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Abstract 
Ioannis Oikonomakis: Anastomotic leakage in colorectal surgery – early 
diagnosis and treatment with stent. Örebro Studies in Medicine 240. 

Every year inn Sweden more than 6000 individuals are diagnosed with col-
orectal cancer and more than 5000 operations are performed. Anastomotic 
leakage (AL) is the most dreaded complication in colorectal surgery and has 
a great impact on postoperative morbidity and mortality.  

In Study I, an iatrogenic rectal perforation was performed on an experi-
mental group of pigs, in order to imitate AL and compared with a control 
group which had a sham operation over a10-hours follow-up with intraper-
itoneal microdialysis (IPM) and cytokines. Glucose levels were lower in the 
experimental group at 4 hours and lactate and lactate/pyruvate ratios (L/P) 
were higher in the experimental group at 7 hours. Intraperitoneal (IP) Inter-
leukine 6 (IL6) and Interleukine 10 (IL10) were higher in the experimental 
group at 10 hours and blood IL6 was higher in the experimental group at 4 
hours. IPM and cytokines thus seem to react early after rectal perforation.  

Study II was a prospective observational study in which 7 patients with 
AL after surgery were compared with 13 patients without complications 
during the first 7 postoperative days with IPM, and intravenous and IP cy-
tokines. In patients who later developed AL, IP lactate and L/P were higher 
immediately after surgery, while glycerol levels were lower. At the anasto-
mosis higher L/P in AL patients were found after the fifth postoperative day. 
Intravenous and IP IL6 was higher in the leakage group.  

In Study III, mRNA expression in blood was analyzed in an animal model 
designed to imitate AL. Significantly increased levels of 276 genes were 
found and 11 of the 48 genes which coded for a known protein were highly 
up-regulated. 

In Study IV, the metabolic effects of a fully covered self-expandable metal 
stent (FCSEMS) over a colorectal anastomosis were investigated with IPM, 
after laparotomy, colon resection and anastomosis with stent. Lactate and 
L/P rise at the oral part of the anastomosis were significantly higher, while 
glucose showed a small tendency toward numerically declining values. At 
the distal part of the anastomosis glucose decreased significantly after the 
resection but did not reach zero. Lactate increased significantly while L/P 
slightly increased. This suggest that hypermetabolism occurs in the intesti-
nal ends next to the resectate, but even a start of hypoxemia cannot be ex-
cluded after the placement of a FCSEMS. 

Keywords: anastomotic leakage, colorectal cancer, intraperitoneal micro-
dialysis, cytokines, mRNA analysis, stent. 
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ABBREVIATIONS 
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FFA free fatty acids
FCSEMS fully covered self-expandable metal stents
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INTRODUCTION 

Epidemiology 
Colorectal cancer is the third most common cancer globally, having an in-
cidence of 1.8 million new cases per year (1). However, its distribution var-
ies geographically with the “western world” showing higher incidence than 
“the developing countries” (Figure 1). 

Figure 1. Worldwide incidence of colorectal cancer in 2020 

According to the Swedish Regional Cancer Center over 6000 colorectal can-
cer cases were registered in Sweden in 2019, comprising 4519 new cases of 
colon cancer and 1915 new cases of rectal cancer (2). The median age of 
diagnosis is 70 years and men seem to be affected more than women.  De-
spite increase in the incidence of colorectal cancer (Figure 2), the mortality 
rate has decreased over the past 30 years (Figure 3) (3).  
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Figure 2. Incidence of colorectal cancer in Sweden. (Swedish National Board of 
Health and Welfare) 

Figure 3. Mortality due to colorectal cancer. (Swedish National Board of Health and 
Welfare) 
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Aetiology and risk factors 
A combination of western lifestyle and higher age seems to increase the risk 
of developing colorectal cancer (4, 5). An adenoma-carcinoma pathway is 
the most common sequence in the development of sporadic colorectal can-
cer, but the exact biogenetic processes are still to be revealed (6). Colorectal 
cancer differs depending on the biological profile of the tumour (7). A small 
fraction of colorectal cancer is genetically predisposed. Rare genetic disor-
ders such as familial adenomatous polyposis (FAP), hereditary nonpolyposis 
colorectal cancer (HNPCC, or Lynch syndrome) and hamartomatous poly-
posis syndrome can cause colorectal cancer in a person´s early 40s (8, 9). 
Alcohol consumption, smoking, reduced physical activity, obesity, con-
sumption of processed food, red meat, low-fiber diet, and microbiota 
changes are all associated with higher risk of colorectal cancer (10-17). 
Inflammatory Bowel Disease (IBD) is another risk factor. Ulcerative colitis 
and Crohn`s disease are associated with a high risk of cancer development 
and often the prognosis is poor. Ulcerative colitis in combination with pri-
mary sclerotizing cholangitis significantly increases the risk of developing 
colorectal cancer. However, according to recent studies, patients with an 
ileoanal pouch (IPAA) have a lower risk to develop colorectal compared to 
the patients with ileorectal anastomosis (IRA) (18-24). 

Figure 4. Aetiology of colorectal cancer. 
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Anatomy and embryology 
The colon is a 1-1.5 metre long, inverted, U-shaped, part of the large intes-
tine. It originates from the caecum and then continues as the ascending co-
lon, transverse colon, descending colon and sigmoid colon. The blood, lym-
phatic supply and innervation are distributed along the mesocolon. The fi-
nal straight portion of the large intestine is the rectum which is 15 centime-
tres long, and begins at the rectosigmoid junction, at the level of the sacral 
promontory. Its calibere is similar to that of the sigmoid colon at its com-
mencement, but it is dilated near its termination, forming the rectal ampulla. 
The rectum terminates at the level of the anorectal ring (the level of the 
puborectalis sling) or the dentate line. The rectum is followed by the anal 
canal which is about 3-5 centimetres long. 

The rectum is surrounded posteriorly by the mesorectum, which carries 
the blood and lymphatic supply to the rectum. Anteriorly, the rectum is 
covered with peritoneum at the upper third. The lower part of the rectum 
is separated from prostate gland by Denonvillier´s fascia and from vagina 
with rectovaginal fascia. Posteriorly, the mesorectal fascia ends at the pelvic 
floor at the anorectal junction and it is attached to the sacrum through Wal-
deyer's fascia (25).      

Figure 5. Anatomy of colon and rectum, (Gray's Anatomy of the Human Body, 
1918 
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The normal development of the intestine starts in the third week of intrau-
terine life, when the midgut loop develops within the umbilical cord. The 
midgut rotation follows and then returns to the abdomen. After the rotation 
is completed, the small bowel mesentery, and the ascending and descending 
colon are fixed to the retroperitoneum. Development of rectum and anus 
starts from the hindgut, and the hindgut, tailgut, and allantois form the clo-
aca. At the sixth week, the urogenital septum grows to separate the hindgut 
posteriorly and the allantois anteriorly.  Finally, the rectum is separated 
from the anus by the persistent anal membrane, completing the formation 
of the gastrointestinal channel (26). 

Carbohydrate and fat metabolism 
Glycolysis is the process that utilizes glucose for the cell to survive (Figure 
4). Glucose is supplied to the body via intake of carbohydrates in food 
which then broken to glucose and can also be made de novo in the liver and 
muscle cells. The glucose is delivered to the cells via the capillaries and the 
intracellular uptake of glucose is regulated by insulin. Glucose is metabo-
lised to pyruvate in the cytosol, and pyruvate is then converted to lactate if 
the supply of oxygen is insufficient (anaerobic reaction), producing 2 mole-
cules of ATP. In the presence of oxygen (aerobic reaction) pyruvate is con-
verted to acetyl-CoA and further reactions in the TCA cycle take place in 
the mitochondria, leading to a more effective energy utilization, which pro-
duces 36 molecules of ATP (27, 28). Under normal circumstances 5% of 
the pyruvate is converted into lactate, but in the case of hypermetabolic and 
ischemic conditions, this proportion can be increased. Lactate is then trans-
ported to the liver to be converted to glucose, in a process known as glyco-
neogenesis. Glucose produced in the liver, is transported to the cell to pro-
duce energy (Cori cycle).  

In decreased blood perfusion nearly all the lactate is transferred to the 
liver, making lactate  difficult to detect in an ischaemic area (29-32). Even 
when the oxygen supply is restored, the mitochondrial dysfunction causes 
high lactate levels initially and because of this factor the aerobic pathway 
does not function properly (33).  All of this means that measuring serum 
lactate could be an unreliable method for early identification of  tissue is-
chaemia (30, 31, 34-37). The ratio between lactate and pyruvate (L/P) de-
scribes the current relationship between aerobic and anaerobic utilization, 
and it is more the trend of the curve, when interpreting intraperitoneal mi-
crodialysis, over time rather than the individual values that best describes 
the current metabolism. An increasing intraperitoneal L/P is a sign of an 
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increased anaerobic metabolism that may develop into inflammation, 
splanchnic hypoxia and ischaemia (38-42). 

Lipolysis is the process that involve the degradation of triacylglycerol 
(TGA) to free fatty acids (FFA) and glycerol in the adipose cell, in order to 
produce energy. After the breakdown of TGA, the FFA enter the TCA cycle 
to produce a high amount of energy. Glycerol is used in glycolysis and glu-
coneogenesis as an energy source or, in conditions of excess energy, stored 
again with FFA in the form of TGA (27, 28). Fatty acid metabolism is reg-
ulated by cathecholamines (catabolic effect) and insulin (anabolic effect). 
Increased sympathetic activity enhances lipolysis (43-46). Glycerol is also a 
part of cell-membrane. Cell death causes degradation of the cell membrane 
and breakdown of fatty acids in the cytosol. Microdialysis (MD) studies in 
neurosurgery use glycerol as a marker of cell death and tissue damage, but 
the energy intake of the neurons depends only on glucose (47-51). 

