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General introduction
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General introduction and outline of the thesis

General introduction
Colorectal surgery, in which a part of the colon or rectum is removed, can be indicated in malignant or benign diseases. Colorectal cancer (CRC) is a major health
issue and the second most common cause of cancer-related deaths worldwide.1 Annually about 11.000 new patients are diagnosed in the Netherlands with CRC and
it is responsible for approximately 5000 deaths per year.2,3 Benign indications for
colorectal surgery can be complicated diverticulitis, inflammatory bowel disease or
endoscopically unresectable benign polyps. In the past few decades, the incidence of
complicated diverticular disease and inflammatory bowel disease (generally referring
to ulcerative colitis and Crohn’s disease) has been steadily increasing in Western
countries.4-7 Benign colon polyps with an indication for colorectal surgery are polyps
that are endoscopically unresectable, despite advanced endoscopic techniques (such
as (piecemeal) endoscopic mucosal resection ((p)EMR), endoscopic submucosal dissection (ESD) and endoscopic full thickness resection (eFTR)).8-11

Complications following colorectal surgery
Colorectal surgery carries a relatively high risk for morbidity and mortality and is
associated with a complication rate varying between 19 and 35% and a mortality rate
between 2 and 4%.12,13 Anastomotic leakage (AL) is one of the most severe postoperative complications after colorectal resection with primary reconstruction, incidence
varies depending on the anatomic location of the anastomosis with reported incidence
rates ranging from 2 to 20%.14-17 Development of AL after colorectal surgery leads
to longer length of hospital stay, a higher in-hospital mortality rate and impaired
long-term oncological outcome, since it can increase the local recurrence rate and
decreased long-term overall survival.18,19 Although risk factors for developing AL have
been studied extensively, the occurrence of postoperative complications is still not
completely understood, since it can also occur in patients with few risk factors.20-22
However, even though healthy and vital patients are still at risk for AL, severe complications tend to occur more often in frail patients.23,24 Since this population will only
continue to grow in the future, it will become more and more important to recognize
frailty in patients who undergo colorectal surgery and explore less invasive options
for this population.

25,26

Diagnostic instruments to detect AL
Early detection of an anastomotic leak, followed by timely reintervention decreases
mortality rates and is therefore of utmost importance.

27,28

In daily clinical practice,

abdominal computed tomography (CT) scanning is most frequently used to detect or
rule out AL after colorectal surgery.29 Compared to water-soluble contrast enema and
13
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plain X-ray, a CT scan is more sensitive and is able to also detect other complications such as bleeding, perforation or abscesses. At the same time, it can be used
as a therapeutic instrument for percutaneous drainage of abscesses. Considering
the increasing number of patients undergoing colorectal surgery worldwide, and the
increasing use of CT scanning, the available literature on the accuracy of CT scanning
in AL remains scarce.30-32
Due to radiation load and costs, it is not justified to make a CT scan in all postoperative patients. To determine which patients are in suspicion of AL and should have a CT
scan, meticulous observation of every patient is necessary. Besides clinical symptoms
and / or physiological deterioration (e.g. deviations in respiratory rate, pulse rate,
blood pressure, temperature, urine production, or neurological status), measurement
of inflammatory biomarkers can be helpful. The application of inflammatory biomarkers such as C-reactive protein (CRP) and procalcitonin (PCT) have been studied as
possible predictors for AL. Therefore routine measurement of CRP might be useful for
early diagnosis and early re-intervention of intra-abdominal complications.33-35

Surgical treatment for benign colon polyps
In 2014, a national bowel cancer screening program was introduced in the Netherlands to improve early detection of colon cancer and overall survival of bowel cancer
patients.36 After the start of this program patients with endoscopically unresectable
benign colon polyps referred for surgery increased extensively.

37

The current treat-

ment for these patients is to perform an oncological colorectal resection. However,
the present overall malignancy rate is low amongst suspected benign colon polyps,
when the gastroenterologist uses the Kudo’s pit pattern classification.38 Since a radical
mesorectal resection is generally associated with an increased morbidity and mortality compared to a smaller, less invasive resection, this risk of complications should be
weighed against the chance of preventing cancer.

Thesis outline
This thesis aims to improve the knowledge on quality improving interventions to lower
complication rates after colorectal surgery. The focus lies on interventions, which
are directly applicable in community hospitals, where the majority of these surgeries
take place.
In part I two studies are described where interventions were implied to improve outcome. The first study (Chapter 2) was a cohort study designed from a prospectively
14
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maintained database that investigated the very efficient effect a set of interventions that were implied to improve postoperative outcome. The second study was a
prospective study investigating the effect a routine medium care observation after
colorectal surgery in frail patients, described in Chapter 3.
Part II focuses on diagnostic instruments to detect or rule out AL. Chapter 4 describes
the accuracy of a CT-abdomen for AL and especially the clinical consequences of a
false-negative scan. Chapter 5 emphasizes the importance of applying rectal contrast
prior the CT scan to improve the accuracy of the scan compared to only oral contrast,
or no contrast at all. Chapter 6 focuses on the predictive value of C-reactive protein
for AL, to determine whether a patient should receive a CT scan or can be safely
discharged.
Part III addresses the surgical treatment of benign colon polyps. During our research
it come to notice that the patient population referred for surgery with the indication ‘endoscopically unresectable benign polyp’ was increasing after the introduction
of the national bowl screenings program, while morbidity and mortality rates were
similar to patients referred with an oncological indication. Chapter 7 was written to
generate awareness for this problem and Chapter 8 describes a possible less invasive
alternative.
Finally, in Chapter 9 and 10 the main findings of this thesis are summarised and future
perspectives are discussed.

15
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ABSTRACT
Aim
The aim of this study was to evaluate whether implementation of a comprehensive
quality improvement program was associated with improved outcomes in patients
undergoing oncological colorectal surgery in a nonacademic, nonreferral community
hospital.

Methods
The quality improvement program (QIP) was introduced in January 2011 and consisted of the following interventions: (1) avoidance of postoperative nonsteriodal
anti-inflammatory drugs; (2) normovolemia was pursued pre- and postoperatively;
(3) nonresectional surgery if possible, in patients over 80 with ASA 3 or 4 classification; and (4) a standardized, postoperative surveillance protocol was introduced,
with CRP determination day 2 and 4, and if necessary subsequent abdominal CT with
rectal contrast to reduce delay in diagnosis of complications. From a prospectively
maintained database of 488 patients undergoing colorectal surgery between 2009 and
2014, postoperative outcomes of patients operated before and after implementation
of the program were compared.

Results
The severe complication rate (Clavien-Dindo >3b) decreased significantly (25.0
vs. 13.7 %; p < .001) after implementation of the QIP program. The mortality rate
dropped from 8.7 to 2.6 % (p = .003). The percentage of anastomotic leakage was
9.6% before QIP implementation and 4.2% after (p = .013). Median length of hospital
stay decreased from 9 (IQR 5–19) to 7 days (IQR 4–12) (p < .001). Multivariate analyses
showed that surgery after implementation of the program was a strong independent
predictor for less major complications (OR 0.54, 95 % CI 0.32–0.88).

Conclusions
A significant decrease in major complications and mortality was observed after introduction of a relative simple quality improvement program.

KEYWORDS
Colorectal surgery, Colorectal resection, Oncology, Quality improvement, Complications
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INTRODUCTION
Oncological colorectal surgery carries a moderately high risk for morbidity and mortality. In the literature the incidence of major complications range from 20 to 35%,
and the 30-day mortality rate from 2 to 9%.1-3
During a national clinical audit on oncological colorectal surgery in 2010 in The Netherlands, a relatively high complication and mortality rate was seen in our hospital
compared to overall national outcomes.4 Therefore, after careful re-evaluation of the
auditing results and an extensive literature analysis for factors influencing colorectal
complications, a comprehensive quality improvement program was composed and
introduced in January 2011 to decrease complications and mortality. The aim of this
study was to evaluate whether implementation of this program was associated with
improved outcomes in patients undergoing oncological colorectal surgery in a nonacademic, nonreferral community hospital.

METHODS
Study Design
A cohort study was designed from a prospectively maintained database of patients
undergoing an oncological colorectal resection between 2009 and 2014. Patients
operated before and after implementation of the QIP program were compared. The
institutional review board approved this study.

Establishment of the quality improvement program (QIP)
A systematic literature search was performed at the end of 2010 using PubMed and
Embase. Factors possibly influencing colorectal surgery outcomes were identified
and were summarised in table 1. The literature for all these different factors was
compared to our treatment protocol at the time. Each factor was analysed to see
if there was room for improvement in our protocol. Some factors were simply not
feasible or applicable in our hospital, such as routinely intra-operative leak testing.
In other factors our treatment protocol was in concordance with the optimal treatment according to the literature. Eventually four factors remained, which seemed
suitable for improvement and the following interventions were implemented in our
postoperative protocol:
Firstly, the use of postoperative nonsteriodal anti-inflammatory drugs was stopped.5-7
Secondly, normovolemia was pursued pre- and post-operatively.8-10 Furthermore,
25
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acute resections (with immediate anastomosis) in patients over 80 years with ASA
3 or 4 classification were avoided.11 In case a frail, high risk patient presented with
acute, colonic obstruction, the aim was to manage the obstruction with a colostomy
in the acute phase, and only perform resection of the tumour in elective setting after
optimization of the patient.12-14 Finally, a standardized postoperative surveillance
protocol to reduce delay in diagnosis of complications was introduced; standardized
serum C-reactive protein (CRP) level determination on day 2 and 4, if day 4 CRP
showed an increase of 50 or an elevation above 200 mg/L, an abdominal CT with
rectal contrast was performed.15,16
With respect to other factors possibly influencing outcomes, the perioperative approach remained unchanged during the timeframe of the study. Postoperatively, patients were managed according to ERAS fast track protocol.17 Preparation for surgery
was the same for all patients. No bowel preparation was given, except for patients
undergoing left colonic and rectal resections.18,19 All colorectal resections were
performed by or under supervision of specialized colorectal surgeons.20 Anastomoses
were made with a stapler device. In patients who underwent a hemicolectomy a
side-to-side anastomose was established and a side-to-end in patients who underwent
sigmoid and rectal resections, through the low tie technique (ligation at the level of
the superior rectal artery, just caudally to the origin of the left colic artery).21 Intra
operative leak testing was only done in very high suspicious situations in low rectal
anastomoses through an air leak test. Defunctioning stomas and drain tubes were
provided subjective to the surgeon’s opinion of the quality of the anastomoses during
surgery. Antibiotic prophylaxis was given trough cefazolin 1000 mg plus metronidazole
500 mg intravenously 30 minutes prior to surgery. If the operation took longer than
three hours, this was repeated. All patients received low-molecular-weight heparin
daily during admission to prevent venous thromboembolism.22

Study Population and Data Collection
A cohort study was designed from a prospectively maintained database of patients
undergoing an oncological colorectal resection in our institution between 2009 and
2014. Patients who underwent transanal endoscopic microsurgery were excluded.
The medical records of 484 patients were reviewed. The prospectively maintained
database with patient characteristics was supplemented with information on CRP
levels, timing and outcome for postoperative CT scans of the abdomen, and following
interventions. Patients were divided into two cohorts for comparison: those operated
before and after implementation of the QIP program in January 2011.

26
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Table 1. Factors that might have impact on postoperative complications.

Factors that cannot be changed
Age
Gender
ASA classification
Urgency operation
Type of resection
Stage of cancer
Obesity
Changeable factors
Preoperative mechanical bowel preparation
Experience of surgeon/specialized
Laparoscopic or open procedure
Technique anastomose
Intra-operative leak testing
Protective stoma
Pelvic drain
Operating time, operative strategy
Prophylactic antibiotics
Trombose prophylactic
Postoperative analgesia (NSAID, opioids)
Fast track recovery protocols
Biomarkers for early diagnosis of complication

Possible association with increased risk
postoperative complications
> 70 years 1,2,3
Male1,2,3
Grade 3 or 41,2,3
Emergency surgery1,2,3
Rectal excision1,2,3
Stage IV1,2,3
BMI > 251,2,3

Outcome measures
The primary outcome measure of interest was major complication. Complications
were graded according to the Clavien-Dindo classification,23 and severe complications
being defined as grade 3b or higher. Secondary outcome parameters were all postoperative complications, 30-day mortality, failure-to-rescue,24 length of hospital stay
and timing of CT scans and of re-interventions. Failure-to-rescue rates were defined
as mortality among patients with severe complications.

Statistical analysis
Statistical analysis was performed using IBM SPSS Statisitics for Windows, version 22.0
(IBM corp., Chicago, IL). Continuous variables were presented as mean values with a
standard deviation (SD) or as median values with an interquartile range (IQR) according to the distribution (Kolmogorov-Smirnov and Sapiro-Wilk test). Discrete variables
were presented as counts and percentages. Categorical data were compared between
groups using the χ2 test, and continuous data were compared using the independent samples t test or Mann Whitney U test. Univariate and stepwise multivariate
logistic regression models were used to examine the association between the QIP
program implementation and severe postoperative complications while adjusting for
important potentially confounding variables. The limited number of events (from a
27
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statistical point of view) meant that only a restricted number of possible confounders
could be examined. Therefore, variables with multiple categories were recorded into
dichotomous variables by combining categories with a comparable prognosis (ASA I/II
versus III/IV, radicality R0 vs. R1 and R2, and Dukes A-B vs. C-D).
Clinical important variables based on literature were included in the univariate and
multivariate models, as well as all variables with a univariate p value <.20. A twotailed p value of <0.05 was considered statistically significant.

RESULTS
Patient demographics
There were 265 (54.8%) men and 219 (42.2%) women analysed in this study with a mean
age of 66 years (range 28 - 89). Relevant patient demographics were summarised in
table 2. Univariate analyses demonstrated no significant differences between the two
cohorts concerning age, BMI, sex, ASA classification, tumour stage, stoma or no stoma
and urgency of the operation. There were significantly more minimally invasive procedures in the cohort operated after the QIP program implementation, as expected
due to the longitudinal setting of this study. Also, a significant difference in type of
resection between the two cohorts was found, with more radical resections in the
later patient group. These differences were taken into account in the multivariate
analyses. Missing data were for every variable less than 5% and therefore there was
no imputation of missing data.

Outcome
The severe complication rate (Clavien-Dindo >3b) in the first cohort was 25.0%, which
significantly decreased to 13.7% (p = .001) after implementation of the quality program. The mortality rate decreased from 8.7% to 2.6% (p = .003). The percentage of
anastomotic leakage was 9.8% before and 4.2% after 2011 (p = .013). Median length
of hospital stay before implementation of the program was median 9 (IQR 5 – 19), and
after implementation 7 (IQR 4 – 12) (p <.001). The minor complication rate (ClavienDindo < 3b) was not significantly different in the two cohorts (respectively 24.4% and
25.3%). (Table 3)

Multivariate analysis
In the multivariate analysis (Table 4), all clinically and statistically relevant (P<.20 in
univariate models for the outcome) factors were included: elective versus emergency
resection, age at time of operation, ASA classification, stoma vs. no stoma, type
28
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Table 2. Patient demographics

Variables
Age
Average (SD)
Range
Sex
Female
Male
BMI
Average (SD)
Range
ASA
ASA 1 or 2
ASA 3 or 4
Type of operation
Right hemicolectomy
Left hemicolectomy
Sigmoidectomy/LAR
Colectomy
APR
Other
Approach
Open
Scopic
Stoma
No stoma
Loop ileostomy
End colostomy
Urgency
Elective
Emergency
Dukes classification
Dukes’ A
Dukes’ B
Dukes’ C
Dukes’ D
Resection status
R0
R1
R2
Total

Total
n (%)*

Pre-implementation
n (%)*

Post- implementation
n (%)*

66 (12)
28 - 89

67 (13)
30 - 96

66 (11)
30 - 90

219 (45.2)
265 (54.8)

81 (47.1)
91 (25.9)

138 (44.2)
174 (55.8)

26.3 (4.4)
16.2 - 50.2

26.3 (4.2)
16.5 - 45.3

26.3 (4.5)
16.2 – 50.2

381 (78.7)
103 (21.3)

130 (75.6)
42 (24.4)

251 (80.4)
61 (19.6)

158 (32.6)
36 (7.4)
226 (46.7)
20 (4.1)
31 (6.4)
13 (2.7)

49 (28.5)
12 (7.0)
87 (50.6)
2 (1.2)
12 (7.0)
10 (5.8)

109 (34.9)
24 (7.7)
139 (44.6)
18 (5.8)
19 (6.1)
3 (1.0)

68 (14.0)
416 (86.0)

41 (23.8)
131 (76.2)

27 (8.7)
285 (91.3)

344 (71.1)
82 (16.9)
58 (12.0)

114 (66.3)
31 (18.1)
27 (16.7)

230 (73.7)
51 (16.4)
31 (10.0)

433 (89.5)
51 (10.5))

150 (87.2)
22 (14.7)

283 (90.7)
29 (9.3)

127 (26.2)
166 (34.3)
142 (29.3)
45 (9.3)

0 (0)
42 (24.4)
54 (31.4)
3 (1.7)

3 (1.0)
82 (26.3)
102 (32.7)
7 (2.2)

463 (96.9)
12 (2.5)
3 (0.6)
484 (100)

155 (90.1)
10 (5.8)
1 (0.6)
172 (100)

308 (98.7)
2 (0.6)
2 (0.6)
312 (100)

p value
.283**

.545 ***

.989**

.246***

.006 ***

<.001***

.370***

.231***

.735***

.002***

* Unless otherwise stated in the first column
** Mann-Whitney U-test
*** Chi-square test

of resection, open or minimally invasive procedures and the date of the operation
(before or after implementation of the program). Multivariate analyses showed that
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beside these factors the date of the operation was a strong independent predictor for
a major complication (OR:0.53, 95% CI 0.32 - 0.88).
Table 3. Outcomes

Mortality
Complication Clavien-Dindo>3b
Anastomotic Leak
Complication Clavien-Dindo < 3b
Number of admission days (SE)
Number days operation - CT (SE)
Number of days operation reintervention (SE)

Pre-implementation
n (%)*
15 (8.7)
43 (25.0)
17 (9.8)
42 (24.4)
15.7 (19.7)
9.0 (6.8)
9.6 (6.8)

Post-implementation
n (%)*
8 (2.6)
43 (13.7)
13 (4.2)
79 (25.3)
10.0 (9.3)
6.0 (2.2)
6.8 (2.3)

Total
n (%)*
23 (4.7)
86 (17.1)
30 (6.4)
117 (24.1)
12.0 (14.1)
6.7 (5.2)
7.4 (4.5)

p value
.003***
.001***
.013***
.474***
<.001**
.553**
.546**

* Unless otherwise stated in the first column
** Mann-Whitney U-test
*** Chi-square test

High risk elderly patients
Before 2011, 18 patients (10.5% of total) undergoing surgery were aged 80 years
or over with an ASA 3 or 4 classification. After 2011, 20 patients (6.4%) with these
characteristics were operated upon. A primary anastomosis was made in 14 out of
18 patients (78%) and after 2011 11 out of 20 (55%) received a primary anastomosis.
Table 4. Multivariate analysis; complications Clavien-Dindo> 3b.

Age
Sex
ASA 1-2 vs. 3-4
Type of operation
Open vs. Scopic
Emergency vs. Elective
Before vs. after 2011
Stoma vs. no stoma
R0 vs R1-2
Dukes’A-B vs C-D

Univariate
Odds Ratio
1.03
0.86
2.72
1.19
0.30
2.50
0.44
2.56
0.353
1.03

Univariate
95% CI
1.01 – 1.05
0.53 – 1.39
1.63 – 4.55
1.00 – 1.43
0.17 – 0.54
1.31 – 4.77
0.27 – 0.71
1.58 – 4.17
0.05 – 2.72
0.63 – 1.68

p value
0.003
ns
0.001
0.053
< 0.001
0.006
0.001
< 0.001
ns
ns

Multivariate
Odds Ratio

Multivariate
95% CI

2.57

1.50 - 4.38

0.50

0.27 - 0.92

0.53
2.14

0.32 - 0.88
1.27 - 3.61

p value
ns
ni
0.001
ns
.027
ns
0.014
0.004
ni
ni

ns = nonsignificant
ni = not included

CT abdomen and early intervention
The interval between operation and first CT was 9.0 days before 2011 and 6.0 days after 2011 (p = .553; median 7 vs. 6 days). The time until reintervention decreased from
9.6 days before 2011 to 6.8 days after 2011 (p = .553; median 7 vs. 7 days) (Table 3).
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The number of CTs performed before and after the implementation of the QIP was
comparable; before implementation of the QIP, a CT scan was performed in 29 out of
172 patients (19.8 %). Of these CTs, 11 were negative (38.0 %). After implementation
of the QIP, 54 CTs were performed, which was 17.3 % of the total operated population
(n = 312). Of these CTs, 32 were negative (59.3 %). Failure-to-rescue rates, defined
as mortality among patients with serious complications, decreased from 34.9% before
implementation of the program to 15.0% after implementation. (p=.039).

