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general introduction

COLOreCtAL SurgerY

 Over the past decades, the incidence of colorectal cancer has been increasing in 

western society. In the Netherlands, colorectal carcinoma is the third most common 

cancer after breast and lung cancer with annually over 9,000 patients registered with a 

newly developed colorectal carcinoma, with approximately one third located in the 

rectum.1,2 Surgical resection of the primary tumour with its regional lymph nodes is a 

pivotal part of potentially curative therapy.

 Increasing incidences are also seen for benign colorectal diseases, such as 

inflammatory bowel disease3 and diverticulitis.4 Over 5,700 Dutch patients are 

annually diagnosed with inflammatory bowel disease. A large proportion of patients 

diagnosed with inflammatory bowel disease will need one or more partial bowel 

resections within 15 years after onset of the disease.5 

 Therefore, the surgeon plays an important role in the multidisciplinary treat-

ment of both colorectal cancer and benign colorectal disease. This encompasses not 

only the technical procedure, but also the recognition and management of compli-

cations in order to improve functional results and to critically appraise treatment 

protocols.

FuNCtiONAL OutCOme AFter reCtAL SurgerY

 Nerve sparing techniques resulting from a better understanding of pelvic ana-

tomy have improved functional outcome of surgery for both benign and malignant 

diseases of the rectum.6 Despite advances in neoadjuvant therapy, surgery remains the 

cornerstone of treatment for rectal cancer. Since the introduction of the abdomino-

perineal resection by Sir Earnest Miles at the beginning of the last century,7 the era has 

changed towards sphincter saving surgery. Understanding of the mesorectal tumour 

spread resulted in the total mesorectal excision (TME) technique, thereby reducing 

the local recurrence rate from 20 - 30% as described by historic studies to 10%.8 

This change in philosophy plus the acceptance of 1 - 2 cm distal resection margins,

and the technical development of stapling devices, made it possible to perform a low 

anastomosis with good oncological results, while preserving sphincter function.  
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A further reduction in local recurrence rates has been established by combining TME 

with preoperative radiotherapy, as described in a recent Cochrane systematic review 

that analysed 19 randomised trials.9 After publication of the results of the Dutch TME 

trial, short course radiotherapy followed by TME, with sphincter saving surgery if 

possible, became the standard treatment for rectal cancer (except for T1N0) in the 

Netherlands.10 Most recently, chemoradiotherapy resulting in downstaging of the 

primary tumour is increasingly used, thereby further improving local control in high 

risk patients. This downstaging also potentially increases the sphincter preservation 

rate in patients with tumours close to the dentate line if combined with intersphincte-

ric resection techniques.11

 These developments all have their consequences for functional outcome. Per-

forming a coloanal anastomosis has the possible disadvantage of developing the much 

referred ‘anterior resection syndrome’, a set of symptoms comprising a high defae-

cation frequency, faecal urgency and soiling.12 Several factors have been described as 

possible influential causes of this impaired functional outcome after rectal resection: 

impaired sphincter function, loss of neorectal sensation, decreased neorectal compli-

ance, impaired neorectal capacity and increased neorectal irritability.

Most patients encounter this diminished anorectal function particularly in the first 

postoperative year. However, in about 30% of patients these dysfunctional symptoms 

may persist and become the main issue of their postoperative quality of life.13

Surgery alone can cause a significant impairment of pelvic organ function, but recent 

trials have shown an additionally diminished function due to preoperative radiothe-

rapy.14,15 

 Therefore, one should not only aim at a better local control and survival, but 

also focus at improvement of anorectal, sexual and urinary function, thus improving 

quality of life. 

COLOreCtAL SurgerY;  
mANAgemeNt OF ANAStOmOtiC dehiSCeNCe

 Colorectal surgery is known for its potentially complicated course. Large multi-

centre trials describe overall complication rates after (colo)rectal resections of 32 to 50 

percent.16,17 

 The incidence of anastomotic leakage after colorectal resections varies from 

1 to 25 percent, partly depending on the method of evaluation. In general, leakage 

rates are higher for more distal resections. Anastomotic leakage not only leads to an 

increased morbidity and mortality,18-20 but is also associated with a worse oncological 

outcome.21,22 Early recognition and treatment might reduce morbidity and mortality.23 

Anastomotic leakage often evolves subclinically, which makes early recognition dif-

ficult. The necessity of diagnostic imaging can cause an additional delay in diagnosis, 

while its diagnostic value is questionable. 

 

 Therefore, thorough clinical observation in the early postoperative period and 

the awareness of the limited role of diagnostic imaging might be helpful in early diag-

nosis, and early treatment.

reCtAL CANCer; CritiCAL APPrAiSAL OF CurreNt treAtmeNt

 Local recurrence rate is the most relevant endpoint for interventional studies on 

neo-adjuvant treatment in rectal cancer, as survival is not or only marginally impro-

ved.9 Although large randomised trials did not show impact of preoperative radiothe-

rapy on anastomotic leakage and postoperative mortality, some single institutional 

experiences actually did suggest the opposite.

 Despite the absolute risk reduction of approximately 5% by routine use of short 

course preoperative radiotherapy,24 locally recurrent disease remains inevitable in 

a small subgroup of patients. Most studies report local recurrence rate as a homo-

geneous endpoint. Less is known about clinical presentation and treatment modalities 

of locally recurrent rectal cancer after surgery alone or after surgery combined with 

(chemo)radiotherapy for the primary tumour. Symptomatic local recurrence, especi-

ally in case of intractable pain, is the most relevant clinical entity that should be kept 

to a minimum given its impact on quality of life. The ultimate effect of (chemo)radio-

therapy on this specific subgroup of patients with locally recurrent rectal cancer has 

not yet been extensively studied. In subgroup analysis it seems that short course pre-

operative radiotherapy is only of additional value in selected cases24 and only when a 

radical resection is foreseen,25 emphasising the importance of an adequate excision of 

the mesorectum. This has shifted the focus on better selection of patients for surgery 

alone on the one hand and more intensified preoperative treatment for downsizing on 

the other hand. 

 This application of neoadjuvant short course radiotherapy for rectal cancer  

potentially limits the treatment options for future recurrent disease. Therefore, the 

benefit of neoadjuvant radiotherapy in terms of local control should not only be 

balanced against its negative side effects, but also against its impact on symptoms and 

treatment possibilities of locally recurrent rectal cancer.
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Aim of the thesis
The aim of this thesis is to critically appraise rectal cancer treatment, to evaluate  

functional outcome and to provide strategies in the management of complications 

after colorectal surgery.

Outline of the thesis
PArt i
FuNCtiONAL OutCOme AFter reCtAL SurgerY
 

 Many studies focussed on analysing the cause of the previously described 

‘anterior resection syndrome’. In 1986 Lazorthes and Parc attributed the defaecatory 

disorders mainly to the loss of rectal reservoir, and described the colonic-J-pouch as a 

possible solution.26,27 

 

 The colonic J-pouch is constructed to closely mimic the native rectum by the 

creation of a double barrelled configuration as a reservoir, thus enlarging neorectal 

compliance and capacity. Furthermore, by transection of the circular muscular fibres, 

the hypercontractility of the neorectum is potentially diminished. 

 Theoretically, these factors can contribute to an improved postoperative func-

tion in colonic J-pouch patients. Several randomised studies have demonstrated the 

superiority of the colonic J-pouch in comparison with the end-to-end anastomosis.28 

The side-to-end anastomosis, however, could be a compelling alternative to the colo-

nic J-pouch as it is technically easier to construct.29 Chapter 1 describes the results of 

a multicentre randomised controlled trial, comparing the colonic J-pouch with the 

side-to-end anastomosis.  

 Further research was conducted to gain insight in the pathophysiological me-

chanisms contributing to the impaired functional results after rectal resection. The 

motor response of the neorectum in patients after preoperative radiotherapy and total 

mesorectal excision is examined and compared to that of healthy volunteers; these 

results are reported in Chapter 2. 

 Although diminished bowel function has been described extensively, sexual 

and urinary dysfunctions are frequent and distressing complications of rectal cancer 

treatment.30 Pelvic organ function might be impaired by radiotherapy, but surgery 

alone can also affect function due to damage of the pelvic nerve system.31,32 Chapter 3 

evaluates incidence of sexual and urinary functional disorders and their influence on 

quality of life after rectal resection in the short and the long term.

PArt ii
COLOreCtAL SurgerY; mANAgemeNt OF ANAStOmOtiC dehiSCeNCe

 Anastomotic leakage is the most feared complication after colorectal surgery 

and has been described extensively. Several studies identified risk factors, assessed 

methods to reduce leakage and advocated the more liberal construction of a diverting 

ostomy in case of low anastomoses to reduce symptomatic leakages.33 In the posto-

perative course it is important to recognise anastomotic leakage in an early stage in 

order to prevent further deterioration of the clinical course and thus increased morbi-

dity and mortality. The delay in diagnosis from the occurrence of clinical symptoms 

associated with anastomotic leakage and treatment of anastomotic leakage has been 

evaluated in Chapter 4, with assessment of factors that contributed to this delay. 

A large proportion of patients are subjected to diagnostic imaging (CT-scan/barium 

enema) to aid the diagnosis of anastomotic leakage. Chapter 5 evaluates the additio-

nal value of the imaging modalities by assessing the predictive value and the delay in 

diagnoses after additional tests.

PArt iii
reCtAL CANCer; CritiCAL APPrAiSAL OF CurreNt treAtmeNt

 Promising results from randomised trials with improvement in local control 

by preoperative radiotherapy followed by total mesorectal excision had an important 

impact on (inter)national treatment protocols.

 However, higher rates of early postoperative adverse events have been reported 

after preoperative radiotherapy in comparison with surgery alone, mainly consisting 

of perineal wound infections after abdominoperineal resections16 and toxicity from 

rectal cancer radiation.9 In contrast to results from large randomised studies, indivi-

dual experiences from non-specialised low-volume hospitals suggested an increased 

risk of anastomotic leakage after preoperative radiotherapy.34-36 Chapter 6 describes 

morbidity and mortality of total mesorectal excision with special emphasis on anasto-

motic leakage after the introduction of short course preoperative radiotherapy in an 

unselected cohort of patients. Chapter 7 critically appraises the role of routinely 

adding radiotherapy to adequate TME surgery for primary rectal cancer, by a systema-
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tic review of current literature from the point of view of the different clinical entities 

of locally recurrent rectal cancer.
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Functional outcome after rectal surgery J-pouch versus side-to-end coloanal anastomosis after preoperative radiotherapy and total mesorectal 
excision for rectal cancer: a multicentre randomised trial

AbStrACt

Aim: Comparison of the functional and surgical outcome of the J-pouch with the 

side-to-end coloanal anastomosis after preoperative radiotherapy and total mesorectal 

excision in rectal cancer patients.

Methods: In a multicentre study patients with a carcinoma of the lower two third 

of the rectum were randomised to either a J-pouch or side-to-end reconstruction. 

Primary outcome was function of the neorectum one year after surgery. A functional 

outcome questionnaire (COREFO), and two quality of life questionnaires (EORTC-

QLQ-CR38 and SF-36) were to be completed by all participants preoperatively, and 4 

and 12 months postoperatively. Independent data managers recorded surgical out-

come. A group size of 30 patients in each group was calculated based on a 15 point 

difference of the COREFO scale.

Results: In total 107 patients were randomised, 55 in the J-pouch and 52 in the side-

to-end group. The COREFO incontinence scale at 4 months and the total functional 

outcome at 4 and 12 months showed better results for the J-pouch group in compa-

rison with the side-to-end group. The remaining COREFO scales (frequency, social 

impact, stool related aspects and bowel medication), surgical outcome (complications, 

reoperations, length of hospital stay, re-admissions and mortality), and quality of life 

did not show significant differences between treatment groups.

Conclusion: Overall results of a colonic J-pouch and a side-to-end anastomosis are 

comparable, allthough functional results are slightly better by constructing a J-pouch. 

The side-to-end anastomosis is technically less demanding and therefore a justified 

alternative in sphincter saving surgery.

iNtrOduCtiON

 Rectal cancer treatment has changed dramatically over the past decades. Under-

standing of the mesorectal tumour spread resulted in the total mesorectal excision 

(TME) technique, thereby reducing the local recurrence rate from 20 - 30% as descri-

bed by historic studies to approximately 10%. A further reduction in local recurrence 

rates has been established by combining TME with preoperative radiotherapy in a 

dose of 5x5 Gy, as described in a recent Cochrane systematic review that analysed 19 

randomised trials.1 These developments with the acceptance of 1 - 2 cm distal resec-

tion margins, and the technical development of stapling devices, made it possible to 

perform a low anastomosis with good oncological results, while preserving sphincter 

function. 

 Performing a coloanal anastomosis and thus avoiding a permanent colostomy 

has the possible disadvantage of developing the much referred ‘anterior resection 

syndrome’, a set of symptoms comprising a high defaecation frequency, feacal urgency 

and soiling.2 Most patients encounter this diminished anorectal function particularly 

in the first postoperative year. However, in about 30% of patients these dysfunctional 

symptoms may persist and become the main issue of their postoperative quality of life.3

 Improvement of functional results by the technically more demanding J-pouch 

has been demonstrated in comparison with the straight coloanal anastomosis. Prima-

rily within the first postoperative year the J-pouch has advantages over the end-to-end 

anastomosis due to a lower   frequency and a lower prevalence of feacal  

urgency,4-6 and has therefore been recommended as the procedure of choice. Few stu-

dies have been conducted to compare the J-pouch with the side-to-end anastomosis, 

whereas the side-to-end anastomosis is a technically less demanding procedure and 

therefore a compelling alternative.

 The objective of the present study was to compare functional and surgical results 

of the J-pouch with the side-to-end anastomosis and their impact on quality of life.
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PAtieNtS ANd methOdS

 Design 

 The design of the study was a multicentre randomised trial. Patients were allot-

ted either to a J-pouch or side-to-end reconstruction after total mesorectal excision for 

cancer of the distal rectum. 

 Patients 

 The protocol was approved by the Medical Ethical Committee of the Academic 

Medical Centre of the University of Amsterdam, and subsequently in the six other 

participating Dutch centres. All patients were registered after written informed con-

sent. An independent trial office verified if in- and exclusion criteria were met before 

randomisation. The inclusion criteria comprised histologically proven rectal cancer 

located in the middle or distal part of the rectum (≤ 10cm from the anal verge), and 

a WHO performance status ≤ 2. Exclusion criteria were: cT1 or cT4 tumours, distant 

metastases, medical history of a colonic resection, anorectal surgery or chemo-radio-

therapy, pre-existing feacal incontinence grade III or IV according to Parks,7 and a life 

expectancy of less than one year.

 

 At the start of the trial, patients were randomised one day before surgery. Auto-

mated randomisation was performed via the ALEA system using institute and gender 

as stratification factors.8 Due to the unexpectedly frequent peroperative detection of 

metastatic disease and/or irresectable tumours the protocol was modified after 1.5 

years. The amended protocol stated that the trial office was to be contacted during 

the operation after successful rectal resection and the patient was randomised after 

reconfirming the in- and exclusion criteria. The study protocol described the opera-

tion technique and the pre- and postoperative management in detail. Participants and 

assessors were not blinded to group assignment.

