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summarY

As stated in the introduction (Chapter 1), colorectal cancer is an important health issue, 
and colorectal surgery is increasingly being performed. During the last years, quality and 
safety of care, new surgical techniques and attention for peri-operative risks resulted in 
reduction of postoperative morbidity and mortality. Despite these improvements, com-
plications still occur.

The aim of this thesis was to gain more insight in optimization of peri-operative care in 
colorectal surgery. Four main subjects were discussed in the presented chapters:

1. Analyzing peri-operative risk factors for complications following colorectal surgery.
2. Assessing the value and visualization of the visceral microcirculation in colorectal 

surgery.
3. Early detection of complications following colorectal surgery.
4. Functional outcomes and the impact on quality of life following colorectal surgery.

Part 1. risk factors and complications after colorectal surgery
Over the years, surgical techniques have been optimized to reduce the risks of postopera-
tive complications. In Chapter 2, a laparoscopic technique of creating a fully intracorpo-
real anastomosis during right hemicolectomy is performed. Previous studies have been 
proven that laparoscopic colorectal surgery has been preferred above ‘open’ abdominal 
surgery in terms of shorter hospital stay, earlier return to work, less delayed gastric 
emptying or postoperative ileus and cardiopulmonary complications. When creating an 
intracorporeal anastomosis, externalization of vital bowel is no longer necessary. Traction 
on the bowel may therefore be diminished. Cosmesis may be improved, since incisions 
may be small. We investigated this procedure in 162 oncological patients. An R0-resection 
was achieved in 100%. The anastomotic leakage rate was 3.1%. The local recurrence rate 
was 0.8% with a two-year survival of 85.4%. We concluded that this procedure is techni-
cally and oncologically safe.

The elderly are an increasingly important patient group in colorectal surgery, but this is also 
a challenging patient group. Besides the colorectal malignancy, elderly have commonly 
significant other comorbidities, which increase the surgical risks. In Chapter 3, we analyzed 
the early postoperative course on the outcome at one year. The early mortality rate was 
6.3%. Of all survivors of primary surgery, another 9.9% of the patients died during the first 
year post surgery. Postoperative complications occurred in 46.2%. Reoperations were nec-
essary in 17.0%. A total of 4.5% were admitted to the ICU for more than five days and 13.5% 
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was readmitted to the hospital. In the multivariate analysis, a higher ASA score, stage IV 
disease and postoperative complications were independently associated with a worse one 
year outcome. Reoperations, readmissions and ICU stay were not associated with one year 
survival. In conclusion, peri-operative care should be optimized in elderly patients by early 
identification of patients at risk for adverse events in a multidisciplinary approach.

Part 2. Visceral circulation and colorectal surgery
Many factors contribute to an adequate healing of the bowel anastomosis. One major 
criteria is an optimal vascular supply and tissue oxygenation.

First, we investigated in Chapter 4 whether visceral vascular damage, in terms of athero-
sclerosis, was related to anastomotic failure. The pre-operative CT scans of 242 patients 
were reviewed by two radiologists, and the grade of stenosis and nature of the plaque in 
the celiac trunk, superior and inferior mesenteric arteries and iliac arteries was determined. 
In almost 60% of the patients, no clinically relevant vascular damage was observed. Over 
40% had a stenosis of more than 50% in more than one visceral artery, almost 20% of 
the patients in more than two arteries and about 10% in more than three arteries. About 
9% suffered from a total occlusion of the artery in more than one artery. There were no 
differences in the degree of vascular damage between patients with or without anasto-
motic leakage. Not even when analyzed for vascular supply and resection according to 
the anatomy (i.e. supply of inferior mesenteric artery and left-sided colorectal resections). 
We concluded that higher degrees of vascular damage were not resulting in more leak-
age in patients with chronic compromised vascular supply. There is no indication for prior 
routinely visualization of the visceral circulation or radiological intervention if vascular 
supply may seemed compromised in these patients.