DISCUSSION
This study highlights the effect of implementing a quality improvement program in
a nonacademic, nonreferral community hospital on surgical outcomes. A significant
decrease in mortality, anastomotic leakage and other major complications was found,
with a significant decrease in length of hospital stay after implementation of the QIP
program.
The interventions introduced were intended to improve our results with regard to
anastomotic leakage, mortality and other major complications. A multivariate analysis
showed that patients operated before implementation of the program had a significant
higher risk for a major complication with an odds ratio of 0.537. No difference was
observed between the two cohorts regarding minor complication. This corroborates
the conclusion that the program made a significant difference in preventing major
complications.
Unfortunately, it was not possible to investigate the errors in the first two interventions after implementation of the program. Accidently NSAID usage was not well
documented and the verifying of fluid management charts was not feasible; meaning that although it was protocolized we could not check whether the protocol was
indeed applied. Therefore, it is difficult to point out which separate intervention
could be responsible for these improved results. It is unlikely that prevention of major
complications in colorectal surgery is dependent on 1 or 2 factors. Rather, it is our
belief that the improved results can be ascribed to a wide variety of measures.25
The use of NSAIDS for postoperative pain management after colorectal surgery is
still under debate. Currently, there is circumstantial evidence that there is a link
to anastomotic leakage.26-28 NSAIDS pre- and postoperatively as postoperative pain
management did not seem an absolute necessity and instead oral opioids were used.
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To this day, intraoperative fluid management remains an area of debate. The concept
that fluid restriction or avoidance of fluid overload in major abdominal surgery influences perioperative outcomes, such as morbidity and length of stay, is getting more
support. However, it remains unclear whether this is related to the fluid restriction,
per se, or the maintenance of a state of zero fluid balance.29 In the QIP program a 24
hour zero fluid balance was pursued versus no restriction before implementation of
the program.
Another important intervention was fast reintervention by a surveillance protocol
with an abdominal CT-scan with rectal contrast was performed when infection parameters (CRP) and/or clinical symptoms where suspect of a complication. Presently,
a reintervention within 4 days after surgery is strived for in our institution. While
this does not influence the major complication rate, it does decrease the subsequent
sequel resulting in shorter hospital stay and lower the failure-to-rescue rates and,
by that, mortality. Strikingly, this change in protocol did not result in an increased
percentage of CT’s (19.8 vs.17.3%).
The number of elderly patients presenting with obstructive colorectal pathology is
still increasing. These patients are at high risk for complications or death. A twostaged procedure, first deflating the colon with a colostomy and then revitalizing the
patient before definitive surgery, has been beneficial to the improvement in results in
patient’s ages 80 years and over.
This study is limited by the retrospective character of the study and the fact that it
concerns a single center study. However, for analyzing the effect of the introduction
of a quality improvement program a homogenous patient group from a single center
is more suitable, with a relatively large series and little missing data. Almost all
remaining factors were consistent during the timeframe of this study. Obviously, the
effect of a learning curve cannot be excluded, but over the years, there was no
change in the surgical team consisting of all dedicated colorectal surgeons with over
3 years of experience before the introduction of the quality program. In addition, the
patient inflow remained consistent, and there were no other changes in postoperative
patient management. It is also acknowledged that in any non-randomized study, even
when experimental and control groups appear comparable at baseline, the effect
size estimate is still at risk of bias due to residual confounding. One of the largest
confounding factors for this study is the concept that results might improve over time
due to the surgical learning curve of each surgeon. However, as mentioned surgeons
remained consistent and even when laparoscopic versus open procedure was included
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in the multivariate analysis, the decrease in major complications after introducing
the program remained significant.

CONCLUSION
A significant decrease in major complication rates and mortality was observed after
careful re-evaluation of national auditing results and introducing this quality improvement program. This study showed that these relatively easy interventions could be
safely implemented and be promising for other hospitals.
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ABSTRACT
Aim
The risk of morbidity and mortality after colorectal surgery is moderate to high,
especially in high-risk patients. The aim of this study was to analyse the effect of
postoperative 24-hour Medium Care (MC) surveillance after colorectal surgery on
patient outcomes and costs.

Method
The study was designed as a historically controlled interventional study. All patients
who underwent colorectal resection between (2015-2018;P2) were included and
compared to 704 patients from a historical database (2009-2014; P1). The Groningen
Frailty Indicator (GFI) was scored preoperatively with a validated questionnaire.
High-risk or frail patients were defined as GFI ≥ 4. These patients underwent postoperative 24-hour close surveillance with optimization of vital parameters at the MC.
Postoperative outcomes of patients in P1 and P2 were compared and a costs analysis
was performed.

Results
In total, 601 patients underwent a colorectal resection. In 491 patients (82%) GFI was
scored; 79 (16%) had GFI ≥ 4, of whom 67 (85%) were monitored at the MC. Major
complications (Clavien-Dindo>3b) and mortality rate decreased significantly between
P1 and P2 (18.6% vs. 11.9%, p=.001 and 5.5% vs. 1.0%, p<0.001, respectively). Median
length of hospital stay decreased from 7 (IQR 5-14) to 5 days (IQR 4-9, p<0.001) and
the number of emergency ICU admission from 9.8% to 5.3% (p=.003). Multivariable
logistic regression analysis showed that surgery in P2 was independently associated
with less major complications (OR 0.66, 95% CI 0.45-0.96).

Conclusion
A significant decrease in major complications and mortality was observed after introducing a 24-hour observation at the MC in high-risk patients.

What does this paper add to the literature?
These results demonstrate that a routinely medium care submission after colorectal
surgery in high-risk patients decreases major complications and mortality and is cost
efficient.

38

Medium Care observation after colorectal surgery in high-risk patients

KEYWORDS
Colorectal surgery; postoperative care; postoperative complications; medium care
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INTRODUCTION
Colorectal surgery for either malignant or benign disease (e.g., complicated diverticulitis and inflammatory bowel disease) has a relative high risk of mortality and
morbidity.1,2 Severe complications, such as anastomotic leakage (AL), occur more
often in frail patients and are associated with higher costs.3,4 Severe complications
often occur in the first days after surgery. Early detection of an anastomotic leak, followed by timely reintervention decreases mortality rates and is therefore of utmost
importance.5,6 Physiological abnormalities, such as alteration in blood pressure, urinary output or oxygenation, are important indicators to timely detect complications
and hemodynamic optimisation might even contribute in preventing postoperative
morbidity, including AL. Therefore patients with a high risk of complications should
be observed closely during the first days after surgery.7-9
In daily clinical practice, postoperative patients are transferred to the nursing ward
after colorectal surgery. Here, nurses are responsible for multiple patients and
continuous monitoring of vital parameters is not available. Unexpected clinical deterioration on these wards can result in severe consequences. For example, an acute
Intensive Care Unit (ICU) admission often leads to a significant increased length of
hospital stay and prolonged rehabilitation.10
Literature shows that the Medium Care Unit (MCU) could be of importance for the
critical care gap between the nursing ward and the ICU.

11

Postoperative monitoring

at the ICU after high-risk surgery already occurs in some hospitals after, for example,
thoracic, oesophageal and pancreatic surgery.12
In an attempt to improve postoperative outcomes and reduce costs in colorectal
surgery, surgeons, intensivists and the board of our hospital developed a new care
path where frail patients were admitted to the MCU for 24 hours after an elective
resection. The aim of this study was to analyse the effect of this intervention on
patient outcomes and costs.

METHODS
Study design
The study was designed as a historically controlled interventional study. Outcomes
were compared with a database consisting of data from 704 patients who underwent
elective colorectal surgery between 2009 and 2014 (cohort P1).
40

Medium Care observation after colorectal surgery in high-risk patients

Primary and secondary outcomes
The primary outcome parameter was major complications (defined as Clavien-Dindo ≥
3b).13 Secondary outcomes were mortality, minor complications (Clavien-Dindo < 3b),
length of hospital stay, unplanned ICU admission, number of days until reintervention
and costs.

Study population
All frail patients of 18 years or older and who had an indication for elective colorectal
resection (e.g., (possible) malignancy, inflammatory bowel disease or diverticulitis)
were considered for inclusion.
To define frailty among patients several measuring methods were compared.14-17
Frailty has been defined as a clinical syndrome that involves the progressive loss
of physical and mental function with or without the coexistence of disease.18 The
concept of frailty is a better predictor than age or ASA (American Society of Anaesthesiologists) classification alone.19-21 We searched for a method that was validated
and approved effective as well as easy to use in the outpatient clinic. In this study
frailty was measured by the validated questionnaire known as the ´Groningen Frailty
Indicator´ (see attachment 1).22 This questionnaire was designed by UMC Groningen
and is frequently used in clinical practice (including geriatric centres, nursing homes,
emergency rooms and several clinical departments in hospitals), outpatient clinics,
and research studies.23-26 This questionnaire focuses on mobility and independence,
cognition and perception, nutritional condition, co-morbidity and psychosocial state
of the patient during the month prior to surgery. Frailty was defined as a GFI score of 4
points or higher. Exclusion criteria were acute colorectal resection and TEM (Transanal
Endoscopic Microsurgery).

Ethics and patient safety
The study was conducted in accordance with the principles of the Declaration of
Helsinki and ‘good clinical practice’ guidelines. The Medical Ethical Committee of the
Academic Medical Center in Amsterdam has approved the protocol. The intervention
to be investigated was introduced as a protocol amendment in our hospital. Patients
were only asked for permission to keep prospective patient data. Patients were not
exposed to additional risks.

Study outline
All colorectal resections were performed by or under supervision of specialized
colorectal surgeons.27 The standard postoperative care path on the clinical wards
was not altered. Patients were admitted to the MCU via existing routes. If there was
41
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no availability at the MCU, patients were admitted to the Cardiac Care Unit (CCU).
Treatment of the patient was under management of the intensivist or the primary
specialist at the ICU/MCU/CCU. After 24 hours, the intensivist on duty determined the
indication for discharge and decided whether prolonged stay was indicated. Standard
discharge procedure was followed. Postoperatively, patients were managed according
to ‘enhanced recovery after surgery (ERAS), fast track protocol.28

Statistical analysis
The outcome parameters were analysed with appropriate statistical tests by a statistician using the using IBM SPSS Statisitics for Windows, version 22.0 (IBM corp., Chicago,
IL). A two-tailed p < 0.05 was considered statistically significant. Continuous variables
were presented as mean values with a standard deviation (SD) or as median values
with an interquartile range (IQR) according to the distribution, and were compared
using the independent samples t-test or Man Whitney U test as appropriate. Categorical variables were presented as counts and percentages, and were compared using
the Fishers’ exact test. Univariable and subsequent multivariable logistic regression
models were used to examine the association between the difference in the P1 and P2
cohort and severe postoperative complications, while adjusting for important potentially confounding variables. Criteria for inclusion in the multivariable models were
clinically and statically driven (i.e. p<0.20 in univariable models for the outcome).

Cost analysis
The cost analysis made in advance for approval of the hospital board, based on incidence rates seen in our population and cost data from X-IS (a company that makes a
connection between data of the Dutch Institute for Clinical Auditing29 and data collected in our hospital by the company ‘Performation30’). Their analyses showed that
in our hospital the total costs of a surgical treatment of a colorectal carcinoma were
€ 10.652 (2012-2013) per patient when there was no complication during admission.
In case of a major complication, the extra costs were € 24.093 (total of € 34.745).
These extra costs were due to ICU admission days (average of € 14.853 extra per
patient), extra admission days (average of € 3.496 extra per patient), and surgical
reinterventions (average of € 1.165 extra per patient). These numbers are similar to
the numbers of the study of Govaert et al. who collected data from 29 Dutch hospitals
using the advanced time-driven activity based costing methodology.31 The costs for a
medium care admission are lower than an intensive care admission, but unfortunately
in the Netherlands there is no special rate (yet) for a MCU bed and health care insurance company’s still work with the rate of an ICU bed.
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The costs for an ICU bed were € 1.624 per 24 hours at the time and the costs for a
day on the surgical ward were approximately € 354. This was also in accordance with
previous literature.32 For the extra costs of the MC observation of an estimated 60
patients per year to be cost efficient, we needed to prevent major complications in a
minimum of 4 patients; the extra costs are: € 76.200 (60 x (€ 1.624 - € 354 = € 1270))
divided by the extra costs of a major complications (€ 24.093) = 3.2. Or the number of
admission days or ICU admission days needed to be significantly decreased. Important
to realize is that these extra costs of € 76.200 are not the actual costs of the care for
these patients. These are the number that the insurance company pays the hospital.
Since it will mostly be observation at the MCU, the actual costs of the admission will
presumably be lower.

RESULTS
Patient demographics
In total, 601 patients underwent colorectal resections between 2015 and 2018. . In
total, 68 patients were excluded based on the inclusion criteria and in 41 patients
the GFI was missed (Figure 1). In 492 patients (81.9%), the GFI was scored of whom
79 patients (13.1%) had a GFI ≥ 4. Of these 79 patients, 67 (83.5%) were monitored
at the MC. In five patients there was no available MC bed; two of these patients were
observed on the CCU instead. In 7 cases there was no information on why they were
not observed at the MC ward. Of the 413 patients with GFI < 4, a total of 15 patients
were observed at the MC. In six of these cases this decision was made pre-operatively
due to comorbidity and in nine cases it was decided during or directly after surgery.
Characteristics of patients from P2 are shown in Table 1. Between groups GFI < 4 and
≥ 4, univariable analysis showed differences in age, gender and ASA classification.
Table 2 summarizes the characteristics of the patients from P1 compared to P2. Age,
BMI, and gender were similar between both cohorts, while ASA classification, type of
operation, surgical approach, and stoma application was different.
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figure 1. Flow chart patients

Total elective
resections
n=601 (100.0%)

GFI filled out

GFI missed

Excluded

n=492 (81.9%)

n = 41 (6.8%)

n = 68 (11.3%)

GFI > 4

GFI < 4

n = 79 (13.1%)

n = 413 (68.7%)

MC observation
n = 67 (84.8%)

No MC
observation

MC observation
n = 15 (3.6%)

n = 12 (15.1%)

No available IC
bed
n = 5 (41.6%)

No explenation
n = 7 (58.3%)

No MC
observation
n = 398 (96.4%)

Decided preoperative

Decided
perioperitve

n = 6 (40.0%)

n = 9 (60.0%)

CCU observation

n = 2 (40.0%)

Comparison of outcomes
The major complication and mortality rate in P2 was 11.9% and 1.0%, which was
significantly lower when compared to P1 (18.6% p=.001 and 5.5% p<0.001, respectively). Median length of hospital stay decreased from 7 (IQR 5-14) to 5 days (IQR 4-9)
(p<0.001) and number of ICU admission days decreased from 7 (IQR 3-15) to 3 days
(IQR 1 –8) (p = .001). The number of patients who needed an emergency ICU admission
decreased from 9.8% to 5.3% (p=.003). (Table 3)

Multivariable analysis
Multivariable analysis demonstrated that surgical resection in P2 was independently
associated with less major complications when compared to P1 (OR:0.66, 95% CI 0.450.96) (Table 4). The small number of mortalities precluded a multivariable analysis.
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Table 1. Patient characteristics

Variables
Age
Mean (SD)
Range
Gender
Female
Male
BMI (SD)
ASA classification
ASA 1
ASA 2
ASA 3
ASA 4
ASA classification
ASA 1-2
ASA 3-4
Type of operation
Ileocoecal
resection
Right colectomy
Leftcolectomy
Sigmoid resection
Low anterior
resection
Subtotal
colectomy
APR
Other
Approach
Open
Laparroscopic
Hand-assisted
Conversion
Stoma
No stoma
Loop ileostomy
End colostomy
Total

Total
n (%)*

GFI < 4
n (%)*

GFI ≥ 4
n (%)*

65.8 (9.8)
19 - 89

65.4 (8.9)
25 - 87

68.1 (13.1)
19 - 89

212 (43.1)
280 (56.9)
26.5 (4.8)

164 (39.7)
249 (60.3)
26.7 (4.6)

48 (60.8)
31 (39.2)
25.9 (5.4)

99 (16.5)
321 (53.4)
134 (22.3)
19 (3.2)

78 (18.6)
238 (57.6)
84 (20.3)
7 (1.7)

4 (5.1)
31(39.2)
34 (43.0)
10 (12.7)

420 (69.9)
167 (28.4)

316 (76.3)
96 (23.2)

35 (44.3)
44 (55.7)

p value
. 003**

.001***

.050**
<.001***

<.001***

.069***
6 (1.)

3 (.7)

3 (3.8)

172 (35.0)
35 (7.1)
125 (25.4)

144 (34.9)
29 (7.0)
108 (26.2)

28 (35.4)
6 (7.6))
17 (21.5)

89 (18.1)

78 (18.9)

11 (13.9)

21 (4.3)

13 (3.1)

8 (10.1)

27 (5.5)
17 (3.5)

23 (5.6)
15 (3.6)

4 (5.1)
2 (2.5)

17 (3.5)
441 (89.6)
15 (3.0)
19 (3.9)

13 (3.1)
377 (91.3)
12 (2.9)
11 (2.7)

4 (5.1)
64 (81.0)
3 (3.8)
8 (10.1)

458 (93.1)
8 (1.6)
62 (5.3)
492 (100)

385 (93.2)
6 (1.5)
22 (5.3)
413 (68.7)

73 (92.4)
2 (2.5)
4 (5.1)
79 (13.1)

.014***

.770***

BMI body mass index, ASA American Society of Anaesthesiologists
* Unless otherwise stated in the first column
** Mann–Whitney U test
*** Fisher Exact test
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Table 2. Patient characteristics with historical comparison cohort

Variables
Age (SD)
Average (SD)
Range
Gender
Female
Male
BMI (SD)
ASA classification
ASA 1-2
ASA 3-4
Type of operation
Ileocoecal resection
Right colectomy
Left colectomy
Sigmoid resection
Low anterior resection
Subtotal colectomy
APR
Other
Approach
Open
Scopic
Hand-assisted
Conversion
Stoma
No stoma
Loop ileostomy
End colostomy
Total

Total
n (%)*

P1
n (%)*

P2
n (%)*

64.8 (12.5)

66.5 (11.8)

63.5 (12.8)

542 (41.5)
647 (49.5)
26.5 (4.8)

273 (38.8)
315 (44.7)
26.3 (4.4)

269 (44.8)
332 (55.2)
26.2 (5.0)

878 (67.2)
300 (23.0)

458 (65.1)
133 (18.9)

420 (69.9)
167 (27.8)

68 (5.2)
402 (30.8)
85 (6.5)
479 (36.7)
97 (7.4)
78 (6.0)
74 (5.7)
22 (1.7)

22 (3.1)
206 (29.3)
46 (6.5)
340 (48.3)
6 (.9)
40 (5.7)
43 (6.1)
1 (.1)

46 (7.7)
196 (32.6)
39 (6.5)
139 (23.1)
91 (15.1)
38 (6.3)
31 (5.2)
21 (3.5)

152 (11.6)
1045 (80.0)
26 (2.0)
57 (4.4)

124 (17.6)
518 (73.6)
3 (.4)
34 (4.8)

28 (4.7)
257 (87.7)
23 (3.8)
23 (3.8)

1030 (78.9)
137 (10.5)
120 (9.2)
1305 (100)

473 (67.2)
127 (18.0)
86 (12.2)
704 (53.9)

557 (92.7)
10 (1.7)
34 (5.7)
601 (46.1)

p value
.225**

.600 ***

. 511**
.019***

<.001***

<.001***

<.001***

BMI body mass index, ASA American Society of Anaesthesiologists
* Unless otherwise stated in the first column
** Mann–Whitney U test
*** Fisher Exact test

Cost analysis
Based of the numbers to work with described in the methods, the extra costs for MC
observation were 67 x € 1270 = € 85.090. The major complication rate decreased with
(18.6% - 11.9%) 6.7%. This equals a potential costs reduction of (601 x 6.7% = 40.3
patients) x € 24.093 = €970.948.
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Table 3. Clinical outcomes

Variables

Total
n (%)*
Mortality
45 (3.4)
Complication Clavien-Dindo ≥ 3b
203 (15.6)
Anastomotic Leak
77 (5.9)
Complications Clavien-Dindo < 3b
516 (39.5)
Number of admission days (SD)
10.7 (mean)
7 (median) (12.4)
Emergency ICU admission
101 (7.7)
Number of ICU admission days (SD) 5 (median) (1.7)
10.1 (mean)
Total
1305 (100)

P1
n (%)*
39 (5.5)
131 (18.6)
46 (6.5)
302 (42.9)
11.7 (mean)
7 (median) (13.4)
69 (9.8)
7 (median) (13.7)
11.9 (mean)
704 (53.9)

P2
n (%)*
6 (1.0)
72 (11.9)
31 (5.1)
214 (35.6)
8.3 (mean)
5 (median) (9.5)
32 (5.3)
3 (median) (13.3)
7.3 (mean)
601 (46.1)

p value
<.001***
.001***
.346***
.008***
<.001**
.003***
.001**

* Unless otherwise stated in the first column
** Mann–Whitney U test
*** Fisher Exact test

Table 4. Multivariate analysis; complications Clavien-Dindo>3b

Variables
Age
Sex
ASA 1-2 vs. 3-4
High vs. Low anastomoses
Open vs. scopic
Stoma vs. no stoma
P1 vs. P2

Univariate
Odds ratio
1.01
1.49
1.91
1.20
0.27
2.50
0.59

Univariate
95% CI
1.00 - 1.02
1.08 – 2.04
1.37 - 2.66
0.72 – 2.03
0.20 – 0.38
1.80 – 3.48
0.44 - 0.81

p value Multivariate
Odds ratio
.058
1.01
.014
1.42
<.001
1.70
.486
1.92
<.001
0.37
<.001
1.64
.001
0.66

Multivariate
95% CI
0.99 – 1.02
1.01 – 2.01
1.17 – 2.47
1.08 – 3.42
0.25 - 0.55
1.09 – 2.46
0.45 – 0.96

p value
.370
.044
.005
.026
<.001
.018
.033

DISCUSSION
This study showed that a significant decrease was seen in major complications,
mortality, median hospital stay and emergency ICU admission after introducing 24hour observation at the MC in high-risk patients after elective colorectal surgery. The
potential extra costs of a MC admission were less than 10% of the calculated reduction
in extra costs by the decrease of major complications and (ICU) admission days. This
study led to adjustment of the postoperative protocol in our hospital with routine MC
admission after colorectal surgery in frail patients.
Due to the multi-interventional approach at the MC, it is difficult to define the reason
for the improvement of postoperative outcomes and less major complications after
2015. Among others such as optimisation of the oxygenation and fluid balance for
improved anastomosis healing and closer observation of physiological abnormalities
to decrease reintervention time, a possible explanation is the awareness for frailty.
As mentioned, frailty is associated with higher risk of complications. In addition, the
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frail population will continue to grow in the future.33,34 Therefore, frailty should be
recognized, so MC observation can be considered.
Although multivariable analyses showed surgery after 2015 was a strong independent predictor for less major complications, we did not find a significant difference
between the cases and the controls after matching. Note must be made that the GFI
score specializes in on mobility and independence, cognition and perception, nutritional condition, co-morbidity and psychosocial state of the patient. Unfortunately
we had no information on most of these parameters in our historical cohort to make
an adequate case control matching.
One other study investigated the relation between high care observation after
colorectal surgery.36 An observational cohort study published in 2019. All patients
above 80 years operated between 2014 and 2027 had a routine overnight ICU admission after colorectal surgery and were compared to all patients above 80 operated
between 2009 and 2013. The results were in line with our findings; an association with
high care observation and reduced risk in postoperative mortality and morbidity. This
study was also cost-effective.
One of the largest confounding factors for this study is the concept that results might
improve over time due to the surgical learning curve of each surgeon and improved
conditions on the ward. However, the group of practicing surgeons remained consistent
and time dependent factors (i.e. operative approach, stoma vs. no stoma) were not
of influence in the multivariable analysis. In fact, the results show that the P2 cohort
consisted of significantly more patients with an ASA 3-4 classification and significantly
more patients with a defunctioning stoma (who are more at risk for complications)
and nevertheless patients in P2 had significantly fewer complications. In addition, the
perioperative approach and postoperative management (i.e. ERAS fast track protocol)
remained unchanged during the timeframe of the study.
Another possible limitation of this study is the non-randomized design. Although a
prospective cohort series with a historical control group does not allow for a direct
comparison of the new intervention to a comparable control group, after careful
consideration it was decided that an RCT would not be a suitable design. Introducing a new postoperative protocol introduces increased awareness and changes that
will directly influence all health care professionals involved in taking care of these
patients. Previous studies have demonstrated that this could also be beneficial for
patients that not officially receive the new intervention. As it was a single site study,
a stepped wedge design was also not possible.
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Although the results of this study are promising, further investigation is necessary
before drawing firm conclusions. In our hospital the protocol was adjusted after this
study, but the COVID pandemic prevented us from implementing the new protocol with
routine MC admission after colorectal surgery since the beginning of the outbreak. We
will continue with the implementation as soon as possible, with special attention for
the possible negative psychological effect of an ICU admission.