 Surgical procedure

 All patients received preoperative radiotherapy by a standardised protocol 

of 5x5 Gy. Within 5 days after radiotherapy patients were planned for surgery. To 

standardise the surgical procedure, supervision was provided by an experienced 

surgeon for the first colonic J-pouch procedures. The size of the colonic J-pouch was 

instructed to be 4 - 6 cm, as larger pouches can cause severe evacuation problems. The 

size of the side limb of the side-to-end anastomosis was instructed to be 3 - 4 cm. All 

anastomoses were performed with a circular stapler. A temporary loop ileostomy was 

performed in all patients. None of the patients received postoperative chemotherapy.

 

 Data collection procedure

 Preoperative questionnaires were given to the participating patients after com-

pletion of radiotherapy at hospital admission; the questionnaires at four and twelve 

months were received by post. All questionnaires were collected by qualified indepen-

dent datamanagers from the Netherlands Cancer Institute - Antoni van Leeuwenhoek 

Hospital (NKI-AVL), Amsterdam. Operation reports, pathological reports and events 

during the postoperative course were registered. All collected data were put into two 

databases in order to prevent input mistakes by independent datamanagers in the NKI-

AVL. In this institute an independent specialised statistician (AV) analysed the data.   

                                                                                                   

 Outcomes

 The primary endpoint was the function of the neorectum as assessed at 12 

months by the validated COloREctal Functional Outcome (COREFO) questionnaire’s 

summary score.9 This questionnaire comprises 26 questions that are combined into a 

total score (26 items) with 5 scales: frequency (2 items), incontinence (9 items), social 

impact (9 items), stool related aspects (3 items), and need for medication (3 items).  

The scores were linearly transformed into a score ranging from 0 - 100, with higher 

scores indicating more bowel function problems. 

 Secondary endpoint was the function of the neorectum as assessed by the same 

functional outcome COREFO score, at 4 months postoperatively. Furthermore, the sur-

gical results as registered by operation reports, pathological reports and events during 

the postoperative course were secondary endpoints. Quality of life at 4 and 12 months 

as assessed by the EORTC-QLQ-CR38 and the SF-36 questionnaires were also secon-

dary endpoints of the study. The EORTC-QLQ-CR38 is a validated colorectal cancer 

specific quality of life questionnaire that has been validated in Dutch pa tients.10,11 

The questionnaire comprises 2 functional scales (body image and sexual function) and 

7 symptom scales (defaecation problems, gastrointestinal symptoms, stoma-related 

problems, micturition problems, chemotherapeutic side effects, male and female sexual 

problems). The SF-36 is a validated general health survey12 that has had reliability and 

validity proven in the Netherlands.13 It yields an 8-scale profile of functional health and 

well-being scores. The EORTC-QLQ-CR38 as well as the SF-36 contain a score ranging 

from 0 - 100 with higher scores indicating better quality of life.

 

J-pouch versus side-to-end coloanal anastomosis after preoperative radiotherapy and total mesorectal 
excision for rectal cancer: a multicentre randomised trial
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 Statistical considerations

 Sample size

 With regard to the primary endpoint (i.e. the COREFO’s total functional out-

come score at 12 months) the study was planned to have an 80% power to detect a  

difference of 15 points between the two treatment groups 9(at the 0.05 significance 

level) with 30 patients in each group assuming a standard deviation of 20.  

 Statistical analysis

 Patients were assessed according to the intention-to-treat principle. Patients 

were considered eligible for functional assessment if their stoma was reversed and  

completed their 4 and 12 month questionnaire assessments within respectively 2 - 7 

and 9 - 18 months post-randomisation. Clinical outcomes were compared between 

treatment groups using Fisher exact and Mann-Whitney-Wilcoxon tests. The within-

patient differences were compared between treatment groups using the Mann-Whit-

ney-Wilcoxon tests. Missing data were not imputed due to the significant number of 

patient attrition over time due to ineligibility. An ANCOVA was applied with covari-

ates treatment group, gender, pelvic sepsis and tumour stage to test for their influence 

on functional outcome (the change-from-baseline COREFO primary endpoints). All 

tests were considered significant at the 0.05 level.

reSuLtS

 Patient population

 Between April 2002 and January 2007 a total of 127 patients were registered 

for participation in the trial, of which 107 patients were randomised. The reasons for 

not randomising were patient refusal (n=3), exclusion criteria (n=16) and unknown 

(n=1). Exclusion criteria were: liver metastasis (n=1), long course preoperative radio-

therapy (n=2), no preoperative radiotherapy (n=1), tumour located in upper third 

of the rectum (n=3), necessity of abdominoperineal resection (n=4), anal surgery in 

J-pouch versus side-to-end coloanal anastomosis after preoperative radiotherapy and total mesorectal 
excision for rectal cancer: a multicentre randomised trial

Table 1     Characteristics of 107 randomised patients

Characteristic J-Pouch Side-to-End

Number of patients 55  52 
Age (median (range)) 66 (33-82) 66 (44-79)
Gender (male / female) 1 17/19 2 7/15
Tumour level*
 Distal 1/3 18 (33) 16 (31)
 Mid 1/3  27 (49) 25 (48)
 Distal 2/3 4 (7)  6 (12)
 Not reported** 6 (11)  5 (10)
Pathological tumour stage
 A: T1-2, N0, M0 22 (40) 12 (23)
 B: T3-4, N0, M0 14 (25) 13 (25)
 C: T1-4, N1-2, M0 19 (35) 25 (48)
 D: T1-4, N1-2, M1 -  2 (4)
Advanced tumour stage
 T4  1  1
 N1  9 (16)  17 (33)
 N2  7 (13)  6 (12)

All values are in absolute numbers (percentages) unless stated otherwise.
*   Tumour level was evaluated in 62% by colonoscopy, in 30% by magnetic resonance imaging and in 8% by 

contrast enema.
**  In 11 patients the tumour level was described as less than 10 cm from the anal verge, without specification 

of the exact location.

Figure 1 Flow diagram of the study cohort

*  In three patients a side-to-end anastomosis and in one patient an end-to-end anastomosis was 
performed due to the inability to create a J-pouch; in one patient an abdominoperineal resection was 
performed due to the inability to perform oncologically safe sphincter saving surgery; two patients did 
not undergo a resection. 

‡  In one patient a J-pouch was erroneously created instead of a side-to-end anastomosis; in two 
patients an abdominoperineal resection was performed due to the inability to perform oncologically 
sustained sphincter saving surgery. 

These patients were analysed according to the intention-to-treat principle.

Assessed for eligibility (n=127)

Excluded (n=20)

Died < 4 months (n=3)

Died 4-12 months (n=1)

Randomised (n=107)

Analysed at 4 months (n=22)
Not eligible at four months (n=33)
	 •	Stoma	(n=21)
	 •	Missing	baseline	questionnaire	(n=7)
	 •	Missing	4	months	questionnaire	(n=5)

Analysed at 4 months (n=25)
Not eligible at four months (n=27)
	 •	Stoma	(n=14)
	 •	Missing	baseline	questionnaire	(n=8)
	 •	Missing	4	months	questionnaire	(n=5)

Allocated to J-pouch anastomosis (n=55)
Received allocated intervention (n=43)
Did not receive allocated intervention (n=12)*
Postoperative death (n=1)

Allocated to side-to-end anastomosis (n=52)
Received allocated intervention (n=47)
Did not receive allocated intervention (n=5) ‡

Postoperative death (n=1)

Analysed at 12 months (n=30)
Not eligible at twelve months (n=25)
	 •	Stoma	(n=14)
	 •	Missing	baseline	questionnaire	(n=7)
	 •	Missing	12	months	questionnaire	(n=4)

Analysed at 12 months (n=22)
Not eligible at twelve months (n=24)
	 •	Stoma	(n=10)
	 •	Missing	baseline	questionnaire	(n=8)
	 •	Missing	12	months	questionnaire	(n=12)

Colonic J-pouch Side-to-End
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history (n=1), endoscopic resection of a T1 tumour (n=1), simultaneous aorta replace-

ment (n=1), simultaneous esophageal tumour (n=1) and the impossibility to con-

struct a J-pouch anastomosis (n=1). The reason for not randomising was not reported 

in one patient. Patient and tumour characteristics are presented in Table 1, and with 

the exception of tumour stage, are well balanced between treatment groups. Tumour 

stage was more advanced in the side-to-end group (p=0.03).

 

 According to the guidelines of the CONsolidated Standards Of Reporting Trials 

(CONSORT) statement14 the flow of participants from group assignment to final 

analysis is shown in Figure 1. Although 48 patients in the J-pouch group and 44 

patients in the side-to-end group completed baseline assessments, only 30 and 22 

patients (respectively) could be assessed for functional outcome due to the presence 

of stomas (Figure 1) and missing/late questionnaire completions (Table 2A). These 

patients were also evaluated for quality of life status (Table 3). Due to incomplete 

questionnaires, the primary endpoint (COREFO total score) could only be assessed 

in 24 and 17 patients, respectively (Table 2B). All patients were assessed for events in 

the postoperative course, apart from patients who underwent an abdominoperineal 

resection or did not undergo a resection (Figure 1). 

J-pouch versus side-to-end coloanal anastomosis after preoperative radiotherapy and total mesorectal 
excision for rectal cancer: a multicentre randomised trial

Table 2A     COREFO summary scores9 of patients with a J-pouch and of patients with a  side-to-end 
anastomosis. The scores were linearly transformed to fit in a score range from 0 – 100 with higher 
scores indicating more bowel function problems

  Baseline Baseline 4 months 4 months 12 months 12 months
  J-pouch Side-to-End J-pouch Side-to-End J-pouch Side-to-End
  n=48 n=44 n=22 n=25 n=30 n=22
Frequency
 Median 12 25 25 50 12 25
 (Range) (0 - 88) (0 - 100) (0 - 62) (12 - 75) (0 - 50) (12 - 88)
 Mean 23 28 28 42 21 30
 (St.Dev.) (20) (20) (16) (18) (13) (18)
 Missing 1 0 0 0 1 0
Incontinence   
 Median 11 19 25 36 19 37
 (Range) (0 - 56) (0 - 64) (0 - 61) (5.6 - 83) (0 - 56) (8.3 - 78)
 Mean 16 21 25 44 20 34
 (St.Dev.) (14) (15) (18) (23) (15) (19)
 Missing 1 1 0 0 1 0
Social Impact  
 Median 19 28 25 56 14 36
 (Range) (0 - 94) (0 - 94) (2.8 - 72) (14 - 83) (0 - 64) (2.8 - 89)
 Mean 27 32 33 48 23 36
 (St.Dev.) (24) (24) (23) (22) (20) (21)
 Missing 5 3 5 1 3 1
Stool Related Aspects  
 Median 33 33 83 17 0 17
 (Range) (0 - 83) (0 - 92) (0 - 58) (0 - 67) (0 - 50) (0 - 58)
 Mean 28 34 18 24 11 19
 (St.Dev.) (18) (20) (20) (25) (16) (19)
 Missing 0 1 0 0 0 0
Bowel Medication  
 Median 0 0 0 25 0 21
 (Range) (0 - 58) (0 - 83) (0 - 58) (0 - 100) (0 - 67) (0 - 67)
 Mean 62 72 13 28 13 23
 (St.Dev.) (14) (18) (18) (28) (18) (23)
 Missing 0 1 0 0 0 0
Total  
 Median 15 25 23 42 14 34
 (Range) (2.9 - 60) (1.9 - 66) (1.9 - 48) (13 - 67) (0.96 - 48) (6.7 - 75)
 Mean 20 26 25 41 19 31
 (St.Dev.) (14) (15) (15) (17) (13) (16)
 Missing 5 5 5 1 5 1

Table 2B     COREFO summary scores9 of patients with a J-pouch (JP) and of patients with a side-to-end 
(STE) anastomosis. The scores were linearly transformed to fit in a score range from 0 - 100 with 
higher scores indicating more bowel function problems. Reported are the differences from baseline

   4 months 4 months  12 months 12 months
   JP STE  JP STE 
   n=22 n=25 p n=30 n=22 p
Frequency   
 Median  0 12 0.38 0 12 0.4
 (Range)  (-50 - 50) (-38 - 50)  (-75 - 38) (-38 - 38) 
 Mean  45 10  -34 23 
 (St.Dev.)  (25) (24)  (26) (22) 
 Missing  0 0  1 0 
Incontinence    
 Median  69 21 0.02 56 83 0.05
 (Range)  (-33 - 42) (-31 - 72)  (-33 - 36) (-44 - 42) 
 Mean  10 25  31 14 
 (St.Dev.)  (19) (24)  (16) (22) 
 Missing  0 1  1 1 
Social Impact   
 Median  83 18 0.25 -83 56 0.12
 (Range)  (-31 - 58) (-39 - 56)  (-53 - 47) (-56 - 47) 
 Mean  78 17  -49 75 
 (St.Dev.)  (25) (21)  (26) (26) 
 Missing  5 3  4 3 
Stool Related Aspects   
 Median  -12 -83 0.96 -17 -17 0.86
 (Range)  (-67 - 58) (-50 - 67)  (-83 - 33) (-50 - 58) 
 Mean  -91 -73  -20 -16 
 (St.Dev.)  (28) (31)  (24) (24) 
 Missing  0 1  0 0 
Bowel Medication   
 Median  0 17 0.08 0 17 0.07
 (Range)  (-8.3 - 33) (-33 - 100)  (-25 - 33) (-33 - 67) 
 Mean  87 22  81 19 
 (St.Dev.)  (14) (33)  (15) (25) 
 Missing  0 1  0 1 
Total  
 Median  96 20 0.04 -14 11 0.04
 (Range)  (-32 - 33) (-27 - 53)  (-30 - 26) (-38 - 36) 
 Mean  71 19  -14 97 
 (St.Dev.)  (17) (19)  (17) (18) 
 Missing  5 5  6 5 



3130

Functional outcome after rectal surgery

 Bowel function and quality of life

 The results of the COREFO questionnaire summary scores reflecting bowel 

function as assessed at 4 and 12 months after randomisation are depicted in Table 

2A. Although all scales demonstrate better functional results for the J-pouch group 

at 4 months, this better functionality was also present at baseline. Therefore, in Table 

2B the differences from baseline are depicted, demonstrating a significantly better 

continence for patients with a J-pouch at 4 months (p=0.04) and a better total func-

tional outcome for patients with a J-pouch both at 4 and 12 months postoperatively 

(p=0.04). The outcome parameters of secondary interest (COREFO at 4 months, the 

EORTC QLQ-CR38 defaecation problems score at 4 and 12 months, and the SF-36  

physical functioning score at 4 and 12 months) did not show any significant differen-

ces between treatment groups (Table 2 and 3). 

 The primary endpoints as assessed at baseline were not significantly different 

between patients who were evaluable at 4 months and those who had stomas. There 

was also no association between the endpoint assessed at 12 months and tumour stage.

 Surgical outcome and postoperative complications 

 The use of the descending colon versus the sigmoid colon for coloanal recon-

struction was similar in both groups with the latter being more often performed (Table 

4). Postoperative hospital stay, in-hospital mortality and overall complications did not 

differ between treatment groups. Details of the postoperative complications are listed 

in Table 5. A high number of complications occurred after the primary  

operation in both groups: 31 of 55 (56%) patients had a complicated course in the  

J-pouch group versus 26 of 52 (50%) patients in the side-to-end group. Sixty percent of 

all complications were minor complications, as defined in the publication of Bakx et 

al.15 Eight of nineteen patients with an anastomotic leakage underwent a relaparotomy 

with a local washout, while the other patients were conservatively treated. In four of 

13 patients with an abdominal abscess surgical drainage was performed and in five of 

14 patients with a small bowel obstruction conservative therapy failed and a relaparo-

tomy was needed. In one patient the vascularisation of the J-pouch was inadequate and 

the pouch had to be removed. Eight re-operations were performed for other reasons. 