Figure 6. Glucose and fat metabolism 
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Symptoms and diagnosis of colorectal cancer 
Colorectal cancer can initially be nearly asymptomatic. The major symp-
toms can be divided into four categories: Intestinal dysfunction such as con-
stipation, tenesmus, diarrhoea or altered bowel habits, abdominal pain, 
caused by intestine obstruction or tumour expansion in advanced local dis-
ease and rectal bleeding and systemic presentations such as weight loss in 
advanced disease (52, 53).  

Diagnosis is made via clinical examination, rectoscopy, and colonoscopy. 
Colonoscopy is performed even for rectal cancer cases, in order to establish 
a clean colon and find out whether there are any synchronous tumours. 
Colonoscopy is an essential method to identify the nature of the tumour. 
The most common form is adenocarcinomas, but in some cases other kinds 
of tumours can be found including, lymphomas, neuroendocrine tumours, 
sarcomas, metastasis from other tumours, melanomas. Digital examination 
and rigid rectoscopy are performed in rectal cancer cases to identify if the 
tumour is fixated to the underlying tissue and to measure the distance of the 
lower margin of the tumor from the anal verge. Biopsies are taken during 
the endoscopic examinations. Blood samples are tested for hemoglobin, re-
nal function and tumor markers. Imaging is crucial for staging. Computer 
Tomography (CT) and pelvic MRI in the case of rectal cancer are performed 
preoperatively. Endoscopic ultrasound is used for superficial tumors to 
identify the depth of infiltration (54-57). TNM staging and future recom-
mendations about the treatment are made at the multidisciplinary team con-
ference (58, 59). Treatment recommendations are based on clinical facts, 
and can be curative or palliative. The main treatment is surgical, but this 
can be combined with chemotherapy and irradiation depending on the case. 
Neo-adjuvant chemotherapy is not given in colon cancer cases, but there 
are ongoing studies that investigating the value of chemotherapy in ad-
vanced cancer cases. 
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T1    the tumour is only in the inner layer of the bowel. 
T2    the tumour has grown into the muscle layer of the bowel wall. 
T3    the tumour has grown into the outer lining of the bowel wall but 
has not grown through  
T4a  the tumour has grown through the outer lining of the bowel wall 
and has spread into the peritoneum 
T4b the tumour has grown through the bowel wall into nearby organs 
N0  no lymph nodes containing cancer cells. 
N1a  there are cancer cells in 1 nearby lymph node 
N1b there are cancer cells in 2 or 3 nearby lymph nodes 
N1c means the nearby lymph nodes don’t contain cancer, but there 
are cancer cells in the tissue   near the tumour 
N2a there are cancer cells in 4 to 6 nearby lymph nodes 
N2b there are cancer cells in more than 7 nearby lymph nodes 
M0 the cancer has not spread to other organs. 
M1 the cancer has spread to other parts of the body such as the lung 
or liver.  
M1a  the cancer has spread to 1 distant site or organ, for example the 
liver, but it hasn’t spread to the peritoneum 
M1b the cancer has spread to 2 or more distant sites or organs, but it 
hasn’t spread to the   peritoneum 
M1c  the cancer may have spread to distant organs and it has spread 
to peritoneum 

Table 1.Tumor-node-metastasis (TNM) staging (AJCC Cancer Staging 
Manual 2016) 
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Treatment of colorectal cancer 
 

The treatment of colorectal cancer is multidisciplinary. The main treatment 
is surgical, but this can be combined with chemotherapy and irradiation 
depending on the case. The surgical resection should be performed in the 
embryonic layer of the colon according to CME/TME principles. At resec-
tion, the tumour-bearing intestinal segment should be removed with suffi-
cient margins, including the mesentery of the intestine including the lymph 
vessels and the regional lymph nodes. The dissection should take place in 
the avascular plane outside the mesocolic or mesorectal fascia which should 
be kept intact. In rectal surgery the ureters as well as the hypogastric nerves 
and autonomous nerve plexus are identified and preserved. In this way su-
perior oncologic resection is ensured with reduction of complications such 
as bleeding and preservation of the urogenital function (2). 

Modern colorectal surgery has its roots in the ancient civilizations and 
has developed throughout the years according to social and cultural circum-
stances. The ancient Egyptians, Greeks and Roman created the fundamen-
tals of medicine and surgery, but, Andrea Vesalius and Ambroise Paré were 
the first two surgeons to study anatomy through dissections. In this way 
they set the milestones for future surgeons (60). 

The colorectal surgery developed rapidly in the18 and 19th centuries.  
Jacques Lisfranc performed a successful rectal operation with posterior ap-
proach in 1826 (61). His grave at the Montparnasse Cemetery in Paris bears 
the following epitaph: “Surgery is bright when operating but it is still 
brighter when there is no blood and mutilation and yet leads to the patient’s 
recovery”. Colorectal surgery is associated with high morbidity and mortal-
ity, but its development accelerated after chloroform anesthesia. Theodor 
Billroth, the real father of gastrointestinal surgery, performed both colon 
och rectal surgery and other types of gastrointestinal surgery with audit. In 
1885 Kraske proposed his posterior proctectectomy which remained popu-
lar into the 20th century (62, 63). This entails the excision of the coccyx 
and the lower segment of the left part of the sacrum, the dissection and 
resection of the rectum and the anastomosis of the colon with the external 
sphincter and the anal skin. 

Reybard, in 1833, performed a segmental colonic resection for a tumour 
of the sigmoid. Another resection with the same principles was described by 
Tiersch in 1843. Theodor Billroth performed a segmental colonic resection 
with a terminal stoma, just like a Hartmann operation. Series with staged 
procedures were reported by Mikulitz at the end of 19th century (64-66).  
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During the 20th century and the start of the 21th century colorectal sur-
gery was boosted to high levels and the mortality, morbidity and recurrence 
rates gradually decreased. At the beginning of the 20th century Hartmann 
suggested a method which involved resecting the tumour, leaving the rectal 
stump in the abdominal cavity, and providing a permanent stoma (67). Wil-
liam Ernest Miles, proposed his operation of abdominoperineal resection of 
the rectum in 1908. Recurrence rates reduced significantly and the method 
became the golden standard for rectal cancer surgery(68, 69). At the end of 
the 1940s, Best and Dixon proposed the anterior resection of the rectum 
with hand-sewn anastomosis, called the anterior resection (70-73). Circular 
stapling was introduced in the mid70s to construct a low colorectal anasto-
mosis, to allow sphincter preservation, and has been widely used from the 
early 1980s with more advanced circular stapling models coming onto the 
market (74, 75). 

In the 1980s Heald, from Basingstoke, England, proposed on the basis of 
Quirke's   histopathological examinations that the resection should be per-
formed at what he called the “holy plane”, the space between the mesorec-
tum and the sacral plane. In his first series of 112 patients, the rate of local 
recurrence was around 2 %, substantially lower than the 20 % seen with 
conventional rectal resection (76-79). 

A laparoscopic colonic resection using this technique was a right colec-
tomy performed by Moises Jacobs in Miami, FL in June 1990 (80), followed 
shortly by a laparoscopic sigmoid resection performed by Dennis Fowler in 
October of the same year. A month later Patrick Leahy performed a lapa-
roscopic anterior resection of the rectum with a low rectal anastomosis (81). 
In 2002, Weber et al reported three robotic right and sigmoid colectomies 
for benign disease using the da Vinci® robotic system (82). In 2004, D 'An-
nibale reported 53 robotic colorectal surgeries from May 2001 to May 2003 
including 22 cases of malignant colorectal disease were contained (83). The 
concept of robotic total mesorectal excision for rectal cancer was reported 
by Pigazzi at al. in 2006 (84). In Asia, Baik reported a  series with robotic 
total mesorectal excision for rectal cancer in 2007 (85). Transanal total 
mesorectal excision (TaTME) is a relatively new and technically demanding 
method to treat middle and low rectal cancer, it has shown good initial re-
sults, but needs further evaluation (86). 
Colorectal surgery continues to evolve hand in hand with rapid technologi-
cal development. Despite technological advances the risk of complications 
remains a major problem for both patients and society. 
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Distance 
from 
anal verge 

T1,T2 T3 a-b T3C-d T4a T4b NI N2 MRF+ MRF/TD EMVI+ Lat Lgl 

Very high 0 0 0 0 0/CRT 0 0 0 

High 0 0 0 5x5 0/CRT 0 0 CRT 5x5 5x5 CRT 

Medium 0 0 0 5x5 0/CRT 0 5x5 CRT 5x5 5x5 CRT 

Low 0 0 5x5 5x5/CRT 0 5x5 CRT 5x5 5x5 CRT 

Ultra low 5x5 5x5 5x5 5x5/CRT 0 5x5 CRT 5x5 5x5 CRT 

Table 2. Neo-adjuvant therapy in rectal cancer (Swedish Regional Cancer Center 
2020). 
(T= tumour stage, N= lymph nodes, MRF + = mesorectal fascia involvement, Lat 
Lgl= lateral lymph node engagement outside the mesorectal fascia, EMVI+ = extra-
mural vascular invasion, 5x5= radiotherapy 5 Gy in 5 fractions, CRT= 1.8 Gy in 28 
fractions combined with chemotherapy). 