Second, in Chapter 5, we look further to the microvascular supply of the bowel. We pres-
ent a technique in which the microcirculation of a human serosal bowel is visualized for 
the first time during surgery by using sidestream darkfield imaging. SDF is a technique 
in which polarized light is used to visualize erythrocytes through capillaries. A total of 52 
representative measurements in seventeen patients were performed. Bowel images were 
compared to sublingual measurement and outcomes were comparable. Therefore, this 
imaging technique seems promising.

Part 3. early detection of postoperative complications after colorectal 
surgery
As previously mentioned, anastomotic leakage is a severe complication with high morbid-
ity and mortality rates. To reduce these rates, early detection is of importance. Besides 
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medical history and physical examination of the patient, the preferred additional imaging 
is abdominal CT scanning in the diagnosis of anastomotic leakage. In order to determine 
the value of CT scanning in the detection of anastomotic leakage, the literature is reviewed 
in Chapter 6. Eight studies, including 221 abdominal CT scans, were included. The overall 
sensitivity was 0.68 (95% confidence interval 0.59-0.75) for colonic resection. Limitations 
of this review were the poor quality of the available studies, and wide variation in the 
definition of anastomotic leakage among the studies. Furthermore, there was no data on 
the sequelae of a false-negative CT scan outcome. As a result, we performed a study in 
524 patients who underwent colorectal surgery and analyzed 97 postoperative CT scans 
of the patients who were suspected for anastomotic leakage. In addition, we analyzed the 
consequences of false positive and negative CT outcomes. The results of this study are de-
scribed in Chapter 7. The overall sensitivity of CT scanning in the detection of anastomotic 
leakage after colorectal surgery was comparable with the results in the review: 0.59 (95% 
CI 0.43-0.73). The specificity was 0.88 (95% CI 0.75-0.95), the positive predictive value 0.82 
(95% CI 0.64-0.92), the negative predictive value 0.70 (95% CI 0.57-0.81), with an accuracy 
of 74%. The mortality rate following a delay in adequate diagnosing and treatment of 
anastomotic leakage due to a false negative CT outcome was 62.5%. The key message of 
this study is the alertness on clinical deterioration in combination with a ‘negative CT scan’. 
Reassessment in these patients is important to decrease delay in diagnosis and treatment.

To adequately respond on postoperative complications following colorectal surgery, 
especially anastomotic leakage, an optimal clinical diagnostic strategy is necessary. In 
outspoken cases, the diagnosis can be easily made, but when symptoms are subtle, diag-
nosing of clinically important morbidity may be delayed. In Chapter 8, a study protocol of 
the multicenter CONDOR-study (Early COmplication Detection after colORectal surgery) 
is presented. The aim of the CONDOR study is to develop an optimal diagnostic algorithm 
to early identify patients with anastomotic leakage after colorectal surgery. The study 
focuses on the evaluation of each step during the postoperative course and estimates the 
value of different clinical and radiological parameters.

Part 4. functional outcome and quality of life after colorectal surgery
A less discussed topic in colorectal surgery is the quality of life in terms of fecal inconti-
nence. Sphincter preserving surgery is supposed to have a better quality of life compared 
with abdominoperineal resection with a definitive stoma. In Chapter 9 the predicting 
factors for fecal incontinence and related quality of life following sphincter preserving 
surgery for the treatment of rectal cancer are investigated. The validated Wexner and 
FIQoL scores (to analyze the degree of incontinence and related quality of life) were ob-
tained from 80 patients. A diverting ileostoma was an independent predictor of a worse 
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FIQoL coping/behavior score. Furthermore, stoma reversal within 3 months after surgery 
showed better outcomes on Wexner and FIQoL scores compared with reversal after 3 
months. Patients should be informed on these results and the choice whether or not to 
preserve the sphincter or to reverse the stoma should be discussed with the patient.