Median (range) time for reversal of the ileostomy was 12 (1 - 23) weeks for the patients 

with a J-pouch, and 7 (1 - 63) weeks for the patients with a side-to-end anastomosis 

J-pouch versus side-to-end coloanal anastomosis after preoperative radiotherapy and total mesorectal 
excision for rectal cancer: a multicentre randomised trial

Table 3    EORTC QLQ-CR38 and SF-36 scores of patients with a J-Pouch (JP) or a side-to-end (STE) 
anastomosis

   JP STE JP STE JP STE
   n=48 n=44 n=22 n=25 n=30 n=22
        Baseline       4 months     12 months
EORTC QLQ-CR38
Defaecation problems
  Mean 73 74 75 67 81 75
  (St.Dev.) (15) (15) (14) (14) (13) (14)
  Missing 5 7 1 0 2 3
Gastrointestinal 
symptoms
  Mean 77 74 76 63 79 69
  (St.Dev.) (16) (14) (13) (21) (13) (17)
  Missing 3 1 0 1 1 0
Micturition problems
  Mean 72 69 78 66 78 64
  (St.Dev.) (22) (18) (22) (24) (15) (22)
  Missing 2 0 0 0 0 0
Sexual functioning
  Mean 77 73 78 78 72 74
  (St.Dev.) (24) (21) (21) (24) (23) (25)
  Missing 3 3 0 3 3 1
SF-36 
Physical functioning
  Mean 87 80 83 66 90 75
  (St.Dev.) (15) (21) (14) (22) (13) (29)
  Missing 3 3 1 2 2 1
Social functioning
  Mean 74 72 69 54 82 73
  (St.Dev.) (21) (26) (25) (30) (21) (29)
  Missing 0 1 0 2 0 0
General health 
perception
  Mean 67 59 65 56 65 56
  (St.Dev.) (21) (18) (21) (19) (22) (24)
  Missing 1 2 1 1 0 0

Table 4    Surgical outcome in patients allocated for a J-pouch anastomosis and in patients allocated for a 
side-to-end anastomosis (intention-to-treat principle)

   J-Pouch Side-to-End
   n = 55 n = 52

Anastomosis*
 Descending colon 17 (31) 19 (36)
 Sigmoid colon 34 (62) 30 (58)
 Not reported 1 (2)  1 (2)
 No anastomosis performed 3 (5)  2 (4)
Postoperative hospital stay
 (median(range)) (days) 15 (5-8) 17 (7-73)
In-hospital mortality 1  1
Complicated course (excluding stoma  reversal) 31  26
Re-operations (excluding stoma reversal) 17  9
Re-admissions < 1 month** 6  4

All values are in absolute numbers (percentages), unless stated otherwise. 
*   The decision to perform a sigmoid colonic pouch or a descending colonic pouch was determined by the 

surgeon’s preference.
**  J-pouch: high output ileostomy (n=2), small bowel obstruction (n=1), wound infection (n=1), intra-abdominal 

infection (n=1), cardiac failure (n=1). Side-to-End: wound infection (n=1), intra-abdominal infection (n=2), 
lower gastrointestinal tract bleeding (n=1).
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(p=n.s). In 18 (33%) patients in the J-pouch group and 14 (27%) patients in the side-

to-end group the ileostomy was reversed during first admission. Complications after 

reversal of the ileostomy were similar for both groups and are listed in Table 5. 

 In multivariate analysis, different factors were tested for their influence on 

functional outcome, such as tumour stage, gender, pelvic sepsis and type of anastomo-

sis, but no influence on functional outcome was found.

 

 The flow diagram (Figure 1) displays mortality at different time points. At one 

year one patient in the J-pouch group and five patients in the side-to-end group had 

died (p=n.s). In each group one patient died during the postoperative period; in the 

J-pouch group a pelvic bleeding resulted in a haemorrhagic shock, in the side-to-end 

group a septic shock resulted in multi-organ failure. During follow-up, one patient 

died due to metastatic disease, whereas the other three deaths were non-tumour re-

lated. After one year of follow-up, two patients in both groups were diagnosed with a 

local recurrence. Within the same period metastatic disease was found in 5 of 55 (9%) 

patients in the J-pouch group versus 9 of 52 (17%) patients in the side-to-end group.

diSCuSSiON

 In this multicentre randomised trial a better functional outcome was found in 

patients with a J-pouch as compared to patients with a side-to-end anastomosis. These 

functional differences did not influence health-related and overall quality of life. 

However, this better functionality should be interpreted with caution, as it reflects the 

results of 40% of the randomised patients.

 Short term outcome of surgery did not show significant differences between the 

treatment groups with respect to complications, postoperative hospital stay, necessity 

of re-operation, hospital re-admissions and mortality. Temporary diversion of the  

feacal stream by creating a loop ileostomy was performed in all patients. How ever, 

reversal of the ileostomy tended to occur later in the J-pouch group than in the side-

to-end group; in a substantial number of patients the ileostomy was not reversed at 4 

months. This caused an unexpectedly high reduction of eligibility for postoperative 

functional assessment, especially at the 4 months time point. This delay in stoma 

reversal was due to both logistic reasons (waiting list) and the relatively high rate of 

complications. In future trials, by changing the time point for follow-up from date of 

randomisation to date of restored bowel continuity this issue can possibly be overcome.

 The hypothesis that a J-pouch anastomosis provides a better defaecatory func-

tion by constructing a larger reservoir and by transecting the circular muscular fibres 

(thus preventing neorectal irritability) is credible.16 Furthermore, the superiority of 

the J-pouch in comparison with the end-to-end anastmosis might be contributed to 

the antiperistaltic direction of the feacal flow due to the double barrelled configurati-

on. In case of a side-to-end anastomosis, the isoperistaltic feacal flow is partly diver-

ted by the distal colonic part of the anastomosis. It is possible that the initially larger 

reservoir of the J-pouch is equalized by the adaptation of the side-to-end reservoir 

after approximately 4 months, as the peristaltic direction towards the distal colonic 

part of the anastomosis is creating a threshold volume which is similar to that of the 

J-pouch reservoir. 

 

 This phenomenon has been previously studied by barostat measurements. Fürst 

et al. described comparable results of maximally tolerable volume and neorectal capa-

city of the J-pouch and the end-to-end anastomosis.17 Comparing maximally tolerated 

volume and threshold volume of the J-pouch with the side-to-end anastomosis, higher 

and similar maximum results are described.18-20 Most likely, the major functional 

principle of the J-pouch is predominantly related to delayed propulsive motility and 

Table 5    Complications after rectal resection and after stoma reversal

   J-Pouch Side-to-End
   n = 55 n = 52

Complications after rectal resection
 Anastomotic leakage* 10/49 (5) 9/48 (3)
 Abdominal abscess 6 (3)  7 (1)
 Small bowel obstruction 8 (4)  6 (1)
 Ischemia of the J-Pouch 1 (1)  0 (-)
 Recurrent haemorrhage 1 (1)  0 (-)
 Thrombo-embolic complications 2 (2)  2 (2)
 Wound infection 1 (-)  1 (-) 
 Stoma related complications 2 (-)  2 (-) 
 Pneumonia 2 (-)  2 (-)
 Urinary tract infection 4 (-)  4 (-)
 Other  15  10
 Total  50 (17) 43 (9) 

   J-Pouch Side-to-End
   n = 18 n = 14

Complications after stoma reversal
 Anastomotic leakage 2  1
 Abdominal abscess -  2 
 Small bowel obstruction -  1
 Urinary tract infection 3  - 
 Other  1  1
 Total  6  5

All values are in absolute numbers (re-operations).
*  Percentage of anastomotic leakage is calculated by comparing absolute numbers to patients with an  

anastomosis.
No significant differences were found between both treatment groups.
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not to the increased neorectal capacity. Furthermore, by analysing barostat measure-

ments in a subgroup of patients in the present trial, we were able to demonstrate neo-

rectal contractions in both groups of patients, as a response to prolonged isobaric and 

isovolumetric distension. These contractions may contribute to an increased  

bowel frequency and complaints of urge.16

 The recently published Cochrane systematic review compared all different ana-

stomotic techniques and recommended the J-pouch as the procedure of choice, based 

on improved bowel function as compared to the end-to-end anastomosis. However, 

similar functional and surgical results of the side-to-end anastomosis and the J-pouch 

were found.6

 At the onset of our trial multiple studies had indeed demonstrated the superio-

rity of the colonic J-pouch in comparison with the end-to-end anastomosis, whereas 

just one study had been published comparing the colonic J-pouch with the side-to-end 

anastomosis. The latter found a reduction of bowel movements per day in favour of 

the J-pouch at three and six months postoperatively, but was performed before the era 

of preoperative radiotherapy and the questionnaire to evaluate functional outcome in 

that study was not validated.18

 During the course of our trial, two other randomised controlled trials have 

been published, comparing the colonic J-pouch with the side-to-end anastomosis. 

Some shortcomings of these two trials should be taken in mind. Machado et al. retro-

spectively assessed baseline function, and the size of the pouch was instructed to be 

8 cm, which is relatively large and might have influenced functional outcome.21  The 

most recently published trial of Jiang et al. did not find functional differences between 

the colonic J-pouch and the side-to-end anastomosis, but no validated questionnaire 

was used to analyse functional outcome.20 These studies are summarised in Table 6. 

 In the present trial, baseline results were prospectively collected and a validated 

questionnaire was used to analyse functional outcome. Multivariate analysis demonstrated 

no influence of possible confounders on functional outcome. Although the high rate of 

complications in our study is in contrast with these previous RCT’s,18,20,21 similar compli-

cation rates have been described in other large randomised studies. In comparison, the 

Dutch TME trial found a 48% complication rate22 and the MRC CLASSICC trial reported 

a 50% complication rate after rectal surgery.23 In the present trial, independent datamana-

gers collected the data: the reporting was meticulous and therefore more reliable. Secondly, 

the use of preoperative radiotherapy in all patients, in combination with the construction 

of a coloanal anastomosis might have influenced our results. Finally, the majority of com-

J-pouch versus side-to-end coloanal anastomosis after preoperative radiotherapy and total mesorectal 
excision for rectal cancer: a multicentre randomised trial

plications were minor complications and did not influence 

bowel function. 

 The possible advantages in the first months after 

the operation should be balanced against the fact that the 

construction of a J-pouch is technically more challen-

ging and sometimes impossible, due to the requirement 

of an additional length of colon to connect the apex of 

the pouch to the distal anorectum. Furthermore, a short 

mesocolon can make this mobilization more difficult 

and a fat-loaded, double folded mesocolon can be too 

bulky to descend into a narrow pelvis, especially in male 

patients.24 This inability to construct a colonic J-pouch 

was also seen in our study group, as in three patients a 

side-to-end anastomosis and in one patient an end-to-

end anastomosis had to be created due to techniqual dif-

ficulties, despite randomisation for a J-pouch. This was 

one of the reasons why we decided to change the protocol 

and preferred to randomise the patients not before, but 

during the operation.   

 In the present trial, the late restoration of bowel 

continuity caused a relatively large number of missing 

data for the primary outcome. Although unfortunate and 

a limitation for drawing strong conclusions, these data 

contribute to the body of evidence that the J-pouch pro-

vides no convincing support for its superiority in compa-

rison with the side-to-end anastomosis.  Therefore, this 

study does not support the preferred use of the J-pouch, 

but justifies the choice of the side-to-end coloanal ana-

stomosis, because of its ease of construction.
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Neorectal irritability after short term preoperative radiotherapy and surgical resection for rectal cancer

AbStrACt

Objectives: Preoperative radiotherapy followed by rectal resection with total mes-

orectal excision (TME) and coloanal anastomosis severely compromises anorectal 

function, which has been attributed to a decrease in neorectal capacity and neorectal 

compliance. However, to what extent altered motility of the neorectum is involved, is 

still unknown. The aim of the study was to compare the motor response to (prolon-

ged) filling of the (neo)rectum in patients after preoperative radiotherapy and rectal 

resection with that in healthy volunteers (HVs).

Methods: Neorectal function (J-pouch or side-to-end anastomosis) was studied in 

15 patients (median age 61 years, 10 males) 5 months after short term preoperative 

radiotherapy (5x5 Gy) and rectal resection with TME for rectal cancer and compared 

with that of 10 volunteers (median age 41 years, 7 males). Furthermore, patients with 

a colonic J-pouch anastomosis (n=6) were compared with patients with a side-to-end 

anastomosis (n=9). (Neo)rectal sensitivity was assessed using a stepwise isovolumetric 

and isobaric distension protocol. (Neo)rectal motility was determined during prolon-

ged distension at the threshold of urge to defaecate.

Results: The neorectal volume of patients at the threshold of urge to defaecate (125 

± 45 ml) was significantly lower when compared with that of HVs (272 ± 87 ml, 

p<0.05). The pressure threshold, however, did not differ between patients (26 ± 

9 mmHg) and HVs (21 ± 5 mmHg) and neither did the pressure threshold dif-

fer between patients with a J-pouch and side-to-end anastomosis. In HVs, no rectal 

contractions were observed during prolonged rectal distension. In contrast, in all 15 

patients, prolonged isovolumetric and isobaric distension induced 3 (range 0-5) rectal 

contractions/10 min, which were associated with an increase in sensation in half of 

the patients.

Conclusions: Patients who underwent preoperative radiotherapy and rectal resection 

with TME, but not HVs, developed contractions of the neorectum in response to 

prolonged distension. We suggest that this neorectal 'irritability' represents a new 

pathophysiological mechanism contributing to the urgency for defaecation after this 

multimodality treatment. 

iNtrOduCtiON

 Short term preoperative radiotherapy (5x5Gy) followed by rectal resection with 

total mesorectal excision (TME) is currently considered the treatment of choice for 

patients with a resectable rectal carcinoma.1,2 During surgery, a neorectum is created 

using the sigmoid colon or descending colon. After this multimodality treatment, 

anorectal function is often compromised as reflected by an increase in the frequency 

and urgency of defaecation and by incontinence.3,4 Recent research shows that up to 

60% of patients experience some degree of incontinence.5,6 Suggested explanations for 

the impaired functional outcome include decreased internal and external anal sphinc-

ter function because of direct injury of the nervous supply,7-13 the low level of anasto-

mosis,14-16 impaired neorectal capacity and decreased compliance,7,9,10,17 and the loss of 

rectal sensation.18-20

 Feacal continence results from the complex interplay between the rectum, the 

anal sphincter complex, the musculature of the pelvic floor, and the nerves inner-

vating these structures. In addition to sphincter pressure generated by the anal  

sphincter, the importance of the rectum as a reservoir in warranting continence is in-

creasingly appreciated. Arrival of feacal contents in the rectum will not only generate 

the sensations of urge, but will also trigger an adaptive relaxation of the musculature, 

thus creating a reservoir. This relaxation, together with anal sphincter contraction, 

is an important factor in the ability to defer defaecation.21-23 Abnormalities in rectal 

reservoir capacity, either because of impairment of this relaxation or decreased com-

pliance (fibrosis because of earlier radiation therapy or inflammation), are considered 

as having an important function in the pathogenesis of feacal incontinence and ur-

gency.4,6  In line with this reasoning, earlier studies have shown an increase in urgency, 

tenesmus and defaecation frequency because of decreased neorectal reservoir capacity 

and decreased neorectal compliance in patients who underwent TME surgery.24,25 

Reactive rectal contractions were observed at the onset of distension of a barostat 

balloon, and in the neorectum these contractions were followed by one or more extra 

contractions during distension periods of 2 min, suggesting neorectal irritability.25,26 

 In this study, we want to further explore the phenomenon of neorectal contrac-

tions and hypothesise that the neorectum lacks the capacity to adapt to distension. 