Complications after colorectal surgery 
Colorectal surgery is complicated and challenging. Preoperative oncologic 
treatment and patient-related factors such as age, male gender, obesity, high 
alcohol consumption, smoking, cardiac and renal comorbidities, diabetes, 
high alcohol consumption, previous abdominal surgery, thromboembolism, 
and chronic treatment with immunosuppressive medication can increase the 
incidence of postoperative complications (87-89). 
The most common postoperative complications not associated with surgery 
is atelectasis which could lead to pneumonia, infections of the urinary tract, 
postoperative venous thrombosis. The most common postoperative surgical 
complications are anastomotic leakage, bleeding, paralytic ileus, wound in-
fection, intra-abdominal abscesses and wound dehiscence. Reoperation can 
be required to treat some of these complications (2, 87, 88, 90-94). 

Anastomotic leakage 
Anastomotic leakage (AL) is defined as a defect of the intestinal wall at the 
anastomotic site leading to a communication between the intraluminal and 
extraluminal compartments (95). AL after colorectal surgery is a common 
and dreaded complication. According to the Swedish Regional Cancer Cen-
ter, in Sweden in 2019, the incidence of AL after colon cancer surgery was 



22 IOANNIS OIKONOMAKIS Anastomotic leakage in colorectal surgery 

4.1% and 30-day mortality was 6.1% after acute operation and 1.4% after 
elective surgery. In rectal cancer, the incidence of AL was 4.5 to 16.2 % 
without defunctioning loop ileostomy and 4.9 to 13.9 with defunctioning 
loop ileostomy and 30-day mortality was 0.6% (elective surgery)(2). In 
cases of AL it is common practice to provide a stoma after resecting the 
anastomosis unless one already exists (defunctioning ileostomy) (96, 97). 
Rectal cancer surgery usually involves the provision of defunctioning loop 
ileostomy in order to prevent the potentially fatal consequences of an AL, 
such as peritonitis, sepsis and organ failure (98). A stoma not only causes 
discomfort, but further surgery may be required to close it, which can be 
complicated and not without risk. Many patients do not have their stoma 
closed according to schedule due to reasons such as postoperative chemo-
therapy, impaired general condition, other prioritization of surgical re-
sources. A group of patients keep their defunctioning stoma unclosed per-
manently (99-103). The risks of renal insufficiency, deteriorated anorectal 
function, and infection are higher in the group of patients with defunction-
ing stoma after low anterior resection (104-108). However, it is challenging 
to identify the group of patients who do not need a defunctioning stoma 
(109-112). One group of surgeons uses silicon tubes to decompress the anas-
tomosis instead of a defunctioning stoma and others suggest closure of the 
defunctioning stoma early after low anterior resection (113, 114). 

An AL diagnosis is challenging, and will often only be made late, at re-
operation.  Early in the postoperative phase CT with contrast anal enema is 
often normal in patients who later develop AL. CRP can be of help in diag-
nosis but only some days after the operation (115-117). Several instruments 
and scores have been suggested over the years with high sensitivity but low 
specificity for AL (118-124).       

Enteral stents have been successfully introduced to manage AL after oe-
sophagectomy, gastric bypass and gastric sleeve operations, as a “bridge to 
surgery” in colorectal cancer or as palliative treatment in stenotic colorectal 
cancer (125-129). However there are a few clinical case reports and an an-
imal study that describe the use of covered stents in colorectal AL (130-
133). A fully covered self-expandable metal stent (FCSEMS) could be an 
option in the early treatment of AL in colorectal surgery, if it is shown not 
to be detrimental in anastomotic healing by, for example, causing ischaemia 
at the anastomosis. 
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AIMS OF THE STUDIES 
The intention of the thesis was to illuminate the inflammatory and meta-
bolic changes which occur after anastomotic leakage following rectum re-
section with primary anastomosis, and to suggest new methods for early 
detection and treatment. 
 
The specific aims of the studies were: 
I. To compare the effects of a rectum perforation between an experimental 
group and a control group, in a porcine model. A rectal perforation was 
presumed to imitate an AL in the experimental group. Our intention was to 
study the inflammatory and metabolic changes taking place in the blood 
and intraperitoneally during the first 10 postoperative hours. 
II. To detect early intraperitoneal metabolic changes in patients developing 
anastomotic leakage after surgery for rectal cancer. Our intention was to 
study the inflammatory and metabolic changes taking place in the blood 
and intraperitoneally during the first 7 postoperative days. 
III. To analyse the whole blood changes in gene expression 4 hours after a 
rectal perforation, and make comparisons between an experimental group 
and a control group, using a whole genome porcine microarray, in a porcine 
model. As in Study I, a rectal perforation was presumed to imitate an AL in 
the experimental group.  
IV. To compare and analyse the metabolic effects of a FCSEMS covering a 
colon anastomosis, in a porcine model. FCSEMS have been clinically used 
for treatment of AL, but is still unknown whether they negatively affect 
anastomosis healing by causing ischaemia.  
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METHODS 

Intraperitoneal microdialysis (Studies I, II & IV) 
Intraperitoneal microdialysis (IPM) was introduced by Jansson et al. in 
2003 (134). MD is a validated method designed to measure concentrations 
of various substances in the extracellular fluid (135, 136). A double-lumen 
catheter with a diameter of 0.9 mm and a semipermeable membrane at the 
end, is placed at the tissue or organ of interest. The membrane pores are of 
two different sizes: 20 kDa pores allow lactate, pyruvate, glucose, and glyc-
erol to get through the membrane with the advantage that Lactate Dehy-
drogenase (LD), with a size of 143 KDa, cannot enter into the dialysate to 
cause breakdown of lactate in the fluid ; and 100kDa pores are used to 
retrieve large molecules such as proteins, cytokines, and neuropeptides 
(137). 

A microdialysis pump (M-dialysis syringe pump 106 or 107) provides a 
flow to the semi-permeable membrane, which facilitates the equilibrium of 
ringer dialysate with the extracellular tissue. The fluid containing metabo-
lites and substances of interest, is passively diffused across the membrane 
due to the diffusion gradient (0.3-1.0 µl/min). The substances are initially 
gathered at the membrane, and then collected in a small tube known as 
“microvial” for analysis. A high perfusion rate can lead to lower recovery. 
A slow rate is considered to allow 100% recovery. 

The fluid collected in the microvial is analyzed by a computer-run spec-
trophotometer using a method known as liquid chromatography. In this 
method each metabolite is utilized by a specific enzymatic reaction and then 
analysed. The analysis can be performed continuously with 20-minute in-
tervals between the sampling, as this time is needed for the microvial to be 
filled with an adequate amount of fluid. The analysis of lactate, pyruvate, 
glucose and glycerol takes 7 minutes, which basically allows continuous 
monitoring of the balance between aerobic and anaerobic metabolism at the 
cellular level. Extracted data can be analysed with the LabPilot software 
package (M-dialysis, Sweden). 

IPM is considered a promising method for prediction of surgical compli-
cations after gastrointestinal surgery (38, 138) and, studies have been con-
ducted in both animals and humans (38, 47, 115, 139-162) An increase in 
the IP L/P is indicative of an increased anaerobic metabolism that may de-
velop into inflammation, splanchnic hypoxia and ischemia. This results in 
a disturbance of anastomosis healing (38, 142, 148, 152, 153). These early 
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metabolic changes are detectable prior to several postoperative complica-
tions, such as AL and abdominal compartment syndrome (38, 139, 147, 
149, 150, 152, 163, 164).  Biochemical measurements have been analysed 
in subcutaneous and IP locations (140, 141, 144, 153). Changes are ob-
served only in the IP measurements prior to complications, suggesting that 
major surgical complications are preceded by splanchnic hypoxia/ischae-
mia. It has been shown that obese and diabetic patients do not differ from 
control patients in terms of postoperative IP  L/P (47, 144). 

The catheter can be placed in different locations in the body but in our 
studies it was placed IP between the intestinal loops, sutured at the small 
intestine, colon or rectal stump and subcutaneously at the pectoral region. 
No complications related to MD catheter have been reported in the litera-
ture. The technique causes no discomfort or pain at the insertion site and 
the removal of the catheter is easy.  

MD data should be interpreted over a period of time and with consider-
ation of other ongoing physiological and medical events, since trends are 
more reliable than single measurements. Measurements in a cavity, such as 
the abdomen, can be affected by accumulation of fluids at specific areas, 
and other factors such as food intake, medical treatments and anesthesia 
can also have an impact. 

 
 
 
 
 

 
 

 
 
 
 
 
 
 

 
 

 

Figure 7. Intraperitoneal microdialysis equipment 
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Cytokine measurements (Studies I-II) 
Splanchnic ischemia and pro-inflammatory cytokine activation have been 
described as early events in the successive development of shock and organ 
failure. Studies in postoperative cytokine response have shown a higher IP 
inflammatory response, suggesting that the gastrointestinal tract is the ma-
jor source of the postoperative inflammatory response. Uninhibited, the in-
flammatory reaction will spread systemically and several cascade systems 
will be activated, possibly resulting in shock and multiple organ failure 
(165-167). Cytokines are sensitive biomarkers for inflammation, but not 
specific for the detection of AL (139, 168-171). 

Multiplex bead array technology depends on the principles of the en-
zyme-linked immunosorbent assay (ELISA) by allowing the simultaneous 
quantification of a large number of cytokines and chemokines within a sin-
gle sample. In the first study serum and intraperitoneal concentrations of 
IL1, IL6 and IL10 were simultaneously determined using a porcine cyto-
kine/chemokine magnetic bead MILLIPLEX® MAP kit (EMD Millipore 
Corporation, Billerica, MA, USA). After an initial centrifugation of the sam-
ples (14,000 x g for 10 minutes) the assay was performed according to the 
manufacturer’s protocol. The ranges of the serially diluted standard curves 
were between 0.122-500 ng/mL for IL-1β and   0.024- 100 ng/mL for IL6 
and IL10. Measurements and analyses were performed using a Luminex 
200™ (Luminex Corporation, Austin, TX, USA) and version 3.1 of the 
xPONENT® software package (Luminex). 

