with the anastomotic site 

[84]. This might explain why the anastomoses tend to disrupt in 

adjacent tissue and why this measure is not fully representative 

for the bursting pressure of the anastomosis. The results from our 

breaking strength measurements may be affected by the degree 

of adhesions to the anastomosis. If insufficiently removed, these 

strong adhesions to the anastomotic line may partly be responsi-

ble for the break in adjacent tissue. However, they were difficult 

to remove in a reproducible manner without damaging the anas-

tomosis and therefore may have been insufficiently removed. 

Anastomotic bursting pressure is normally measured “in situ”, 

which is considered a strength. This is not possible when evaluat-

ing anastomotic breaking strength in which the anastomosis and 

the adjacent bowel need to be removed from the animal. Burst-

ing pressure and breaking strength have mostly been used for 

evaluation of anastomotic healing in rats and the mouse may be 

less suited to evaluate this. The bowel in the mouse is smaller 

compared with the rat, which may introduce a number of possi-

ble biases as explained earlier. 

COATING OF COLORECTAL ANASTOMOSES 

Coating of colorectal anastomoses seems an alluring interven-

tional strategy. However, it may hold potential problems. Foreign 

material introduced into the human body may promote abscess 

formation as the material isolates a potentially contaminated 

suture line from the peritoneal surface. As seen in experimental 

studies, anastomotic coating in rats may increase the leakage rate 

[68, 70]. However, the similar problem is not seen in humans [71]. 

 In theory, a liquid sealant may be superior to a solid sealant, 

since the liquid may seal smaller defects more tightly. Fibrin 

sealant has been widely tested [25, 30, 67, 68, 71, 88-91]. How-

ever, studies are mostly experimental and clinical evaluation has 

failed to show a significant effect [71]. Even though not being 

liquid, Tachosil® seems like a promising coating material [66, 92, 

93]. The product is a combination of fibrinogen, thrombin and a 

collagen sponge. Being flexible, the collagen sponge may induce a 

more tight sealing without compromising the mobilization of the 

bowel. Thus, this material may, at least in theory, be superior to 

fibrin sealant. Two experimental studies found positive effects 

[66, 92], supporting Tachosil® as a promising coating agent. A 

novel study in humans has shown positive results, which implies 

that Tachosil® can be used safely and be easily applied even in 

laparoscopic colorectal surgery [93]. Other promising coating 

agents may be polyethylene glycols (PEG’s), which are highly 

flexible liquid gels that are fully absorbed and excreted through 

the kidneys. However, to our knowledge, only one experimental 

study exists, in which a promising effect was found [94] and fur-

ther studies are needed prior to initiation of clinical trials. 

6. CONCLUSION 

This thesis has clarified the best suited animal to model clinical 

colon anastomotic leakage in humans. Moreover, we successfully 

improved the model of surgical technical insufficiency by deter-

mining a relevant analgesic regimen, suture number and suture 

material. Pure ischemia/anoxia may be too simple a measure to 

induce clinical leakage in animal models. However, ische-



 DANISH MEDICAL JOURNAL   11 

mia/anoxia seems to impair anastomotic healing. We found that 

external coating of colorectal anastomoses may be a feasible 

solution to reduce anastomotic leakage, but experimental evalua-

tion of higher quality and large clinical studies are needed before 

general clinical use. 

7. FUTURE PERSPECTIVES 

To elaborate on the experimental research area of anastomotic 

leakage, the multifactorial origin of this complication may be 

mimicked in models by using genetically modified animals to 

mimic chronically ill patients or by combining different patho-

physiological mechanisms in models. A future model may possibly 

combine technical insufficiency and ischemia to mimic more 

closely the clinical scenario in humans. Alternatively, the existing 

model could be combined with other risk factors such as steroid 

treatment, NSAIDs or other medications. 

 Generally, it seems relevant to identify risk factors for anas-

tomotic leakage in patients. Knowledge on such risk factors may 

aid the surgeon to select patients not suited for primary anasto-

mosis. However, there is lack of consensus in the literature re-

garding the most important risk factors for anastomotic leakage 

and studies are needed to clarify this. Such studies could be large 

cohort studies, database studies or systematic reviews to quantify 

the body of evidence on the subject. However, this knowledge 

may not necessarily clarify pathophysiological mechanisms and 

experimental research is still important. 

 A novel technique to reduce the risk of leakage may be the 

use of indocyanine green fluorescence to evaluate bowel perfu-

sion prior to performing the anastomosis [95]. The proper place 

on the bowel for the anastomosis may be selected based on an 

evaluation of tissue perfusion. This may secure proper oxygena-

tion to the anastomosis and thereby reduce the risk of leakage. 