Rectal filling with feacal content would lead to prolonged distension of the neorectum 

inducing neorectal contractions, subsequently contributing to the feeling of urgency. 

To test this hypothesis, the motor response to prolonged filling of the neorectum in 

patients after short term radiotherapy followed by rectal resection with TME was com-

pared with the motor response to prolonged filling of the rectum in healthy volunteers.
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 During pouch formation, the circular muscle layer is transected and the propul-

sive direction of the distal part of the colon forming the pouch is reversed in relation 

to the propulsive direction of the proximal part of the colon forming the pouch, which 

might reduce contractility. Therefore, the motor response to rectal filling was also 

compared between patients with a J-pouch coloanal anastomosis and patients with a 

side-to-end coloanal anastomosis.

mAteriALS ANd methOdS

 Subjects

 Fifteen patients (10 males) with a median age of 61 years (range 33-76 years) 

treated for rectal carcinoma located in the lower two-thirds of the rectum were evalu-

ated. All patients had stage II disease and treatment consisted of short term preopera-

tive radiotherapy (5x5Gy) followed by rectal resection with TME and coloanal anasto-

mosis. In six patients a pouch coloanal anastomosis and in nine patients a side-to-end 

coloanal anastomosis was created.

 None of the patients received chemotherapy and/or postoperative radiotherapy. 

Five months (range 4-6 months) after surgery, the patients were invited to undergo 

an anorectal function study. Protective loop ileostomies were closed at least 6 weeks 

before measurements to ensure bowel function. 

 

 In addition, ten healthy volunteers (HVs, 7 males) with a median age of 41 years 

(19-70 years) served as controls. None of the volunteers had either defaecation pro-

blems, as tested by the COREFO questionnaire,27 or a history of abdominal surgery 

and/or previous radio- or chemotherapy possibly compromising bowel function.

 

 Rectal barostat and anorectal manometry

 A noncompliant polyethylene bag (Figure 1) was hermetically fixed to one of 

two specially designed triple-lumen polyvinyl tubes and connected to the barostat. 

The maximum capacity of this bag was 450 ml and it had a length of 10 cm when used 

for patients. The maximum capacity of the bag was 600 ml and it had a length of 15 

cm when used in the HVs. This balloon was connected to an electronic barostat  

(Synetics Medical, Stockholm, Sweden) to measure rectal compliance and rectal sen-

sory motor function.28 The barostat balloons were inflated up to 10 mmHg before and 

after completion of the experiment to rule out any leakage of air.

 A compliant latex balloon (Figure 1) was hermetically fixed onto the catheter 5 

cm above the barostat balloon to allow distension of the bowel proximal to the (neo)

rectum. This balloon was inflated with up to 150 ml of air before and after the com-

pletion of the experiment to rule out any leakage of air. 

 Sphincter pressure was measured by anorectal manometry using a multi- 

lumen, water-perfused sleeve catheter assembly containing a 4.5 cm long sleeve and 

four radially distributed side holes (Dentsleeve Pty Ltd, Parkside, Australia). Each 

side hole was perfused with degassed water at a rate of 0.3 ml/min and intraluminal 

pressures were sensored by external transducers connected to a polygraph (Synetics 

Medical, Stockholm, Sweden). 

 Anorectal manometry and rectal barostat were performed simultaneously. The 

results were monitored and analysed with commercially available software (Polygram 

for Windows, version 1.11, Synetics Medical).

 Positioning of the catheters

 Participants received a water enema to clean the bowel and to avoid interference 

of stool during the measurements (Figure 2). Thereafter, the catheter with the latex 

balloon and barostat balloon attached was endoscopically inserted and placed in the 

right position with the lower edge of the barostat balloon just above the anal verge. 

The tip of the catheter was attached to the bowel wall using a disposable vascular clip 

to maintain its position. The endoscope was removed whereas the catheter was left 

behind in the (neo)rectum. The barostat balloon was inflated with up to 150 ml of air 

to allow adequate unfolding.

 

 The anorectal manometry catheter was inserted ventrally into the barostat 

catheter in the anal canal. All measurements were carried out with the subjects in the 

left lateral position.

 After the insertion of the two catheters, a recovery period of 15 min was intro-

duced after which the minimal distending pressure (MDP) of the barostat balloon was 

determined. MDP is defined as the minimum pressure at which the intrabag volume 

is >30 ml.  

Surgical wire to attach catheter to 
the bowel wall using vascular clip

Figure 1 Barostat catheter with barostat balloon and latex balloon

Latex balloonTriple lumen tube

Barostat balloon
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 Anorectal manometry

 Anorectal manometry was performed with the barostat balloon set to MDP + 

2 mmHg. The mean value of the resting pressure was measured for 2 min. Thereafter, 

the subjects were instructed to squeeze maximally on three occasions. 

 Proximal colonic distension

 To evaluate the response of the (neo)rectum to proximal colonic distension, 

the barostat balloon was set to MDP + 2 mmHg and the latex balloon was distended 

during 30 s in different volume steps (50 ml, 75 ml, 100 ml, 125 ml, 150 ml or until 

discomfort was reported). 

 Stepwise isovolumetric distension protocol29  

 Isovolumetric distensions were performed beginning with volume steps of 25 

ml in patients and 50 ml in HVs. Each distension lasted 1 min after which the volume 

was increased further until the participant reported discomfort or pain. Sensations 

were scored 30 s after each distension step using a 6-point scale with verbal descrip-

tors (0 = no sensation, 1 = first sensation, 2 = first sense of urge, 3 = normal urge to 

defaecate, 4 = severe urge to defaecate, 5 = discomfort/ pain).28 Sensations were logged 

onto the data file at each score point. If the participant reported discomfort or pain, 

the barostat balloon was instantly deflated. 

 Prolonged isovolumetric distension.

 To evaluate the motor response of the (neo)rectum to rectal filling, a prolonged 

isovolumetric distension (10 min) was performed with the volume fixed at the level  

of urge to defaecate (sensation 3) as scored during the preceding stepwise isovolu-

metric distension protocol. During the period of prolonged distension, sensations 

were scored every minute or when the participant indicated an increase or decrease in 

sensation. 

 Stepwise isobaric distension protocol29  

 The stepwise isobaric distension protocol was performed beginning with fixed 

pressure steps of 3 mmHg above MDP with a maximum absolute pressure of 55 

mmHg. Each distension lasted 1 min and sensation was scored 30 s after each disten-

sion. The barostat balloon was deflated if the participant indicated discomfort or pain 

(sensation 5).

 Prolonged isobaric distension

 A prolonged isobaric distension (10 min) was also performed to obtain infor-

mation about the motor response of the (neo)rectum to rectal filling. The pressure 

was fixed at the level of the urge to defaecate (sensation 3) as scored during the pre-

ceding stepwise isobaric distension protocol. Sensations were scored every minute or 

when the participant indicated an increase or decrease in sensation. 

 Questionnaire  

 All participating patients were asked to complete a validated questionnaire pre-

operatively and 4 months postoperatively. This COREFO questionnaire was developed 

to evaluate postoperative problems thoroughly in a comprehensive manner for  

patients. The COREFO questionnaire consists of five multi-item scales: incontinence 

(9 questions), social impact (9 questions), frequency (2 questions), stool related as-

pects (3 questions) and need for medication (3 questions).27 The questionnaires were 

assessed in combination with objectively measured results to look for a potential cor-

relation. 

 Data analysis

 All data are given as mean ± s.d., unless stated otherwise. Continuous data were 

compared using Student’s t-test, whereas a non-parametric test (Mann-Whitney) was 

used in case of ordinal data. Differences were considered significant at the 5% level. 

The reported values for the maximum squeeze pressure are the mean of three efforts.

The response during sigmoidal distension is presented as the absolute volume decrease 

(in ml) in the barostat balloon and as the percentage volume decrease of the barostat 

balloon. The barostat volume, measured just before each sigmoidal distension, was 

subsequently set as 100%. 

 

Figure 2 Schematic representation of the study protocol. HV = Healthy Volunteer, MDP = minimal 
distension pressure

25 ml (patients) / 50 ml (HV)

30 sec. 1 min. 1 min.

3 mmHg 

Determination  anorectal     sigmoidal  isovolumetric   prolonged  isobaric prolonged
MDP manometry  distension  distension isovolumetric distension isobaric  
   protocol distension protocol distension

 Barostat balloon at MDP+2 Sigmoidal balloon
 Barostat balloon at 'urge to defaecate' in ml Barostat balloon at 'urge to  
  defaecate' in mmHg

HV = Healthy Volunteer, MDP = minimal distension pressure
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 A temporary increase of > 10 mmHg in the barostat balloon during prolonged 

isovolumetric distension was considered a contraction (Figure 3). A temporary decre-

ase of > 15% of the barostat balloon volume during prolonged isobaric distension was 

considered a contraction (Figure 4). All tracings in Figures 3 and 4 represent a period 

of 10 min. (Neo)rectal capacity was determined at the end of the isobaric distension 

protocol. The pressure volume curves were constructed using the mean volume of the 

last 30 s (when equilibration of the volume was reached) at each of the consecutive 

pressure steps during the stepwise isobaric distension protocol. The volume-pressure 

curves were described with the following equation: V = A(1-e-kp), where V is the 

volume, A is the maximum volume, k is an expansion constant and p is pressure. 

Compliance is defined as dV/dp and computed at V
½
 which is halfway the maximum 

volume. The (neo)rectal compliance was calculated using a nonlinear mixed-effect 

model for fitting the pressure volume curves of each individual.30,31 This analysis was 

performed as reported earlier by our group.32 Statistical evaluations were performed 

using commercially available software (SPSS 11.0; SPSS Inc., Chicago, IL, USA).

reSuLtS
 

 Sphincter function

 There was a significant difference in resting pressure between patients (40 

mmHg, SD 15) and HVs (71 mmHg, SD 25; p<0.05). Although the maximum squeeze 

pressure was lower in patients (107 mmHg, SD 47) than in HVs (153 mmHg, SD 66; 

p=0.15), this difference was not statistically significant.

 Proximal colonic distension-induced (neo)rectal contractions

 Distension proximal of the (neo)rectum resulted in a volume decrease of the 

rectal barostat balloon in all patients except one. Volume decrease occurred imme-

diately after minimal distension (50-75 ml) of the proximally located balloon. The 

percentage volume decrease (Figure 5) after proximal colonic distension was larger 

in patients than in HVs, but did not reach statistical significance. There was no dif-

ference in volume decrease between StE patients and JP patients (results not shown). 

Similarly, distension of the sigmoid induced a transient relaxation of the anal sphinc-

ter in all but 2 HVs. In contrast, in only one of 15 patients, did we observe a reduction 

in anal sphincter pressure in response to proximal colonic distension.

 (Neo)rectal sensitivity

 Volume controlled distension

 Thresholds for 'first sensation' and 'urge to defaecate' and 'discomfort' during 

the stepwise isovolumetric distension protocol were smaller in patients than in HVs 

(Figure 6). Thresholds for 'first sensation', 'urge to defaecate' and 'discomfort' during 

the stepwise isovolumetric distension protocol were not different between StE and JP. 

In all ten HVs, 'discomfort' was reached during this protocol at a mean volume of 360 

± 97 ml. In 12 of 15 patients, the threshold of discomfort was not reached. In these 

patients, maximum (safety) pressure (55mmHg) was reached before the sensation of 

discomfort could be reported. 

Figure 3 Representative tracing showing rectal pressure during isovolumetric distension. Contractions 
(indicated by arrow) were observed in TME patients (below) but not in healthy volunteers (above). 
Barostat pressure (in mm Hg) during isovolumetric distension, contraction is defined as a temporary 
increase of >10 mm Hg.

Healthy volunteer

TME patient

Figure 4 Representative tracing showing rectal volume during isobaric distension. Contractions (indi-
cated by arrow) were observed in TME patients (below) but not in healthy volunteers (above). Barostat  
volume (in ml) during isobaric distension, contraction is defined as a temporary decrease of >15 % of 
the baseline volume.

Healthy volunteer

TME patient



 In seven of 15 patients, the onset of a neorectal contraction during either 

prolonged isovolumetric or prolonged isobaric distension resulted in a simultaneous 

increase of sensation of one level in sensation score. All sensations returned to the 

level prior to the neorectal contraction.

 COREFO Questionnaire

  The overall score of the COREFO questionnaire did not differ between JP 

patients (29 ±10) and StE patients (36 ±19) at the time of the barostat measurements, 

and neither were there any differences in the five different subscales between JP 

patients and StE patients. 

 Pressure-controlled distension

 Thresholds for 'sensation', 'urge to defaecate' and 'discomfort' during isobaric 

distension were not different between StE and JP patients. There was a significant dif-

ference in the threshold for 'first sensation' between patients and HVs (Table 1). Rectal 

capacity was significantly higher in HVs (308 ± 77 ml) than the neorectal capacity 

in patients (164 ± 47 ml; p=0.000). Compliance of the rectum in HVs (26 ± 8 ml/

mmHg) was significantly higher than compliance of the neorectum in patients (12 ± 

7 ml/mmHg;p=0.000). The compliance curves are shown in Figure 7. Compliance of 

the neorectum in StE patients (13 ± 9ml/mmHg) was comparable to that in JP pa-

tients (11 ± 4ml/mmHg; p=0.5).

 (Neo)rectal irritability

 In HVs, the mean threshold for urge was 272 ± 87 ml during isovolumetric 

distension and 21 ± 5 mmHg during isobaric distension. No rectal contractions were 

observed during either prolonged isovolumetric distension (Figure 3) or prolonged 

isobaric distension (Figure 4) at the threshold of urge to defaecate. The mean thres-

hold for urge in patients was 125 ± 45 ml during isovolumetric distension and 26 ± 

9 mmHg during isobaric distension. In patients, prolonged isovolumetric distension 

(Figure 3) at the threshold of urge to defaecate induced a median of two contractions 

(range 0-5) per patient with a mean increase in pressure of 21 ± 9 mmHg per con-

traction. During prolonged isobaric distension (Figure 4) at the threshold of urge to 

defaecate, a median of three contractions (range 0-5) per patient was seen with a mean 

volume decrease of 31 ± 16 % of the barostat balloon. 