The samples in Study II were analysed using an enzyme-labelled semi-
luminescent sequential immunometric assay on an Immulite® instrument 
(DPC, Los Angeles, California, USA), according to the manufacturer’s in-
structions. 

Both of the above mentioned techniques are based on ELISA, a method 
which was introduced in 1971 by Engvall and Perlmann (172) and using 
the following principles: Antigens from the sample that are attached to a 
surface bind to a matching applied antibody. This antibody is linked to an 
enzyme and then any antibodies not attached to the antigens are washed 
out. In the final step, a substance containing the enzyme's substrate is added 
which produces a signal; usually a colour change. This allows the quantity 
of the antigen in the sample to be estimated. Modern techniques can analyse 
a large number of antigens simultaneously. 
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Figure 8. Principles of using Luminex beads for cytokine analysis. 

mRNA analysis 
mRNA links genetic information from DNA to the ribosome in order to 
facilitate gene expression. RNA polymerase transcribes primary transcript 
mRNA into mature mRNA, which is then translated into a protein in the 
ribosome. mRNA genetic information is a sequence of nucleotides, are ar-
ranged into codons each consisting of three base pairs. Each codon encodes 
for a specific amino acid, except the stop codons, which terminate protein 
synthesis. Two other types of RNA contribute to protein synthesis. tRNA 
contributes in the recognition of the codon and provides the corresponding 
amino acid. rRNA plays a central role in the construction of protein chains. 
There are now commercially available microarrays for both human and an-
imal specimens that can detect the expression of up to 20–30,000 genes 
(173-175). Analysis of mRNA gives detailed information about the intra-
cellular biochemical processes, which might be useful for further clinical 
studies concerning inflammation, metabolism and postoperative complica-
tions (176-182). 

DNA quality is crucial in order to achieve a high quality mRNA analysis. 
The evolution of DNA purification techniques during the late 1980s meant 
that high-quality DNA could be extracted from a variety of tissues. Having 
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achieved a success in DNA extraction, the next step was to develop a 
method to analyse DNA. 

DNA array analysis was described by Grunstein and Hogness (183). In 
this method, the DNA of interest is cloned into Escherichia coli plasmids. 
E. coli colonies are created with different hybrid plasmids and, these plas-
mids are screened to isolate a specified DNA sequence or gene. DNA prints
of the colonies are then hybridized to radioactive RNA, and further ana-
lysed by autoradiography (184, 185).

The major application of DNA microarrays has been for the measure-
ment of gene expression levels. RNA is extracted from cells, directly fluo-
rescently labeled, and converted to labeled cDNA. The labeled cDNA is hy-
bridized to the microarray, the array is washed, and the signal is detected 
by measuring fluorescence at each spot (186). The intensity of the signal on 
each spot is taken as a measure of the expression level of the corresponding 
gene. mRNA expression gives insight into cell mechanisms. The genes that 
are analysed result in production of proteins. The function of some of pro-
teins are known, but the functions of the majority remain unknown. Gene 
libraries have developed over time where new genes and their corresponding 
proteins are registered every year (187, 188). 

The mRNA analysis in Study III was performed by the affymetrix core 
facility at Novum, Bioinformatics and Expression Analysis (BEA) which is 
supported by the board of research at the Karolinska Institute and the re-
search committee at Karolinska Hospital. 

Total RNA was isolated from PAXgene Blood RNA tubes with the stand-
ard protocol of the PAXgene Blood RNA Kit on a QIAcube, (Qiagen). Total 
RNA quality was assessed with a 2200 TapeStation (Agilent Technologies) 
and concentrations were measured with a NanoDrop ND-1000 Spectro-
photometer. 

Next, 150 ng of total RNA was used to generate amplified sense strand 
DNA targets using an  Affymetrix WT Plus Kit followed by fragmentation 
and biotinylation in order to label the DNA. Following this, 2.2ug of ss 
DNA target was hybridized to Porcine Gene 1.0 ST Arrays in an Affymetrix 
Gene Chip Hybridization Oven 645. 

Hybridization, washing and staining were carried out of an Affymetrix 
GeneChip® Fluidics Station 450, according to the manufacturer’s protocol. 
The fluorescent intensities were determined with an Affymetrix GeneChip 
Scanner 3000 7G. Protein identification was performed according to gene 
databases. 
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Figure 9. Flowchart of mRNA analysis (S. Fält Novum, BEA, Bioinformatics and 
Expression Analysis) 
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Protocols and statistical analysis 

Study I 
The animals were randomized before the operation into two groups; an ex-
perimental group with rectal perforation (n=6) and a sham-operated control 
group (n=6), using a 1:1 envelope system. After the operation, there was an 
intervention-free period of 1 hour. Blood pressure, pulse, temperature and 
urine production were measured 1, 4, 7 and 10 hours after the procedure. 
IP and blood samples were also collected for analysis at these times. Blood 
samples were collected from the carotid artery and were analyzed for blood 
gases, white blood count, CRP, and cytokines IL1, 6 and 10. IP fluid was 
collected via an intra-abdominal drain to be later analysed for IL1, IL6 and 
IL10. IPM samples were collected and analysed immediately bedside. In the 
statistical analysis, pairwise comparisons between groups were performed 
after 1, 4, 7, and 10 hours using the Wilcoxon rank sum test (Statistix 8®). 
This non-parametric method was chosen because of the small size of the 
sample and the non-equal distribution of the outcome values. A p-value less 
than 0.05 was regarded as statistically significant. 

Figure 10. Protocol study 1. 
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Study II 
In a prospective observational study, 20 patients at high risk of developing 
AL were postoperatively investigated after low anterior resection for rectal 
cancer. The patients were divided into two groups according to outcome; 
the leakage group (anastomotic leakage) (n=7) and the non-complication 
group (free of complications, n=13). During the operation, a free-floating 
catheter was placed around loops of the small intestine. The anastomotic 
catheter was placed IP, (1-2 cm) away from the anastomosis and fixated 
extraperitoneally in the pelvis. At the end of the operation, a M-dialysis 60 
catheter was inserted subcutaneously in the right pectoral region. Metabolic 
samples were analysed via MD every 2 hours during the first 2 days and 
thereafter every 4 hours during the following 5 days. 

Samples for the IL 6 and IL 10 analysis were collected IP from an 18-
French pelvic drain every 6th hours during the first 48 hours. Venous sam-
ples were collected for analysis at the same time. Groups have been com-
pared by the median values for each patient during the whole study, and 
analysed via the Wilcoxon rank sum test using Statistix® 8. A p-value less 
than 0.05 was regarded as statistically significant.  The results remained 
unchanged when an additional analysis with the Mann Whitney U test were 
performed (SPSS® version 25) every 6th hours. 

Figure 11. Protocol study 2. 
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Study III 
The animals were randomized before the operation into two groups; using 
an envelope system 1:1: an experimental group with rectal perforation and 
a sham operated control group. After the operation, there was an interven-
tion-free period of 1 hour. Blood samples for mRNA analysis were taken 
before the laparotomy, and 4 hours after the rectal perforation. Statistical 
analysis was performed with an unpaired t-test under the assumption at the 
values (gene expression) were normally distributed. The statistical analysis 
was performed using R Studio. The Benjamini-Hochberg test was used to 
adjust p-values for multiple comparisons, and a p-value less than 0.05 was 
regarded as statistically significant. 

Figure 12. Protocol study 3. 
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Study IV 
In a prospective observational study 7 animals were postoperatively com-
pared pairwise in three phases. The animals were first operated with lapa-
rotomy and, three MD catheters and a urine catheter were placed. This was 
followed by 1- hour intervention free period. Three hours later, in the sec-
ond phase of the experiment, colon resection was performed. At the third 
phase, 2 hours after the colon resection, an anastomosis was constructed 
and the stent inserted. Blood pressure, pulse and urine production were 
measured after each phase of the experiment, and at the same time, IP sam-
ples were collected and analysed immediately bedside. Blood samples were 
collected from the carotid artery and were analysed for blood gases. In the 
statistical analysis, pairwise comparisons between groups were performed 
after the colon resection and after the anastomosis with the stent placement, 
using the Kruskal Wallis test and ANOVA (Statistix 8®). A non-parametric 
statistical analysis method was used because of the small size of the sample 
and the non-equal distribution of the outcome values. A p-value less than 
0.05 was regarded as statistically significant. 

Figure 13. Protocol study 4. 
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ETHICAL CONSIDERATIONS  

Animal studies (I, III, IV) 
The studies were approved by the Regional Animal Ethics Committee, Lin-
köping, Sweden, under registration numbers 42-13 2013 (I, III) and 17869-
2020 (IV). The studies were conducted in accordance with the directive of 
the European Union for the protection of animals used for scientific pur-
poses as well as the Swedish Animal Welfare Act (1988:534 §19), and re-
ported according to the Animal Research: Reporting of In Vivo Experiments 
(ARRIVE) guidelines (189). In total, 20 healthy 3-month-old domestic pigs 
(a crossbreed between Swedish country breed, Hampshire and Yorkshire) 
of both sexes were used.  