CONCLUSION
A significant decrease in major complications and mortality was observed after introducing a 24-hour observation at the MC in high-risk patients. A cost analysis showed
that it was cost efficient and led to a protocol adjustment in our hospital.
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ABSTRACT
Background
Early detection of anastomotic leakage (AL) after colorectal surgery followed by
timely reintervention is of crucial importance. The aim of this study was to investigate
the accuracy of computed tomography (CT) imaging for AL and the effects of delay in
reintervention after a false-negative CT.

Methods
All files from patients who had colorectal surgery with primary anastomoses between
2009 and 2014 were reviewed. The predictive value of CT scanning for AL was determined and correlated with short-term postoperative patient outcomes. In addition,
factors predictive of false-negative scans were assessed.

Results
Six hundred and twenty-eight patient files were reviewed. In total, a CT scan was
performed in 127 patients. Overall, leakage was seen in 49 patients (7.8%). The
positive and negative predictive values were 78 and 88%, respectively. Sensitivity was
73% and specificity 91%. In patients with a true-positive CT (n = 24), reintervention
followed after a median interval of 0 days (IQR 1), whereas this was 1 day (IQR 2) in
the false-negative group (n = 11) (p < 0.05). This was associated with a significantly
increased mortality rate (1/24 = 4.2% vs 5/11 = 45.5%) (p < 0.005), an increased length
of hospital stay [median 28 days (IQR 26) vs 54 days (IQR 20) (p < 0.05)].

Conclusions
Delayed reintervention after false-negative CT scanning is associated with a high
mortality rate and a significant increase in length of hospital stay.

KEYWORDS
Colorectal surgery, Computed tomography, Anastomotic leakage, Oncology
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Delay in reintervention after false-negative CT scan is a reason for concern.

INTRODUCTION
Anastomotic leakage (AL) is a life threatening complication after colorectal surgery.1
In the literature mortality rates after AL vary from 15 to 33%. Early detection of AL,
followed by timely reintervention decreases mortality rates. In daily clinical practice,
abdominal computed tomography (CT) scanning is most frequently used to diagnose
or exclude AL after colorectal surgery.2-4 Compared to water-soluble contrast enema
and plain X-ray CT scan is more sensitive and is able to detect other complications
such as bleeding, perforation or abscess. At the same time, it can be used to guide
therapeutic percutaneous drainage of abscesses.
Considering how commonly CT is performed in postoperative colorectal patients, the
literature on the accuracy of CT scanning in patients with AL is scarce. The only systematic review performed by Kornmann et al5 included a total of only 221 abdominal
CT scans from eight different studies. This review showed a relatively low sensitivity
of 68%, with a large range reported from these small, retrospective studies. The
technical quality of the CT scan was often suboptimal (10-mm sections, no enteral
or intravenous contrast) and the definition of AL was inconsistent. Previous studies
suggested that a false-negative CT outcome may delay reinterventions,6,7 but the
clinical consequences of a false-negative CT scan were only described once.8
Recent studies by Huiberts et al9 and Kauv et al10 showed that leakage of contrast medium was the only independent predictive factor for AL. In our institution, abdominal
CT scanning with rectal contrast enema (RCE) in cases where there is suspicion of AL
has been the standard imaging procedure for over 6 years.
The aim of this study was to investigate the accuracy of abdominal CT scanning with
RCE for AL, and the effect of false-negative scans on delay in therapeutic intervention
and clinical outcome.

METHODS
Data from a prospectively maintained database of all patients who had elective or
emergency colorectal surgery with primary anastomoses for malignant or benign
disease between 2009 and 2014 were reviewed. Patient characteristics, including
age, gender and American Society of Anesthesiologists (ASA) classification, were collected. Type of operation, complications, length of hospital stay, length of stay in the
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intensive care unit (ICU), indications for abdominal CT scans, timing and outcome of
CT scans, and subsequent reinterventions were also evaluated.
All colorectal resections were performed by, or under supervision of, a specialist
colorectal surgeon. Perioperatively, patients were managed according to standard
fast-track protocol.11 Abdominal CT was performed when patients had signs of sepsis
with clinical symptoms and/or physiological deterioration (e.g. deviations in respiratory rate, pulse rate, blood pressure, temperature, urine production or neurological
status).
CT imaging was performed on a 16 and 64 sliced-MDCT scanner (Philips Netherlands),
with a slice thickness of algorithm of 3-5 mm with axial and coronal reconstructions.
Scanning protocol included intravenous and rectal contrast. CT scans were reviewed
by experienced radiologists. For this study, radiology reports were used as given at
the time rather than later amendments, in order to evaluate the effect of delay in
reintervention after false-negative scans. Our radiologists scored on the following
features to asses the CT scans; fluid intra abdominally, fluid near the anastomosis,
free air in the abdomen, air near the anastomosis and contrast from the lumen. AL
was graded according to the definition of the International Study Group of Rectal
Cancer.12 Grade C was defined as a leak requiring surgical reintervention, grade B as s
leak requiring percutaneous reintervention, and a grade A leak required antibiotics at
the most. Since the indication for antibiotics was not always based on CT-scan findings
and it had minimal to no clinical impact on the patients postoperative course, only
grade B and C AL were included in the CT accuracy analyses.

Statistical analysis
Statistical analysis was performed using SPSS software, version 22.0 (SPSS Inc, Chicago, IL,USA). Sensitivity, specificity, positive predictive value (PPV) and negative
predictive value (NPV) were calculated with 95% confidence intervals (CI). Categorical data are presented as frequencies and percentages compared by the Chi-square
test. The parametric and nonparametric continuous data are presented as means and
standard deviations and were analysed by the Mann Whitney U tests. Missing data for
every variable were less than 10%, and therefore there no imputation of missing data
was performed. A two-tailed p value of <0.05 was considered statistically significant.
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RESULTS
Between 2009 and 2014, 628 patients underwent colorectal surgery with primary
anastomosis in our institution. In 127 out of 628 patients an abdominal CT scan was
performed based on clinical symptoms and/or signs of sepsis. Of these patients, 69
(54.3%) were men and 58 (45.7%) women with a median age of 66 years (range 44 – 89
years).
Ninety-nine of the 127 patients undergoing CT scan for suspicion of AL, were given
enteral contrast according to protocol (78%). In 85 patients (86%) the contrast reached
the anastomosis. Relevant baseline characteristics are summarised in table 1.
Table 1. Demographic characteristics

Variables
Age
Median
Range
Sex
Female
Male
ASA
ASA 1 or 2
ASA 3 or 4
Type of operation
Right colectomy
Left colectomy
Sigmoidectomy/LAR
Colectomy
Other
Open/scopic
Open
Scopic
Stoma
No stoma
Loop ileostomy
End colostomy
Urgency
Elective
Emergency
Anastomotic Leak
Grade C
Grade B
Grade A
Total

All patients
n (%)

Patients with CT
n (%)

66
18 - 96

66
44 - 89

295 (47.0)
333 (53.0)

58 (45.7)
69 (54.3)

489 (77.8)
132 (21.0)

92 (72.4)
26 (20.5)

203 (32.3)
41 (6.5)
310 (49.4)
37 (5.9)
36 (5.8)

39
11
53
13
11

84 (13.4)
512 (81.5)

40 (31.5)
87 (68.5)

413 (65.8)
126 (20.1)
5 (0.8)

88 (69.3)
37 (29.1)
2 (1.6)

508 (80.9)
87 (13..9)

93 (71.9)
29 (22.70

38 (6.1)
6 (0.8)
5 (1.0)
628 (100)

29 (22,8)
6 (4,7)
5 (3,9)
127 (100)

(30.7)
(8.7)
(41.7)
(10.2)
(8.7)

* Unless stated otherwise in the first colomn

61

Chapter 4

Anastomotic leakage
Overall leakage after surgery (grade A, B and C) was 7.8% (49 out of 628 anastomoses).
Thirty-eight patients had grade C AL (6.0%), six patients (1.0%) had grade B AL and five
patients had grade A leakage (0.8%). Leak rates were comparable for patients with
open or laparoscopic procedures and for patients with benign or malignant disease.
In nine patients with AL no CT was performed prior to the reintervention. Six of these
patients were re-operated within 5 days of primary resection without diagnostic imaging because of their clinical condition. In the other three patients a water-soluble
contrast enema with X-ray was performed, during the implementation phase of the
abdominal CT scan with contrast enema in 2009.

Predictive value CT of the scan
Twenty-four patients had a true-positive CT scan, with an AL demonstrated during
reintervention. Eleven patients had a false-negative scan; there were no signs of AL
on CT scan, but a leak was confirmed afterwards during reintervention or autopsy.
Seventy-nine patients had a true-negative scan and eight patients had a false-positive
scan. CT scans were counted as false-positive when the scan was reported as showing
signs suggestive for AL; however, either during re-laparoscopy there was no leakage
detected or they had no clinical signs of AL and recovered without any treatment
(no antibiotics). In six patients, CT scan revealed too much free air or fluid in the
abdomen (based on how much free air or fluid was expected on the corresponding day
postoperatively). In one of these patients, relaparascopy did not show any abnormality. In two patients minimal contrast was seen near the anastomosis, but the clinical
sign was absent and they recovered without any treatment.
The accuracy of CT scanning for AL in this study was 85.0%. The positive and negative
predictive values were respectively 0.78 (CI 0.65-0.92) and 0.88 (CI 0.82-0.95). The
sensitivity was 0.72 (CI 0.59-0.86) and specificity 0.91 (CI 0.85-0.97) (Table 2). The area
under the receiver operating characteristic (ROC) curve was 0.80. This was calculated
in accordance with the recommendations of Castor et al13 for binary diagnostic tests.
Table 2. Sensitivity, specificity, positive and negative predictive value for anastomotic leakage

CT outcome
Positive

Anastomotic leakage
24

No anastomotic leakage
8

Negative

11

79

Results (95% CI)
Sensitivity 0.69 (0.51 - 0.83)
Specificity 0.91 (0.83 - 0.96)
PPV 0.75 (0.56 - 0.87)
NPV 0.88 (0.79 - 0.94)

Patients with grade A were excluded.
Values are given as number of patients (n). Sensitivity, specificity, PPV, and NPV are given with 95 % CI
PPV positive predictive value, NPV negative predictive value

62

Delay in reintervention after false-negative CT scan is a reason for concern.

Impact on clinical outcome
The overall mortality rate after grade B and C leakage was 20.5% (9 out of 44 patients). Out of 24 patients with a true-positive CT scan, only one died (4.2%), whereas
mortality after a false-negative CT was 45.5% (5 out of 11 patients) (p < 0.005). In
patients with leakage predicted by CT, reintervention was performed after a median
of 0 days (IQR 1), whereas this was 1 (IQR 2) in the false-negative group (p < 0.005).
This resulted in a significantly increased length of hospital stay [median of 28 days
(IQR 26) vs 54 days (IQR 20) (p < 0.05)]. The median length of stay in the ICU was
3 days (IQR 10) for patients with a true-positive CT scan versus 2 days (IQR 14) in
patients with a false-negative scan (Table 3).
To identify predictive factors influencing CT accuracy, the following variables were
analysed: anatomical site of the anastomosis, emergency surgery, whether enteral
contrast was given and if the contrast had reached the anastomosis on CT scan.
There were no statistically significant differences found in these variables between
patients with a true-positive and a false-negative scan. It is noteworthy, however, that
the contrast reached the level of the anastomosis in only 66.6% in the false-negative
group, but in was 85.0% in the true-positive group (table 4).
Table 3. Clinical outcome of anastomotic leakage patients grade B and C leakage (n = 35)

Mortality (%)
Length of hospital stay
Median
Days on Intensive Care
Median (IQR)
Days operation – CT
Median (IQR)
Days CT – reintervention
Median (IQR)

Overall
n = 35
6 (17.1%)

True positive CT
n = 24
1 (4.2%)

False-negative CT
n = 11
5 (45.5 %)

30.5 (31)

28 (26)

54 (20)

3 (10)

3 (10)

2 (14)

7 (5)

7 (4)

4 (4)

0 (1)

0 (1)

1 (2)

p Value
.003*
.014**
.094**
.121**
.011**

* Chi-square test
** Mann-Whitney U-test
Table 4. Parameters predicting accuracy of CT scanning for anastomotic leakage

Emergency surgery
Rectal anastomoses
Rectal contrast
Contrast reached anastomosis

Overall
n = 35
11 (31.4%)
12 (34.2%)
29 (82.9%)
23 (79.3%)

True positive CT
n = 24
7 (41.2%)
9 (37.5%)
20 (83.2%)
17 (85.0%)

False-negative CT
n = 11
4 (36.4%)
3 (27.2%)
9 (81.8%)
6 (66.6%)

p Value
.670*
.554*
.466*
.874*

* Chi-square test
** Mann-Whitney U-test
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DISCUSSION
This study demonstrated an 84% accuracy of CT scan for AL after colorectal surgery.
A leak was missed in 11/39 patients resulting in a mediocre sensitivity of 72 %.
False-negative CT was associated with a significantly higher mortality. The sensitivity
and specificity of CT scanning found in this study are in line with the results of the
systematic review of Kornmann et al,5 and with three studies on sensitivity of CT
scanning.8-10
Previous studies also showed that false negative CT scan causes delay in reintervention after AL, but numbers of patients are small in these reports. Kornmann et al8
reported that mortality increased to 63% after delayed diagnosis compared to 7%
in patients with a true-positive CT outcome and immediate intervention, which is
comparable to our results (45.5 vs 4.2%).
The two most recent studies found that leakage of contrast medium was the only
independent predictive factor for AL.9,10 Kauv et al10 reported that 58 patients were
scanned with RCE and 95 without. Of the 11 false-negative or indeterminate CT
scans in their study only 2 (18%) were performed with RCE. Huiberts et al9 reported
that RCE was given to 52 patients and 52 patients received oral contrast only. The
contrast reached the anastomosis in only 31% of the patients. In the false-negative
group, contrast was present at the site of the anastomosis in 39% of the cases. In our
study, 99 patients were given rectal contrast. In 85 patients, the contrast reached the
anastomosis (86%). The contrast did not reach the anastomosis in 1/3 of the patients
with a false-negative scan.
Although several studies mention that performing a scan too early in the course of
AL, i.e. before AL is radiologically detectable, leads to false-negative scans,6,7,14 in
the present study no significant difference was found in the timing of the CT scans of
patients with a true-positive and patients with false-negative scan.
A limitation of this study is the fact that the indications for CT scanning, timing of the
intervention or “wait and see” policy are subject to a surgeon’s personal opinion or
experience. The only published prospective study on this subject to date suggested
that abdominal complications cannot be predicted by a CT scan on day 5 after laparoscopic colorectal resection, and therefore it cannot be recommended for routine
use.15
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In previous studies, different definitions of clinical and radiological AL are used.
Surprisingly, there is little consensus on the definition of AL, different criteria making
interpretation of data more difficult.16,17 The definition and grading of AL by the International Study Group of Rectal Cancer18 were used in this study and should perhaps be
used as a standard in future reports.
The strength of this study is the consecutive series from a single, nonacademic, secondary care center, reflecting daily clinical practice of most colorectal surgeons. To
our knowledge, this is the first study with detailed information on clinical outcome
after false-negative CT scans. Furthermore, this is one of the largest studies on accuracy of CT scanning for AL with the largest population of patients screened with RCE.

CONCLUSION
Our results indicate that a false-negative CT scan in suspected AL is associated with a
higher mortality rate and a significant prolonged length of hospital stay. CT scan is not
accurate enough to provide assurance of anastomotic integrity and should be considered in the round with other patient parameters with a low threshold for intervention
maintained if a negative scan does not fit with symptoms, signs and other results.
Diagnostic laparoscopy despite a negative scan should still be considered where there
remains clinical suspicion of AL.

65

Chapter 4

REFERENCES
1.

Alves A, Panis Y, Pocard M, Regimbeau
JM, Valleur P. (1999) Management of
anastomotic leakage after nondiverted
large bowel resection. J Am Coll Surg
189: 554-559

2.

McDermott FD, Heeney A, Kelly
ME, Steele RJ, Carlson GL, Winter DC.
(2015) Systematic review of preoperative, intraoperative and postoperative risk factors for colorectal anastomotic leaks. Br J Surg. Apr;102(5):462-79

3.

4.

Hirst NA, Tiernan JP, Millner PA, Jayne
DG. (2014) Systematic review of methods to predict and detect anastomotic
leakage in colorectal surgery. Colorectal Dis. 16(2):95-109.

5.

Kornmann VNN, Treskes N, Hoonhout
LHF et al (2012) Systematic review on
the value of CT scanning in the diagnosis
of anastomotic leakage after colorectal
surgery. Int J Color Dis 28(4):437–445

6.

66

Daams F, Wu Z, Lahaye MJ, Jeekel
J, Lange JF. (2014) Prediction and diagnosis of colorectal anastomotic leakage:
A systematic review of literature. World
J Gastrointest Surg. 27;6(2):14-26.

Doeksen A, Tanis PJ, Vrouenraets
BC, Lanschot van JJ, Tets van WF.
(2007) Factors determining delay in relaparotomy for anastomotic leakage
after colorectal resection. World J
Gastroenterol. 1;13(27):3721-5

7.

Khoury W, Ben-Yehuda A, Ben-Haim M
et al (2009) Abdominal computed tomography for diagnosing postoperative
lower gastroin- testinal tract leaks. J
Gastrointest Surg 13:1454–1458

8.

Kornmann VN, van Ramshorst
B, Smits AB, Bollen TL, Boerma
D. (2014) Beware of false-negative CT scan for anastomotic leak-

age after colonic surgery. Int J Colorectal Dis. 29(4):445-51.
9.

Huiberts AA, Dijksman LM, Boer
SA, Krul EJ, Peringa J, Donkervoort SC.
(2015) Contrast medium at the site of
the anastomosis is crucial in detecting
anastomotic leakage with CT imaging
after colorectal surgery. Int J Colorectal Dis. 30(6):843-8.

10.

Kauv P, Benadjaoud S, Curis E, BoulayColetta I, Loriau J, Zins M. (2015)
Anastomotic leakage after colorectal
surgery: diagnostic accuracy of CT. Eur
Radiol. 25(12):3543-51

11.

Kehlet H, Wilmore DW. (2008)
Evidence-based surgical care and the
evolution of fast-track surgery. Ann
Surg 248:189–198.

12.

Rahbari NN, Weitz J, Hohenberger
W et al. (2010) Definition and grading of anastomotic leakage following
anterior
resection
of
the rectum: a proposal by the International Study Group of Rectal Cancer.
Surgery. 147(3):339-51.

13.

Cantor SB1, Kattan MW. (2000) Determining the area under the ROC curve
for a binary diagnostic test. Med Decis
Making. 2000 Oct-Dec;20(4):468-70.

14.

DuBrow RA, David CL, Curley SA. (1995)
Anastomotic leaks after low anterior
resection for rectal carcinoma: evaluation with CT and barium enema. AJR
Am J Roentgenol 165(3):567–571.

15.

Wagner M, Zappa M, Maggiori L, Bretagnol F, Vilgrain V, Panis Y. (2014)
Can postoperative complications be
predicted by a routine CT scan on day
5? A study of 78 laparoscopic colorectal resections. Tech Coloproctol.
18(3):239-45.

16.

Nicksa GA, Dring RV, Johnson KH et
al (2007) Anastomotic leaks: what is

Delay in reintervention after false-negative CT scan is a reason for concern.

the best diagnostic imaging study? Dis
Colon Rectum 50: 197–203
17.

K. Adams & S. Papagrigoriadis. (2013)
Little consensus in either definition or
diagnosis of a lower gastro-intestinal
anastomotic leak amongst colorectal
surgeons. Int J Colorectal Dis 28:967–
971

18.

Kulu Y, Ulrich A, Bruckner T et al.
(2013) Validation of the International Study Group of Rectal Cancer definition and severity grading of anastomotic
leakage. Surgery. 153(6):753-61.