When comparing the results in the StE and JP patients, no significant differences were 

identified (Table 2).  
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Figure 5 Effect of proximal colonic distension on (neo)rectal volume in healthy volunteers and patients

Figure 6 Thresholds of 'first sensation,' 'urge to defaecate' and 'discomfort' during stepwise 
isovolumetric distension.*significant difference between healthy volunteers and patients 
(P < 0.05, Student ’s t-test), # maximum safety pressure (55 mm Hg) was reached before threshold for 
discomfort was reached in 12 of 15 patients

Table 1     Thresholds of 'fi rst sensation', 'urge to defaecate,' and 'discomfort' during stepwise isobaric 
distension in healthy volunteers and patients

   Healthy volunteers’ Patients’
   pressure (mm Hg)  pressure (mm Hg)

First sensation  12 ± 3  17 ± 4
Urge to defaecate  21 ± 5  24 ± 8
Discomfort  29 ± 6  33 ± 11

Signifi cant difference for 'fi rst sensation'
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diSCuSSiON

 Neorectal function is often compromised after radiotherapy and rectal  

resection with TME, resulting in urgency for defaecation and feacal incontinence.3,4 In 

this study, we show that, in contrast to HVs, patients who underwent TME developed 

neorectal contractions in response to prolonged distension (10 minutes) suggesting 

increased neorectal irritability. Between patients with a colonic J-pouch anastomosis 

and those with a side-to-end anastomosis, no significant differences could be detec-

ted. Neorectal contractions were associated with an increase in sensation in nearly 

half of the patients. This motor pattern in combination with the decreased neorectal 

capacity, decreased neorectal compliance and decreased anal resting pressure7-13 most 

likely explains the occurrence of urgency in these patients. 
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Figure 7 Volume-pressure curves obtained during stepwise isobaric distension protocol. MDP = 
minimal distension pressure

Table 2     Comparison of the neorectal irritability, neorectal volume, and neorectal compliance between 
J-pouch coloanal anastomosis and side-to-end coloanal anastomosis

 Volume  Increased Pressure Volume Maximal  Compliance
 contractions pressure contractions decrease volume (ml/mm Hg)
 (median) (mm Hg) (median) (%) (ml)

Pouch 2 ( ± 2)  21 ( ± 9)  2 ( ± 2)  23 ( ± 17)  171 ( ± 53)  11( ± 4)
StE  3 ( ± 2)  20 ( ± 9)  3 ( ± 2)  37 ( ± 14)  159 ( ± 45)  13( ± 9)
p  0.7  0.8  0.4  0.2  0.5  0.6

Values in mean, unless stated otherwise

 Under physiological circumstances, the rectum acts as a reservoir and accom-

modates rectal filling, contributing to capacity to postpone defaecation. This motor 

pattern is most likely triggered by mechanoreceptors in the rectal wall. In the guinea 

pig rectum, a high density of slowly adapting low threshold mechanoreceptors with 

specialised intraganglionic laminar endings (rIGLEs) has been shown.33 This specia-

lised class of mechanoreceptors probably detects both rectal distension and contrac-

tion and is likely to be involved in activation of recto-spinal pathways for defaecation. 

Lynn et al.33 recently showed that these mechanoreceptors adapted to maintained 

distension suggesting a function in the accommodation to rectal filling. In our study, 

prolonged distension at the threshold of urge to defaecate failed to induce rectal motor 

activity in healthy subjects. Similarly, Kwan et al.34  did not observe deviating rectal 

motor activity during prolonged rectal distension in healthy volunteers. In contrast to 

HVs, prolonged distension of the neorectum in patients at the threshold of the urge 

to defaecate triggered contractile activity, as illustrated by an increase of more than 

10 mmHg in the barostat balloon during isovolumetric distension and a reduction of 

more than 15% of baseline volume of the barostat balloon during isobaric distension. 

These contractions were seen during the entire period of distension and were not 

limited to the first few minutes after distension. In half of the patients, a contraction 

was even associated with an increase in sensation. Corsetti et al.35 reported a similar 

response during a barostat procedure in healthy volunteers with the barostat bal-

loon placed in the descending colon. Colonic contractions were observed in response 

to prolonged colonic distensions (30 min), which increased in frequency after the 

administration of neostigmine. These contractions were associated with an increase in 

sensation reported by the majority of volunteers (7 out of 10). We hypothesise that the 

contractions occurring in the neorectum during prolonged distension in our study are 

similar to the colonic contractions described by Corsetti et al.35 Comparable contrac-

tions to distension have also been shown in the guinea pig distal colon: maintained 

circumferential stretch resulted in an ongoing discharge of synchronised ascending 

excitatory and descending inhibitory neuronal pathways to the circular muscle, 

leading to propulsion of a bolus.36-39 In this respect, it is important to emphasise that 

the rIGLEs are absent in the guinea pig colon.33 Therefore, as the neorectum is recon-

structed from sigmoid/colon descendens, the different motor response to distension 

in patients after TME may be explained by the absence of rIGLEs and the lack of this 

adaptive mechanism. On the basis of these findings, we hypothesise that filling of the 

neorectum with feacal material induces neorectal contractions, probably as an intrin-

sic property of the colon, contributing to the occurrence of urgency in patients after 

rectal resection. The influence of radiotherapy on neorectal irritability is probably li-

mited, since radiation is not applied to the sigmoid or descending colon used to create 

a reservoir. In addition, as can be seen from the results of the isovolumetric distension 
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protocol, the volumes triggering the different sensations are smaller in patients than 

in healthy volunteers as a result of decreased compliance. Therefore, sensations are 

reached sooner in patients, further leading to increased stool frequency. 

The rectum in HVs as well as the neorectum in patients, contracted in response to 

sigmoidal or proximal colonic distension, representing the peristaltic reflex. This 

reflex consists of a smooth muscle contraction and oral and anal relaxation to the site 

of the stimulus, respectively, and was first described by Bayliss and Starling.40,41 The 

relaxation of the anal sphincter induced by distension of the sigmoid or proximal colon 

was observed in all but two HVs, but in only one of 15 patients. In our opinion, the 

transient relaxation of the anal sphincter in response to proximal colonic distension 

is somewhat similar to the rectal anal inhibitory reflex, and most likely represents the 

inhibitory wave preceding the contractile part of the peristaltic reflex, as shown earlier 

in studies using a double colonic barostat balloon.42 In addition, relaxation of the 

anal sphincter as part of a peristaltic wave in the colon has also been clearly shown by 

Herbst et al. during mass movement.43 We therefore believe that this relaxation of the 

anal sphinter indirectly shows regeneration of the enteric nervous connection between 

the colon and the anal sphincter. As there is no significant difference in response to 

sigmoidal or proximal colonic distension between HVs and patients, the peristaltic 

reflex seems to be undisturbed after rectal resection and does not appear to be involved 

in the abnormal anorectal function. This colorectal reflex has also been described in 

healthy volunteers in a fasting state by Ng et al.44 

 Clinical implications

 As the neuromuscular properties of the sigmoid and colon, especially the ca-

pacity to adapt to filling, are very different from those of the rectum, it seems unlikely 

that, when used to create the neorectum, it will be suitable to functionally replace the 

rectum or function as a reservoir. In this study, we provide evidence that the exaggera-

ted motor response of the neorectum may have an important function in the impaired 

anorectal function of patients who underwent rectum resection. On the basis of this 

observation, two major therapeutic strategies could be proposed to improve the clini-

cal outcome after such an operation. First, the formation of a J-pouch coloanal ana-

stomosis45,46 could theoretically lead to a reduction in urgency. During pouch forma-

tion, the circular muscle layer is transected and the propulsive direction of the distal 

part of the colon forming the pouch is reversed in relation to the propulsive direction 

of the proximal part of the colon forming the pouch. In addition, a larger neorectal 

capacity is created, compared with a straight or side-to-end coloanal anastomosis, 

most likely also contributing to impaired urgency and/or defaecation frequency.17, 47-49 

In this study patients with a J-pouch colonic anastomosis showed fewer contractions 

and a slightly larger maximal volume of the neorectum than patients with a side-to-

end anastomosis, although these differences were not statistically significant, most 

likely because of the low numbers of patients studied. Many patients did not want to 

participate in a barostat study, as they found the study protocol too incriminating, 

which might have caused a selection bias. An earlier randomised trial comparing 

functional results of the colonic J-pouch with the side-to-end anastomosis, however, 

did show a higher maximum tolerated volume and threshold volume in the colonic 

J-pouch group at 3 and 6 months, associated with better functional results in terms of 

stool frequency and urge in JP patients, especially in the early postoperative phase.50 

Another study reported a 40% greater maximum neorectal volume in the JP group at 

2 years, but could not detect an influence on the function.17 Therefore, the impact of 

the type of pouch on functional outcome remains controversial. 

 Apart from changing the operative technique, medication reducing gastroin-

testinal motility could be used to reduce the occurrence of urgency. For example,  

the 5-HT3 receptor antagonist granisetron has been shown to inhibit postprandial 

contractions in patients after low anterior resection.51 Therefore, one might speculate 

that 5-HT3 receptor antagonists such as granisetron might also inhibit neorectal  

irritability and thus reduce urgency in these patients.

 In conclusion, in patients after short term radiotherapy and rectal resection 

with TME, a physiological volume of stool in the neorectum will not only lead to 

more pronounced sensations because of the smaller neorectal capacity, but will also 

lead to neorectal contractions instead of neorectal accommodation. This observation 

does not seem to be significantly influenced by the type of coloanal anastomosis per-

formed. We suggest that this neorectal irritability represents a new pathophysiological 

mechanism which contributes to urge to defaecate.

What is current knowledge: functional outcome after radiotherapy and TME rectal 

resection is impaired.

What is new here: neorectal irritability represents a new pathophysiological mecha-

nism contributing to urgency.

Functional outcome after rectal surgery Neorectal irritability after short term preoperative radiotherapy and surgical resection for rectal cancer



56 57

Functional outcome after rectal surgery Neorectal irritability after short term preoperative radiotherapy and surgical resection for rectal cancer

reFereNCeS

 1.  Kapiteijn E, Marijnen CA, Nagtegaal ID, Putter H, Steup WH, Wiggers T, Rutten 

HJ, Påhlman L, Glimelius B, Van Krieken JH, Leer JW, Van de Velde CJ. Preope-

rative radiotherapy combined with total mesorectal excision for resectable rectal 

cancer. N Engl J Med 2001; 345: 638-46.

 2.  Swedish Rectal Cancer Trial. Improved survival with preoperative radiotherapy in 

resectable rectal cancer. N Engl J Med 1997; 336: 980-7.

 3.  Dehni N, McNamara DA, Schlegel RD, Guiguet M, Tiret E, Parc R. Clinical effects 

of preoperative radiation therapy on anorectal function after proctectomy and 

colonic J-pouch-anal anastomosis. Dis Colon Rectum 2002; 45: 1635-40.

 4.  Dahlberg M, Glimelius B, Graf W, Påhlman L. Preoperative irradiation affects 

functional results after surgery for rectal cancer: results from a randomised study. 

Dis Colon Rectum 1998; 41: 543-9.

 5.  Peeters KC, van de Velde, Leer JW et al. Late side effects of short course preope-

rative radiotherapy combined with total mesorectal excision for rectal cancer: 

increased bowel dysfunction in irradiated patients- a Dutch colorectal cancer group 

study. J Clin Oncol 2005; 23: 6199-206.

 6.  Pollack J, Holm T, Cedermark B, Holmström B, Mellgren A. Long term effect of 

preoperative radiation therapy on anorectal function. Dis Colon Rectum 2006; 

49(3): 345-52.

 7.  Vassilakis JS, Pechlivanides G, Zoras OJ, Vrachasotakis N, Chrysos E, Tzovaras G, 

Xynos E. Anorectal function after low anterior resection of the rectum. Int J  

Colorectal Dis 1995: 10: 101-6.

 8.  Williamson ME, Lewis WG, Finan PJ, Miller AS, Holdsworth PJ, Johnston D.  

Recovery of physiologic and clinical function after low anterior resection of the 

rectum for carcinoma : myth or reality? Dis Colon Rectum 1995; 38: 411-8.

 9.  Hallböök O, Nystrom PO, Sjodahl R. Physiologic characteristics of straight and  

colonic J-pouch anastomoses after rectal excision for cancer. Dis Colon Rectum 

1997; 40: 332-8.

 10.  Joo JS, Latulippe JF, Alabaz O, Alabaz O, Weiss EG, Noqueras JJ, Wexner SD. Long 

term functional evaluation of straight coloanal anastomosis and colonic J-pouch : 

is the functional superiority of colonic J-pouch sustained ? Dis Colon Rectum 1998; 

41: 740-6.

 11.  Horgan PG, O’Connell PR, Shinkwin CA, Kirwan WO. Effect of anterior resection 

on anal shincter function. Br J Surg 1985; 76: 783-6.

 12.  Molloy RG, Moran KT, Coulter J, Waldron R, Kirwan WO. Mechanism of sphincter 

impairment following low anterior resection. Dis Colon Rectum 1992; 35: 462-4.

 13.  Tsunoda A, Shibusawa M, Kusano M. Anorectal function after anterior resection 

with side-to-side anastomosis for carcinoma of the rectum. Dis Colon Rectum 

1999; 42: 77-81.

 14.  Matzel KE, Stadelmaier U, Muehldorfer S, Hohenberger W. Continence after 

colorectal reconstruction following resection: impact of level of anastomosis. Int J 

Colorectal Dis 1997;12: 82-7.

 15.  Montesani C, Pronio A, Santella S, Boschetto A, Aguzzi D, Pirozzi R, D’Amato A, 

Vestri A. Rectal cancer surgery with sphincter preservation : functional results rela-

ted to the level of anastomosis. Clinical and instrumental study. Hepatogastroente-

rology 2004; 51: 718-21.

 16.  Lee SJ, Park YS. Serial evaluation of anorectal function following low anterior 

resection of the rectum. Int J Colorectal Dis 1998; 13: 241-6.

 17.  Machado M, Nygren J, Goldman S, Ljungqvist O. Functional and physiologic 

assessment of the colonic reservoir or side-to-end anastomosis after low anterior re-

section for rectal cancer : a two-year follow-up. Dis Colon Rectum 2005; 48: 29-36.

 18.  Varma JS, Smith AN, Busuttil A. Correlation of clinical and manometric abnor-

malities of rectal function following chronic radiation injury. Br J Surg 1985; 72: 

875-8.

 19.  Sun WM, Donnelly TC, Read NW. Utility of a combined test of anorectal mano-

metry, electromyography, and sensation in determining the mechanism of  

‘idiopathic’ faecal incontinence. Gut 1992; 33: 807-13.

 20.  Broens PM, Penninckx FM, Lestar B, Kerremans RP. The trigger for rectal filling 

sensation. Int J Colorectal Dis 1994; 9: 1-4.

 21.  Christensen J. The motility of the colon. In: Johnson LR eds. Physiology of the  

Gastrointestinal Tract. New York: Raven Press, 1994: 991-1024.

 22.  Rao SS. Constipation. In: Rao SS, Conklin JL, Johlin FC, Murray JA, Schulze-

Delrieu KS, Summers RW eds. Gastrointestinal Motility, test and problem-oriented 

approach. New York: Kluwer Academic/ Plenum Publishers, 1999: 197-212.

 23.  Debas HT. Small and large intestine. In: Debas HT eds. Gastrointestinal Surgery: 

pathophysiology and management. New York: Springer-Verlag, 2004: 239-310.

 24.  Van Duijvendijk P, Slors JF, Taat CW, Van Tets WF, Van Tienhoven G, Obertop 

H, Boeckxstaens GE. Prospective evaluation  of anorectal  function after total 

mesorectal excision for rectal carcinoma with or without preoperative radiotherapy. 