Our studies could not have been performed on healthy volunteers or pa-
tients and single cells, tissue samples, or organs could not have been used. 
The principles of the 3Rs were taken into consideration. Smaller animals 
would have been unfeasible because some measurements and equipment are 
limited by size. A final reason for choosing the animals was anatomical re-
semblance, in that the physiology of the gastrointestinal channel is similar 
between pigs and humans.  

The animals were housed at room temperature on a farm, and had free 
access to water and standard porcine fodder prior to the experiments. They 
were kept in a 16-hour day and 8-hour night cycle and were sedated during 
the transport to the research facility. The studies were acute experiments; 
that is, the animals were anaesthetised during the experiments and eu-
thanized at the end, thus minimising the animal suffering. 

Human study (II) 
The study was approved by the Regional Ethical Review Board, Örebro, 
Sweden, under   registration number 94/03 2003-02-17. The ethical guide-
lines established in the declaration of Helsinki were adhered to. All patients 
were given written and oral information and gave their written consent. 
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RESULTS 

Study I 
The changes in IP metabolism and inflammation, which are mediated by IP 
and intravenous cytokines, are a reflection of this rapid dynamic pathophys-
iological process. IP glucose was significantly lower in the experimental 
group 4 hours after the perforation (p=0.0137), and continued to be lower 
in comparison with the control group during the whole study. IP lactate was 
higher in the experimental group at 1 hour after the operation, and differed 
significantly 7 hours after perforation (p=0.036). The difference was no 
longer significant 10 hours after the perforation. Nevertheless, the L/P was 
significantly higher in the experimental group at both 7 and 10 hours after 
the perforation. IP IL1 was twice as high in the experimental group at both 
7 and 10 hours postoperatively, but no statistically significant differences 
were seen. IP IL 6 differed significantly between the groups at 10 hours 
(p=0.0453) and IL10 also reached significantly higher levels 10 hours after 
the operation (p=0.0453) in the experimental group. Blood IL6 levels were 
significantly higher in the experimental group 4 hours (p=0.02) after the 
operation.  

Figure 14. Blood IL6 levels. Dark grey: experimental group, light grey: control 
group. IL values in the y-axis in ng/ml.
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Figure 15. Median IP lactate and IP L/P measured via free-floating catheter. Dark 
grey: experimental group, light grey: control group. Lactate values in in the y-axis 
in mM.
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Table 3. Blood and IP values. Significant differences are circled in red.  
Glucose, lactate in mM, pyruvate, glycerol in µM, IL values in µg/L. 
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Study II 
Around the small intestine (IP), patients who later developed AL had higher 
lactates and L/P immediately after surgery. Both median IP lactate values 
(p=0.009) and median L/P values (p<0.001) were higher in the leakage 
group than in the non-complication group during the entire study. Median 
glycerol values were lower in the complication group, and decreased during 
the study (p=0.03).  No significant differences in IP glucose were seen be-
tween the groups. At the anastomosis we found higher L/P in AL patients 
after the postoperative day 5 (p<0.03), but no differences regarding glucose, 
lactate and glycerol. At the subcutaneous catheter, no significant changes 
were shown in glucose, lactate, L/P, or glycerol. 
Intravenous and IP IL 6 were higher in the leakage group. Significant differ-
ences were found at 18-30 hours and after 42 hours, both intravenously and 
IP. No significant differences in IL10 were found. 

Figure 16. Median and interquartile changes of IP L/P at the free-floating catheter. 
Anastomotic-leak patients (blue triangles) and non-complication patients (black 
squares). Statistical analysis was performed every 6th hours, p-values are presented 
in figures. 
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Figure 17. Median and interquartile changes L/P at the anastomosis. Anastomotic-
leak patients (blue triangles) and non-complication patients (black squares). Statis-
tical analysis was performed every 6th hours, p-values are presented in figures. 

Table 4. Intravenous and IP IL 6 and IL 10 over the first 48 postoperative hours. 
Significant differences, circled in red, between the groups regarding IL 6 were found 
at both localisations. IL values in ng/L.
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Study III 
Among the 19124 mRNA genes which were analyzed, 48 genes which 
coded for a known protein and 276 coded for an unknown protein changed 
significantly 4 hours after the perforation. 

The 11 up-regulated genes with a high FC (>4) in genes that coded for a 
known protein, are known to be involved in increased inflammatory and 
immunological response, intracellular signaling and cell membrane regula-
tion.  

Figure 18. Boxplot showing the proteins corresponding to the 11 known genes with 
FC> 4. Preoperative protein expression levels in the experimental group are shown 
in blue, preoperative protein expression levels in the control group are shown in 
yellow, postoperative protein expression levels are shown in green for the experi-
mental group and in red for the control group. The black lines in the boxes shows 
median values. For a better overview, FC values in the y-axis have been expressed 
as logarithms. All statistical calculations were performed on non-logarithmic values. 
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Table 5. Gene expression data: probe set identification number, FC, p –value, and 
protein description of the 48 mRNA genes which coded for a known protein. 

Probe Set ID FC p-value Protein
15242239 11.701 0.000737 tumor necrosis factor, alpha-induced protein 6
15218761 9.7341 0.0000275 potassium inwardly-rectifying channel, subfamily J, member 15
15295924 6.6565 0.000212 Haptoglobin
15254582 6.3697 0.019335 transcobalamin I (vitamin B12 binding protein, R binder family)
15287911 6.2881 0.000212 activin A receptor, type IB
15254535 5.9668 0,001361 membrane-spanning 4-domains, subfamily A, member 7
15330079 5.7942 0,0000794 matrix metallopeptidase 1 (interstitial collagenase)
15285579 4.8529 0.000257 S100 calcium binding protein A8
15190807 4.7245 0.000212 lipocalin 2
15280666 4.645 0.000342 S100 calcium binding protein A9
15263686 4.2737 0.001065 Resistin
15249538 3.856 0.008008 antileukoproteinase-like
15247299 3.4524 0.005042 antileukoproteinase-like
15263641 3.3756 0.004251 egf-like module containing, mucin-like, hormone receptor-like 1
15275209 3.2573 0.00047 AT-rich interactive domain-containing protein 5A-like
15322017 3.1694 0.0000751 progestin and adipoQ receptor family member 3-like
15248234 3.1559 0.000212 prion protein
15311674 3.0158 0.004586 protein-glutamine gamma-glutamyltransferase K-like
15281489 2.9409 0.000212 bcl-2-like protein 15-like
15285575 2.9376 0.000231 S100 calcium binding protein A12
15247429 2.8959 0.003717 matrix metallopeptidase 9 (gelatinase B, 92kDa gelatinase, 92kDa type IV collagenase)
15305270 2.795 0.027735 sphingomyelin phosphodiesterase, acid-like 3B
15248514 2.7089 0.014077 thrombomodulin
15270286 2.6795 0.007568 interleukin 1 receptor, type II
15312575 2.5983 0.001713 arginase, type II
15330095 2.4856 0.013268 matrix metallopeptidase 3 (stromelysin 1, progelatinase)
15283223 2.4671 0.0000411 ATPase, H+ transporting, lysosomal 42kDa, V1 subunit C1
15328685 2.4087 0.005984 6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 2-like
15328709 2.3975 0.011844 C4b-binding protein alpha chain-like
15303201 2.2921 0.005042 B-cell CLL/lymphoma 3
15286684 2.2727 0.000212 amylo-alpha-1, 6-glucosidase, 4-alpha-glucanotransferase
15252920 2.2718 0.019833 probable G-protein coupled receptor 141-like
15332619 2.2582 0.000713 feline leukemia virus subgroup C cellular receptor 1
15297967 2.2421 0.003271 T-cell-interacting, activating receptor on myeloid cells protein 1-like
15280703 2.1977 0.000212 S100 calcium binding protein A11
15322702 2.1955 0.004586 tec protein tyrosine kinase
15190313 2.1901 0.024523 toll-like receptor 4
15223879 2.1739 0.0000675 scavenger receptor class B, member 1
15205901 2.1517 0.005746 M-phase phosphoprotein 8
15320209 2.1511 0.007568 RNA-binding protein 47-like
15187496 2.12 0.0000235 thioredoxin-related transmembrane protein 3
15253738 2.1063 0.002362 glutathione S-transferase P 1-like
15277372 2.0858 0.003524 inhibitor of DNA binding 2, dominant negative helix-loop-helix protein
15230062 2.0697 0.000753 scavenger receptor class B, member 1
15296514 2.0606 0.014064 free fatty acid receptor 2
15282065 2.0536 0.001214 rho GTPase-activating protein 29-like
15290462 2.05 0.005676 leukotriene A4 hydrolase
15297331 2.0208 0.003717 peptidoglycan recognition protein 1
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Study IV 
Vital parameters and acid base samples were stable during the experiment 
and showed no differences after laparotomy, resection or anastomosis/stent 
insertion. The MD responses showed several changes at the different meas-
urement locations. Lactate increased significantly proximal to the resection 
(colon 1), and distal to resection (colon 2), while at the reference catheter 
(small intestine) there is a slight but-non-significant-increase. L/P increased 
significantly at colon 1, while at colon 2 a high level was noted after lapa-
rotomy. At both locations the values increased further after the resection 
and decreased slightly after anastomosis and stent insertion. No significant 
differences were detected at the small intestine. Glucose measurements de-
creased slightly at colon 1 after anastomosis with stent insertion, and de-
creased more but not significantly at colon 2 after anastomosis and stent 
insertion. These values showed a similar pattern to L/P, which increased 
after resection and then decreased after anastomosis and stent insertion. Py-
ruvate values showed a similar tendency to glucose values, with the highest 
measurements after resection. Glycerol decreased numerically at the small 
intestine during the course of the experiment, but remained basically un-
changed both proximally and distally to the anastomosis. 
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Figure 19. Box and whisker plot of L/P at colon 1. 