With aging, the anal sphincter function changes and fecal incontinence is a major concern. 
Since more elderly are undergoing rectal cancer surgery, this issue to preserve sphincter 
function in elderly becomes more important. In Chapter 10, the difference between 
elderly patients and younger patients in quality of life, in terms of fecal incontinence, fol-
lowing rectal were analyzed. The main results of this study are that elderly and younger 
patients had comparable Wexner and FIQoL scores, but elderly females had significantly 
worse FIQoL subscale scores compared with younger females or elderly males. Elderly and 
younger males had comparable results. It should be strongly considered not to preserve 
sphincter function in elderly females to prevent decrease in quality of life due to fecal 
incontinence.

future PersPeCtiVes

The eventual goal is the reduction of the peri-operative risks in colorectal surgical care and 
improvement of the outcomes. One of the main steps in risk reduction is the identifica-
tion of the current peri-operative care and the pitfalls associated with it. During the years, 
new techniques, improvement of health care and safety programs, earlier identification of 
patients at risk and multidisciplinary approaches have been introduced and have shown 
their effectiveness. However, we have not only to focus on general risks in the general 
population, but we have to more individualize peri-operative patient management. Risks 
for each patient need preoperatively to be clarified, and focus may be on prevention of 
complications by early identification and management.

With the findings in this thesis, we are a step closer to patient-tailored medicine. In the 
first part, it is shown that renewal in surgical techniques, i.e. the creation of an intracor-
poreal anastomosis may have advantages. Introduction of this technique may improve 
the outcomes in patients undergoing right hemicolectomy. Furthermore, elderly patients 
with more comorbidities, a higher stage disease and postoperative complications seemed 
to have a more poor outcome. However, when surviving a prolonged ICU stay as a result 
of complications, one year outcome is reasonable. Responding to these comorbidities, 
may provide better management of postoperative, mostly non-surgical, complications 
and hopefully better outcomes. In the last part of the thesis, a relative less known topic, 
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on the impact of fecal incontinency on quality of life, is discussed. Results of these two 
studies are important and this should not be underestimated by the clinicians and the 
patients. Detailed discussions with the patients should result in a tailored-made choice 
for a surgical technique.

The second part of the thesis focuses on the value of the visceral circulation and micro-
circulation. It was shown that atherosclerosis of the visceral arteries was not associated 
with anastomotic leakage. Besides management of atherosclerosis to reduce the general 
risks of atherosclerosis, it is not recommended to improve visceral supply by treatment 
with percutaneous transluminal angioplasty. More interesting is the introduction of the 
sidestream dark field imaging technique, in which the microvascular circulation of the 
serosal bowel can be visualized. In a pilot study we proved the applicability of the tech-
nique. Future studies may provide more information in understanding and assessment of 
anastomotic healing. The final goal is the use of SDF in determine the exact position of the 
anastomosis, to create a most optimal well vascularized anastomosis.

The third part focuses on early identification of postoperative complications, especially 
anastomotic leakage. We have demonstrated that the sensitivity of abdominal CT-scan-
ning in the detection of anastomotic leakage is relatively low. For now, CT-scanning is the 
preferred radiological image in the detection of anastomotic leakage. The key message 
of the studies is to interpret the CT outcome with caution, and relate the outcome with 
the clinical course of the patient. With the introduction of the CONDOR-study, an optimal 
diagnostic algorithm (with the combination of clinical history, physical examination, labo-
ratory results, and additional radiological imaging) to early identify patients with anasto-
motic leakage after colorectal surgery will be created. With this algorithm, surgeons and 
residents will be triggered to early identify patients with a deteriorating clinical course. 
This will improve the quality and safety of care with better outcomes.

In summary, so fare we are doing well and peri-operative care has already been improved. 
Now we have to focus on patient-tailored medicine. The future lies in individualized care 
of colorectal patients. From the moment of diagnosing and indication to provide the sur-
gery, the pathway of the colorectal patient should include: 1. Identification of the patients’ 
risk followed by an optimal preoperative management of risk factors (disciplinary); 2. The 
use of optimal surgical techniques and to perform surgery on the base of patient-tailored 
medicine; 3. Postoperative management of risk factors and to make sure to early identify 
complications if these may occur with the main goal to improve the outcome of the indi-
vidual patient.