Am J Gastroenterol 2002; 97: 2282-9.

 25.  Van Duijvendijk P, Slors JF, Taat CW, Heisterkamp SH, Obertop H, Boeckxstaens 

GE. A prospective evaluation of anorectal function after total mesorectal excision 

in patients with rectal carcinoma. Surgery 2003: 133: 56-65.



58 59

Functional outcome after rectal surgery Neorectal irritability after short term preoperative radiotherapy and surgical resection for rectal cancer

 26.  Akervall S, Fasth S, Nordgren S, Oresland T, Hulten L. Rectal reservoir and sensory 

function studied by graded isobaric distension in normal man. Gut 1989; 85: 496-

502.

 27.  Bakx R, Sprangers MA, Oort FJ, Van Tets WF, Bemelman WA, Slors JF, Van Lan-

schot JJ. Development and validation of a colorectal functional outcome question-

naire. Int J Colorectal Dis 2005; 20: 126-36.

 28.  Whitehead WE, Delvaux M. Standardization of barostat procedures for testing 

smooth muscle tone and sensory threshold in the gastrointestinal tract. The Wor-

king Team of Glaxo-Wellcome Research, UK. Dig Dis Sci 1997; 42: 223-41.

 29.  Sun WM, Read NW, Prior A, Daly JA, Cheah SK, Grundy D. Sensory and motor 

responses to rectal distension vary according to rate and pattern of balloon infla-

tion. Gastroenterology 1990; 99: 1008-15.

 30.  Lindstrom ML, Bates DM. Nonlinear mixed effects models for repeated measures 

data. Biometrics 1990; 46: 673-87.

 31.  Davidian M, Giltinan DM. Nonlinear mixed effects models for repeated measure-

ment data. Chapman and Hall; 1995.

 32.   Voskuijl WP, van Ginkel R, Benninga MA, Hart GA, Taminiau JA, Boeckxstaens 

GE. New insight into rectal function in pediatric defecation disorders: disturbed 

rectal compliance is an essential mechanism in pediatric constipation. J Pediatr 

2006;148:62-7.

 33.  Lynn PA, Olsson C, Zagorodnyuk V, Costa M, Brookes SJ. Rectal intraganglionic 

laminar endings are transduction sites of extrinsic mechanoreceptors in guinea pig 

rectum. Gastroenterology 2003; 125: 786-94.

  34.   Kwan CL, Davis KD, Mikula K, Diamant NE. Abnormal rectal motor physiology in 

patients with irritable bowel syndrome. Neurogastroenterol Motil 2004; 16: 251-63.

 35.   Corsetti M, Gevers AM, Caenepeel P, Tack J. The role of tension receptors in colo-

nic mechanosensitivity in humans. Gut 2004; 53: 1787-93.

 36.  Lomax AE, Furness JB. Neurochemical classification of enteric neurons in the 

guinea-pig distal colon. Cell Tissue Res 2000; 302: 59-72

 37.  Neunlist M, Michel K, Aube AC, Galmiche JP, Schemann M. Projections of exci-

tatory and inhibitory motor neurons to the circular and longitudinal muscle of the 

guinea-pig colon. Cell Tissue Res 2001; 305: 325-30.

 38.  Smith TK, Oliver GR, Hennig GW, O’Shea DM, Vanden Berghe P, Kang SH,  

Spencer NJ. A smooth muscle tone-dependent stretch-activated migrating motor 

pattern in isolated guinea-pig distal colon. J Physiol 2003; 551.3: 955-69.

 39.  Spencer NJ, Hennig GW, Smith TK. A rhythmic motor pattern activated by cir-

cumferential stretch in guinea-pig distal colon. J Physiol 2002; 545.2: 629-48.

 40.  Bayliss WM, Starling EH. The movement and innervation of the small intestine.  

J Physiol 1899; 24: 99-143.

 41.  Bayliss WM, Starling EH. The movement and innervation of the large intestine.  

J Physiol 1900; 26: 107-18.

 42.  Sun WM, Hasler WL, Lien HC et al. Nizatidine enhances the gastrocolonic  

response and the colonic peristaltic reflex in humans. J Pharmacol Exp Ther 2001; 

299:159-163.

   43.   Herbst F, Kamm MA, Morris GP et al. Gastrointestinal transit and prolonged am-

bulatory colonic motility in health and faecal incontinence. Gut 1997; 41:381-389.

   44.   Ng C, Danta M, Prott G, Badcock CA, Kellow J, Malcolm A. Modulatory  

influences on antegrade and retrograde tonic reflexes in the colon and rectum.  

Am J Physiol Gastrointest Liver Physiol. 2004: 287: 962-6.

 45.  Lazorthes F, Fages P, Chiotasso P, Lemozy J, Bloom E. Resection of the rectum with 

construction of a colonic reservoir and coloanal anastomosis for carcinoma of the 

rectum. Br J Surg 1986; 73: 136-8.

 46.  Parc R, Tiret E, Frileux P, Moszkowski E, Loygeu J. Resection and coloanal  

anastomosis with colonic reservoir for rectal carcinoma. Br J Surg 1986; 73: 139-41.

 47.  Mantyh CR, Hull TL, Fazio VW. Coloplasty in low colorectal anastomosis:  

manometric functional comparison with straight and colonic J-pouch anastomosis. 

Dis Colon Rectum 2001; 44: 37-42.

 48.  Ho YH, Seow-Cheon F, Tan M. Colonic J-pouch function at six months versus 

straight coloanal anastomosis at twp years: randomised controlled trial. World  

J Surg 2001; 25: 876-81.

 49.  Lin JK, Wang HS, Yang SH, Jiang JK, Chen WS, Lin TC. Comparison between 

straight and J-pouch coloanal anstomoses in surgery for rectal cancer. Surg Today 

2002; 32: 487-92.

   50.   Huber FT, Herter B, Siewert JR. Colonic pouch vs. side-to-end anastomosis in low 

anterior resection. Dis Colon Rectum: 1999; 42: 896-902

 51.  Mochiki E, Nakabayashi T, Suzuki H, Haga N, Fujita K, Asao T, Kuwano H.  

Barostat examination of proximal site of the anastomosis in patients with rectal 

cancer after low anterior resection. World J Surg 2001; 25: 1377-82.



Chapter 3

 A. Doeksen

J.A.H. Gooszen

P.J. Tanis

R. Bakx  

 P. van Duijvendijk

J.J.B. van Lanschot

J.F.M. SlorsSubmitted  

Sexual and urinary 
functioning after rectal 
surgery: a prospective 
comparative study with long 
term follow-up



62

Functional outcome after rectal surgery

63

Sexual and urinary functioning after rectal surgery: a prospective comparative study with long term  
follow-up

AbStrACt

Purpose:  The purpose of this study was to prospectively compare rectal resection with 

colonic resection on sexual, urinary and bowel function and quality of life in both 

short and long term. 

Methods: Eighty-three patients who underwent a rectal resection (RR) were compared 

to 53 patients who underwent a colonic resection leaving the rectum in situ (RIS). A 

questionnaire assessing sexual, urinary and bowel functioning, with a quality of life 

questionnaire (SF-36) was sent to all participants preoperatively, 3 and 12 months 

postoperatively and approximately eight years after the onset of the study. 

Results: Short term dysfunction included diminished sexual activity in female RR 

patients at three months and significantly more erectile dysfunction in RR patients 

one year postoperatively. Long term dysfunction included more frequent and more 

severe erectile dysfunction in RR patients as compared to RIS patients. These short 

and long term outcomes did not influence overall quality of life. The incidence of 

urinary dysfunction was comparable between both groups. Bowel functioning was 

significantly better in the RIS group as compared to the RR group three months and 

one year postoperatively.

Conclusions: Patients who underwent a rectal resection experienced up to one year 

postoperatively more sexual and bowel function problems than RIS patients.  

However, short and long term dysfunction did not influence overall quality of life. 

Erectile dysfunction in male RR patients persisted in time, whereas other aspects of 

sexual, urinary and bowel function after rectal resection and colonic resection are 

similar after a median follow-up of 8.5 years.

iNtrOduCtiON

 In recent years, rectal surgery has changed dramatically. It has progressed 

from removal of the rectum and anus with a permanent colostomy to the present era 

with total mesorectal excision (TME) and sphincter saving surgery.1 Improvements in 

treatment and early detection of rectal cancer indicate that more patients will live with 

the consequences of this disease.2,3 Mesorectal excision improves oncological results 

but it may result in decreased sexual, urogenital and anorectal function,4 unless care-

ful attention is given to nerve preservation.5

 In the Western world, similar increasing incidences are seen for inflamma-

tory bowel disease (IBD).6 Although reports are inconsistent to what extend surgery 

is required for IBD, resections for benign disease are performed according to the total 

mesorectal excision principle. Therefore, this group of patients is also at risk for nerve 

damage, which can consequently cause functional disorders postoperatively. The 

impact of functional disorders, for example loss of sexual function, is probably even 

greater after surgery for benign disease in younger patients, although the risk of post-

operative disorders is considerably lower in this population.7

 The awareness and a better understanding of sexual and bladder physiology8 

and pelvic anatomy7,9,10 has shifted the focus of research towards nerve preserving 

techniques with as main clinical endpoints functional results and quality of life. 

However, the importance of the topic is not reflected in the relatively scarce available 

studies. Moreover, previous studies are difficult to interpret because data were often 

retrospectively collected and therefore, baseline function was not available. 

Therefore, the aim of the present study was to prospectively compare the long term 

sexual and urinary function between patients who underwent a rectal resection accor-

ding to TME principles and a control group of patients after either a hemi- or subtotal 

colectomy or an ileocolic resection. Bowel function and quality of life were secondary 

endpoints. 

mAteriALS ANd methOdS

 Between 1997 and 2000, patients of 16 years and older who underwent a rectal 

or colonic resection at the Academic Medical Centre in Amsterdam, the Netherlands 

were included in the study. Patients who underwent an emergency procedure were not 

included in the study, as were patients scheduled for a sigmoidal resection. Further-

more, patients who received postoperative radiotherapy were excluded from the study. 

To enable comparison with baseline results, only patients who returned their preope-
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rative questionnaires were eligible. A total of 136 patients (63 males and 73 females) 

with a written informed consent were included: 83 patients in the rectal resection 

group (RR) and 53 in the colonic resection group with the rectum in situ (RIS). All 

patients received the treatment according to the group they were allocated for.

 At the onset of this study, surgery without preoperative radiotherapy was the 

standard treatment for operable rectal cancer. For this reason and the fact that a large 

proportion of the patients were operated for inflammatory bowel disease, none of the 

patients were irradiated preoperatively. All rectal resection patients were operated  

according to the TME technique. Patient characteristics are listed in Table 1. 

 Questionnaires were sent to all patients preoperatively, and 3 and 12 months 

postoperatively. All patients were contacted again after a median follow-up of eight 

years and six months (range 7 – 10 years), and asked to fill in the same questionnaire. 

General practitioners and local authorities were contacted to ask whether patients 

were still alive and to provide address information in order to minimise loss to follow-

up. Details about the study cohort and the response rates at the different time points 

are listed in Figure 1. 

  

 To assess sexual and urinary functioning, a questionnaire containing specific 

questions on sexual and urinary function was sent to all patients preoperatively, at  

3 and 12 months after the operation and after at least seven years. This disease-related 

questionnaire contained 26 questions subdivided in two subscales: sexual functioning 

(20 items) and micturition (6 items). Patients were asked about sexual activity, body 

image and sexual enjoyment (7 items) with additional questions for females (sexual 

arousal, dyspareunia, orgasm, incontinence during intercourse (6 items)) and males 

(erection, retrograde ejaculation, incontinence during intercourse (7 items)). To assess 

urinary functioning patients were asked about frequency (3 items) and incontinence 

(3 items). All questions described 3 to 5 possible answers; these answers were scored 

in a 0 - 5 range, with higher scores indicating more functional problems.

Functional outcome after rectal surgery Sexual and urinary functioning after rectal surgery: a prospective comparative study with long term  
follow-up

Table 1    Patient characteristics

Characteristic rectum resection (RR) rectum in situ (RIS)
   n=83  n=53 

Age (median (range)) years  47 (20-81)  41 (18-76)
Gender (male : female)  45 : 38  18 : 35
Primary diagnosis
 Benigna  58  39
 Malignant  25  14
Presence of a stoma
 Preoperatively  25/84  1/55
 3 months p.o.b  28/78  6/43
 12 months p.o.b  12/65  3/38
 After long term follow-up  13/58  4/37
Type of surgery
 Abdominoperineal resection  2  -
 Intersphincteric resection  10 -
 Ileal pouch-anal anastomosis  46  -
 Low anterior resection  25 -
 Left hemicolectomy  -  4
 Right hemicolectomy  -  9
 Ileocolic resection  -  30
 Subtotal colectomy  -  10 

a  Inflammatory bowel disease (IBD) was diagnosed in 43/83 of patients in the RR group versus 37/53 patients 
in the RIS group

b p.o. = postoperatively

Figure 1 Study cohort * p.o. = postoperatively  

Study cohort (n=139)
Preoperative

questionnaire	(n=136)

Rectum resection (RR)

Died > 12 months (n=10) Died > 12 months (n=6)

Rectum in situ (RIS)

Rectum resection (n=83)

Questionnaire 3 months p.o. (n=83)
Response rate 94% (78/83)

Questionnaire 12 months p.o. (n=81)
Response rate 80% (65/81)

Questionnaire 3 months p.o. (n=53)
Response rate 81% (43/53)

Questionnaire 12 months p.o. (n=52)
Response rate 70% (38/52)

Questionnaire long term (n=71)
Response rate 82% (58/71)
•	death	(n=12)
•	lost	to	follow-up	(n=6)
•	declined	follow-up	(n=7)

Questionnaire long term (n=46)
Response rate 80% (n=37/46)
•	death	(n=7)
•	lost	to	follow-up	(n=3)
•	declined	follow-up	(n=6)

Rectum in situ (n=53)

Died 3-12 months (n=2) Died 3-12 months (n=1)
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 Bowel function was assessed by 12 items (the number of stools during the 

day and at night, stool consistency, soiling or incontinence during the day or at night, 

incontinence for gas, ability to distinguish between flatus and faeces, need for antidi-

arrhoeal medication, dietary restrictions, and incidence of perianal skin irritation), 

which were formulated as three- to five-option multiple-choice questions. These 

scores were adjusted to create a composite score that not only focussed exclusively on 

incontinence but also covered the complete bowel function, and were analysed by the 

validated Gastro-Intestinal Functional Outcome (GIFO) score.11 The resulting GIFO 

score was linearly transformed to fit in a score range from 0 - 100, with higher scores 

indicating a better overall function. 

 Patients were instructed to answer the questions based on the last three 

months at all time points. In the first item of the questionnaire assessing sexual func-

tion, patients were asked if they had been sexually active in the last three months. If 

the answer was negative, patients continued with the questionnaire assessing urinary 

function and bowel function. Bowel function could only be assessed in the absence of 

a stoma.

 Furthermore, all patients received a general quality of life questionnaire  

(SF-36) at all time points. The SF-36 is a validated, widely used questionnaire in post-

operative patients, consisting of eight multi-item scales: physical functioning (PF), 

role physical (RP), bodily pain (BP), general health perception (GH), vitality (VT), 

social functioning (SF), role emotional (RE), and mental health (MH).  