 

 

Figure 20. Box and whisker plot of L/P at colon 2 
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laparotomy resection stent p value 
Glucose colon 1 3.0 2.9 2.5 0.601 

Q1/Q3 1.9/5.1 2.3/5.1 2.1/4.1 
Glucose colon 2 2.9 4.3 2.2 0.070 
Q1/Q3 2.4/4.2 3.4/6.9 1.2/4.5 
Glucose small intestine 2.4 3.9 4.3 0.853 
Q1/Q3 2.3/6.6 2.5/4.8 0.5/4.5 
Lactate colon 1 4.0 6.2 6.5 0.0035 
Q1/Q3 3.4/4.0 4.6/6.7 5.0/7.0 
Lactate colon 2 4.2 4.9 6.4 0.0549 
Q1/Q3 2.5/4.6 3.4/5.9 5.7/6.8 
Lactate small intestine 4.0 5.8 6.0 0.161 
Q1/Q3 2.9/6.3 4.5/7.6 4.7/6.6 
Pyruvate colon 1 216 232 226 0.486 

Q1/Q3 167/262 186/290 211/357 
Pyruvate colon 2 185 254 233 0.404 
Q1/Q3 174/239 169/284 211/241 
Pyruvate small intestine 180 207 260 0.157 
Q1/Q3 72/184 97/286 244/290 
Glycerol colon 1 61 49 52 0.400 

Q1/Q3 40/95 20/62 44/59 
Glycerol colon 2 51 51 54 0.756 
Q1/Q3 42/90 37/65 44/69 
Glycerol small intestine 78 37 37 0.140 
Q1/Q3 32/143 17/75 26/47 
L/P colon 1 16.5 24.2 23.5 0.0144 
Q1/Q3 15./19.4 21.3/29.5 22.6/26.5 
L/P  colon 2 24.4 27.8 27.4 0.590 
Q1/Q3 15.7/25.5 11.9/29.5 20.9/28.0 
L/P  small intestine 23.1 28.1 22.6 0.634 
Q1/Q3 19.8/35.0 21.3/78.2 19.7/27.0 

Table 6. MD results at colon 1 (proximal to anastomosis), colon 2 (distal to anas-tomosis) 
and at the reference catheter in the middle of the small intestine. (Median values, Quartile1/
Quartile3). Significant p values in red. Glucose, lactate in mM, pyruvate, glycerol in µM.
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DISCUSSION 
Despite the rapid evolution of surgery in the 21st century, AL is still a major 
problem in colorectal cancer surgery. It is difficult to diagnose and treat; 
clinical symptoms, biochemical analysis and imaging are used as diagnostic 
tools, but they are still not enough. Clinical studies have been performed to 
thoroughly follow the patient after the operation with a variety of methods, 
but modern clinical praxis the diagnosis is usually achieved 3-5 days after 
the operation at the earliest. Moreover, all these clinical studies followed 
the patients after the operation without knowledge of the specific time of 
the rectum perforation. 

In Study I, AL was imitated via a rectal perforation. Knowing the exact 
time of the perforation makes easier to follow up the consequences. White 
Blood Cells (WBC) were significantly higher in the experimental group pre-
operatively but no other preoperative laboratory or clinical differences were 
seen between the groups. Thus, the two study groups were very similar be-
fore the operation. Higher arterial lactate levels in the control group were 
seen 10 hours after the operation, but remained within physiological limits. 
Such small differences in the individual analyses are probably due to the 
small size of the study. However, there were prominent changes in IP me-
tabolism and inflammation, which are mediated by IP and intravenous cy-
tokines and IPM, reflect this rapid dynamic pathophysiological process.  

IPM was performed via a free-floating catheter. IP glucose was signifi-
cantly lower in the experimental group 4 hours after the perforation and 
continued to be lower in comparison with the control group during the 
whole study. This, could indicate a higher consumption of glucose in the 
cells of the experimental animals due to sepsis caused by rectal perforation. 
IP lactate was higher in the experimental group as early as 1 hour after the 
operation and differed significantly 7 hours after perforation. The difference 
was no longer significant 10 hours after the perforation, but this might have 
been due to the small size of the study. Nevertheless, L/P was significantly 
higher in the experimental group at both 7 and 10 hours after the perfora-
tion. 

The differences in lactate and L/P between the experimental and control 
group could mirror the different pathophysiological processes occurring be-
tween them. The group with a perforation showed a “trend” toward higher 
lactate and L/P values. The ratio between lactate and pyruvate describes the 
current relationship between aerobic and anaerobic utilization, and it is 
more the trend of the curve over time rather than the individual values that 
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best describes the current metabolism. IP IL1 was twice as high in the ex-
perimental group at both 7 and 10 hours postoperatively, but no statistically 
significant differences were seen. IP IL 6 differed significantly between the 
groups at 10 hours and IL10 also reached significantly higher levels 10 
hours after the operation in the experimental group. Higher levels of IL1, 
IL6, and IL10 indicate ongoing inflammation at the experimental group. 
Repeated blood analysis of IL 6 and IPM seems promising for early detec-
tion of AL.  

Study I has several limitations. It was performed in healthy pigs, but AL 
after colorectal surgery is usually seen in older patients with comorbidities. 
Another limitation is that the study lasted for 10 hours; it is possible that,the 
differences between the groups would have become even more prominent if 
the duration of the experiment was longer. Last but not least, after consid-
eration within the research group, it was chosen to perform a rectal perfo-
ration instead of a stapled colorectal anastomosis and disruption at the 
anastomotic site, because of better standardisation.     

Study II was a prospective observational study of, what really happens in 
clinical praxis. MD samples were analysed every second hour during the 
first 48 hours and every fourth hour thereafter. An IP drainage was inserted 
peroperatively, from which samples for analysis of IL 6 and IL 10 were 
drawn every sixth hour. Venous samples were collected for analysis at the 
same times.  The IPM catheter was placed free-floating around loops of the 
small intestine, and the anastomotic catheter was placed IP (1-2 cm) away 
from the anastomosis and fixated extraperitoneally in the pelvis. Our results 
showed increasing values after just 10 hours at the IP catheter placed at the 
small intestines, while the increase at the anastomotic catheter was noted 
only after 5 postoperative days. The likely reason for this is that the free-
floating catheter reveals the metabolic/inflammatory status at the small in-
testine, where the response is faster than at the anastomotic catheter. After 
5 days there was a second L/P peak at the anastomosis, which suggests that 
a prominent metabolic/inflammatory process is initiated at the small intes-
tine and then gradually spreads to the most sensitive site of the gastrointes-
tinal channel, the colorectal anastomosis. The second peak at the anasto-
motic catheter indicates ischaemia and cell death at the anastomosis. The 
lower IP glycerol values in the leakage group are probably an effect of higher 
consumption, due to greater energy demand and inflammation and cell 
death at the anastomosis. This hypothesis is also supported by a higher IL 
6 in leakage patients. IPM measurements were performed IP and subcuta-
neously. Lactate and L/P were higher in the abdominal cavity, while glycerol 
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levels were higher subcutaneously.  No significant subcutaneous differences 
were found between the groups, indicating that IP catheters are more suita-
ble for identifying intra-abdominal complications. IP IL6 was higher at 18, 
24 and 48 hours postoperatively, while intravenous IL6 values were higher 
12-42 hours after the operation; this indicates higher levels of inflammation
early in the postoperative period in patients who later develop an AL.

Study II has some limitations. Firstly, it is a small observational study. 
Moreover, there was a high selection, IPM was only performed in high-risk 
patients, 24% of whom developed AL. AL was detected by CT enema in six 
of seven patients, and the seventh patient was acute re-operated due to sep-
sis. Four of seven patients were operated and the others were treated con-
servatively. Another aspect to be considered is that IPM leads to increased 
detection of subclinical leakage. In a clinical postoperative situation in hu-
mans this study supports a free-floating catheter around the loops of the 
small intestines as the fastest method for early diagnosis of an anastomotic 
leakage. However, this could be combined with an anastomotic catheter 
and repeated analyses of IL 6 both intravenously and IP over the first two 
postoperative days. IP lactate and the L/P seem to be useful for early detec-
tion of anastomotic leakage during the first 48 hours.     

Study III used a porcine model to investigate early mRNA changes after 
a rectal perforation imitating AL. The model of AL was a feasible model for 
the whole genome expression array study of whole blood using the affymet-
rix porcine array. The mRNA in whole blood is derived mostly from lym-
phocytes (T- cells, B-cells, Natural Killer cells and monocytes). Circulating 
blood cells carry valuable information in their RNA expression profile that 
may be indicative of incipient inflammatory processes. When choosing the 
Affymetrix microarray method, financial expenditure was taken into ac-
count and consideration was given to the possibility of obtaining a large 
number of mRNA assays, while at the same time being aware of the ad-
vantages of other commercially available methods.  

FC is a measure describing how much mRNA signal changes from an 
initial value (before rectal perforation) to a final value (4 hours after rectal 
perforation). It is defined as the difference between the initial and the final 
value. A positive FC indicates up-regulation of mRNA signal. Among the 
19124 mRNA genes which significantly changed 4 hours after the perfora-
tion, 276 coded for an unknown protein and 48 coded for a known protein. 
The 11 up-regulated pathways with a high FC  (>4) in genes that coded for 
a known protein are known to be involved in increased inflammatory and 
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immunological response, intracellular signalling and cell membrane regula-
tion, consistent with inflammatory processes which immediately occur af-
ter a rectal perforation. 