67

Chapter

5

The importance of rectal contrast in CT
assessment to detect anastomotic leakage
after colorectal surgery

C.C.M. Marres
E.M.M. Engelmann
C.J. Buskens
H.E. Haak
W.A. Bemelman
A.W.H. van de Ven
Colorectal Disease 2021

Chapter 5

ABSTRACT
Aim
Computed tomography (CT) is currently the diagnostic tool most often used to detect
anastomotic leakage (AL) after colorectal surgery. The aim of this study was to investigate the value of rectal contrast.

Method
All patients who underwent colorectal surgery with a primary anastomosis between
2009 and 2018 were identified from a prospectively maintained database. Patients
who underwent postoperative CT scanning in suspicion of AL were included. The
clinical and radiological outcomes of patients with and without rectal contrast were
compared.

Results
A total of 1183 patient records were reviewed; 225 patients underwent CT-abdomen
in suspicion of AL. Of these patients, 175 (77.8%) received rectal contrast. Sensitivity
and specificity in this group were 78% and 94%, respectively. The positive predictive
value (PPV) was 0.78 and the negative predictive value (NPV) was 0.94. In the group
without rectal contrast (n = 50), sensitivity was 47%, specificity 88%, PPV 0.66 and
NPV 0.76. In patients who received rectal contrast, contrast reached the anastomosis
in 81.7% compared with 26.0% in patients who were given only oral contrast (p <
0.001). The sensitivity increased to 93% in the group of patients with contrast at the
anastomosis, the specificity to 97%, the PPV to 0.88 and the NPV to 0.98. No adverse
events were observed after the use of rectal contrast.

Conclusion
The use of rectal contrast led to a significant increase in the predictive value of CT
scanning for AL, especially when it reached the anastomosis. This suggests that rectal
contrast is a safe and useful adjunct to CT-abdomen in the detection of AL.

KEYWORDS
laparoscopy; radiology; surgery.

What does this paper add to the literature?
This study emphasizes the importance of using rectal contrast in CT assessment aimed
to detect anastomotic leakage after colorectal surgery. This is the largest study to
date on the accuracy of CT scanning with rectal contrast.
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INTRODUCTION
Anastomotic leakage (AL) after colorectal resection is a major complication. It is
associated with significantly increased morbidity and mortality (as much as 15-20%).1-3
Next to short term adverse events, a recent meta-analysis demonstrated that AL
increased the local recurrence rate and decreased long-term overall survival, cancerspecific survival and disease-free survival.4 Early reintervention for AL in patients who
have undergone colorectal resection can prevent mortality.5 This implies that early
diagnosis of possible leakage is of crucial importance. The preferred imaging modality for detecting AL is abdominal computed tomography (CT).6 Alternatives include
water-soluble contrast enema, plain X-ray, endoscopic examination and reoperation.
Available evidence has demonstrated an overall sensitivity of 68.0-73.0%, specificity
of 84.0-92.0%, positive predictive value (PPV) of 82.0% and negative predictive value
(NPV) of 70%.3,7 False negative rates of up to 25% of all CT scans were reported
in recent studies.6 In order to prevent delay in diagnosis and treatment of AL, the
limited sensitivity and NPV should be taken into consideration.8,9 Moreover, delayed
reintervention after false negative CT scans leads to increased hospital stay and mortality.5 A mortality rate of 45% to 62.5% was reported in patients with false negative
CT scans, whereas mortality was only 4.2% in patients with true positive CT scans
and appropriate management. 3,5 Standard contrast-enhanced CT scans are performed
with the use of oral and intravenous contrast. Several studies have shown that contrast
extravasation is the most reliable and only independent variable predicting AL.

10,11

Many patients with AL also show signs of small bowel ileus which could make it more
difficult for oral contrast to reach the anastomosis.12 With a rectal contrast enema,
the likelihood of reaching the anastomosis is increased and may thereby improve the
predictive value of CT for leakage. However, the evidence available in the literature
is limited. This study aimed to investigate the value of rectal contrast in detecting AL
after colorectal surgery.

METHODS
Study design
A retrospective cohort study was conducted from a prospectively maintained database
at the Flevo Hospital in Almere, the Netherlands. This is a teaching hospital serving
200.000 inhabitants, specializing in medium-complex surgical care.
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Inclusion and exclusion criteria
According to local protocol, the serum C-reactive protein (CRP) level was determined
postoperatively at day 3 for all colorectal surgery patients. Routine measurement
of CRP is useful for early diagnosis and early reintervention of intra-abdominal
complications such as AL.13,14 In our practice, as a routine patients with a colorectal
anastomosis had CT imaging if the CRP level was above 150 on day 3 and/or a clinical
suspicion for AL was raised. All files of patients who underwent colorectal surgery (for
benign and malignant conditions) with a primary anastomosis between 2009 and 2018
were reviewed. Since 2011, administration of rectal contrast has been protocolized
if an AL is suspected. Before 2011 patients received contrast occasionally, depending
on the requesting surgeon and radiologist. In the period between 2009 and 2018, it
was found that some of our patients were scanned without rectal contrast. They were
either operated on before 2011 or the wrong protocol (the standard CT-abdomen
protocol instead of the AL CT protocol) was accidently used. All patients suspected
to have AL and in whom a postoperative abdominal CT scan was performed within 30
days post-surgery were included in this study. Patients who had CT imaging later than
30 days after surgery were excluded.

CT imaging
CT imaging was performed on a 16- and 64-sliced- MDCT scanner (Philips, Netherlands), with a slice thickness of 3–5 mm with axial and coronal reconstructions. Rectal
contrast was given by an experienced member of the radiology department. First,
50 ml of Telebrix Gastro was dissolved in one litre of tepid water (1:20) in a colon
bag. This bag was then placed 40 cm above the table level. A soft cannula was carefully placed rectally without inflating the balloon. The cannula was fixated when the
patient turned to his or her back. A blank CT-abdomen was made. Subsequently, the
contrast slowly dripped in. In the vast majority of patients, the colon could fill itself
with one litre of contrast. Then the abdomen was scanned again. The radiologist has
to preview the scan, before the patient leaves the CT imaging room. If the patient
was scanned without rectal contrast, intravenous contrast (1 ml/kg Ultravist 300) was
given. Any adverse event due to rectal, oral or intravenous contrast was documented.
Six experienced radiologists reported the CT scans. The original radiology report was
used for analysis, since amendments after revision of scans would be a bias in the
assessment of false-negative scans. Our radiologists scored the following features to
evaluate the CT scans: intra-abdominal fluid, fluid near the anastomosis, free air in
the abdomen, air near the anastomosis and contrast extravasation. The CT scan was
considered positive for AL if there was a combination of free fluid, free air or contrast
extravasation (two out of thee). In case of an equivocal CT, clinical symptoms were
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leading. A diagnostic laparoscopy was performed if there was a clinical suspicion of
AL.

Variables and outcomes
Clinical and radiological outcomes were compared in groups of patients with and
without the use of rectal contrast. Variables included the finding of AL, acute reactions
due to contrast administration, complications, mortality, hospital stay, and failure to
rescue. Failure to rescue was defined as mortality among patients with serious complications. A serious complication was defined as a complication leading to an in-hospital
stay of more than 14 days, a surgical, endoscopic or radiological reintervention, or to
death.15 AL was graded according to the definition of the International Study Group of
Rectal Cancer.16 Grade C was defined as a leak requiring surgical reintervention, grade
B leak required percutaneous reintervention, and a grade A leak required antibiotics
at the most. Since the indication for antibiotics was not always based on CT-findings
and it has minimal to no clinical impact on the patients postoperative course, only
grade B and C ALs were included in the CT-accuracy analyses.

Statistical analysis
Sensitivity, specificity, positive predictive value (PPV) and negative predictive value
(NPV) were calculated with 95% confidence intervals (CI). Categorical data are shown
as numbers (%) and mean + SD for continuous variables. Values were compared using
bivariate analysis. The p values were determined by chi-square analysis or two-sided
Fisher’s exact test for categorical variables. Continuous variables were compared
with the student’s t-test or the Mann-Whitney U-test. Missing data for every variable
were less than 10%, and therefore there no imputation of missing data was performed.
A level of significance of 0.05 was applied. Analyses were performed using IBM SPSS
Statistics 24.

RESULTS
A total of 1183 records of patients who underwent colorectal resection were reviewed,
225 of these patients underwent CT-abdomen in suspicion of an AL. The groups scanned
with (n=175) and without (n=50) rectal contrast were similar, as presented in Table
I. There was no significant difference in patient characteristics such as age, sex and
American Society of Anesthesiologists grade (ASA) or location of the anastomosis.
Of the of 225 patients who underwent CT imaging, 175 (77.8%) received rectal
contrast. AL was found in a total of 57 patients, 4.3% of all patients and 24.8% of
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Table 1: Demographics

Variables
Age
Median
Range
Sex
Male
Female
ASA
ASA I-II
ASA III-IV
Type of surgery
Ileocoecal resection
Right colectomy
Leftcolectomy
Sigmoid resection
Low anterior resection
Subtotal colectomy
Open/scopic/conversion
Open
Laparoscopic
Scopic conversion to open
Emergency
No
Yes
Stoma
None
Deviating
Anastomotic Leak
Grade A
Grade B
Grade C

With rectal contrast

Without rectal contrast

p value

66
61.7-65.68

66
56.8-66.7

0.206*

104
71

25
25

0.259**

120
54

40
10

8
61
13
53
22
20

5
22
5
12
3
2

21
144
10

16
30
4

166
13

39
12

147
28

37
13

4
3
35

1
3
16

0.207**

0.273**

0.005**

0.001**

0.361**

0.101**

* Mann-Whitney U test
** Fisher Exact test

CT-scanned patients. The overall sensitivity and specificity in all patients to detect
AL was 68% and 93%, respectively. PPV was 0.75 and NPV 0.90. In the group without
rectal contrast (n=50), sensitivity was 47% and specificity 88%, PPV 0.66 and NPV 0.76.
The sensitivity increased to 78% with rectal contrast, the specificity to 94%, the PPV
to 0.78 and the NPV 0.94.
Rectal contrast was seen at the anastomosis in 81.7% of the patients who received
rectal contrast, compared to 26% of the patients who received only oral contrast
(p<0.001). The sensitivity in the group of patients in whom enteral (oral or enteral)
contrast reached the anastomosis increased up to 93%, the specificity to 97%, the PPV
to 0.88 and the NPV to 0.98. (Figure 1)
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figure 1. Flow chart

225 patients underwent
CT imaging

225 patients underwent
CT imaging

50 (22%) without rectal
contrast

175 (78%) with rectal
contrast

75(33%) contrast did not
reach the anastomoses

150 (67%) contrast
reached the
anastomoses

Sensitivity = 47%

Sensitivity = 78%

Sensitivity = 35%

Sensitivity = 93%

Specificity = 88%

Specificity = 94%

Specificity = 85%

Specificity = 97%

PPV = 66%

PPV = 78%

PPV = 50%

PPV = 88%

NPV = 76 %

NPV = 94 %

NPV = 76 %

NPV = 98 %

In the 17 patients with a false negative scan, the mortality rate was 29.4% (n=5). Only
8 of these 17 patients received rectal contrast (p = .004) and the contrast reached
the anastomosis in just two patients. The average percentage failure to rescue for
patients who received a CT was 11.3%, in patients who received rectal contrast it
was 7.9% compared with 19.5% for the patients without contrast (p=.048). The failure
to rescue rate in the total population was 7.3%. No acute contrast reactions were
observed after intravenous, enteral or rectal contrast. (Table 2)
Table 2: Clinically relevant effects of rectal contrast.

Contrast at anastomose
False-negative scans
Mortality
Failure to rescue

Without rectal contrast (n=50)
26.0% (7 out of 27)*
18.0% (n = 9)
16.0% (n = 8)
19.5% (n= 8 out of 41)

With rectal contrast (n=175)
81.7% (143)
4.6% (n = 8)
4.6% (n = 8)
7.9% (n = 8 out of 101)

p value
<.001**
.004**
.006**
.048**

* 7 out of 27 patients who received (only) oral contrast
** Mann-Whitney U test , Chi-square test

DIsCussIOn
This study demonstrated that rectal contrast enhanced the predictive value of CT
scanning for AL, resulting in a decreased percentage of failure to rescue due to a
reduction in false-negative scans.
As mentioned previously contrast extravasation has been demonstrated to be the
most reliable and only independent variable predicting AL on CT scans, and thereby it
is crucial that enteral contrast reaches the anastomosis.
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The presumption that contrast is more likely to reach the anastomosis with rectal
contrast compared with solely oral contrast seemed to be true. In the group of patients who received rectal contrast, the contrast reached the anastomosis in 81.7% of
patients compared with 26.0% of the patients who were given only oral contrast (p <
0.001). This study shows an increase in PPV as well as NPV of CT-abdomen for AL after
giving rectal contrast. In the group of patients who received enteral contrast but the
contrast did not reach the anastomosis, the sensitivity and PPV were lower (35% and
50%, respectively) compared with the group of patients who did not receive enteral
contrast (47% and 66%). A possible explanation could be that enteral contrast was
given, giving a false sense of security.
In this study, no adverse effects of either intravenous or enteral contrast were seen.
This seems valid given the fact that the prevalence of acute adverse reactions is very
low. Contrast reactions have been observed with enteral administration; however, the
vast majority of acute reactions arise from intravenous administration. The incidence
of acute reaction on low or iso-osmolar iodinated contrast is 0.15%–0.7%, with >98%
being mild and self-limiting.17-20
Our results are comparable to those of the previous studies. In a cohort study (n=131),
Kauv et al. demonstrated that retrograde contrast enema (rectal contrast) administered to 58 patients improved the PPV of CT for AL.11 A recent consensus study
regarding the definition of AL among 59 Dutch and 202 Chinese dedicated colorectal
surgeons indicated that the leakage of contrast after rectal enema on CT was the only
element with consensus 16,21 This study also shows a lower rate of mortality and failure
to rescue in the group of patients who received rectal contrast suggesting improved
outcomes due to earlier reintervention after a true-positive CT-scan.
This study is limited by its retrospective character, which resulted in an imbalance
in the total number of patients. Another limitation of this study was a possible bias
in time. Given the fact that more patients who did not receive rectal contrast were
operated on at the beginning of our time period (since the adjustment of the protocol concerning rectal contrast was effected in 2011) and the concept that results
might improve over time due to the learning curve of the radiologists. However, as
mentioned, the CTs were reviewed by six experienced radiologists, who remained
consistent. The strength of this study is the inclusion of consecutive patients from a
single, nonacademic, nonreferral centre, which is a good reflection of daily clinical
practice and the correlation of radiological findings with clinical outcome.
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Despite its limitations with regard to accuracy and predictive value, CT remains an
important diagnostic tool. Clinical postoperative observation of the colorectal patient
is essential for early identification of AL. However, clinical signs including pelvic
pain, ileus, delayed gastric emptying and tachycardia may be mild and nonspecific.
Emergency laparoscopy or laparotomy in such cases of only moderate suspicion may
lead to unnecessary risks for complicated recovery in the early postoperative patient, in particular for those with comorbidities.10 Rectal contrast enema provides a
safe alternative by optimizing the predictive value of CT interpretation. Besides the
noninvasive nature of CT, it allows for the detection of an alternative diagnosis such
as intra-abdominal abscess and, in case of leakage, the leakage severity and possible
preoperative planning.
Finally, it must be recognized that a negative CT scan does not rule out AL. Even with
a negative CT scan, we should remain equally alert for clinical deterioration as an
argument for timely intervention.

CONCLUSION
The use of rectal contrast resulted in a significant increase in the PPV as well as NPV
of CT-abdomen for AL after colorectal surgery. Rectal contrast was shown to reach
the anastomosis in the majority of the patients, compared with just a quarter of the
patients who received only oral contrast. No adverse events were observed after the
use of rectal contrast. This suggests that rectal contrast is a safe and useful adjunct
to CT-abdomen in the detection of AL.
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ABSTRACT
Aim
The predictive value of C-reactive Protein (CRP) for early detection of anastomotic
leakage (AL) in colorectal surgery has been extensively investigated, but remains an
area of debate. The aim of this study was to investigate the predictive value of CRP
and test the validity of our protocols.

Method
Patient characteristic and outcome of all patients undergoing colorectal resections
with primary anastomoses between 2008 and 2018 were collected, including all CRP
measurements. CRP was routinely measured since 2012 on postoperative day (POD) 2
and 4. From 2015 to 2018 CRP was routinely measured on POD 3 and CT was performed
if CRP>150 mg/L in combination with suspicious clinical symptoms.

Results
In total 1220 patients were included in the analysis. The result of logistic regression
showed CRP value POD 3 was significantly higher in patients with AL, achieving acceptable predictive capability with area under the curve (AUC) of 0.760. The negative
predictive value and sensitivity are 97.8% and 66.7% under the cut-off value of 160
mg/L. This study showed that an increase of ≥50 mg/L from POD 2 to POD 4 was not
associated with AL (P=0.271) and for patient who had CRP>150 mg/L on POD 3 without
clinical symptoms an increase of CRP on POD 4 was not associated with the occurrence
of AL (P=0.257).

Conclusion
Elevated CRP on POD 3 in combination with clinical symptoms is a usable predictor for
AL. The cut-off value of 160mg/L has the best predictive value in our clinical practice
in laparoscopic, elective surgery.

KEYWORDS
colorectal surgery, anastomotic leak, C-Reactive protein, enhanced recovery after
surgery, cut-off value, safe discharge.
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INTRODUCTION
Anastomotic leakage (AL) is one of the most severe postoperative complications after
colorectal resections with primary reconstruction. AL leads to increased morbidity,
impaired functional outcomes and potential oncological compromise.1-3 The economic
burden of AL is also very high, related to increased postoperative complications, reinterventions, intensive care usage, lengthened hospital stay and higher readmission
rates.4-5
Although risk factors for AL have been extensively studied,1,2 the incidence of AL has
not seen a decrease over the years.3-6 An early detection of AL is considered to be
essential, since a timely reintervention after AL most probably lowers the impact of
symptoms, morbidity and ultimately the failure to rescue.7 The post hoc analysis of
the GRECCAR 5 trial data showed the impact of early biochemical diagnosis on oncological outcome. The group with early biochemical diagnosis (day 3 after operation)
has better oncological outcome than the one with late clinical diagnosis (day 9 after
operation).8 The median interval between colorectal surgery and reintervention for AL
was reported to be 6 days according to a study from the Dutch ColoRectal Audit,9 this
implies that in the case of severe complications reintervention is often delayed and
the oncological outcome of the patients might be adversely affected.
In this era of high costs in the health industry, safe and early discharge of patients is
desirable. With the Enhanced Recovery After Surgery (ERAS) a decrease of the length
of hospital stay for surgical patients has already been achieved.10-11 However we lack
a reliable measurement to safely discharge patient after colorectal surgery. Several
studies showed that the median in-hospital length of stay after colorectal surgery
ranged from 2 to 6 days under the ERAS setting.9,10,12,13 A CRP cut off point could help
to safely discharge patients and possibly lower the medium hospital stay.
For these reasons, the application of inflammatory biomarkers such as C-reactive
protein (CRP) and procalcitonin (PCT) have been studied as possible predictors for AL
in colorectal surgery field.(14) Routine measurement of CRP might be useful for early
diagnosis and early reintervention of intra-abdominal complications.14 Many studies
focused on finding the optimal measuring time point and cut-off value of CRP. CRP
value on POD 3 served favorable prediction on the development of AL or infectious
complications,16-19 whereas CRP value on POD 4-5 was also considered to be effective.14,20,22 For studies that favored testing CRP value on POD 3, the selected cut-off
value varied remarkably, ranging from 147 mg/L to 190 mg/L.(14, 16, 17, 23, 24)
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The primary aim of this study was to investigate the accuracy of CRP on POD 3 in
predicting AL that required reintervention. The secondary aim was to test the validity
of our current and previous protocol in deciding a safe discharge on POD 4 or 5.

METHODS
Study population
After excluding 85 cases received APR, Hartmann, or other procedures without
anastomosis, in total 1220 patients who underwent colorectal resection with primary
anastomosis from December 2008 to February 2018 at Flevo hospital were included
in this study. Clinical data was extracted from a prospectively maintained database.

Protocol of CRP measurement
Before 2012, postoperative CRP value was tested based on clinical suspicion of AL
without a structured protocol. From April 2012 to end date of the study, two successive protocols for CRP measuements were applied in our institution. From April 2012
to April 2015, CRP was measured on POD 2 and POD 4. If the CRP value increased 50
mg/L or more from POD 2 to POD 4 and/or there was a clinical suspicion of an AL,
a CT-scan was performed to rule out AL. In January 2015, the protocol was adjusted
based on an institutional audit and according to current literature.14,18,24,25 From April
2015 to February 2018, CRP was routinely measured on POD 3. A CRP value >150 mg/L
with clinical suspicion of AL, was followed routinely by a CT-scan with rectal contrast.
A CRP value > 150 mg/L without clinical suspicion of AL, no CT-scan was scheduled,
but the CRP would be re-measured on POD 4. Further elevation on POD 4 resulted in a
CT-scan. If the CRP on POD 4 decreased comparing to POD 3 and there was no clinical
deterioration, no further imaging was issued. The two protocols are illustrated in
Figure 1.

Data and definitions
The extracted data included patient and operative characteristics (gender, body
mass index (BMI), age, indication, procedure, surgical approach, defunctioning stoma
application), postoperative outcomes (Clavien-Dindo grade ≥ 3b complications, AL,
interval between primary surgery and re-laparoscopy in patients with AL, length of
hospital stay, 30-day mortality) and postoperative CRP values (POD 2-4). Since the aim
of this study was to explore the efficacy of CRP on helping us decide the discharge of
patients, we only focused on AL that required re-laparoscopy, which was defined as
grade C AL according to the definition from the International Study Group of Rectal
Cancer (ISREC).26
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figure 1. Clinical protocols for CrP measurement in our institution.