The scores are linearly transformed to fit in a score range from 0 - 100 with higher 

scores indicating better health-related quality of life status.12 Results of the study 

population were compared with the general population (n = 1742) using data from a 

study by Aaronson et al. This study translated and validated the SF-36 health survey 

for the Dutch population.13 

 Statistical Analysis

 Patients were instructed to answer the questions based on the last three 

months at all time points. In the first item of the questionnaire assessing sexual func-

tion, patients were asked if they had been sexually active in the last three months. If 

the answer was negative, patients continued with the questionnaires assessing urinary 

function and bowel function. Male and female patients were analysed separately for 

sexual functioning. Furthermore, postoperative deterioration of sexual functioning 

was evaluated. In order to do so, relative dysfunction scores were obtained by subtrac-

ting the baseline-score from the score at each subsequent time-point. For each patient, 

the postoperative relative scores with respect to the several items in the questionnaire 

were calculated. In this way, even patients who filled in one postoperative questionnai-

re could be evaluated. Bowel function could only be assessed in the absence of a stoma.

 Demographic data were expressed as percentages for categorical data, as mean 

and standard deviation (SD) for normally distributed numerical data and as median 

and range, for non-normally distributed numerical data. The groups were considered 

to be normally distributed with the Kolmogorov-Smirnov (n>50) or Shapiro-Wilk 

(n<50) score of >0.05. The Mann-Whitney- and independent sample t-test were used 

to compare data between the two groups. To analyse changes in outcome parameters 

over time within each group separately, the Wilcoxon test and the paired-sample t-test 

were used. T-test was applied when both groups were normally distributed and the 

Mann-Whitney or Wilcoxon test was used in the remaining cases. As the percentages 

of missing surveys were not significantly different between the RR and the RIS group, 

analysis was performed for the subset of patients that returned the questionnaire. For 

all analyses, a p-value less than 0.05 (two-sided) was considered significant. Statistical 

analyses were performed with Statistical Package for the Social Sciences (SPSS) version 

15.0 (SPSS Inc., Chicago, IL, USA).

reSuLtS

 Sexual Functioning

 Sexual activity declined from a preoperative rate of 73% (59/81) to 57% 

(43/76) at three months postoperatively in the RR group (p=0.002), whereas no signi-

ficant differences between pre- and postoperative sexual activity could be demonstra-

ted in the RIS group (p=0.248; Table 2). After approximately eight years of follow-up, 

no significant difference in sexual activity was seen between both groups. This effect 

appeared to be age-dependent: median age in the sexually active RR group and RIS 

group was 47 (29 - 79) and 43 (27 - 68) years respectively, while a median age in the 

sexually inactive RR group and RIS group was 58 (37 - 78) and 57 (37 - 77) years, 

respectively (p<0.001). The most profound decrease in sexual activity was found in 

female patients of the RR group at three months postoperatively. 

 Two of the 12 patients reported regular dyspareunia at three months postopera-

tively, while only 1 of 22 patients experienced regular dyspareunia preoperatively (Figure 

2A). Although most females experienced diminished physical arousal, this problem was 

seen at all time points in both groups, and the majority of female participants stated to be 

satisfied with their sexual life. The ability to have orgasms did not change among female 

patients in both the RR and the RIS group. Faecal incontinence during sexual intercourse 

was not frequently reported and did not have a major influence on sexual activity. 
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 Male sexual function was more impaired in the RR group. Five of 32 patients 

in the RR group experienced erectile dysfunction regularly at twelve months and 

another three patients reported that erectile dysfunction occurred at all times. Thus, 

eight of the male RR patients experienced severe erectile dysfunction at twelve months 

postoperatively, whereas this problem was reported by 1 of 37 patients preoperatively 

(p=0.025). Severe erectile dysfunction persisted in 8 of 22 patients in the RR group 

after long term follow-up, whereas no such dysfunction was reported in the RIS group 

(p=0.001; Figure 2B). Besides erection failures, patients who underwent rectal resec-

tion experienced less sufficiency of the erection and a shorter duration of the erection. 

At twelve months and long term follow-up, 4 and 5 patients in the RR group reported 

to experience less sufficiency of the erection and a shorter duration of the erection at 

all times, compared with two patients (one in each group) reporting regular insuf-

ficiency and a regular shorter duration of the erection preoperatively (p=0.010). Pain 

during an orgasm was reported incidentally; preoperatively in 3 of 47 male patients 

and at three months in 9 of 40 male patients (p=0.046), mainly in the RR group. None 

of the patients in the RR group experienced retrograde ejaculation preoperatively, but 

at twelve months postoperatively, three of 32 patients reported that retrograde ejacu-

lation occurred at all times. In those patients not reporting any retrograde ejaculation 

or erectile dysfunction, sexual function was comparable with control patients in the 

RIS group. Preoperative questionnaires showed that none of the male patients expe-

rienced orgasm failures in both groups. At three months after rectal resection, one 

of 31 males lost the ability to have an orgasm, with orgasm failures at one year in 3 of 

32 males. Orgasm failure was also seen in the RIS group: one male patient reported 

regular orgasm failure at three and twelve months postoperatively. 

 Sexual functional disturbances did not result in significant differences regar-

ding body image, sexual satisfaction and the ability to have orgasms between the two 

groups, neither in female nor in male patients. 

Figure 2A

Figure 2B Sexual dysfunctions over time comparing dyspareunia in females in the rectum resection 
(RR) group with the rectum in situ (RIS) group, and erectile dysfunctions in males in the rectum resec-
tion (RR) group with the rectum in situ (RIS) group. The height of the grouped bars for each time-point 
represent total number of patients.
* p < 0.05, Wilcoxon test: preoperatively versus 12 months postoperatively and long term
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Table 2     Sexual activity over time comparing female and male patients of both the rectum resection (RR) 
and rectum in situ (RIS) group

Total number of patientsa  Preoperative  3 months  12 months  Long term
   136 (83:53)  136 (83:53)  133 (81 : 52)  117 (71:46)

Rectum resection (RR)  59/81  43/76  47/62  38/58
Rectum in situ (RIS)  36/53  27/41  25/37  22/37
Total number of femalesa  73 (38:35)  73 (38:35)  72 (38:34)  65 (35:30)
Females RR  22/37  12/35*  15/27  16/29
Females RIS  26/35  18/27  17/25  13/23
Total number of malesa  63 (45:18)  63 (45:18)  61 (43:18)  52 (36:16)
Males RR   37/44  31/41  32/35  22/29
Males RIS   10/18  9/14  8/12  9/14

aRR : RIS
* p < 0.05, Wilcoxon test: preoperatively versus 3 months postoperatively
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 Urinary Functioning

 The degree of urinary incontinence as reported in the RR and RIS group at 

each time interval was not significantly different, as displayed in Figure 3. Although 

an absolute decrease of urinary continence of 11% in the RR group (68/80 to 43/58)  

and 15% in the RIS group (45/53 to 26/37) was observed after a median interval of 

eight and a half years, no significant impact of colorectal surgery on overall urinary 

functioning could be demonstrated. 

 Bowel Functioning

 Bowel function was significantly diminished in RR patients as compared to 

RIS patients at three months, with a mean score of 62 (± 9)  and 74 (± 8) respectively 

(p=0.001). These differences were still significant after one year of follow-up, with a mean 

score of 63 (± 11) and 72 (± 9), respectively (p=0.001). After a median time interval of 

eight and a half years from initial surgery, bowel function was similar in both groups, 

with a mean score of 65 (± 10) in the RR group and 69 (± 10) in the RIS group (Figure 4).

 Quality of Life

 Overall quality of life preoperatively, at three and twelve months postopera-

tively and after long term follow-up, is shown in Figure 5. Preoperatively, quality of 

life in the RR group was significantly better than the RIS group in all but one (PF) 

Functional outcome after rectal surgery Sexual and urinary functioning after rectal surgery: a prospective comparative study with long term  
follow-up

Figure 3 Urinary incontinence over time comparing the rectum resection (RR) group with the rectum in 
situ (RIS) group. The height of the grouped bars for each time-point represent total number of patients.
*  Absolute decrease of urinary continence from preoperative to last point of follow-up of 11% (68/80 to 

43/58) and 15% (45/53 to 26/37) for the RR and RIS group respectively

Figure 5 Overall quality of life scores of the general population16 versus the rectum resection (RR) and 
rectum in situ (RIS) group, at different time points. The SF-36 scores are linearly transformed to fit in 
a score range from 0 to 100 with higher scores indicating a better health-related quality of life status. 
Significance was tested by the Wilcoxon test (p < 0.05)

*  Significant differences between the RR compared to the RIS group. Preoperatively, quality of life in 
the RR group was significantly better than the RIS group in all but one (PF) subscales.

±  Significant differences between the RR/RIS group compared to the general population. In compari-
son with the general population, the preoperative scores from the RR group were significantly lower 
in three subscales (RP, GH, RE), whereas quality of life in the RIS group was significantly lower in all 
subscales

Figure 4 Bowel functioning over time comparing the rectum resection (RR) group and the rectum 
in situ (RIS) group * p < 0.01 Mann Whitney and Independent samples test RR vs. RIS, ‡ p < 0.01 
Wilcoxon test 3 months vs. 12 months RR group, † The scores are linearly transformed to fit in a score 
range from 0 – 100 with lower scores indicating more bowel function problems
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subscale. Three and twelve months after surgery only the 'general health perception' 

subscale was significantly better in the RR group compared to the RIS group. At a me-

dian time interval of 8 years and six months after surgery, no significant differences 

between the RR and RIS group were found. 

 The quality of life scores over time within the RR group showed that only the 

‘role physical’ subscale was significantly diminished at three months after surgery in 

comparison with the preoperative results. Six of eight scales demonstrated significant 

improvement at twelve months compared to corresponding scores at three months 

postoperatively within the RR group (PF, RP, BP, VT, SF and MH). After more than 

eight years of follow-up, quality of life deteriorated as compared to the twelve months 

results in six of eight scales (RP, BP, GH, VT, SF, MH). Within the RIS group, five 

of eight subscales improved at three months postoperatively in comparison with the 

preoperative scores (RP, BP, VT, SF, MH). From three to twelve months the ‘role phy-

sical’ scale improved significantly. More than eight years after surgery, quality of life 

was not significantly deteriorated in the RIS group, compared to the twelve months 

results.

 Figure 5 demonstrates the quality of life results from the general population 

and the results from the RR and RIS group. In comparison with the general popu-

lation, the preoperative scores from the RR group were significantly lower in three 

subscales (RP, GH, RE), whereas quality of life in the RIS group was significantly 

lower in all subscales. After three months, both the RR and RIS group scored lower in 

three subscales (RP, GH, RE), compared with the general population. Twelve months 

postoperatively, one (RP) and two (RP, GH) subscales were worse than the general po-

pulation in the RR and RIS group respectively. This difference was still seen after long 

term follow-up: two subscales were worse in both groups (RP, GH) and one additional 

scale was scored worse in the RIS group (RE).

    

diSCuSSiON

 In the present analysis, the long term functional results of rectal resection could 

be reliably assessed because of the high response rate of more than 80% (95/118 patients 

alive) with a median follow-up of 8.5 years from surgical intervention. This study de-

monstrates a significant increase of male sexual dysfunction and female sexual inacti-

vity after rectal surgery in comparison with patients who underwent abdominal surgery 

without dissection in the pelvic cavity. After long term follow-up, male erectile function 

after rectal resection was still significantly diminished, whereas other sexual and blad-

der functions were similar in both groups and comparable to preoperative functioning.   

Functional outcome after rectal surgery Sexual and urinary functioning after rectal surgery: a prospective comparative study with long term  
follow-up

 To our knowledge there are no prospective trials with sexual and urinary 

functional disorders after rectal surgery as a primary endpoint. Furthermore the 

retrospective nature of historical studies with the lack of baseline variables, limits the 

interpretation of previous results. However, we are aware of some shortcomings of the 

present trial. By evaluating the impact of surgery alone on sexual, urinary and bowel 

function we assessed patients who underwent TME for benign or malignant disease. 

We believe our data are not confounded, as rectal resection patients were all opera-

ted according to the same technique (TME). Sexual dysfunction can be influenced 

postoperatively by other factors than surgery alone, such as the recovery period after 

surgery, coping with disease and body image. These factors are temporary, and are 

not influencing results after a long term follow-up. In case of partial nerve damage, 

initial dysfunction can temporarily be reduced, but can recover in the first years after 

the initial operation. Therefore, a long term follow-up of approximately eight years is 

valuable and mandatory to assess whether the reduced function is definite or not.

 At the onset of this study, validated questionnaires concerning specific sexual 

problems were not available yet. Therefore, after consultation of the department of 

Sexology we used a Dutch questionnaire to evaluate sexual and urinary function and 

compared results between and within groups to baseline scores. 

 Another shortcoming is caused by missing surveys: the fact that patients with 

a stoma or patients who are sexually inactive can not answer the questionnaire resul-

ted in a relatively small number of patients. This might be an explanation for the fact 

that trends in certain functional disorders did not reach statistical significance. Avoi-

dance to communicate about sexual problems is a known problem in most studies 

conducted on this subject.2 By excluding sexually inactive patients in the present trial, 

response rates to the questionnaire assessing sexual function were similar to response 

rates to the other questionnaires, thereby limiting the possible bias. 

 Decreased sexual activity was found after rectal resection, both in male and 

female patients, but sexual activity returned to baseline levels after one year of follow-

up. Although reasons for sexual inactivity were not reported, it might be related to 

the frequently reported dyspareunia after rectal resection, which persisted even after 

long term follow-up. A retrospective study on sexual health in women following pelvic 

surgery for rectal cancer reported a significant influence on functional problems, but 

this study had a response rate of only 37%.17 Another retrospective study, with a high 

response rate of 81%, reported a decrease in sexual activity from 61% preoperatively 

to 32% postoperatively in female patients,18 which is similar to our findings. More 

recently, a prospective trial of sexual dysfunction after rectal cancer treatment repor-
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ted an incidence of male sexual dysfunction of approximately 76% and female sexual 

dysfunction of approximately 59%.19

 In the present study, 3 of 32 male patients experienced retrograde ejaculation 

at all times, and 8 of 32 patients reported severe erectile dysfunction one year after 

rectal resection. This seems to be comparable with other studies. A prospective study 

evaluated 29 male patients for functional disorders after rectal resection, by compa-

ring baseline with postoperative results. Thirty percent experienced sexual dysfunc-

tion postoperatively;20 no long term follow-up data were available. In a review of 13 

mainly retrospective studies, erectile dysfunction was recorded in 20% of patients and 

in eight of these studies loss of ejaculation occurred in 40% of patients after sphincter 

saving surgery for rectal cancer. Preoperative radiotherapy, which might contribute to 

this high rate of sexual dysfunction, was not reported in all but one of these studies. 

The results for benign disease are better, especially after the introduction of the resto-

rative proctocolectomy, with erectile dysfunction rates of 0-4% and loss of ejaculation 

in 0-17%.9

 The low rate of urinary problems in the present study is in contrast to the 

literature. The occurrence of minor or moderate urinary symptoms early after TME 

has been reported in up to 35% of patients, but little is known about long term blad-

der function.21-25 Theoretically, urinary symptoms such as voiding are associated with 

damage to the parasympathetic nerves leading to detrusor denervation and decreased 

sensitivity of the bladder. Long term improvement can be expected by a high degree of 

reversibility of partially damaged nerves and functional compensation by unimpaired 

nerve pathways.26,27 

 Deprived bowel functioning is a well acknowledged phenomenon after rectal 

surgery,6,28,29 In the present study we also found major bowel dysfunction early after 

rectal resection. After more than eight years of adjustment, these differences were no 

longer significant when compared to the control group.  