The corresponding protein to the mRNA transcript with highest FC is 
tumor necrosis factor-alpha induced protein 6, a secretory protein member 
of the hyaluronan-binding protein family. The hyaluronan-binding domain 
is known to be involved in extracellular matrix stability and cell migration. 
This gene can be induced by pro inflammatory cytokines such as TNF-α 
and IL1. The second protein was potassium inwardly-rectifying channel, 
subfamily J member 15. Potassium channels are present in most mammalian 
cells, where they participate in a wide range of physiological responses. The 
protein encoded by this gene is an integral membrane protein and inward-
rectifier type potassium channel. The encoded protein has a greater ten-
dency to allow potassium to flow into a cell rather than out of a cell.  The 
gene with the third highest FC gene corresponded to the protein haptoglo-
bin. This protein binds free plasma haemoglobin, and allows degradative 
enzymes to gain access to the hemoglobin, preventing the loss of iron 
through the kidneys and, thus protecting the kidneys from damage by he-
moglobin. Pigs were used in this study because, the porcine and human gas-
trointestinal tracts are very similar, but antigens of specific proteins may 
vary significantly between the species. Another limitation is that the study 
has investigated and focused only mRNA coding for known proteins, while 
the majority of m-RNA found in this study coded for an unknown protein. 
Whole genome expression array study of whole blood using the Affymetrix 
porcine array can reveal differences between the expression but it cannot 
estimate quantities.  PCR could be useful both to estimate quantities of the 
proteins in the analysed tissue and as a validation method.  The duration of 
the study was 4 hours, meaning that two samples for each experimental 
animal were analyzed. It would be useful in future studies to observe the 
participants over longer periods in order to evaluate the mRNA changes. 
Repeated mRNA analysis in the whole blood 3-4 days postoperatively could 
give us the opportunity to find new specific and sensitive biomarkers for AL. 

Study IV was concerned with a potential method for the treatment of 
colorectal AL. In many cases, AL in colorectal surgery is treated with re-
operation or conservatively by fasting, antibiotics and draining of abscesses. 
In rectal surgery sponges with negative pressure are used or in selected cases 
primary closure of the defect at the anastomosis is performed with laparo-
scopic surgery or TEM, with varied results. An intraluminal covering stent 
has been shown to be a successful treatment for oesophageal rupture, in AL, 
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after gastric bypass or oesophageal cancer surgery. Covering colon stents 
have been tested in AL after colon surgery in some selected cases with prom-
ising results. A leading cause of AL in colorectal surgery is ischaemia in the 
proximal and/or distal intestine at the anastomosis. The purpose of this 
study was to observe whether an intraluminal stent affects the intestinal 
metabolism in the intestinal wall proximally and distally of the anastomosis 
over a colon stent with IPM in a porcine model. As previously explained 
L/P reflects the current relationship between aerobic and anaerobic metab-
olism. In an ischaemic situation, the L/P is high, lactate is high and glucose 
approaches zero. In a situation of hypermetabolism, glucose, lactate, and 
L/P rise. In colon 1 (proximal to the resection and anastomosis) and colon 
2 (distal to the resection and anastomosis), our study showed a gradual in-
crease in lactate from laparotomy to the resection, further increasing after 
the third phase of the experiment, when the anastomosis was performed 
and the stent was placed. L/P increased from laparotomy to the resection 
stage, after which a minor regression was seen after anastomosis and stent 
insertion.        

The same pattern as the L/P assays was seen in the glucose assays, where 
values increased from laparotomy to the resection phase and then decreased. 
At the reference catheter in the small intestine, glucose, pyruvate, and lactate 
increased successively while L/P increased after resection and a small de-
crease was noted after anastomosis and stent insertion. These metabolic 
changes are interpreted as a hypermetabolism occurring both proximally 
and distally in the intestinal ends after a colon resection. This hypermetab-
olism did not deteriorate and does not turn into ischaemia after anastomosis 
and stent insertion. The commencement of a hypoxic reaction distal to the 
anastomosis (colon 2) cannot be fully ruled out because of the short dura-
tion of the experiment.     

In this study, the anastomosis was performed with a 25 mm circular sta-
pler and the width of the stent was 29 mm. The stent therefore had 14% 
greater width than the anastomosis, which should have meant that the in-
testine next to the anastomosis is stretched and that there was an increased 
risk of ischaemia and necrosis under the stent, but we did not note such 
signs during the study period. 

Study IV has some limitations. Only a few healthy experimental animals 
were used, and the study time was limited to 9 hours, which might be con-
sidered too short study time since most anastomotic leaks are found much 
later in the postoperative period. Finally, the colorectal resection was not 
performed according to the CME principles due to the porcine anatomy 
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CONCLUSIONS 

Study I 
IP metabolism measured by MD with analyses of lactate and L/P and IP 
inflammation measured by cytokines IL6 and IL10 showed early differences 
between the experimental and control groups and seems to be a usable 
marker in clinical praxis. IP lactate seemed to be more sensitive than arterial 
lactate for early detection of rectal perforation. IL6 was the most sensitive 
cytokine for early detection of the rectal perforation. Repeated blood anal-
ysis of IL 6 seems promising for early detection of AL beside IPM. 

Study II 
IP lactate and IP L/P seem to be useful markers for early detection of AL. 
After 5 days there was a second L/P peak at the anastomosis. Lactate and 
L/P were higher in the abdominal cavity, while glycerol levels were higher 
subcutaneously. IL 6 values were higher both intravenously and IP in the 
leakage group. The lower values in glycerol IP were probably an effect of 
higher consumption, due to greater energy demand and inflammation. This 
hypothesis may be also supported by a higher IL 6 in leakage patients. We 
presume that hypoxia/ischaemia and intraperitoneal inflammation of the 
small intestine is detected early by the free-floating IPM catheter, but that 
late ischaemia of the anastomosis, detected by an anastomotic catheter, may 
have been from ischaemia and cell death at the anastomosis.  

Study III 
The porcine model for AL was a feasible model for studying mRNA changes 
in the whole blood using the Affymetrix porcine array. We detected 276 
coding for an unknown protein and 48 coding for a known protein. The 11 
up-regulated pathways with a high FC (>4) in genes that coded for a known 
protein are known to be involved in increased inflammatory processes. 

Study IV 
The metabolic changes in the colon over a FCSEMS that occurred after re-
section anastomosis and stent insertion were interpreted as a hypermetabo-
lism. This hypermetabolism does not deteriorate the anastomosis. Early is-
chaemia could not be ruled out due to the short duration of the study. 
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FUTURE ASPECTS 
Despite technological advances in surgery AL is a major issue in colorectal 
cancer surgery and, is still difficult to diagnose and treat. In a clinical per-
spective our studies support the use of IPM in combination with cytokine 
analysis and mRNA analysis for early identification of AL. A free-floating 
catheter around the loops of the small intestines is the fastest method for 
early diagnosis of an AL in colorectal surgery and in rectal cancer surgery it 
could be combined with an MD catheter near the anastomosis. MD analysis 
every 6 hours postoperatively. Repeated analyses of IL 6 both intravenously 
and IP over the first 2 to 5 postoperative days could help us in the direction 
to find AL. The use of an MD catheter with large pores in order to acquire 
MD samples and IP cytokine samples could be an option. 

In the group of patients at risk of AL, mRNA changes in the whole blood, 
and their corresponding proteins should be analysed every day after the op-
eration. PCR could also be a useful tool in estimating and validating the 
concentration of these proteins PCR. Monoclonal antibodies tailored to 
capture the corresponding proteins in the blood, after AL, could provide us 
the opportunity to find new specific and sensitive biomarkers for AL.  

Postoperative early identification of AL could lead to a successful treat-
ment, better life quality and lower costs for the patients and the society. The 
treatment of AL in colorectal surgery is mainly operative, and depending on 
the condition of the abdominal cavity may involve resection of anastomosis 
with stoma formation. Early postoperative detection after the operation 
could possibly facilitate other technical solutions. In selected patients even 
the use of properly designed enteral stents could facilitate AL treatment, if 
the blood supply is optimal.  

Selection of the patients who are candidates for reconstruction of the gas-
trointestinal channel is crucial. Investigation of the microbiome, and genetic 
mapping of the patient could be future methods in this direction. Ongoing 
studies suggest that preoperative optimization of patient´s physical condi-
tion before the surgery could decrease the postoperative complications. Im-
ages of anatomical reconstruction of abdominal blood supply, for example 
using 3D printing technology, could provide the surgical team valuable in-
formation before the operation. 

In recent decades defunctioning stoma (DS) has been routinely used as a 
way to decrease the incidence of AL. However, this is associated with pa-
tient discomfort, deterioration in anorectal function, postoperative compli-
cations and societal costs. Recent studies have tried to strictly identify the 
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group of patients at high risk of AL. Finally, devices, such as silicon tubes, 
have been used to decompress the colorectal anastomosis with good effect 
in a selected group of patients in recent clinical studies. 



IOANNIS OIKONOMAKIS Anastomotic leakage in colorectal surgery 53 

ACKNOWLEDGEMENTS 
I would like to thank everybody who has helped and inspired me during my 
work on the studies and this thesis. Particular thanks go to: 

Kjell Jansson (MD, PhD): Working and doing research with you is always 
a pleasure. I appreciate you as a surgeon, researcher and friend. I will always 
remember your devotion and guidance during the years we have worked 
together, and I will never forget your help to developing my surgical skills 
and building my self confidence in the operating theatre. I really hope to 
continue to do research with you in the future. 