Colorectal resection with anastomosis

POD 2: CRP
measurement

POD 3: CRP routine measurement

POD 4: CRP
measurement

<150mg/L without
clinical suspicion

>150mg/L with
clinical suspicion

>150mg/L without
clinical suspicion

Increase > 50mg/L,
then CT scan

Consider discharge

CT scan

POD 4: CRP remeasurement

Increase, then CT scan

Protocol 2012-2015

Decrease, consider
discharge

Protocol 2015-2018

POD = postoperative day; CRP = C-reactive protein; CT=computed tomography.

statistical analysis
The statistical analyses were performed using SPSS statistics software version 24.0
(SPSS Inc., Chicago, Illinois, USA). Continuous data was presented as median (interquartile range), categorical data was presented as number (%). Continuous variables,
such as body mass index (BMI), were dichotomized according to the clinical implications (BMI = 30 kg/m2) as the cut-off. The percentage of each categorical data stood
for valid percent excluding missing data. Group comparisons were performed using
the Pearson χ2 test for categorical data or the Mann-Whitney U test for continuous
data. Logistic regression was applied to evaluate the correlation between CRP values
on POD 3 and the development of AL. Odds ratios (OR) and confidence intervals (CI)
were determined. The receiving operating characteristic (ROC) curve and the area
under the curve (AUC) value were used to analyze the accuracy of CRP values on
POD 3 as the predictor of AL. The cutoff value of CRP was selected according to the
Youden index (sensitivity + specificity − 1),27 previous studies or our clinical practice.
A two-sided P Value of less than 0.05 was considered to be statistically significant.

resulTs
In total, 1220 patients were included in the analysis. The patient characteristics are
summarised in Table 1. The cohort included 590 males (53.8%), with a median BMI of
25.7 (23.2-28.9) kg/m2 and a median age of 65 (56-73) years old. Malignant disease was
the most common indication, which accounted for 71.4% of all procedures. Emergency
operation was performed in 8.9% of the patients. For elective surgery, the surgical
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approach was laparoscopic in 83.7%. The entire cohort was separated into three subcohorts according to the time periods with different CRP measurement protocol: 249
cases (20.4%) in cohort 2008-2012, 409 cases (33.5%) in cohort 2012-2015 and 562
cases (46.1%) in cohort 2015-2018. AL that required surgical reintervention occurred
in 68 patients (5.6%), and the median interval between primary colorectal resection
and reintervention was 6 days (3-7 days) in the entire cohort and after 2015 it was 5
days (3-7). The 30-day mortality of the entire cohort was 3.5%.
Table 1. Patient/operative characteristics and postoperative outcomes

Variables
Male, N (%)
BMI, kg/m2, median (IQR)
Age in years, median (IQR)
Indications, N (%)
Malignancy
IBD
Diverticulitis
Benign polyp
Others
Emergency, N (%)
Procedures, N (%)
Ileocecal resection
Right hemicolectomy
Left hemicolectomy
Sigmoidectomy
Subtotal colectomy
Low anterior resection
Others
Approaches, N (%)
Laparoscopic
Open
Hand-assisted
Laparoscopic converted to open
Cohorts, N (%)
2008-2012: CRP measured based on clinical suspicion AL
2012-2015: CRP measured on POD 2 & 4
2015-2018: CRP routinely measured on POD 3
Clavien-Dindo grade ≥ 3b, N (%)
AL rate, N (%)
Interval between primary surgery and surgical reintervention for
AL cases in days, median (IQR)
Length of hospital stay in days, median (IQR)
30-day mortality, N (%)

Total Cohort, n = 1220
590 (53.8)
25.7 (23.2-28.9)
65 (56-73)
870 (71.4)
89 (7.3)
139 (11.4)
73 (6.0)
46 (3.8)
106 (8.9)
68 (5.6)
402 (33.0)
84 (6.9)
479 (39.3)
70 (5.7)
97 (8.0)
19 (1.6)
1000 (83.7)
129 (10.8)
15 (1.3)
51 (4.3)
249 (20.4)
409 (33.5)
562 (46.1)
179 (14.7)
69 (5.7)
7 (4-8)
7 (4-12)
42 (3.5)

BMI, body mass index; IQR, interquartile range; IBD, inflammatory bowel disease; CRP, C-reactive protein; POD,
postoperative day;
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The correlation between the level of CRP values on POD 3 and patient characteristics
was explored by comparing the CRP values between different groups of patients
(Table 2). Among 1220 patients, CRP value on POD 3 was obtained in 768 patients.
After excluding patients who underwent reintervention before POD 3 (n=14), 754
patients were included into the analysis. CRP value on POD 3 was significantly higher
in patients who underwent emergency surgery (P=0.001) or elective open surgery
(P<0.001), in patients with defunctioning stoma (P=0.007) and in patients who developed AL (P<0.001). Gender, BMI≥30, inflammatory bowel disease as indication for
surgery and anastomosis height were not associated with a significantly higher CRP
level on POD 3.
Table 2. CRP values on POD 3 in different groups of patients

Variables
Gender
BMI
Indication
Surgery approaches*

Low anastomosis
Defunctioning stoma
Anastomotic leak

male
female
≥30
<30
IBD/diverticulitis
others
Emergency
Elective open
Elective laparoscopic
Yes
No
Yes
No
Yes
No

Cases tested CRP on POD 3, N=754
CRP on POD 3, median (IQR), mg/L
126 (75.5-210)
125 (71-212.8)
122 (80-189)
118 (71-202)
135 (80.5-209.5)
123 (73-210.5)
157 (106.5-256.5)
183 (109.5-233.5)
115 (70-194)
116 (67.8-199.3)
129 (76-213.5)
157 (92-244.3)
120.5 (72-202)
223 (119-321.5)
121 (72-197.5)

p value
0.434
0.941
0.813
<0.001

0.274
0.007
<0.001

*Pairwise comparison results: Elective laparoscopic vs. Emergency: P<0.001 (after Bonferroni correction:
P=0.001); Elective laparoscopic vs. Elective open: P<0.001 (after Bonferroni correction: P<0.001); Emergency vs.
Elective open: P=0.975 (after Bonferroni correction: P=1.000);CRP, C-reactive protein; POD, postoperative day;
IQR, interquartile range; BMI, body mass index; IBD, inflammatory bowel disease;

For the cohort 2015-2018, the accuracy of CRP on POD 3 in predicting AL was analysed
using logistic regression and ROC curve. In total, 504 patients in this cohort were
included into the analysis, the result of logistic regression showed that a higher CRP
value on POD 3 was associated with an increased incidence of AL (OR: 1.008, 95%CI:
1.004-1.012, P<0.001), the area under the ROC curve (AUC) was 0.728. As mentioned
previously, patients who underwent emergency surgery, elective open surgery or
patients with a defunctioning stoma, had a significantly higher CRP level on POD 3.
To exclude these confounding factors, we therefore conducted a sub-group analysis
in patients who underwent an elective laparoscopic colorectal resection without a
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defunctioning stoma (n=450). The result of logistic regression in this selected group
showed that a higher CRP value on POD 3 was associated with the increased incidence
of AL (OR: 1.010, 95%CI: 1.005-1.014, P<0.001), and the AUC achieved 0.760, indicating that the performance of the predictive model was acceptable.
As the capacity of CRP on POD 3 in predicting AL was better in the selected sub-group
of patients than in the entire patient cohort, we further explored different cut-off
values for CRP in this selected group. The number of false negative cases found at
these values were 5, 6, 6, 9, respectively (Table 3). The details of the nine false
negative cases are shown in Supplementary table.
Table 3. The negative predictive value and sensitivity of CRP on POD 3 based on different cut-off values.

Cut-off
value,
mg/L
115
150
160
172

Interpretation

Second best Youden
index in our model
Clinical use in our
center
Best Youden index in
our model
Singh et al.(14)

Sensitivity,
False negative,
ratio (percentage) n (percentage)

Youden Negative predictive
index
value, ratio
(percentage)
0.38
246/250 (98.4%)

17/21 (81.0%)

4 (1.6%)

0.35

294/301 (97.7%)

14/21 (66.7%)

7 (2.3%)

0.39

308/315 (97.8%)

14/21 (66.7%)

7 (2.2%)

0.27

318/328 (97.0%)

11/21 (52.4%)

10 (3.0%)

The validity of our two clinical CRP measurement protocols were also analysed. In
the cohort 2012-2015, after excluding the patients who received surgical intervention
before POD 4, 204 patients who took CRP test on both POD 2 and POD 4 were analysed.
The result revealed that an increase of ≥50 mg/L in CRP value from POD 2 to POD 4
was not associated with the development of AL (P=0.271) (Table 4).
Table 4 The correlation between the increase of CRP from POD 2 to POD 4 and AL in cohort 2012-2015
(N=204)

POD 2 to POD 4
CRP increase ≥ 50 mg/L
CRP increase < 50 mg/L or decrease

Cases with AL (n=13)
2 (12.5%)
11 (5.9%)

Cases without AL (n=191)
14 (87.5%)
177 (94.1%)

p value
0.271*

* Chi-square test

In cohort 2015-2018, after excluding the patients who received surgical intervention
before POD 4, 139 patients who had CRP values > 150mg/L and also took CRP test
on POD 4 were analysed. For the patient who had a CRP > 150 mg/L on POD 3, a
subsequent increase of CRP value on POD 4 was not associated with the occurrence of
AL (P=0.635) (Table 5). Among the 11 patients with AL in this group, 9 cases (81.8%)
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experienced a decrease in CRP value from POD 3 to POD 4, and the median value of
the decline was 38 (19-61) mg/L.
Table 5 The correlation between the increase of CRP from POD 3 to POD 4 and AL in cohort 2015-2018
(N=139)

CRP > 150 on POD 3 and increase on POD 4
CRP > 150 on POD 3 and decrease on POD 4

Cases with AL
(n=11)
2 (11.1%)
9 (7.4%)

Cases without AL P- value
(n=128)
16 (88.9%)
0.635
112 (92.6%)

* Chi-square test

DISCUSSION
This single center study with 1220 patients that underwent a bowel resection with
anastomosis for colorectal pathology, revealed that CRP levels on POD 3 were significantly higher in patients who developed AL, achieving an acceptable predictive
capability. The cut-off value of 160mg/L has the best predictive value in our clinical
practice. There was no correlation found between the increase of CRP from POD 2
to POD 4 or from POD 3 to POD 4. CRP value on POD 3 was also significantly higher in
patients underwent emergency surgery or elective open surgery, and in patients with
defunctioning stoma.
Many previous studies have explored the best cutoff value of CRP in predicting
AL.14,16,17 The predictive capacity of the cutoff value identified in this study (160mg/L
on POD3, AUC 0.760) were comparable with those from previous studies (AUC 0.7530.807).16,28,29 The Youden index reached the highest level when a cut-off value of
160mg/L was used. Using this cut-off value, six cases would be regarded as false
negative cases. Among them, three cases had micro leakage and underwent early
reintervention, due to clinical symptoms suspicious for AL. The other three false
negative cases had no signs of leakage during POD 3 and had a reintervention on POD
17, 21 and 31. Regarding safe early discharge, these cases are acceptable as patients
are discharged with instruction to contact us immediately with any clinical symptom,
such as pain, fever, or discomfort.
Besides the CRP cut-off value with the highest Younden index in our results, we also
analysed the cut-off values that were derived from other previous studies leading to
our protocol adjustment in 2015. A previous study and a recent meta-analysis identified a cut-off CRP of 148 mg/l on POD3 with highest sensitivity and specificity.(18,
30) This result was very close to our current clinical practice protocol. When we
applied 150mg/L as CRP cut-off value,18 the false negative cases remained to be the
89

Chapter 6

same six patients as choosing 160mg/L as cut-off value. A previous meta-analysis of
seven studies by Singh et al. revealed that a CRP cut-off values of 172 mg/l on POD
3 had a best predictive capacity.14 However, the Youden index was low if we applied
172mg/L as our cut-off value, and three cases with AL that need early-intervention
would be misjudged as negative cases. From the findings above, we can conclude that
our newly identified CRP cut-off value (160mg/L) performed well compared with the
cut-off value derived from other studies.
Most previous studies did not correct for confounding factors of CRP values. In our
study we identified emergency surgery, elective open surgery, application of defunctioning stoma as confounding factor since they were associated with a higher CRP
value. We therefore conducted the analysis in the selected population and found an
improved AUC (AUC: 0.760 vs. AUC:0.728) compared to the entire population. Some
of the previous studies also took these confounding factors into consideration. Pantel
et al. studied 752 cases of elective colorectal resection without the presence of a
defunctioning stoma, showing the AUC for the diagnostic accuracy of CRP on POD 3
was 0.753,16 which was similar to our result.
A previous study by Straatman et al. reported that the CRP values were significantly
higher in emergency cases on the first two days after colorectal surgery.31 However,
in their study the proportion of open surgery was higher in the emergency group than
in the elective surgery group and previous studies showed that patients who underwent open colorectal surgeries have significantly higher CRP values than those after
laparoscopic surgery.32-34 Therefore, the elevation of CRP in the emergency group in
the study by Straatman et al. could be attributed to either the emergency setting or
open surgery. Hence, in our study, we divided the whole population into three groups
under different approaches, i.e. emergency surgery, elective open surgery and elective laparoscopic surgery. The results proved that patients after emergency surgery
or elective open surgery both had higher CRP values on POD 3 compared to those
after elective laparoscopic surgery, and no significant difference was found between
emergency surgery and elective open surgery. The presence of a defunctioning stoma
was also associated with an elevated CRP value on POD 3. A large retrospective cohort
study by Warschkow et al. showed that patients received ostomy had higher possibility of getting inflammatory complications; this might explain the connection between
stoma and CRP value,35 which is also the case in our study (p = < .001) However, two
previous studies did not show the difference of postoperative CRP value between
patients with and without defunctioning stoma.36,37 Further evidence was needed to
explore this issue.
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Several previous studies and meta-analysis revealed that patients who developed AL
after colorectal surgery had impaired long-term oncological outcomes.38-40 Opposite
results were also found in other studies.41-42 However, in the study by E. Hain et al,
AL were divided into symptomatic and asymptomatic ones, and their relation with
oncological outcomes were analysed separately. The results showed that symptomatic
AL is a risk factor for local recurrence in patients with rectal cancer, while asymptomatic one is not.43 Moreover, the recent analysis of GRECCAR 5 trial data showed
the impact of early biochemical diagnosis of AL on oncological outcome. The group
with early biochemical diagnosis has better 3-year DFS than the one with late clinical
diagnosis.8 Therefore, improving early AL diagnosis approach with CRP followed by
timely intervention is necessary and might benefit oncological outcomes of patients.
The sample size of our study was larger than most of the previous studies.14,33,44 It was
promising to see very high AUC values in some studies,17 but the best cut-off value of
CRP would be highly changeable when adding or excluding cases in a small cohort. Our
study had a relatively large cohort when analyzing the cut-off value of CRP on POD 3,
making the result robust.
We failed to prove the connection between the increase of CRP value form POD 2 to
POD 4 or from POD 3 to POD 4 and the development of AL. Therefore, a decline in
CRP on POD 4 should not be reassuring, clinical symptoms must always be leading in
excluding AL.
The main limitation of this study was the long enrolling period. The surgical practice
and perioperative management of our institution might have undergone some changes
during the decade, which might influence the results of our analysis.

CONCLUSION
Elevated CRP on POD 3 in combination with clinical symptoms is a usable predictor for
AL. The cut-off value of 160mg/L has the best predictive value for safe discharge in
our clinical practice in laparoscopic, elective surgery.
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Supplementary table. Details of the nine false negative cases while using CRP cut-off value as 170 mg/L

Case
1

CRP on POD 3,
mg/L
60

Reoperation
interval
4

2

74

17

3

82

5

4

101

8

5

120

21

6

140

31

7

161

8

8

164

7

9

166

4

Details
Despite low CRP, patient was re-operated on day 4 in
clinical suspicion of AL (CRP on POD 4 was 124 mg/L). A
micro-perforation in the anastomosis was found.
Patient had a low anastomoses after chemoradiation and
had a late presentation off a small defect and was readmitted on day 17
Despite low CRP, a transanal inspection was performed to
inspect anastomosis on day 5 (CRP on POD 5 was 93 mg/L),
without finding AL. However, a second reintervention was
performed on POD 7 (CRP on POD 7 was 76 mg/L but with
clinical sepsis), a ventral defect was found.
Patient underwent re-laparoscopy on POD 8 due to clinical
symptoms, without positive findings. During a second
reintervention on day 10 AL was found.
Patient had a low anastomoses and presented with a
presacraal abcess on day 21 (CRP on POD 21 was 191
mg/L).
This patient also had a low anastomoses. During readmission on POD 31 because of lower pelvic pain a small
defect with small abscess was found.
In absence of clinical symptoms CRP was repeated on day
4 and was 198 mg/L, CT showed no sign of AL. After 4 days
CT was repeated and showed AL.
CRP on day 4 was 217, CT showed no sign of AL,
reoperation due to clinical symptoms on day 7 showed AL
The patient had fever and was clinically suspected with
AL. After CT showed suspicion of AL, the patient was reoperated laparoscopically with transabdominal drainage
and ileostomy.

CRP, C-reactive protein; POD, postoperative day; AL, anastomotic leak.
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ABSTRACT
Background
In January 2014, a national bowel cancer screening program started in the Netherlands. The program is being implemented in phases until 2019. Due to this program, an
increase in patients referred for a colorectal resection for benign, but endoscopically
unresectable polyps, is expected. So far, most resections are performed according to
oncological principles despite no pre-operative histological diagnosis of malignancy.
The aim of this study was to analyze the increase in referred patients during the
first year of the screening program and to compare pathological results and clinical
outcome of resections of patients undergoing resection for benign polyps before and
after implementation of screening.

Methods
Patients referred for colorectal resection without biopsy-proven cancer between
January 2009 and January December 2014 were identified from a prospectively maintained database. Patients with endoscopically macroscopic features of carcinoma
were excluded.

Results
Seventy-six patients were included. Forty-seven patients (61.8%) were operated on in
the 5 years prior to implementation of the screening program, and 29 patients (38.2%)
were operated during the first year of implementation of the screening program.
The overall malignancy rate before the introduction of the program was 14.1 and
6.6% after it had started (p = .469). All resections were performed laparoscopically;
the conversion rate was 3.9% (n = 3). The overall mortality rate was 2.7% (n = 2),
major complications (Clavien-Dindo > 3b) occurred in 11.8% (n = 9) of patients. The
anastomotic leakage rate was 3.9% (n = 3).

Conclusions
The number of patients referred for benign polyps tripled after introduction of the
screening program. With an overall major morbidity and mortality rate of 11.8%,
it seems valid to discuss whether an endoscopic excision with advanced techniques
with or without laparoscopic assistance would be preferable in this patient group,
accepting a 6.6% reoperation rate for additional oncological resection with lymph
node sampling in patients in whom a malignancy is found on histological analysis of
the complete polyp.
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INTRODUCTION
In January 2014 a national bowel cancer screening program started in the Netherlands. This program is for men and women in the age group 55 - 75 years, and it
is being implemented in phases between 2014 and 2019. The population screening
is performed by immunological faecal occult blood testing, with subsequent colonoscopy, if tests results are positive.1 During colonoscopy polyps are removed and
biopsies are taken from lesions in the colon. Since polyps may progress to cancer over
a period of time, this contributes to the prevention and early detection of colorectal
cancer.2,3 From the bowel screening program in England we know that cancer and
higher risk adenomas were found in 11.6 and 43% of men and 7.8 and 29% of women,
respectively.4
The current treatment for patients with endoscopically unresectable polyps is to
perform an oncological colorectal resection. However, a more radical mesenteric
resection is generally associated with increased morbidity and mortality compared to
smaller resection, and these complications should therefore be weighed against the
chance of preventing cancer.5 Brigic et al6 remarked that clinical outcomes following
oncological resection for benign colonic polyps are poorly documented. Their prospective case controlled study showed similar postoperative complication rates after
colonic resections for benign and malignant colonic polyps (46 and 31% respectively).
Due to the introduction of the national screening program, an increase in patients referred for a segmental colectomy for benign, but endoscopically unresectable polyps
is expected. The aim of this study was to assess the impact on daily clinical practice
of this increase and to compare pathological results to clinical outcome of resections.

METHOD
This study is a retrospective cohort study from a prospectively maintained database.
Medical records of consecutive patients, who underwent an oncological colorectal resection between January 2009 and December 2014 in our institution, were reviewed.
Patients with polyps referred for surgery without microscopically-proven cancer were
identified. Exclusion criteria were macroscopic features of malignant degeneration
noticed by the endoscopist during colonoscopy masses that could not be passed with
the endoscope and patients undergoing laparoscopic local excision.
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Patient characteristics were assembled, including age, gender, body mass index (BMI),
American Society of Anesthesiologists (ASA) classification and comorbidities. Information on preoperative and postoperative polyp pathology, type of surgery, postoperative complications and mortality were analysed.
Resectability of a polyp was assessed by the endoscopist (expert opinion). Biopsies
were taken during endoscopy in every patient. All patients were discussed in the
weekly multidisciplinary gastrointestinal oncology meeting. All colorectal resections
were performed laparoscopically by, or under supervision of, a specialized colorectal
surgeon. Postoperatively, patients were managed according to the enhanced recovery
after surgery (ERAS) fast track protocol.7 Complications were graded according to the
Clavien-Dindo classification,8 and major complications were defined as grade 3b or
higher. Histological examination of the resected specimen and lymph node assessment
were performed by pathologists according to a standardized protocol.

Statistical analysis
Statistical analysis was performed using SPSS software, version 22.0 (SPSS Inc, Chicago, IL,USA). Continuous variables were presented as mean values with a standard
deviation (SD) or as median values with an interquartile range (IQR) according to the
distribution. Discrete variables were presented as counts and percentages. Categorical data were compared between groups using the Chi-square test, and continuous
data were compared using the independent samples t test or Mann Whitney U test. A
two-tailed p value of <0.05 was considered statistically significant.