However, this has only been evaluated in a small selected patient 

material [95] and larger studies are needed.    

 A clinical evaluation of the efficacy of colorectal anastomotic 

coating is highly relevant but needs a large study setup. In order 

to detect a clinically relevant reduction in the anastomotic leak-

age rate (e.g. 50 %), a large sample size of approximately 800-

1400 patients may be needed. Thus, a large multicenter random-

ized controlled trial is needed, which requires cooperation be-

tween centers as well as substantial financial support. Materials 

such as fibrin glue, Tachosil® or PEG’s could be evaluated. The 

included patients may be receiving colonic or rectal anastomoses 

for malignant and/or benign disease. Such a study may be a result 

of what is practically possible. However, to give a definitive an-

swer to the question of whether or not coating should be used, a 

sufficient number of patients should be included.  

8. SUMMARY 

Colorectal anastomotic leakage remains a frequent and serious 

complication in gastrointestinal surgery. Patient and procedure 

related risk factors for anastomotic leakage have been identified. 

However, the responsible pathophysiological mechanisms are still 

unknown. Among these, ischemia and insufficient surgical tech-

nique have been suggested to play a central role. Animal models 

are valuable means to evaluate pathophysiological mechanisms 

and may be used to test preventive measures aiming at reducing 

the risk of anastomotic leakage, such as external anastomotic 

coating. 

The aim of this thesis was to: 

Clarify the best suited animal to model clinical anastomotic leak-

age in humans 

Create animal models mimicking anastomotic leakage in humans 

induced by insufficient surgical technique and tissue ischemia 

Determine the best suited coating materials to prevent anasto-

motic leakage 

Study 1: 

This study is a systematic review using the databases Medline and 

Rex. Medline was searched up to October 2010 to identify studies 

on experimental animal models of clinical colon anastomotic 

leakage. From the Rex database, textbooks on surgical aspects as 

well as gastrointestinal physiology and anatomy of experimental 

animals were identified. The results indicated that the mouse and 

the pig are the best suited animals to evaluate clinical anastomo-

tic leakage. However, the pig model is less validated and more 

costly to use compared with the mouse. Most frequently, rats are 

used as models. However, extreme interventions are needed to 

create clinical leakage in these animals. The knowledge from this 

study formed the basis for selecting the animal species most 

suited for the models in the next studies.  

Study 2: 

In this experimental study, technically insufficient colonic anas-

tomoses were performed in 110 C57BL/6 mice. The number of 

sutures in the intervention group was reduced to produce a suit-

able leakage rate. Moreover, the analgesia and suture material 

were changed in order to optimize the model. In the final experi-

ment, the four-suture anastomoses resulted in a 40% leakage rate 

in the intervention groups, whereas the eight-suture control 

anastomoses had a 0 % leakage rate. Furthermore, the use of 

absorbable suture together with voluntarily ingested Temgesic® 

in chocolate spread as analgesic regimen were feasible. This 

model may be used to test the leakage reducing potential of 

coating materials. 

Study 3: 

This experimental study used 53 C57BL/6 mice, in which sufficient 

eight-suture anastomoses were created. By using bipolar electro-

cautery, blood supply was reduced in a stepwise manner to cre-

ate anastomotic leakage as a result of ischemia. The study 

showed that reduced blood supply led to large bowel obstruction 

instead of clinical leakage. However, anastomotic breaking 

strength was reduced in the ischemic anastomoses.   

Study 4: 

In this systematic review Medline, Embase and Cinahl were sear-

ched up to September 2011 to identify studies evaluating external 

coating of colonic anastomoses. Most studies were experimental, 

in which designs were not comparable and many results were 

contradictory. 

In a clinical study, a non-significant benefit of fibrin sealant was 

found. Based on the available clinical and experimental data it 

was concluded that the fibrin-based sealants, such as Tisseel® and 

Tachosil®, and polyethylene glycols may be beneficial. However, 

further experimental and clinical studies are needed before rou-

tine clinical use can be recommended.    

Discussion 

The studies in this thesis may be valuable for the experimental 

research field of clinical anastomotic leakage. The model of tech-

nical insufficiency has been improved and is now thoroughly 

validated. If used by researchers worldwide, comparison of re-

sults is possible. Pure ischemia/anoxia may be too simple an 

approach to create a clinical leakage model. Thus, future models 

could focus on multiple risk factors. Conclusively, large-scale 

clinical multicenter studies are needed to definitively evaluate 

whether coating of colorectal anastomoses may reduce the leak-

age rate. 
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