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CHAPTER 1
GENERAL INTRODUCTION AND OUTLINE OF 

THIS THESIS
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Chapter 1

GENERAL INTRODUCTION
Annually, more than a million new colorectal tumours are diagnosed worldwide, 
making it the fourth most common cancer. (1) Approximately 30% of these tumours 
are located in the rectum. (2,3) The overall incidence of colorectal tumours has 
steadily increased over the last decades. The highest incidence rates are in Australia 
and New Zealand, Europe, and North America and are up to a 10-fold higher than in 
non-western countries. (4) This difference is often assigned to the western lifestyle: 
not enough physical activity, too much (processed) food full of fat and sugars and with 
a low amount fibre. (5,6) The high incidence rate has led to successful (secondary) 
prevention initiatives such as colonoscopy and stool analysis. (7,8)

Surgery is the cornerstone of colorectal cancer treatment; in advanced cases 
this is combined with neoadjuvant chemotherapy and/or radiation therapy. Tumour 
resection with the construction of a colorectal anastomosis is usually the preferred 
surgical approach, as it averts a permanent ostomy. (9) The creation of anastomoses 
in patients undergoing colorectal surgery has been an art for centuries and various 
techniques have been described. With every technical variation the construction of the 
anastomosis was optimised in order to prevent the feared complication of anastomotic 
leakage.

Primary anastomosis
At first, the treatment of wounds of the intestines was a noli (me) tangere (do not touch) 
for even the most famous surgeons, under the belief that nature’s resources would 
prove more successful in saving the life of the patient than a surgical intervention 
would. (10) Fortunately, along with the knowledge about antisepsis and asepsis this 
belief has changed over time. Although a bowel resection was rarely performed in 
ancient surgery, restoring continuity of the intestine was already practiced with a 
wide variety of techniques long before the 19th century. In the more recent history, 
anastomoses were created. These were performed with various techniques, such as 
inverted/everted/circular and single or double layered suturing, and diverse degrees 
of complications. These surgical techniques have greatly improved over the past three 
centuries, and postoperative complication rate have fallen accordingly. However, the 
occurrence of post-operative anastomotic leakage has been a persistent problem.

To date anastomotic leakage is one of the most common surgical complications 
after colorectal resection. Leaking of the anastomosis causes intraluminal (faecal) 
content, to excavate to the normally sterile abdominal cavity. It leads to high rates of 
morbidity, re-interventions, prolonged hospital stay and increased mortality. (11-13) 
In addition, it may worsen oncological outcome. (14) There seems to be an increased 
rate of local recurrence and decreased disease-free survival in patients that develop 
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an anastomotic leak. (15,16) The incidence of leakage varies largely, partially because 
the definition of anastomotic leakage is still under debate. (17,18)

Even though the cause for anastomotic leakage is often unknown, the percentage 
of anastomotic leakage after colorectal surgery is seen as a parameter for quality of 
care or as an indicator for the surgeon’s skill. In some cases, anastomotic leakage is 
caused by technical imperfect anastomosis, tension on the anastomosis and decreased 
vascularization of the bowel. Many risk factors have been established, including patient 
factors as comorbidity, American Society of Anaesthesiologist classification and use 
of medication. (19-21) Other, more biological factors like the level of inflammation 
markers procalcitonin or C-reactive protein and the calcium score, (22-26) peritoneal 
fluid biomarkers including cytokines (27) and non-steroidal anti-inflammatory drugs 
(NSAIDs) are known to play a role in the development of anastomotic leakage since the 
COX-2 enzyme is essential for the healing. (28,29) Although many influencing factors 
involving the development of anastomotic healing have been established, these factors 
don’t explain the mechanism of failure of the anastomotic healing.

Intestinal wound healing
The exact mechanism of effective wound healing in the gastrointestinal tract isn’t 
known yet. However, it can be assumed that intestinal wound healing has the same 
stages as wound healing processes elsewhere in the body. Wound healing can be 
divided in roughly three phases: inflammation, proliferation and remodelling. (30) 
Inflammation is the initial response that facilitates haemostasis and the immunological 
defence. The second phase, proliferation, is triggered by growth factors secreted by 
macrophages. This stage is characterized by angiogenesis, epithelial cell migration 
and influx of fibroblasts. Remodelling of the wound healing process mainly exists 
of collagen restructuring. (30) There are two main types of wound healing, primary 
and secondary. Primary wound healing (or wound healing with primary intention) 
occurs when the wound edges are closely approximated. Secondary wound healing is 
healing with the edges of the wound not well-approximated. Anastomotic healing is 
secondary wound healing, as the wound edges are inverted into the lumen. Therefore, 
anastomotic healing starts with granulation, the transformation of clotting matrix 
and thus collagen formation, which is needed for gapping the wound defect. This 
causes the balance of collagen production and degradation to be an essential part of 
the healing of the anastomosis. (31-33) The fusion of the submucosal collagen matrix, 
which provides strength to the bowel, is essential for good intestinal wound healing.
(34)

Multiple strategies to reduce the incidence of anastomotic leakage have been 
suggested and tested. A delayed anastomosis, by creating an end-colostomy and 

1
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postponing the creation of an anastomosis doesn’t reduce the leak rate. (35,36) Other 
techniques, including medical devices as the “Murphy’s button” (1892), (37) transanal 
stents (38) or intraluminal devices (e.g. Coloshield) have been used but eventually 
(mostly) discontinued in their use or do not alter the clinical anastomotic leak rate. 
(39,40) The effect of a diverting ostomy or an omentoplasty is still under debate. (41,42)

Figure 1 (fig 50.) An illustration of the Murphy’s button and (fig 3.) an impression of the intraluminal 
application of a tracheal cylinder to restore continuity (derived from Senn, JAMA 1893(10))