RESULTS
Patient demographics
A total of 674 patients had an oncological colorectal resection between January 2009
and December 2014. Seventy-six patients met the inclusion criteria and were analysed. Patients were predominantly male (56.5%) with a mean age of 65 years (range
38-82, SD 9.8). In 9 patients (11.8%) an invasive carcinoma was found after histological analysis of the resected specimen. Preoperative clinicopathologic characteristics
on patients and polyps are summarised in table 1.

Outcome
Forty-seven of the 76 patients (61.8%) were operated on before the start of the
screening program in 2014, and 29 patients (38.2%) after it had begun. All resections
were planned as laparoscopic procedures, with a conversion rate of 3.9 % (n=3). A
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Table 1. Characteristics of patients and polyps

Demographic
Age
median
Range
Sex
Female
Male
BMI
Average (SD)
Range
ASA classification
ASA 1
ASA 2
ASA 3
ASA 4
Type of operation
Right colectomy
Left colectomy
Sigmoidectomy/LAR
Total Colectomy
leocoecal resection
Preoperative histology
Tubulovillous
Tubular
Villous
Other
Unknown
Dysplasia
Low grade
High grade
Unknown
Total

Total
N= 76 (%*)

Benign
N=67 (%*)

Malignant
N=9 (%*)

65 (9.8)
38 – 82

66
38 – 82

63
39 – 72

33 (43.4)
43 (56.6)

30 (44.8)
37 (55.2)

3(33.3)
6 (66.7)

27.08 (4.4)
17.94 – 38.20

27.03 (4.3)
17.94 – 38.20

27.44 (4.2)
22.82 – 35.16

25 (32.9)
42 (55.3)
7 (9.2)
1 (1.3)

22 (32.8)
36 (53.7)
7 (10.4)
1 (1.5)

3 (33.3)
6 (66.7)
-

45 (59.2)
8 (10.5)
19 (25.0)
2 (2.6)
2 (2.6)

44 (65.7)
4 (6.0)
16 (23.9)
1 (1.5)
2 (3.0)

1
4
3
1
-

47 (62.3)
10 (13.0)
7 (9.1)
10 (13.0)
2 (2.6)

44 (65.7)
10 (14.9)
4 (6.0)
7 (10.4)
2 (3.0)

3 (33.3)
3 (33.3)
3 (33.3)
-

33
13
30
76

30
11
26
67

3
2
4
9

P- value
**.739

***.723

**.931

***.757

***.009
(11.1)
(44.4)
(33.3)
(11.1)
***.024

***.624
(43.4)
(17.1)
(39.3)
(100)

(44.8)
(16.4)
(38.8)
(100)

(33.3)
(22.2)
(44.4)
(100)

* Unless otherwise stated in the first column
** Mann-Whitney U-test
*** Chi-square test

(nonsignificant) decrease in the percentage of malignant polyps was seen in patients
treated in 2014 compared to the pre-screening cohort (7/47 = 14.9 % vs. 2/29 = 6.9%
respectively) (p = .469).
Malignant polyps were found significantly more often after left sided colectomies
vs. other resections (44.4 % vs. 10.4% respectively, p < .001), whereas there was no
significant difference in preoperative histological characteristics.
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Although numbers were too small to compare tumour stage before and after the introduction of the program, it is noteworthy that all but 1 patient had early carcinoma
without lymph nodes metastases (table 2).
Table 2 Postoperative characteristics of invasive cancer

n=9
(%)*
T stadium
T1
T2
T3
N stadium
N0
N1
Total

5 (55.6)
3 (33.3)
1 (11.1)
8 (88.9)
1 (11.1)
9 (100)

Complications
The overall mortality rate was 2.6% (n=2). Major complications (Clavien-Dindo >3b)
occurred in 9 patients (11.8%), with an anastomotic leakage rate of 3.9% (n=3). Minor
complications (Clavien-Dindo < 3b) occurred in 21.0% (n=15) of patients (Table 3).
Table 3 Perioperative complications

Complications
Perioperative death
Complication Clavien-Dindo>3b
Complication Clavien-Dindo < 3b
Anastomotic Leakage
Conversion
Total

n (%)*
2 (2.6)
9 (11.8)
16 (21.0 )
3 (3.9)
3 (3.9)
76 (100)

DISCUSSION
The number of patients referred for laparoscopic colorectal resection for benign polyps almost tripled after introduction of the national screening program in our country;
29 patients were operated on in one year (2014) compared to 47 patients in 5 years
(2009-2013). Since the program is being introduced in phases, the number of patients
referred for surgery after colonoscopy will most likely increase.
The malignancy rate dropped from 14.9 to 6.9% (nonsignificant difference), and apart
from location (left sided), there were no predictive parameters for malignancy. Previous studies also showed a decrease in malignancy rate in polyps detected in a screening program. Patients from the UK bowel cancer screening program were more likely
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to have larger adenomatous polyps compared to the symptomatic population.4,9,10 The
underlying reasons for the differing profiles of polyps remain speculative, but this
could also be an explanation for our decrease in the malignancy rate.
Multiple studies have shown that in the past endoscopists were not always experienced enough in differentiating benign from potentially malignant polyps. However,
in recent years more training and the use of polyp classifications (e.g., Kudo pattern11) have increased their knowledge of the characteristics of a malignant polyp.
The decline of the percentage of malignant polyps might also be explained by the
improvement in this preoperative differentiation and the ongoing improvement in
endoscopists’ ability to recognize malignant polyps.
Endoscopic submucosal dissection (ESD) is an advanced endoscopic technique that
allows en bloc resection of gastrointestinal tumours,12 and implementing training of
Euro- pean endoscopists in ESD could have an important role in this setting.
Previous studies analysing the incidence of malignancies in endoscopically unresectable polyps consequently recommend laparoscopic oncological resection, with and
report malignancy rates in polyps varying from 8 to 22%.13-20 (Table 4). The morbidity
and mortality reported in these studies were often poorly defined or not mentioned.
The complication rate in the present study is consistent with the complication rates
found in the total population undergoing colorectal surgery in the Netherlands.21 In
the largest study on unresectable polyps Bertelson et al13 suggest that polyp size and
villous features do not strongly predict malignancy, which seems consistent with the
results of our study. They confirm that polyps located in the left colon are more likely
to harbour cancer. Based on their findings they suggest that endoscopically unresectable polyps are best treated by radical oncological resection, but they do not describe
morbidity or mortality in their population.
As mentioned in the introduction Brigic et al6 compared outcomes following segmental
colectomy for benign and malignant colonic polyps. The fact that colectomy for benign disease was shown to cause significant morbidity in at least one-third of patients
in their study should in their opinion provide further impetus to develop alternative,
less invasive treatment options for this growing group of patients.
Particularly after open surgery, it is very undesirable to reoperate a patient to perform a completion lymphadenectomy after limited surgery for a presumed benign
polyp. Currently, given the laparoscopic skills of surgeons and improving recognitions
of benign neoplasms of endoscopists a less invasive, laparoscopic-endoscopic rendez108
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Table 4 Previous studies reporting the incidence of malignancy in endoscopically unresectable polyps
thought to be being before resection with associated complication rates.

Author
Bertelson et al, 2012
Loungnarath et al, 2010
Hauenschild et al, 2009
Itah et al, 2009
Benedix et al, 2008
Zmora et al, 2008
Brozovich et al, 2007
Adler et al, 2006

N
750
165
58
64
525
38
63
79

Malignancy rate
17%
13%
0%
14%
18%
18%
22%
16%

Complications
Not mentioned
23%
9,3%
4%
20.8%
10.5%
Not mentioned
37%

Anastomotic leak
Not mentioned
2,6%
Not mentioned
1,7%
3.6%
2%
Not mentioned
Not mentioned

Mortality
Not mentioned
2,6%
0%
0%
0,9%
0%
Not mentioned
3%

vous procedure could be a more favourable approach. In this procedure the colonic
segment containing the polyp can be laparoscopically manipulated to achieve better
intraluminal exposure of the polyp. The endoscopic removal is with strict laparoscopic
visualization of the serosal aspect of the polypectomy area, which allows any subtle
change to be recognized and repaired if needed. For lesions inaccessible for endoscopic removal a small colectomy for resection of the polyp or an endoscopy-assisted
wedge resection could be performed.22-24 It has to be determined whether these more
limited procedures are associated with lower morbidity and mortality rates, shortened
length of hospital stay and the advantage of preservation of the colon.
In this laparoscopic era, a completion lymphadenectomy within 2 weeks seems very
feasible. If laparoscopic local excision would be an option rather than an oncological
resection, only 6,6% of patients would need a reoperation for lymph node sampling
and 93,4 % would be spared a partial oncological colectomy.
Obviously the present study is limited by its retrospective design and relatively small
numbers. Another limitation is the partially subjective nature of determining whether
a polyp is endoscopically unresectable. However, all cases were discussed before
surgery at a weekly multidisciplinary gastrointestinal oncology meeting.
The strength of the study is that it is a consecutive series from a single, nonacademic,
nonreferral centre, reflecting daily clinical practice, and the correlation of pathological findings to clinical outcome. To our knowledge this is the first study to report the
increase in patients with benign polyps referred for surgery after implementation of
a national bowel screening program.
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ABSTRACT
Aim
The aim of this study was to investigate, by comparing clinical and histological outcomes, whether laparoscopic (hybrid) wedge resection (LWR) could be a less invasive
and safe alternative to laparoscopic oncological colon resection (OCR) for patients
with an endoscopically unresectable, suspected benign, colon polyp.

Method
All patients with an endoscopically unresectable colon polyp who were referred for
surgery between 2009 and 2018 and without biopsy-proven colon cancer were identified from a prospectively maintained database. Patients with macroscopic features
of malignancy during endoscopy were excluded. Clinical and histological results for
patients who underwent OCR or LWR were reviewed.

Results
One hundred-and-twenty-two patients were included. Ninety-seven patients underwent OCR and 25 LWR. Major complications occurred in 16.7% (n = 16) of the OCR
group compared with 4.0% (n = 1) of the LWR group (p = 0.06). In the OCR group
the anastomotic leakage rate was 6.3% (n = 6) and the mortality rate 3.1% (n = 3).
No anastomotic leakage or deaths occurred in the LWR group. The median length of
hospital stay after OCR was 5 days [interquartile range (IQR) 5-9 days)] compared with
2 days (IQR 2-4 days) after LWR (p < 0.0001). Definite pathology showed a malignancy
rate of 4.2% (n = 4) in the OCR group and 4.0% (n = 1) (without high-risk features) in
the LWR group.

Conclusion
This study shows that LWR was associated with significantly lower complication rates
and acceptable oncological risks compared with OCR. Therefore we suggest that LWR
is a safe alternative treatment, next to other endoscopic options. The treatment that
is most suitable for an individual patient should be discussed in a multidisciplinary
meeting.

KEYWORDS
colon polyps; colorectal surgery; laparoscopic.

What does this paper add to the literature?
This is the first study to compare the outcome of laparoscopic wedge resection and
oncological colon resection in patients with an endoscopically unresectable benign
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colon polyp who have been referred for surgery. The results demonstrate that the
laparoscopic wedge resection should be the preferential surgical treatment for endoscopically unresectable benign colon polyps.
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Introduction
In 2014, a national bowel cancer screening programme was introduced in the Netherlands with the aim of improving early detection of colon cancer and the overall
survival of bowel cancer patients. After the start of this programme a major increase
in patients with benign colon polyps being referred for an oncological colon resection
(OCR) was demonstrated1. A decrease was seen in the postoperative malignancy rate
of this group, from 14.1% prior the introduction of the screening programme to 6.6%
after the introduction in 2014. The overall malignancy rate is low amongst suspected
benign colon polyps if Kudo’s pit pattern classification is used for differentiation
of colorectal polyps.2 Over the past years several advanced endoscopic techniques
have been developed for the resection of large colon polyps, including (piecemeal)
endoscopic mucosal resection [(p)EMR], endoscopic submucosal dissection (ESD) and
endoscopic full‐thickness resection (eFTR).3-6 Despite these advanced techniques
there will still be patients who are referred for surgery. Up to now, most resections
for these patients have been performed according to oncological principles without
preoperative histological diagnosis of a malignancy. Despite advances in surgical
techniques and improved specialization, OCRs are still associated with a complication
rate of between 19% and 35%, including an anastomotic leakage rate of 2%–7% and a
mortality rate between 2% and 4%.7,8
An alternative to OCR is a hybrid laparoscopic wedge resection (LWR), in which a
combined endoscopic and laparoscopic approach is used to remove only a small full‐
thickness wedge (by which a transmural specimen is obtained) of the colon at the site
of the polyp. No lymph nodes or mesocolon are resected, so in case of an unexpected
malignancy an additional oncological resection with lymph node resection might be
needed.
The aim of this study was to investigate whether LWR is a safe alternative to the
current OCR for endoscopically unresectable benign colon polyps.

METHODS
This study is a retrospective cohort study from a prospectively maintained database
of all colon resections for benign and malignant disease conducted at the Flevoziekenhuis in Almere, the Netherlands. This is a teaching hospital serving a population of
200,000 and specializing in colorectal surgery. All medical records of patients who
underwent colorectal surgery between January 2009 and October 2018 for a suspected
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benign polyp that could not be removed endoscopically were reviewed. Patients were
excluded if the polyp could not be passed during the colonoscopy (polyps larger than
approximately 5 cm) or if the polyp showed macroscopic signs of a malignancy. Kudo’s
pit pattern classification was used.9 Endoscopic resectability of colon polyps was assessed by the endoscopist in a multidisciplinary ‘polyp panel’ (expert opinion). When
a lesion was deemed to be not endoscopically resectable the patient was discussed
in a weekly multidisciplinary gastrointestinal oncology meeting resulting in advice for
OCR or LWR. The final decision on the resection method was made in consultation with
the patient, according to the principles of shared decision‐making.10
Patient characteristics collected included age, gender, body mass index (BMI),
American Society of Anesthesiologists (ASA) classification and comorbidities. Pre‐ and
postoperative polyp characteristics and pathology, type of surgery, postoperative
complications and mortality were analysed.
Surgeries were performed laparoscopically by dedicated colorectal surgeons according
to current oncological principles. For LWR, the patient is prepared for both surgery
and colonoscopy at the same time. This includes the use of a laxative to clean the
colon and improve vision during the colonoscopy, thereby increasing the chance of
successful outcome of the operation. The normal routine of preoperative management for colon surgery is performed, including preoperative prophylactic antibiotic
treatment with cefazoline and metronidazole 1 h prior to surgery. During LWR a small
wedge or part of the colon wall with the polyp attached is resected. No lymph nodes
or other tissue are resected. In all cases this operation is combined with the services
of an experienced endoscopist who will perform endoscopic assistance in the same
session. After the endoscopist has identified the polyp there are different ways to
perform a local resection. The most often used resection was a stapled wedge resection of the bowel wall, after lifting the segment with a suture. In case of a mesenteric
polyp, either a small wedge resection was performed with an anastomosis or the polyp
was locally resected through an opening in the mesenteric abdominal wall, after
which both defects were closed with a V‐Loc suture.
Postoperatively, patients were managed according to the enhanced recovery after
surgery (ERAS) protocol.11 Postoperative complications occurring within 30 days after
surgery were scored and graded according to the Clavien–Dindo classification for
surgical complications.12 Major complications were defined as grade 3b or higher.
Histological analysis of the resected specimen and lymph nodes was performed according to standardized protocols. The histological results were further specified according to the TNM 5 classification, which was used at that time in the Netherlands.13
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High risk T1 carcinomas, which require lymph node staging and thereby an additional
OCR, were defined as the presence of one of the following characteristics: poorly
differentiated tumour gradation, lymphovascular invasion, resection margin of less
than 1 mm. Endoscopic follow up was performed in all patients after 1 year and then
after 3 or 5 years, based on the number, size and the location of the removed polyps.13
Statistical analysis was performed using SPSS software (version 24.0; IBM, Chicago,
IL). Continuous data are presented as mean values with standard deviation (SD) or as
median values with the interquartile range (IQR). Discrete variables are presented as
counts and percentages. Categorical data were compared between groups using the
chi square test, and continuous data were compared using the independent samples t‐
test or Mann–Whitney U‐test. A two‐tailed p‐value of <0.05 is considered statistically
significant.

RESULTS
Patient demographics
A total of 122 patients with endoscopically unresectable (suspected) benign polyps
were included in the study of whom 97 underwent OCR and 25 LWR. Baseline characteristics are illustrated in Table 1. There were no significant differences between the
two groups.

Clinical outcome
Major complications (Clavien–Dindo >3b) occurred in 16.7% (n = 16) of patients undergoing OCR compared with 4.0% (n = 1) of the LWR group (p = 0.06). The major
complications in the OCR group included six patients with anastomotic leakage
requiring reoperation (6.3%). Three patients underwent a relaparoscopy in suspicion
of anastomotic leakage, but there were no signs of leakage per‐operatively. Two of
these patients who underwent a negative diagnostic laparoscopy died of cardiac and/
or pulmonary complications. The death of one patient was caused by cardiac failure.
One patient had a relaparoscopy because of an internal herniation, one had an iatrogenic perforation and one patient had an admission to intensive care in relation to
pulmonary complications. The major complication in the LWR group was iatrogenic
injury by a trocar in the small bowel in a patient with a history of abdominal surgery.
The minor complication rate was 20.8% (n = 20) in the OCR group and 16.0% (n = 5) in
the LWR group (p = 0.10). The minor complications in the LWR group consisted of two
patients who had signs of tissue inflammation near the excision site; both recovered
with intravenous antibiotics. One patient had an infected haematoma which required
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radiological drainage, and one patient needed a transfusion after rectal haemorrhage.
No anastomotic leakages or deaths were reported in the patient group undergoing
local excision. The median length of hospital stay in the OCR group was 5 days (IQR
5–9 days). The length of hospital stay in the LWR group was significantly shorter, with
a median length of 2 days (IQR 2–4 days; p < 0.0001). (Table 2)
Table 1. Patient characteristics

Age (years)
Median (IQR)
Gender
Female
Male
BMI
Median (IQR)
ASA classification
ASA 1
ASA 2
ASA 3
ASA 4
Preoperative pathology
Tubulovillous
Tubular
Villous
Other
Dysplasia
Low grade
High grade
Unknown
Operation
Laparoscopic
Open
Conversion
Type of OCR
Right colectomy
Left colectomy
Sigmoidectomy
Low Anterior resection
Subtotal colectomy
Total

Oncological colon
resection

Laparoscopic wedge
excision

66 (61 - 72)

65 (61 - 70)

37 (38.5)
60 (61.5)

10 (40.0)
15 (60.0)

26.2 (24.4 - 29.1)

27.8 (24.8 - 30.7)

28 (29.1)
51 (53.1)
14 (14.6)
3 (3.1)

6 (24.0)
12 (48.0)
7 (28.0)
0 (0.0)

54 (55.6)
22 (22.6)
4 (4.1)
17 (17.5)

12 (48.0)
7 (28.0)
0 (0.0)
6 (24.0)

49 (50.5)
16 (16.5)
31 (32.0)

15 (60.0)
4 (16.7)
6 (24.0)

90 (92.8)
2 (2.1)
5 (5.2)

25 (100)
0 (0.0)
0 (0.))

66 (54.5)
6 (5.0)
13 (10.7)
3 (2.5)
8 (6.6)
n=97 (%*)

n=25 (%*)

p value
P=0.72**
P=0.10***

P=0.27**
P=0.30***

P=0.09***

P=0.87***

P=0.38***

BMI body mass index, ASA American Society of Anaesthesiologists
* Unless otherwise stated in the first column
** Mann–Whitney U test
*** Chi-square test
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Table 2. Postoperative clinical outcome

Malignancy rate
Complications
Clavien-Dindo >3b
Clavien-Dindo <3b
Anastomotic leakage
Mortality
Hospital stay
Median (IQR)
Total

Oncological colon
resection
4 (4.2)

Laparoscopic wedge
excision
1 (4.0)

P value

16 (16.7)
20 (20.8)
6 (6.3)
3 (3.1)

1
5
0
0

p=0.06*
p=0.10*
p=0.18*
p=0.37*

5 (5-9)
n= 97(%)

2 (2-4)
n= 25(%)

(4.0)
(16.0)
(0.0)
(0.0)

p=0.12*

p<0.0001**

* Chi-square test
** Mann–Whitney U test

Histopathological outcome
Postoperative histopathological analysis showed a malignancy rate of 4.2% (n = 4) in
the OCR group. Of these patients none had lymph node metastasis. Two patients had
a T1 carcinoma, one was diagnosed with a T2 carcinoma and one with a T3 carcinoma.
Neither of the two patients with a T1 carcinoma had any high‐risk characteristics.
(Table 3). In the LWR group there was one patient with a T1 carcinoma without high‐
risk characteristics.
Table 3. High risk characteristics malignancies found in patients with unresectable polyps

Operation
TNM classification
Characteristics
Poorly differentiated
Lymphovascular invasion present
Resection margin < 1 mm
Number of harvested lymph nodes < 10
Total

T1N0
(n=2)

OCR
T2N0
(n=1)

T3N0
(n=1)

LWR
T1
(n=1)

0
0
0
0
0

0
1
0
1
1

1
1
0
0
1

0
0
0
0
0

Follow up
The median follow‐up in the LWR group was 39 months (IQR 22–54 months) and no
recurrences have been reported so far. The patient with a malignancy had a follow‐up
of 9 years without recurrence. In patients with high‐risk colon cancer after OCR no
signs of metastases or recurrences have been reported so far during routine oncological follow‐up (median follow 4.5 years).
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DISCUSSION
This study showed that patients who underwent a LWR experienced lower complication rates and had a significantly shorter length of hospital stay than patients who
received an OCR. There was a low malignancy rate in both groups (<5%). To the best
of our knowledge, this is the first study to compare LWR with OCR in patients with a
benign colon polyp referred for surgery. According to the Dutch guideline for colon
cancer, radical endoscopic resection is sufficient for polyps that reveal a postoperative histological result of a low‐risk pT1 carcinoma. In all other cases the risk of lymph
node metastases is too high, and therefore additional oncological surgery should be
considered.13 Of the 97 patients in our study who underwent an OCR only two had
a high‐risk carcinoma. None of the LWR group had a high‐risk carcinoma. If the 122
patients in our study had had a LWR, only 1.6% would have an indication for additional surgery for further lymph node staging according to the guidelines. These
results and the results in the literature prompt for good endoscopical analysis, such
as good imaging after cleansing and optical analysis by an expert panel, to establish
individual‐based resection advice, namely (p)EMR, ESD, eFTR, LWR or OCR.
The mortality rate in the OCR group was relatively high compared with the mortality
rate in all the patients undergoing an OCR in our hospital (1.3%). The higher mortality
in the OCR group was due to cardiac and pulmonary complications, as mentioned
previously. The complication rate is comparable with the complication rate for the
total population undergoing oncological colon surgery in the Netherlands,7 but this
is difficult to accept for patients who turn out to have a benign lesion, especially
since the number of patients with a benign colon polyp who are referred for surgery
is increasing after the introduction of the national bowel screening programme.1 The
national bowel screening programme takes the complications after endoscopy into
account in weighing the risks of the procedure against national health, but the risk
of a possible oncological surgery following an unresectable colon polyp is not taken
into account.14
Multiple previous studies have analysed the incidence of postoperative malignant
histology in patients with endoscopically unresectable colon polyps who underwent a
colon resection.15-25 Reported malignancy rates vary between 8 and 22% and all authors
conclude that an OCR is thereby the preferred treatment. However, most studies were
based on laparotomy instead of laparoscopic surgery, which makes reoperation for additional oncological resection with lymph node sampling in patients with a >pT1 (high
risk) carcinoma more demanding. Nowadays in this laparoscopic era, a completion
lymphadenectomy within two weeks seems very feasible.
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Table 4. Literature reporting the incidence of malignancy- and complication rates in patients with preoperative benign unresectable polyps who underwent an oncological colon resection.