Tal TM Hörer (MD, PhD): Doing research with you is an honour. You 
invited and inspired me to begin my research career. Your remarks, help, 
and guidance in the laboratory are preciousto me, and without your help it 
would be impossible to perform the laboratory studies. I would like to thank 
you for your support and friendship during these years, which have helped 
me complete this thesis.  

Per Skoog (MD, PhD): My co-author. Thank you for your valuable com-
ments during this thesis, including game-changing remarks that helped me 
successfully to perform the laboratory studies due to your long laboratory 
experience.  

Kristofer Nilsson (MD, PhD): My co-author. Thank you for your help in 
the laboratory, your sharp and valuable comments on the articles and the 
additional statistical analysis in Study II. 

David Brodin for your valuable help and guidance through the world of 
“mRNA” and the complicated statistical analysis of the mRNA study. I 
hope our cooperation continues in the future. 
Nina Adolfsson for excellent assistance and professionalism in the labora-
tory.  

Jenny Seilitz, as a co-author and for excellent assistance and scientific 
cooperation in the laboratory. 

Bayar Baban, chief of the colorectal department, a friend and an excellent 
surgeon for all the guidance and support through these years. You have the 
ability to unite and bring the best of us.  

Peter, Rickard, Niklas, Soran, Tamara, Miriam, Olessia, Bartosz, Nina, 
Kaveh and Maysam. I am honored to be a part of the colorectal team. (Es-
pecially you, Soran, with your friendship and positive energy). 



54 IOANNIS OIKONOMAKIS Anastomotic leakage in colorectal surgery 

My colleagues and friends at the Surgical Department of Örebro Univer-
sity Hospital, especially Hampus Klockhoff and LG Larsson who first cor-
dially welcomed me and introduced me in the large family of the Surgical 
Department in Örebro University Hospital. 

My colleagues and friends in Lindesberg Hospital where I started and 
completed my residency and then worked as a surgeon; especially my su-
pervisor Peter Flodström and my dear friend and colleague Erik Stenberg. 
Adrian Meehan: my co-author for the useful comments and the language 
revision. 

Peter Nicol, for scientific and language support 
Monica Clomén, for valuable laboratory assistance in the first experi-

ment. 
Daniel Jansson: my co-author, for: The great assistance in the laboratory. 

I look forward to further research cooperation in the future. 
The nurses at the colorectal outpatient department: Lena, Marianne, 

Kim, Maria, Camilla and Agneta for all your help. 
My family in Athens, who have supported me all the way to becoming a 

doctor. My mother Ekaterini and my father Dimitrios for all the love and 
the help all the years and, my sister Theodora. 

My family in Sweden, the Duberg family, for all the love and tremendous 
support during these years. 

And above all, my wife Sara; my beloved partner and wonderful mother 
of our three children who is always beside me in everything I do.  



IOANNIS OIKONOMAKIS Anastomotic leakage in colorectal surgery 55 

SUMMARY IN SWEDISH 
I Sverige diagnostiseras mer än 6000 individer med kolorektalcancer och 
mer än 5000 operationer utförs varje år. Anastomosläckage är den mest 
fruktade komplikationen i kolorektalkirurgi. Den har en stor inverkan på 
postoperativ sjuklighet och dödlighet. Syftet med avhandlingen är att hitta 
sätt att tidigt identifiera anastomosläckage och sedan behandla det. I de tre 
första studierna används diagnostiska metoderna mikrodialys, cytokinmät-
ningar i blod och intraperitonealt, mRNA-analys i blod. Den fjärde studien 
undersöker med intraperitoneal mikrodialys, effektiviteten och säkerheten 
hos en helt täckt självutvidgade metallstent som en metod för att behandla 
anastomosläckage.  

I studie I, randomiserades 12 grisar i två grupper. I experimentgruppen 
utfördes en rektal perforation för att imitera anastomosläckage, varvid kon-
trollgruppen hade intakt mag-tarm kanal. De två grupperna följdes under 
10 timmar efter operation med avseende på vitala parametrar, arteriellt lak-
tat och cytokinerna IL1, IL6 och IL10 i blodet och intraperitonealt. Intra-
peritoneal mikrodialysanalys av glukos, laktat, glycerol och pyruvat utför-
des och laktat/pyruvat kvoten beräknades. Glukosnivåerna var lägre i expe-
rimentgruppen efter 4 timmar. Efter 7 timmar var laktat och  laktat/pyruvat 
kvoten högre i experimentgruppen. Samtidigt var också intraperitoneala cy-
tokiner IL6 och IL10 högre i experimentgruppen. Blodprover visade högre 
IL6 efter 7 timmar i experimentgruppen. Flera signifikanta skillnader mel-
lan grupperna i metaboliska och inflammatoriska värden detekterades tidigt 
efter rektalperforationen. 

I studie II jämfördes i en prospektiv observationsstudie sju patienter med 
anastomosläckage efter operationen med tretton patienter utan komplikat-
ioner. Metaboliska mätningar med mikrodialys gjordes under de första sju 
postoperativa dagarna, med mätningar av glukos, pyruvat, laktat och gly-
cerol. Laktat/pyruvat kvoten beräknades. Mätningar utfördes subkutant, 
intraperitonealt och vid anastomosen. De inflammatoriska cytokinerna, IL 
6 och IL 10 mättes intravenöst och intraperitonealt 48 timmar postopera-
tivt. Intravenös och intraperitoneal IL 6 var högre i läckagegruppen. Runt 
tunntarmen (intraperitonealt) fann vi att patienter som utvecklade anasto-
mosläckage hade högre laktat och laktat/pyruvat kvot omedelbart efter op-
erationen. De uppvisade också lägre glycerolnivåer. Vid anastomosen fann 
vi högre laktat/pyruvat kvot hos anastomosläckagepatienter efter den femte 
postoperativa dagen. Resultaten indikerar att en möjlig mekanism bakom 
ett anastomosläckage är en nedsatt cirkulation och därmed otillräckligt syre 
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och glukos till tunntarmen peroperativt. Detta utvecklas till en ischemi och 
en inflammation både intraperitonealt och intravenöst, som, om inte rever-
seras, sprider sig i den mag-tarmkanalen. Kolorektalanastomosen är den 
mest utsatta delen av mag-tarmkanalen postoperativt och ischemi och gan-
gren kommer att uppträda där, och ett anastomosläckage kommer att vara 
konsekvensen.  

I studie III analyserades förändringar av mRNA-uttryck i blod i en pilot-
studie i en djurmodell utformad för att imitera anastomosläckage. Tolv gri-
sar randomiserades i två grupper. En kontrollgrupp och en experiment-
grupp, där en iatrogen rektalperforation utfördes. Förändringarna i mRNA-
uttrycket studerades fyra timmar efter perforationen. Mikroarrayanalys ut-
fördes med användning av Gene Chip-genomet för hela porcine-genomet. 
19 124 mRNA-gener undersöktes. Signifikant ökade nivåer av gener med 
en totalökning (FC) över 2 hittades, inklusive 276 gener som kodade för ett 
okänt protein och 48 mRNA kodat för ett känt protein. Elva av generna 
som kodade för ett känt protein var mycket uppreglerade med en FC> 4. 
Elva kända gener var konsekvent uppreglerade efter rektal perforation. 
Dessa gener var främst involverade i inflammatoriskt svar, intracellulär sig-
nalering och cellmembranreglering. Deras motsvarande proteiner kan po-
tentiellt vara kliniska biomarkörer för anastomosläckage och bör utvärde-
ras i ytterligare kliniska studier.  

I studie IV, undersöktes de metaboliska effekterna av en helt täckt själv-
utvidgande metallstent över en kolorektalanastomos. Fulltäckta självutvid-
gande metallstentar (FCSEMS) har använts för behandling av anasto-
mosläckage. Det är fortfarande okänt om helt täckta, självutvidgade metall-
stentar påverkar anastomosläkning negativt genom att orsaka ischemi. Me-
taboliska mätningar med mikrodialys utfördes. Mätningar av glukos, 
pyruvat, laktat och glycerol i tre faser. Efter laparotomi, kolonresektion och 
anastomos med stentplacering. Laktat/pyruvat kvoten beräknades. Mät-
ningar utfördes i tunntarmen och vid anastomosen. Laktat och lak-
tat/pyruvat kvot steg under studien vid tunntarmen. Glukos steg initialt i 
den distala änden av resektionen, medan efter anastomosering och stentpla-
ceringen visade en liten tendens för numeriskt sjunkande värden. Vid den 
distala delen av anastomosen minskar glukosen signifikant efter resektionen 
men når inte noll. Laktat ökar betydligt medan laktat/pyruvat kvot endast 
uppvisar en liten ökning. Glycerolnivåerna är stabila. Vår tolkning är att 
kolonresektionen initialt orsakar hypermetabolism i tarmändarna bredvid 
resektatet. Denna hypermetabolism varken försämras eller blir till ischemi 
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under det  initiala postoperativa förloppet, men även en start av hypoxi kan 
inte uteslutas efter placeringen av en FCSEMS. 

The ancient Greek symbol meander is a symbol of victory and unity, infinity and 
eternal life, but also of our eternal course in the world. According to some academ-
ics, it was inspired by the numerous turns of the river Meander, which has a total 
length of over 500 kilometres. The meander is one of the most historic symbols of 
the Greek world, and is also known as the Greek key, reflecting the Greek origin of 
all things that carry him on them. It appears in the majority of ancient works of art, 
in pottery, buildings, and inscriptions. The most important presence of the meander 
is the meander-spiral in the genetic material. 
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