Interestingly, a dried trachea (Saliceto, 1520) or even a cylinder of cardboard 
besmeared with sweet oil, essence of turpentine or oil of St. Johnsworth (Du Verger, 
17th century) was used to help restoring continuity and make sure intraluminal 
content wouldn’t excavate (see figure 1, derived from Senn, 1893). (10) Our modern-
day effort similar to trachea or cardboard was the C-seal, a biodegradable intraluminal 
device designed for the protection of the anastomosis. It was stapled along with the 
anastomosis and would fold over the anastomotic wound (see figure 2). First (43) and 
second (44) phase trials were very promising, which made way for a multicentre 
randomized clinical trial. (45) During this trial, we observed stercoral perforation 
(due to the necrotizing pressure of faecal impaction) in several cases, (46) after which 
the protocol had to be changed. Unfortunately, creating an anastomosis with the 
application of a C-seal, did not show a reduction in leakage-rate compared to a regular 
stapled anastomosis. (40)

Secondary wound healing and microbiota
The healing of the anastomosis is based on secondary wound healing in an incredibly 
“dirty” environment. It has been a longstanding practice to keep bacteria away from 
any other wound, but we only recently started to look critically at the bacterial 
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influences on the intestinal wound healing. The idea of involvement of bacteria dates 
from the 50’s of the previous century, where antibiotic application at the site of an 
anastomosis in an animal-model showed normal wound healing instead of leakage and 
peritonitis. (47) Since then the leakage rate has shown to decrease, but not eliminated, 
by the use of oral non-absorbable antibiotics. (48) The recent development of advanced 
techniques has made studies on microorganisms and their capabilities easier and 
cheaper. Using these techniques, it was established that bacterial species with collagen 
degrading aspects can cause anastomotic leakage in rodent models. (32,49)

Figure 2 (left) the C-seal (45) and (right) the application of the C-seal with the creation of a stapled col-
orectal anastomosis. (46)

Recurrence of tumour
Of all colorectal cancer patients, 16% will develop a local malignant tumour after an 
attempted curative resection. (50-52) It is known that cancer cells are continuously 
shed into the lumen, before, during and after colorectal cancer resection. (53,54) 
However, most of these recurrent tumours appear outside of the intestinal lumen. 
They are adjacent to anastomotic tissue and are usually not detected by surveillance 
endoscopy. (55) Although the mechanism behind this hasn’t been established yet, 
interestingly the recurrence of colon cancer is higher in patients that consume a 
western diet. (56) The western diet, a major cause of obesity, in turn has been associated 
with immense changes in the composition of the intestinal microbial composition. 
(57-59) As many other diseases have been associated with the intestinal microbial 
composition, this opens the speculation for an influence of the intestinal microbiome 
on the development of cancer (and possibly cancer recurrence). (60-65)

1
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OUTLINE OF THIS THESIS
This thesis aims to elucidate the mechanisms behind anastomotic leakage. The 
scientific results presented in this thesis are in part an effluent of the C-seal trial and 
the samples obtained during this trial.

Although the C-seal trial wasn’t able to proof the efficacy of the C-seal, a large 
number of samples was obtained during this trial. The samples that were retrieved 
were the doughnuts from the circular stapler. This ‘doughnut’ is the small ring of colon 
and/or rectum that is cut by the circular stapler when the anastomosis is made. It is 
a good representation of the tissue at the site of the anastomosis and is taken during 
surgery. These samples were used in Chapter 2, Chapter 3 and Chapter 5.

With new techniques, such as next generation sequencing, a whole new area 
of research had become within reach. These techniques caused a rise in amongst 
others 16S rRNA gene sequencing and thus in microbial research in health and 
disease. However, the role of the intestinal microbiota in surgical complications 
such as anastomotic leakage wasn’t addressed yet. Therefore, an effort was made 
to see whether the intestinal microbiome might play a role in the development of 
anastomotic leakage. In Chapter 2 a pilot study on the feasibility of microbiome 16S 
rRNA gene analysis on peroperative doughnut samples is delineated. This pilot study 
showed that the doughnut samples could be used for further research, Therefore, 
Chapter 3A describes the subsequent 16S rRNA gene study on a larger number of 
samples. This study raised questions, partly because of the novelty of this methodology 
in the surgical field. Therefore, an additional clarification of the data is described 
in Chapter 3B. In addition to that, Chapter 4 is a review about culture-independent 
microbial research and should serve as a guide for the surgical researcher interested 
in microbial research.

Because there’s an assumed interaction between host and bacteria, it would be 
interesting to see whether there are molecular differences between patients with 
and without development of AL. In Chapter 5 a gene transcriptome study is presented, 
identifying patients’ gene expression profiles and their pathway co-functionality of 
the previously used samples.

Research by dr. Alverdy at the University of Chicago has shown that certain 
bacteria possess certain virulence factors that have the ability to cause anastomotic 
leakage. These bacteria are Enterococcus faecalis, Pseudomonas aeruginosa and Serratia 
marcescens. (32,49) In Chapter 6 an additional species is added to that list. In addition, 
this chapter describes a workflow for the detection of this “leak phenotype”.

In Chapter 7 other species are described to have the leak phenotype and also show 
to have influence on tumour recurrence in a model for tumour recurrence at the site 
of the anastomosis. In Chapter 8 all previous chapters are summarized and discussed.
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C O L O R E C T A L 
A N A S T O M O S I S

A surgically created connection 
between the colon and the 
remainder of the rectum to restore 
the continuity of the colonic 
tract (large bowel). This can 
be done with a handsewn 
or a (circular) stapled 
technique. Anastomoses can 
theoretically be made in 
the entire gastrointestinal 
tract. Unfortunately, these 
anastomoses often leak…
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