Author

Patients
(N)

Malignancy
(%)

Gorgun et al 2016
Dulskas et al. 2015
Liu et al 2013
Bertelson et al. 2012
Loungnarath et al. 2010
Hauenschild et al. 2009
Itah et al. 2009
Benedix et al. 2008
Zmora et al. 2009
Brozovich et al. 2008
Alder et al. 2006

439
42
40
750
165
58
64
525
38
63
79

8.0
9.5
67.5
17.0
13.0
0.0
14.0
18.0
18.0
22.0
16.0

Complications Anastomotic
(%)
leakage
(%)
18.9
1.1
9.5
0.0
5.0
NM
NM
NM
23.0
2.6
9.3
NM
4.0
1.7
20.8
3.6
10.5
2.0
NM
NM
37.0
NM

Mortality
(%)
0.0
0.0
NM
NM
2.%
0.0
0.0
0.9
0.0
NM
3.0

NM: not mentioned

A few other studies have described outcomes after LWR. In the largest study, published
in 2009, Wilhelm et al.26 examined the combined laparoscopic‐endoscopic resections
of colorectal polyps in 146 patients. Treatments included laparoscopy‐assisted endoscopic resection (n = 8), endoscopy‐assisted wedge resection (n = 72), endoscopy‐assisted transluminal resection (n = 40) and endoscopy‐assisted segmental resection
(n = 26). Postoperative complications occurred in 25% and a mortality rate of 0.7%
was reported. This study included the highest number of patients who underwent a
similar treatment to the patients in our study. The complication rate after all local
procedures seems relatively high compared with our results; however, laparoscopic
techniques and further specialization have improved considerably over the past decades. Some smaller, but more recent, studies showed lower complication rates.

27,28

In 201629 and 202030 systematic reviews were published with available literature on
all combined endoscopic and laparoscopic surgery‐type procedures. All these included
studies showed similar numbers of patients and results. But the most important part
is that none of these studies showed a higher risk of complications than the complication rates of an OCR.
One of the limitations of this study was the retrospective study design. This resulted
in an imbalance in the total number of patients included in the two groups. Patients
were discussed in a multidisciplinary team where experts decided which surgical
intervention was going to be performed. This method can lead to conscious selection
bias, but the finding that there are no significant differences in patient characteristics
and comparable malignancy rates in both groups suggests otherwise. Another limitation is the relatively small number of patients included in this study. The strength
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of this study is the inclusion of consecutive patients from a single, nonacademic,
nonreferral centre, which is a good reflection of daily clinical practice and the correlation of pathological findings to clinical outcome.

CONCLUSION
This study shows that LWR is a safe procedure in patients with endoscopically unresectable polyps, with both low morbidity and low and acceptable oncological risks.
Therefore, we suggest that LWR is a safe alternative treatment, next to other endoscopic options ((p)EMR, ESD, eFTR), in patients with an endoscopically unresectable
benign colon polyp. Which treatment is most suitable for each patient should be
discussed in a multidisciplinary meeting.
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SUMMARY
As mentioned previously, colorectal surgery still carries a relatively high risk for
complications, despite enhanced perioperative care and improved surgical technology over the past decade. Especially insufficiency of the anastomoses, anastomotic
leakage (AL) comes along with high morbidity, mortality and costs. Although there are
well known risk factors for developing postoperative complications, it is still difficult
to predict which patient will develop AL and which patients can be discharges within
a few days without complications. This thesis aimed to improve the knowledge on
quality improving interventions to lower complication rates after colorectal surgery
and identify interventions that can be easily implemented in community hospitals
with direct impact on surgical outcome.

Part I. Clinical interventions to improve outcome
In part I of this thesis two studies are described where interventions were implemented to improve postoperative outcome. In chapter 2 we presented a study with
488 patients in which the effect of a set of measures to improve complication rates
was investigated. The measures consisted of the following interventions: 1) avoidance
of the use of nonsteroidal anti-inflammatory drugs (NSAIDs), 2) pursuing normovolemia in patients peri- and postoperatively, 3) if possible, no primary anastomoses in
patients over 80 years with an ASA-classificationI of 3 or higher, 4) the introduction of
a standardized, postoperative surveillance protocol, in which serum C-reactive protein (CRP) was determined on the second and fourth day after surgery. An elevation or
a rise in CRP and/or clinical symptoms warranted immediate Computed Tomography
(CT) scan in order to detect a leak as soon as possible if present. The study showed a
significant decrease in major complications (25.0% vs. 13.7%) and mortality (8.2% vs.
2.6%) after introduction of this relatively simple set of measures. After this study we
initiated a prospective study, which is discussed in chapter 3. We investigated the effect routine postoperative Medium Care (MC) observation for 24 hours after colorectal
surgery in frail patients. A group of 601 patients were screened for frailty, of which
67 were observed on the MC, and compared with a historical cohort of 704 patients.
Uni- and multivariable analysis showed a significant decrease in complications (18.6%
vs. 11.9%) and mortality (5.5% vs. 1.0%) after the introduction of this intervention. A
cost analysis showed that the intervention was very cost efficient and this study led
to a protocol adjustment in our hospital.

I
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Part II. Diagnostic instruments to detect anastomotic leakage
In this part the applicability of the CT scan and serum CRP for the detection of AL is
reviewed. Early detection of AL after colorectal surgery followed by timely reintervention is of crucial importance to reduce mortality. The aim of the study described
in chapter 4 was to investigate the accuracy of abdominal CT imaging for AL and the
effect of delay in reintervention after a false-negative CT. The study showed that in
patients with a true-positive CT scan, reintervention followed after a mean of 0.43
days (range 0–3). If the CT scan was false-negative scan, without any obvious signs
of AL, there was a delay of 1.43 days (range 0–4) before the reintervention, dealing
with the leak, was initiated. This resulted in a significantly increased mortality rate
(4.2 % vs. 45.5 %). Patients with a false-negative CT scan showed to have a worrisome
high mortality rate and a significant prolonged length of hospital stay. Therefore, the
treating physician should not be completely reassured by a negative CT scan. If the
clinical condition is suspicious for a leak, either a re-laparoscopy or an endoscopy of
the low anastomosis must be done. Chapter 5 emphasizes the importance of applying
rectal contrast before CT assessment to detect AL. In comparison to patients who
received no enteral or only oral contrast, the sensitivity of the CT scan increased
from 47% to 78% after giving rectal contrast. Specificity increased from 88 to 94%.
In patients who received rectal contrast, contrast reached the anastomosis in 81.7%
compared to 26.0% of the patients whom were given only oral contrast (p<.001). The
sensitivity increased to 93% in the group of patients in which contrast reached the
anastomosis and the specificity 97%. As mentioned previously in the introduction,
serum CRP can be used, in combination with clinical symptoms, to determine which
patients should get a CT scan to rule out AL or can be safely discharged. In chapter 6 a
study is described in which data is collected of 1220 patients and the predictive value
CRP for early detection of AL was investigated. The study showed that an elevated
CRP on day 3 in combination with clinical symptoms is a usable predictor for AL. In
the study the cut-off value of 160mg/L was the best predictive value in our clinical
practice in laparoscopic, elective surgery.

Part III. Surgical treatment of benign colon polyps
In this part of the thesis we focus on benign colon polyps, to large or complex to
remove during endoscopy. Chapter 7 shows that the number of patients referred
for an oncological resection due to benign polyps tripled after introduction of the
screening program in 2014. As mentioned the standard treatment for these patients
is to perform an oncological colorectal resection, because studies available at the
time showed that the postoperative pathology showed nevertheless a malignancy in
8-22% of these patients. Most studies were based on laparotomy instead of laparoscopic surgery, which makes reoperation for additional oncological resection with
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lymph node sampling, in case the postoperative pathology shows a malignancy, more
demanding. Our study showed similar complication and mortality rates compared to
patients undergoing colorectal surgery with an oncological indication. We also found a
decrease from 14.1% to 6.6% of malignant polyps found after surgery, when compared
to the cohort operated before 2014. This probably due to improved classification
systems and ability’s of the endoscopist. Nowadays in this laparoscopic era, in which
a completion lymphadenectomy within two weeks seems much more feasible, the
discussion seems valid to consider a less invasive operation in this group of patients.
Chapter 8 discusses this alternative. In this study the results of a group of 97 patients
with a benign polyp, who underwent an oncological resection, were compared to
25 patients who underwent a less invasive laparoscopic wedge resection (LWR). The
results show that LWR was associated with significantly lower complication rates
(major complications 16.7% vs. 4.0%) and a significant decreased length of hospital
stay (median of 5 vs. 2 days). Only one patient in this group had a malignant polyp,
which did not require a reintervention for lymphadenectomy whereas it was a T1 (low
risk) carcinoma. Therefore, we suggest that LWR is a safe alternative treatment, next
to other endoscopic options. Which treatment is most suitable for the patient, should
be discussed in a multi-disciplinary meeting.

FUTURE PERSPECTIVES
Over the past decades several new techniques have been developed to improve quality of care in colorectal surgery. Examples are the introduction of the ‘Enhanced Recovery After Surgery’ (ERAS) protocol, the transition from laparotomic to laparoscopic
operations and reinterventions for complications, improved anastomoses techniques
and national registration systems. However, considering the still relatively high
complication percentage there is still room for improvement in early identification
of risks. More individualized patient care could be very contributing. Most patients,
especially patients with an oncological indication for surgery, are discussed in a multidisciplinary meeting prior to surgery, but unfortunately this is not the case for all
patients. Particularly patients with an infectious indication for surgery are often not
discussed multi-disciplinary and even if patients are discussed, there is not always
time to outline every patient carefully enough for ‘tailored made’ patient care. Each
patient with an indication for a colorectal resection should be discussed in a multidisciplinary meeting prior to surgery. The preoperative risks should be clear for every
patient and the focus should be on the prevention of complications and subsequently
early identification and treatment of complications.
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With the findings of this thesis we are a step closer to the more ‘tailored patient care’.
In chapter 3 we elaborate more on recognition of the frail patient and how awareness
for frailty can improve postoperative outcome. In the future risk assessment will
become more and more important and there is growing evidence that prehabilitation,
in which the patients’ physical, nutritional, and mental status are optimised before
surgery, leads to a reduction of complications and a faster recovery after surgery.1,2 In
chapter 8 we show that a less invasive surgical treatment could be an option in the
treatment of benign colon polyps, which also contributes to the more individualized
patient care.
The decision of resection method was made in consultation with the patient, according to the principles of shared-decision making. This is a process that helps patients
to consider and share their preferences regarding the pros and cons of the treatment
options and helps physicians explicitly to evoke these preferences and incorporate
them into the final decision. Shared-decision making has been shown to improve
patient satisfaction and adherence to therapy, but future studies are necessary to
evaluate the effect of standardized and validated metrics to improve shared decision
making in colorectal surgery.3,4,5 In the second part of this thesis we pay attention
on how to improve early identification of AL (and possible other complications) and
therefore early reintervention, which decreases mortality. As previously mentioned,
despite well-known risk factors for developing postoperative complications, it is still
hard to predict which patient will develop AL. Furthermore in the postoperative phase
it is still challenging, considering the relatively low sensitivity of diagnostic instruments, to estimate whether or not a diagnostic laparoscopy should be performed. As
mentioned in the discussion of chapter 4 a scoring system combining both clinical
and radiological criteria could be helpful in the decision-making to either perform
a laparoscopy or wait and see and repeat the CT scan. Looking in to the future, this
could possibly be achieved with the help of artificial intelligence.II
With the use of machine learning,III algorithms can be developed to create a scoring
system with much higher sensitivity in detecting or ruling out AL without performing
a laparoscopy. A recent study has showed that with the help of artificial intelligence,
an algorithm was created which reached a sensitivity of 100% and a specificity of
72% in predicting AL.6 Natural Language ProcessingIV was used to automatically comb
II
III
IV
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through electronic medical records of patients to identify words and phrases in operative reports and clinical progress notes that predicted AL after colorectal resections.
The algorithm was able to adjust predictive weights of phrases describing patients
relative to the postoperative day. Other recent research showed that the mediocre
accuracy of existing scoring models for AL, based on a number of pre- and postoperative characteristics (such as age, BMI, ASA classification, operation time and loss of
blood during surgery), can improve significantly with the addition of extra patient
information added with the help of artificial intelligence-based software.7-9
Extensive research has also been done within the field of radiology on the implementation of artificial intelligence into routine clinical imaging with promising results.10,11
It can be imagined that creating an algorithm that combines radiological images with
patient characteristics and clinical data can achieve an even higher accuracy and be
of great value for surgeons and patients in the pre- and postoperative care. We hope
to continue this research in the future.
Another very important aspect in the improvement of predicting which patient will
develop AL is the aetiology (or origination). More and more studies indicate that the
unique intestinal microbial composition, also called gut microbiota (GM) or microbiome, might play a key role in the origin of AL after colorectal surgery.12-14 The theory is
based on the fact that patients who are more at risk for AL, such as patients with obesity, diabetes, a poor nutritional state or smokers, have a higher number of pathogens
in their GM. Normally these pathogens are supressed by the overflow and diversity of
other microbiota. However during the peri- and postoperative phase the distribution
of microbiota can shift. This shift is caused by changes in the gastrointestinal tract
due to for instance the overnight fasting before surgery, application of broad spectrum
antibiotics and/or physiological stress, through which the pathogens can proliferate.9
Several pathogens have been proven to play a part in the development of anastomotic
leakage; Pseudomonas aeruginosa, Enterococcus faecalis en Serratia marcescens.15-17
These pathogens for instance degenerate collagen, which is a necessary protein for
the healing of the anastomose.
In the future more insight is necessary in the intestinal microbiome of each individual
patient and the possibility to adjust the composition. This way every patient can be
prepared for surgery by achieving the optimal composition of gut microbiota and keep
it steady during the postoperative period.
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SAMENVATTING
Zoals eerder besproken blijft ondanks zeer uitgebreid onderzoek van de afgelopen jaren colorectale chirurgie gepaard gaan met een relatief hoog complicatie percentage.
Met name de complicatie waarbij de zojuist aangelegde anastomose gaat lekken, een
naadlekkage, gaat gepaard met hoge morbiditeit, mortaliteit en zorgkosten. Alhoewel
er bepaalde risicofactoren voor het ontwikkelen van een complicatie bekend zijn,
blijft het moeilijk te voorspellen welke patiënt postoperatief een naadlekkage zal
ontwikkelen en welke patiënt zonder complicatie na een paar dagen het ziekenhuis
kan verlaten. Dit proefschrift heeft als doel om kennis te vergroten over interventies
die de kwaliteit van zorg verbeteren door complicatie percentages omlaag te brengen. De focus ligt op interventies die direct toepasbaar zijn in perifere ziekenhuizen,
waar het grootse deel van deze operaties plaats vindt.

Deel I. Klinische interventies om uitkomsten te verbeteren
In dit deel worden twee studies besproken die toegepast zijn om postoperatieve
uitkomsten te verbeteren. In hoofdstuk 2 hebben wij een cohort studie met 488
patiënten gepresenteerd waarbij het effect is onderzocht van een set aan nieuw
geïntroduceerde maatregelen om complicaties te verminderen. Deze maatregelen
bestonden uit: 1) het vermijden van het gebruik van NSAIDsV 2) de vochtbalans optimaal houden zowel peri- als postoperatief 3) indien mogelijk het vermijden van
een resectie met primaire anastomose in patiënten boven de 80 jaar met een ASAclassificatieVI van 3 of hoger 4) en de introductie van een gestandaardiseerd protocol,
waarbij het C-reactieve proteïne (CRP) werd gemeten in het serum van de patiënt op
de tweede en vierde dag na de operatie en waar bij verhoging of klinische verdenking
op een complicatie dan een Computed Tomography (CT) scan werd gemaakt. De studie
liet na de introductie van deze, relatief simpele maatregelen een enorme significante
vermindering zien in grote postoperatieve complicaties (25.0% naar 13.7%) en mortaliteit (8.2% naar 2.6%). Na dit onderzoek hebben we een prospectieve studie opgezet,
welke in hoofdstuk 3 wordt besproken. Hierbij wordt het effect onderzocht van een
postoperatieve observatie van kwetsbare patiënten voor 24 uur op de Medium Care
(MC). Een groep van 601 patiënten die op kwetsbaarheid gescreend werden, waarvan
67 op de MC zijn geobserveerd, werd vergeleken met een historisch cohort van 704
patiënten. Uni- en multivariate analyse lieten ook na deze interventie en significante
daling zien in grote complicaties (18.6% naar 11.9%) en mortaliteit (5.5% naar 1.0%).

V
VI

Nonsteroidal anti-inflammatory drugs
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Een kosten analyse liet zien dat deze interventie zeer kosten efficiënt was en het
onderzoek heeft dan ook geleid tot een protocol wijziging in ons ziekenhuis.

Deel II. Diagnostische instrumenten om naadlekkage te detecteren
In dit deel wordt de toepasbaarheid van de CT scan en serum CRP in het vast stellen
of uitsluiten van naadlekkage besproken. Het tijdig vaststellen van een naadlekkage
is zeer belangrijk, omdat een snelle re-interventie de kans op overlijden enorm kan
verlagen. Het doel van de studie omschreven in hoofdstuk 4 was om de nauwkeurigheid van een abdominale CT scan voor naadlekkage te bepalen en om het klinische
effect van een vals-negatieve scan te onderzoeken. Uit de studie komt naar voren dat
bij patiënten met een waar-positieve scan de re-interventie gemiddeld na 0.43 dagen
(range 0-3) plaats vond. Na een vals-negatieve scan, dat wil zeggen; uit de CT blijkt
geen sprake van een naadlekkage, maar achteraf bleek er toch sprake van een naadlekkage, pas na 1.43 (range 0-4) dagen. De mortaliteit na een waar-positieve scan was
4.2%, maar na een vals-negatieve scan liep het mortaliteitpercentage op tot 45.5% (p
= .003). Een vals-negatieve scan heeft een verontrustend hoog mortaliteitpercentage
en een significant verlengde opname duur. Het is daarom belangrijk te realiseren
dat een negatieve CT scan niet geruststellend moet zijn. In sommige gevallen zal
de kliniek leidend moeten zijn in het bepalen of er een diagnostische laparoscopie
plaats moet vinden of af te wachten en de CT scan te herhalen. In hoofdstuk 5 wordt
het belang van geven van rectaal contrast voorafgaand aan de CT scan benadrukt. In
vergelijking met patiënten waarbij geen enteraal contrast of alleen oraal contrast
is gegeven, neemt na het geven van rectaal contrast de sensitiviteit toe van 47%
naar 78% en de specificiteit van 88% naar 94%. Van de patiënten die rectaal contrast
toegediend kregen, bereikte het contrast in 81.7% van de gevallen de anastomose, in
tegenstelling tot maar 26.0% van de patiënten die alleen oraal contrast kregen. De
CT scans van patiënten waarbij het contrast tot de anastomose kwam, hadden een
sensitiviteit van 93% en een specificiteit van 97%. Zoals genoemd in de introductie
kan serum CRP gebruikt worden om te bepalen welke patiënt, in combinatie met
klinische symptomen, in aanmerking komt voor een CT of veilig zou kunnen worden
ontslagen. In hoofdstuk 6 wordt een studie beschreven waarbij data is verzameld van
1220 patiënten, waarbij gekeken is naar CRP als voorspeller voor naadlekkage. Uit de
studie kwam naar voren dat een verhoogd CRP op dag 3 na de operatie, in combinatie
met klinische symptomen, een bruikbare voorspeller is voor een naadlekkage. In onze
studie bleek een CRP 160mg/L de beste drempelwaarde bij electieve laparoscopische
chirurgie.
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Deel III. Chirurgische behandeling van colon poliepen
In dit deel gaan we dieper in op de colon poliepen, die te groot of complex zijn
om endoscopisch weg te halen. Hoofdstuk 7 laat zien dat sinds de introductie van
het bevolkingsonderzoek voor darmkanker in 2014, het aantal patiënten met een
benigne poliep dat verwezen werd naar de chirurgie voor een oncologische resectie,
is verdrievoudigd. Tot dat toe was de huidige standaard om bij deze mensen een
volledige oncologische resectie uit te voeren, omdat studies lieten zien dat het in
8-22% van de gevallen na de operatie toch om een maligne poliep bleek te gaan. In de
beschikbare studies werd met name laparotomische chirurgie toegepast, in plaats van
laparoscopisch, waarbij een re-operatie om lymfklieren te oogsten in het geval van
een maligniteit, op korte termijn zeer lastig is. Uit ons onderzoek komt naar voren dat
het complicatie en mortaliteitpercentage na de operatie helaas even hoog is als in de
groep patiënten met een maligniteit. Ook zagen wij dat het maligniteitspercentage
van de patiënten, vermoedelijk met behulp van verbeterde classificatie systemen
en interventie mogelijkheden van endoscopisten, gedaald tot is 6.6%. In het huidige
laparoscopische tijdperk, waarbij een re-interventie binnen twee weken om in het
geval van een (>T1 hoog risico) maligniteit beter mogelijk is dan bij open chirurgie,
lijkt het een valide discussie of we in deze groep niet een minder invasieve optie
zouden kunnen overwegen. Hier gaat hoofdstuk 8 dieper op in. Hierin vergeleken
wij de resultaten van een groep van 97 patiënten met een benigne poliep, die een
oncologische resectie ondergingen met een groep van 25 patiënten die een minder
invasieve laparoscopische wig excisie ondergingen. De resultaten lieten zien dat een
laparoscopische wig resectie een significant lager complicatie risico had (grote complicaties in 16.7% vs. 4.0%) en een significant minder langer opname duur (mediaan 5
dagen vs. mediaan 2 dagen). Bij slechts een patiënt werd een maligniteit gevonden,
welke gezien het T1 (laag risico) stadium geen aanvullende resectie nodig had. Laparoscopische wigresectie lijkt een veilige optie naast alle andere huidige endoscopische
opties. Welke methoden het meest geschikt is, moet in een multidisciplinair overleg
besloten worden.

TOEKOMST PERSPECTIEVEN
De afgelopen tientallen jaren zijn er binnen de colorectale chirurgie veel nieuwe
technieken geïntroduceerd die de kwaliteit van zorg en uitkomsten hebben verbeterd. Het introductie van het ‘Enhanced Recovery After Surgery’ (ERAS) protocol,
de overgang van laparotomische naar laparoscopische ingrepen en reinterventies bij
complicaties, verbeterde anastomose technieken en landelijke registratie systemen
voor de oncologische zorg zijn hier voorbeelden van. Er lijkt echter, gezien de nog
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steeds relatief hoge complicatiepercentages, nog steeds ruimte voor verbetering in
het voorkomen en genezen van complicaties door vroege identificatie van risico’s.
Wat hieraan zou bijdragen is de verbetering van de geïndividualiseerde patiëntenzorg. De meeste patiënten, met name de patiënten met een oncologische indicatie,
worden voorafgaand aan de operatie multidisciplinair besproken, maar dit is helaas
nog lang niet bij alle patiënten het geval. Met name patiënten met een infectieuze
indicatie worden niet vooraf multidisciplinair besproken en ook als patiënten wel
besproken worden is er niet altijd voldoende tijd om een patiënt volledig in kaart te
brengen voor echte zorg op maat. Idealiter zou iedere patiënt die een indicatie voor
een colorectale resectie heeft, in een multidisciplinair overleg besproken moeten
worden. De preoperatieve risico’s zouden voor elke patiënt van te voren duidelijk
moeten zijn en het focus moet liggen op de preventie van complicaties en vervolgens
door vroege identificatie en behandeling van complicaties.
Met de bevindingen in dit proefschrift zetten wij al een stap in de goede richting
van de meer ‘op maat’ gemaakte zorg. In hoofdstuk 3 gaan wij dieper in op het
herkennen van de kwetsbare patiënt en hoe aandacht hiervoor postoperatief uitkomsten kunnen verbeteren. In de toekomst zal risico inventarisatie een steeds grotere
rol gaan spelen en er is steeds meer bewijs dat prehabilitatie, waarbij de patient
fysieke, mentale en voedingsstatus geoptimaliseerd wordt voor de operatie, leidt
tot een reductie in complicaties en een sneller herstel.1,2 In hoofdstuk 8 laten we
zien dat ook een minder invasieve chirurgische behandeling een optie zou kunnen
zijn bij de behandeling van benigne colon poliepen, wat ook bij draagt aan een meer
geïndividualiseerde patiëntenzorg. De beslissing van resectie methode werd gemaakt
op basis van het ‘shared-decision making’ concept. Dit concept is een proces dat
patiënten helpt hun voorkeuren te delen en overwegen ten aanzien van de voor en
nadelen van de behandelingsopties en het helpt de arts deze voorkeuren te achterhalen en mee te nemen in de uiteindelijke beslissing. Dit concept heeft al laten zien
dat het de tevredenheid en therapietrouw van patiënten doet toenemen, maar in de
toekomst zal meer onderzoek nodig zijn naar het effect en de toepasbaarheid van
gestandaardiseerde hulpmiddelen om het shared-decision making principe binnen de
colorectale chirurgie te verbeteren.3,4,5
In deel II van dit proefschrift besteden we aandacht aan hoe de vroege identificatie
van een naadlekkage (en eventuele andere complicaties) te verbeteren en daardoor
snellere behandeling kan plaats vinden om de postoperatieve mortaliteit te verlagen. Zoals eerder genoemd is het, ondanks de bekende risico factoren, nog steeds
lastig te voorspellen wie een naadlekkage zal ontwikkelen. Daarnaast blijft het na
de operatie, gezien de toch relatief lage sensitiviteit van diagnostische instrumenten
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een uitdaging om in te schatten bij welke patiënt een diagnostische laparoscopie
nodig is en bij welke patiënt wellicht nog afgewacht kan worden. Zoals genoemd in
de discussie van hoofdstuk 4 zou een scoringssysteem, dat klinische en radiologische
criteria kan combineren, kunnen helpen in deze besluitvorming. Met het oog op de
toekomst zou dat met behulp van kunstmatige intelligentieVII mogelijk kunnen worden
gemaakt. Met behulp van ‘machine learning’VIII zou er door middel van algoritmes een
systeem ontwikkeld kunnen worden dat een veel hogere nauwkeurigheid kan bereiken
in het aantonen, dan wel uitsluiten, van een naadlekkage zonder eerst een diagnostische laparoscopie te doen. Recent onderzoek heeft aangetoond dat met behulp van
kunstmatige intelligentie, waarbij door middel van ‘Natural Language Processing’IX
een algoritme gemaakt kon worden dat een sensitiviteit van 100% en specificiteit van
72% bereikte in het voorspellen van naadlekkages.6 Dit is gedaan door software die
automatisch elektronisch patiënten dossiers scant op woorden en uitdrukkingen in
operatieverslagen en klinische voortgangsnotities en deze te koppelt aan voorspellende waardes passend bij het moment in tijd na de operatie. Ander recent onderzoek
heeft laten zien dat de matige nauwkeurigheid van een bestaande scoringssystemen
voor naadlekkage gebaseerd op een aantal pre- en peroperatieve kenmerken (zoals
leeftijd, BMI, ASA klasse, operatietijd en bloedverlies tijdens operatie) significant verhoogd na het aanvullen van extra patiënt informatie met behulp van op kunstmatige
intelligentie gebaseerde software.7-9 Binnen de radiologie is er ook al veel onderzoek
gedaan met kunstmatige intelligentie, waarbij radiologische beelden ook door computers beoordeeld worden, met veelbelovende resultaten.10,11 Het is voor te stellen
dat het ontwikkelen van een algoritme dat radiologische beelden kan combineren
met patiënt kenmerken en klinische gegevens een nog hogere voorspellende waarde
kan geven en van grote waarde kan zijn voor de chirurg en patiënt in de pre- en
postoperatieve besluitvorming. Wij hopen hier in de toekomst mee verder te gaan.
Om beter te kunnen voorspellen welke patiënt een naadlekkage zal ontwikkelen is ook
de etiologie een belangrijk aspect. Steeds meer onderzoeken wijzen uit dat de unieke
samenstelling van de darmbacteriën per patiënt, ook wel het ‘microbioom’ genoemd,
een sleutelrol zou kunnen spelen in het ontstaan van een naadlekkage na colorectale
chirurgie.12-14 Er wordt gedacht dat er een hoger aantal pathogenen aanwezig zijn in
het microbioom van patiënten die meer risico lopen op een naadlekkage, zoals bij
VII
VIII
IX

Kunstmatige intelligentie is een overkoepelende term voor systemen of machines die de menselijke intelligentie nabootsen.
Machine learning is een vorm van kunstmatige intelligentie die is gericht op het bouwen van
systemen die van de verwerkte data kunnen leren of data gebruiken om beter te presteren.
Natural Language Processing is een tak van kunstmatige intelligentie, waarbij computers de
vaardigheid hebben om tekst en gesproken woorden te kunnen interpreteren op dezelfde wijze
als mensen dat kunnen.
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patiënten met obesitas, diabetes, een slechte voedingsstatus of rokers. Normaal gesproken worden deze pathogenen onderdrukt door een overvloed aan diversiteit van
de microbiotica, maar gedurende de peri- en postoperatieve fase kan deze verdeling
verschuiven. Dit wordt veroorzaakt door veranderingen in het maagdarmkanaal door
bijvoorbeeld de nuchtere fase, het toedienen van een breedspectrum antibiotica en/
of fysiologische stress, waardoor pathogenen de overhand krijgen.9 Van verschillende
pathogenen is al aangetoond dat ze een rol spelen bij naadlekkage; Pseudomonas aeruginosa, Enterococcus faecalis en Serratia marcescens.15-17 Deze pathogenen zorgen
er onder andere voor dat collageen, wat nodig is voor de genezing van anastomose,
wordt afgebroken. In de toekomst zal er meer inzicht moeten komen in de samenstelling van het microbioom van iedere individuele patiënt en de mogelijkheid tot
het beïnvloeden van deze samenstelling. Zo kan iedere patiënt op de juiste manier
voorbereid worden om een zo optimaal mogelijk samenstelling van darmbacteriën te
verkrijgen voor de operatie en deze stabiel te houden gedurende de postoperatieve
periode.
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Dit proefschrift was zeker niet tot stand gekomen zonder de hulp en steun van een
aantal mensen, die mij gedurende dit acht jaar durende promotietraject wetenschappelijk, maar vooral ook sociaal hebben gesteund.
Mijn eerste dank gaat uit naar Anthony van de Ven. Jouw klinische blik en bevlogenheid in de patiëntenzorg, waarbij echt nooit een binnenbocht wordt genomen,
inspireerde mij om me in de colorectale chirurgie te verdiepen. Wat begon als een
onderzoekje voor de regionale refereeravond liep behoorlijk uit de hand en eindigde
in dit proefschrift. Het is heel veel werk geweest naast onze fulltime banen en ik ben
je echt enorm dankbaar voor alle tijd en energie die je hier (bijna) zonder klagen in
hebt gestopt. We hebben echt relevante onderzoeken gedaan en ik ben heel trots op
het resultaat. Maar wat hebben we ook onwijs veel lol gehad de afgelopen jaren! Ik
ben vereerd dat jij als onofficiële (co)promotor in de vorm van paranimf straks naast
mij wil staan tijdens de verdediging van dit proefschrift.
Dan mijn promotor professor Bemelman; beste Willem, dank voor je vertrouwen in dit
project en dat je mijn promotor wilde zijn. Het is een eer om onder zo’n grote naam
te mogen promoveren. Jouw toewijding voor het vak is heel inspirerend, evenals
jouw gave om sfeer te creëren zodra je ergens binnen komt. Dank voor je adviezen en
ondersteuning gedurende dit promotietraject, maar ook tijdens onze samenwerking
in de kliniek, ik heb veel van je geleerd!
Mijn copromotor dr. Verbeek; beste Paul. Jij was de eerste die in mij geloofde als
chirurg in spe en ik ben je heel dankbaar dat jij je nek voor me uit hebt gestoken
tijdens de sollicitatierondes voor de opleiding. Ook veel dank voor het bijdragen aan
dit proefschrift in je rol als co-promotor. Je was een geweldige opleider, die zich hard
maakte voor zijn assistenten. Je bent heel geliefd onder de (oud) assistenten en we
zijn heel blij dat je af en toe nog contact met ons houdt.
Mijn copromotor dr. Buskens; lieve Chris, heel veel dank voor jouw bijdrage en
vertrouwen in dit project! Je aanstekelijke enthousiasme in wetenschap is niet te
evenaren. Jij ziet overal mogelijkheden en menigmaal heb jij mij met je enthousiasme over resultaten en bemoedigende woorden weer motivatie gegeven om verder
te gaan. Zonder jouw wetenschappelijke inzichten en adviezen was dit proefschrift
niet wat het is geworden.
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Beste dr. van der Bilt; lieve Jar, jij hebt de afgelopen jaren zoveel bijgedragen aan de
wetenschappelijke groei in het Flevoziekenhuis, daar heb ik echt veel bewondering
voor. Jij bent een voorbeeld van hoe ik hoop als chirurg te worden. Jouw liefde voor
het vak en het enthousiasme waarmee je ons opleidt zijn inspirerend. Heel veel dank
ook voor je steun en betrokkenheid bij mijn opleiding en daarbuiten. Heel leuk en
speciaal dat je in mijn promotiecommissie zit!
Beste professor Boermeester en dr. Hompes; beste Marja en Roel. Dank voor de prettige samenwerking in het AMC en heel leuk dat jullie bereid zijn zitting te nemen in
mijn promotiecommissie.
Overige leden van de leescommissie; professor Consten, professor Dekker, professor
Lange en professor Verhoef. Veel dank voor het kritisch lezen en beoordelen van dit
proefschrift. Ik zie uit naar een leerzame gedachtewisseling tijdens mijn verdediging.
Veel dank aan alle nog niet eerder genoemde mede auteurs. Dank Marco Mundt, Susan
van Dieren, Lieve Leijssen, Yongbo An, Marieke Smit, Vittoria Bellato, Hester Haak en
Eline Schriever voor jullie kritische oordeel, de hulp bij de analyses, het schrijven
of data verzamelen. Zonder jullie hulp was het zeker niet gelukt! Dank Tara Mackay
voor het vertrouwen in mij als jouw begeleidster bij de eerste stapjes binnen de
wetenschap en de chirurgische wereld. Je voelde je als een vis in het water en hebt
me ondertussen ruimschoots ingehaald binnen de wetenschap en aan het eind kunnen
helpen bij mijn lastigste project. Ik ben super trots op hoe ver je het inmiddels
geschopt hebt en heel blij met onze vriendschap! En dank Esmee Engelmann, jij
briljante duizendpoot, voor het meeschrijven, maar vooral ook voor alle borrels, spelletjesavonden en het vermaken van Julie.
Ilse Zinger, dank voor je ondersteuning in de laatste fase van het afronden van dit
proefschrift.
Frederieke Fikkers, dank voor de prachtige tekening van het Flevoziekenhuis.
Heel veel dank ook aan alle andere chirurgen in het Flevoziekenhuis. Toen ik negen
jaar geleden als ANIOS in het Flevoziekenhuis begon, had ik nog geen sterke ambitie
om chirurg te worden. Door jullie heb ik het vak echt leren kennen en mede door de
unieke sfeer met ruimte voor verschillende individuen groeide mijn ambitie om voor
dit vak te kiezen. Ik ben heel blij om nu terug te zijn bij jullie voor de laatste fase van
mijn opleiding. Lieve Klaas, ik kan je niet genoeg bedanken voor al je support vanaf
het eerste begin. Je bent een enorm betrokken opleider bij iedere arts-assistent en
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voelt goed aan wat iedereen nodig heeft. Een kenmerk van jouw betrokkenheid zijn
je rondjes langs je pupillen op de operatie kamers. Je interesse en bemoedigende
woorden die daarbij gepaard gaan worden enorm gewaardeerd. Lieve Suzan, heel
veel dank voor je betrokkenheid de afgelopen negen jaar. Jij hebt me precies op de
juiste momenten een spiegel voorgehouden en geleerd wanneer het echt tijd is om op
de rem te trappen. Blijkbaar ben je een van de weinige mensen in mijn leven waar
ik op dit vlak naar luister… Lieve Maarten, ik denk dat ik van iedereen het meest
met jou heb mogen opereren, zelfs al als ANIOS. Je geeft me de ruimte en daarmee
zelfvertrouwen om zelf te ontwikkelen. Dank voor al je geduld daarbij, maar vooral
ook voor de gezelligheid! Lieve Martine, Laurens, Bart en Sivro, ook jullie waren
erbij vanaf het begin en hebben mij ook begeleid en aangemoedigd in mijn eerste
stappen richting de opleiding. Later toen ik terug mocht komen voor een deel van de
algemene opleiding heb ik veel van jullie operatieve vaardigheden geleerd. Dank voor
jullie belangstelling, betrokkenheid en wijze levenslessen;). Lieve Gwen, Jan, Ruben,
Stef en Anne, jullie zijn er in de loop van de jaren bijgekomen en hebben de groep
nog kleurrijker gemaakt. Gwen, ik ben erg onder de indruk van jouw toewijding aan
het opleiden en het begeleiden van de co-assistenten, een prachtig voorbeeld voor
iedereen. Ruben en Stef, heel knap hoe jullie in korte tijd een grote stempel hebben
gezet binnen de afdeling en jullie er je eigen draai aan hebben gegeven. Dank dat ik
van jullie de kunst van de metabole chirurgie mag leren. Jan en Anne, hoe leuk om
eerst met jullie te hebben samengewerkt als arts-assistenten en jullie te hebben zien
uitgroeien tot zelfverzekerde chirurgen. Huidige arts-assistenten; wat zijn jullie weer
een leuke groep bij elkaar, ik kijk uit naar de komende tijd met jullie.
Professor Nieveen van Dijkum; beste Els, ook veel dank voor het vertrouwen, maar
vooral ook veel dank voor al je steun en betrokkenheid de afgelopen jaren tijdens de
opleiding. Ondanks je drukke schema maak je altijd tijd voor een gesprek. Je kijkt
echt naar het individu en komt met advies op maat; daar heb ik veel bewondering
voor.
Professor Busch; beste Olivier, veel dank voor het vertrouwen in mijn doorzettingsvermogen om dit af te ronden naast mijn opleiding en het geven van motivatie voor
de laatste fase van dit proefschrift. Ik heb veel van je geleerd en genoten van onze
samenwerking in het AMC.
Dank ook aan al mijn medische vriendinnen; Carlijn, Louise, Christine, Welmoet,
Janneke, Cansu, Didi, Rosanna, Christel, Anke; jullie hebben ervoor gezorgd dat ik
de afgelopen jaren iedere dag met plezier naar mijn werk ging. Ook al werken we
op dit moment niet meer samen, ik ben heel blij dat we elkaar nog spreken. Lieve
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Anneke, dank voor je betrokkenheid afgelopen twee jaar. Strong women smile to the
world, even if the world gives them shit. Lieve Kwee, wat was het fijn om samen door
dezelfde levensfases te gaan, maar wat een heftig jaar was dit. Ik ben heel trots op
hoe je je erdoorheen slaat, hoe je er ondanks alles zo voor ons geweest bent en onze
vriendschap alleen maar sterker is geworden. En dan Max, mijn Flevo maatje van
het eerste uur. Ik ben jou het meest dankbaar voor al het lachen. Samen begonnen
wij ons medische avontuur, jij stond aan het begin en ik ben heel blij dat je er nog
steeds bent! Natuurlijk kan ik jou tegenwoordig niet meer noemen zonder Danny
erachteraan. Ik kijk altijd reikhalzend uit naar onze avondjes met z’n drieën, die de
brakheid de volgende dag meer dan waard zijn.
Lieve amsterdamse vrienden, vrienden van vroeger, vrienden en familie van Arjen,
ondertussen zeker ook mijn vrienden; heel veel dank voor jullie altijd aanwezige
interesse en vooral ook voor de welkome afleiding de afgelopen jaren. Mijn vriendschappen met jullie zijn mij heel dierbaar en de momenten (hoe kort ze tegenwoordig
ook zijn) geven mij altijd weer nieuwe energie! Speciale dank voor Renee; dank dat ik
dit alles in de laatste fase een beetje van je mocht afkijken, als ik mijn verdediging
half zo goed doe als jij ben ik al heel tevreden. Lieve Lies, dank voor het lenen van je
kantoor tijdens het laatste deel van het schrijven van dit proefschrift. Hierdoor heb ik
ook even mee kunnen genieten van de sfeer in jouw powerwomen advocatenkantoor.
Ik ben mega trots op wat je allemaal bereikt hebt! Lieve Charly, ook zo knap hoe
jij je eigen kliniek zo snel krachtig hebt neergezeten dan ben je ook nog eens de
hoofdsponsor van de drukkosten voor dit proefschrift;), dank daarvoor!
Lieve Mea, wat was ik als 18-jarige blij met mijn lieve grote nicht die al in Amsterdam
woonde en die ik als een grote zus alles kon vragen. Wat ben ik nog steeds blij dat
je in de buurt woont en altijd voor me klaar staat. Jij begrijpt me als geen ander en
weet precies wanneer het tijd is om weer even aan de bel te trekken. Dank ook mijn
andere favoriete nichtjes Nanja, Cecile en Charlotte, wat fijn dat wij die bloedband
hebben.
Lieve Oom Tom en Tante Roos, dank voor jullie onvoorwaardelijke liefde en gastvrijheid al mijn hele leven. Wij hebben alle drie prachtige jeugdherinneringen van de tijd
met jullie en Charlotte en inmiddels hebben jullie onze partners en kinderen ook in
jullie hart gesloten. Bij jullie komen we tot rust van ons hectische leven in Amsterdam
en landen we direct in een oase van aandacht, goede gesprekken en heerlijke lekkernijen. Voldaan en tot op het bot verwend komen wij weer opgeladen thuis.
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Lieve Tante Carla, dank voor al je support, belangstelling en goede zorgen. Ze hebben
er goed aan gedaan mij naar jou te vernoemen, want wat ben je een prachtig mens. Ik
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