 In this study, we could not demonstrate a significant influence of impaired 

function on quality of life. By comparing our baseline results for quality of life, the 

preoperative scores of the RIS group were significantly worse for all but one subscale 

(physical functioning PF) as compared to the RR group. Possibly, the large proportion 

of inflammatory bowel disease in the control group is explaining this finding. This 

difference in quality of life was less clear after three months, and was no longer pre-

sent after more than eight years. Preoperative scores for quality of life were, as expec-

ted, lower than scores of the general population. Apparently, not only the functional 

outcome of the operation is causing a reduction in quality of life, but the patient’s 

underlying disease and the need for colorectal surgery as well.  

Conclusion: Short term dysfunction after rectal resection included diminished sexual 

activity in female patients at three months and significantly more erectile dysfunc-

tion in male patients one year postoperatively. Long term dysfunction included more 

frequent and more severe erectile dysfunction in RR patients as compared to RIS 

patients. Other aspects of sexual, urinary and bowel function after rectal resection 

and colonic resection are similar, both in the short term as after a median follow-up of 

8.5 years.
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Factors determining delay in relaparotomy for anastomotic leakage after colorectal resection

AbStrACt

Aim: To analyse the time interval (‘delay’) between the first occurrence of clinical 

parameters associated with anastomotic leakage after colorectal resection and

subsequent relaparotomy.

Methods: In 36 out of 289 consecutive patients with colorectal anastomosis, leakage 

was confirmed at relaparotomy. The medical records of these patients were retrospec-

tively analysed and type and time of appearance of clinical parameters suggestive of

anastomotic leakage were recorded. These parameters included heart rate, body tem-

perature, local or generalised peritoneal reaction, leucocytosis, ileus and delayed gas-

tric emptying. Factors influencing delay of relaparotomy and consequences of delayed 

recognition and treatment were determined.

Results: First documentation of at least one of the predefined parameters for anasto-

motic leakage was after a median interval of 4 ± 1.7 d after the operation. The median 

number of days between first parameter(s) associated with leakage and relaparotomy 

was 3.5 ± 5.7 d. The time interval between the first signs of leakage and relaparotomy 

was significantly longer when a weekend was included (4.2 d vs 2.4 d, p = 0.021) or

radiological evaluation proved to be false-negative (8.1 d vs 3.5 d, p = 0.007). 

No significant association between delay and number of additional relaparotomies, 

hospital stay or mortality could be demonstrated.

Conclusion: An intervening weekend and negative diagnostic imaging reports may 

contribute to a delay in diagnosis and relaparotomy for anastomotic leakage.

That delay was more than two days in two-thirds of the patients.

iNtrOduCtiON

 Anastomotic leakage after colorectal resection is an adverse event with a tre-

mendous impact on morbidity, mortality and quality of life. Mortality rates of more 

than 30% in patients who developed anastomotic leakage have been reported in the 

literature.1-6 Clinically symptomatic leakage often requires one or more operative rein-

terventions with frequent need for intensive care admission and prolonged hospital 

stay. When a stoma is constructed at reexploration, this is meant to be temporary but 

often appears to be permanent. In those patients whose bowel continuity is restored, 

late functional consequences may be encountered.7

 

 Many studies have concentrated on risk factors for anastomotic leakage, inclu-

ding comorbidity and surgical technique, trying to find ways to prevent leakage in 

high-risk groups.2,4,6,8-11 When leakage occurs, it seems important to detect this com-

plication at an early moment to minimise associated morbidity and mortality.12

However, the clinical diagnosis of anastomotic leakage is often difficult and it may 

only become evident after several days of close observation.13 Little is known about the 

incidence and consequences of a delay in the diagnosis and subsequent treatment of 

anastomotic leakage after colorectal resection. Therefore, we retrospectively

determined time intervals between first clinical signs and relaparotomy and assessed 

risk factors and consequences of a delay in recognition and treatment of anastomotic

leakage.

mAteriALS ANd methOdS

 Between January 2000 and July 2003, 289 consecutive patients underwent an 

ileocolic, colo-colonic or colorectal anastomosis at the Sint Lucas Andreas Hospital, a 

nonuniversity teaching hospital in Amsterdam, the Netherlands.

 There were 158 females and 131 males with a mean age of 69 (range 20-96) 

years. In 15 patients (5%), the anastomosis was performed to restore colonic continui-

ty after previous colostomy, while in the remaining patients the anastomosis was con-

structed immediately following bowel resection. Ileocolonic resection was performed 

in 27 patients (9%), right hemicolectomy in 94 (33%), transverse colonic resection in 

10 (3%), left hemicolectomy in 20 (7%), sigmoidal resection in 72 (25%), and subtotal 

or total colectomy in 7 patients (3%). A low anterior resection was performed in 44 

patients (15%). Patients electively planned for colonic or rectal resection were admit-

ted to the hospital one day before surgery. Bowel preparation was given to patients 

undergoing left-sided resections and consisted of oral phosphate solution. In addition, 
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one enema was given the morning of surgery to patients who underwent low anterior 

resection. Antibiotic prophylaxis consisted of a cephalosporin and metronidazol and 

was given in a single dose during induction of anesthesia. Operations were performed 

by consultant surgeons in 184 patients (64%), and by trainees under supervision in 

105 patients (36%). Type of anastomosis (e.g. end-to-end or end-to-side) depended on 

the preference of the individual surgeon.

 Hand-sewn anastomoses were performed using a one layer continuous suture 

of propylene 3/0 in 209 patients (72%). Stapled anastomoses were performed in 80 pa-

tients (28%). Postoperative oral intake was gradually restarted depending on nausea, 

bowel movements, gastric tube production (if applied), and passage of flatus or stools. 

No fast-track recovery programs were used during the study period. Patient’s tempe-

rature, blood pressure, and heart rate were routinely recorded three times daily. The 

patients were seen by the attending doctor at least once daily during morning rounds, 

even during the weekends. Radiological examination of the anastomosis by contrast 

radiography or computed tomography (CT) was not performed on a routine basis, but 

only when leakage was suspected on clinical grounds.

 For the purpose of this study, simple clinical parameters suggestive of anasto-

motic leakage were identified from the literature,1,14,15 and retrospectively collected 

from the records of patients who developed anastomotic leakage confirmed at relapa-

rotomy. These parameters included tachycardia (heart rate > 100 beats per minute), 

fever (body temperature > 38°C), local or generalised peritoneal reaction during phy-

sical examination, leucocytosis (> 10 × 103/mL), prolonged adynamic ileus (> 2 d) as 

demonstrated by symptoms and signs during physical examination or plane abdomi-

nal radiography, and delayed gastric emptying (increased gastric tube production of

more than 200 mL per day or vomiting necessitating tube reinsertion). In addition, 

the postoperative day of first appearance of any of these parameters was scored,

as well as the first day the attending doctor recognised these signs, resulting in a 

description in the patient’s files. Delay until relaparotomy was calculated from the day 

of first retrospective presence of clinical parameters associated with leakage and from 

the day the possibility of anastomotic leakage was explicitly suggested in the medical 

records by the attending doctor. The following factors were tested for their association 

with delay of relaparotomy for anastomotic leakage: age, sex, body mass index, site 

of anastomosis, radiological examination, and presence of a weekend in the period 

between first appearance of clinical parameter(s) and relaparotomy. To determine 

the influence of a weekend on the delay of relaparotomy, patients with a delay of more 

than seven days were excluded. Consequences of a delay for number of relaparotomies, 

hospital stay, and in-hospital mortality were assessed.

 Statistical analysis

 Univariate analyses using the Mann-Whitney test, F test and X2-test were per-

formed to compare data of two groups. Spearman’s correlation coefficient was used to 

determine the correlation between two continuous variables. Significance was set at  

p ≤ 0.05 (two-sided). Statistical analyses were performed with Statistical Package for 

the Social Sciences software (SPSS, Chicago, IL, USA).

reSuLtS

 Anastomotic leakage was confirmed during relaparotomy in 36 patients.  

Patient and treatment characteristics of the 36 patients are displayed in Table 1. Symp-

tomatic anastomotic leakage occurred despite the presence of a diverting ileostomy 

in three patients after low anterior resection. In three patients, anastomotic leakage 

was not confirmed during first relaparotomy, but only after repeated laparotomy at 

three (‘second look’ at day one, ‘third look’ at day three), 24 and 28 d after the initial 

operation, respectively.  

Table 1    Patient and treatment characteristics of 36 patients with anastomotic leakage confirmed by 
relaparotomy

Characteristic n  %) 

Gender
 Male   21  (58)
 Female   15  (42)
Mean age (range) ( yr)  67  26-87)
Mean Quetelet index (range)  25  (17-43)
American Society of Anesthesiology score 
 1   14 (39)
 2   16  (44)
 3   6  (17)
Comorbidity
 Laparotomy in medical history  14  (39)
 Diabetes mellitus  6  (17)
 Cardiovascular disease  17  (47)
 Preoperative radiotherapy  4  (11)
 Chronic Obstructive Pulmonary Disease  8  (22)
Type of operation
 Ileocolonic resection  5  (14)
 Right hemicolectomy  3  (8)
 Transverse colonic resection  2  (6)
 Left hemicolectomy  1  (3)
 Sigmoidal resection  14  (39)
 Subtotal colectomy  3  (8)
 Anterior resection  7  (19)
 Restoring continuity after colostomy  1 (3) 
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 Apart from irrigation of the contaminated abdominal cavity, the operative 

procedure for leakage consisted of breakdown of the anastomosis and construction of 

a colostomy in 21 patients (58%), a diverting loop-ileostomy in twelve (33%), abscess 

drainage in two (6%), and no additional intervention in one patient (3%).

 For the 36 patients with leakage confirmed at relaparotomy, the incidence and 

median postoperative day of first occurrence of the simple clinical parameters are dis-

played in Table 2. The first appearance of at least one of these signs was after a median 

interval of 4 (± 1.7; range 1-8) d after the operation. This interval was 5 ± 2.3 (range 

2-12) d and 5.5 ± 2.8( range 2-12) d for at least two and three signs, respectively. Rela-

parotomy for anastomotic leakage was performed after a median interval of 7 d after 

initial surgery (± 4.1; range 3-24) d. The median number of days between the first 

occurrence of each specific parameter, at least one parameter, at least two parameters 

and at least three parameters associated with leakage and relaparotomy are displayed 

in Table 3. The median time interval between the presence of at least one positive 

parameter and relaparotomy (‘the delay’) was 3.5 d; 23 relaparotomies for anastomo-

tic leakage (64%) were performed after a delay of more than two days. The median 

Table 3    Incidence and median postoperative day of first occurrence of simple clinical parameters in 36 
patients with anastomotic leakage confirmed at relaparotomy

Signs/symptoms Median delay of SD  Range
First occurrence of: relaparotomy (d)

Tachycardia  2.0  7.2 0-29
Fever   2.8  5.7  0-29
Peritoneal reaction  0.8  2.8  0-8
Leucocytosis  2.0  6.1  0-29
Ileus   1.5  2.4  0-9
Delayed gastric emptying  2.0  5.2  0-25
At least one parameter  3.5  5.7  0-29
At least two parameters  2.5  5.4  0-12
At least three parameters  1.8  5.7  0-8
Doctor’s suggestion of 
leakage in medical record 1.0  5.1  0-29
 

number of days between the attending doctor’s suggestion of anastomotic leakage in 

the medical records and relaparotomy was one day.

 A negative result of either contrast study or CT scanning in nine patients resul-

ted in a significantly longer delay of relaparotomy as shown in Table 4. If a weekend

(Saturday and/or Sunday) was included in the time interval between the first positive 

parameter suggestive of leakage and relaparotomy, delay of relaparotomy was also 

significantly longer in comparison with patients in whom observation and decision 

to reoperate did not take place during a weekend. No other factors determining the 

length of the delay could be demonstrated (Table 4). 

 After the first relaparotomy for anastomotic leakage, one additional laparotomy 

was performed in eight patients (22%) and more than one relaparotomy in another 

10 patients (28%). Although the patients who needed at least one additional relapa-

rotomy did have a longer delay between the first appearance of a clinical parameter 

and the first relaparotomy in comparison with patients who did not need additional 

relaparotomies (6.0 (± 7.6) d vs 3.3 (± 2.4) d), this difference did not reach statistical 

significance (p = 0.52). Patients with anastomotic leakage were admitted to the 

hospital for a mean period of 59 (range 7-259) d. There was no significant correlation 

between the delay of relaparotomy and duration of hospital stay (Spearman’s cor-

relation coefficient 0.16, p = 0.34). Overall in-hospital mortality was 36% (13 of 36 

patients). Delay of relaparotomy for anastomotic leakage was not significantly longer 

Table 2    Incidence and median postoperative day of first occurrence of simple clinical parameters in 36 
patients with anastomotic leakage confirmed at relaparotomy

Variable Incidence Median postoperative 
 (%) day (SD)

Tachycardia (> 100 beats/min)  61  4  (2.6)
Fever (> 38 oC)  67  5  (2.4)
Peritoneal reaction  28  6  (3.7)
Leucocytosis (> 10 × 103/mL)  72  6  (2.5)
Adynamic ileus  47  6  (4.6)
Delayed gastric emptying  67  4  (2.0)

SD: standard deviation

Table 4    Risk factors for prolonged delay of relaparotomy because of anastomotic leakage

Variable    n  Mean delay (d)  p

Age (yr)   < 70  19  4.5  0.71
  ≥ 70  17  4.9
Sex   Male  21  4.5  0.95
  Female  15  4.9
Body mass index (kg/m2)  < 25  181  4.6  0.29
  ≥ 25  14  5.3
Site of anastomosis  Left  25  4.8  0.29
  Right  11  4.3
Radiological examination
performed  Yes  21  6.0  0.051
  No  15  2.7
Outcome of radiological
examination  FN  9  8.1  0.007
  TP/NP  27  3.5
Weekend included in period
between first clinical
parameter and relaparotomy Yes  142  4.2  0.021
  No  18  2.4

FN: false-negative; TP: true-positive; NP: not performed. 1Four missing values, 2Four patients excluded with 
delay of more than seven days. Significance of differences in delay between subgroups is determined using
the Mann-Whitney test.
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in patients who died postoperatively (5.5 ± 5.6 d vs 4.2 ± 5.8 d for patients who did not 

have a delay, p = 0.54).

diSCuSSiON

 Two thirds of relaparotomies were performed more than two days from the 

first appearance of at least one positive parameter suggestive of anastomotic leakage 

with a median delay of 3.5 d. This is similar to the median delay of 4 d in a series of 22 

patients with clinical symptomatic leakage as reported by Sutton et al.13 Even if at least 

three positive parameters were present, it took a median number of 1.8 d until rela-

parotomy for anastomotic leakage was performed in our series. In a study by Alves et 

al.,14 the risk of leakage increased to 67% if three or more signs associated with

anastomotic failure were present. A remarkable finding was the increase in delay when 

signs and symptoms suggestive of leakage appeared just before or during a week-

end. During weekends, all patients are seen by a staff surgeon and a surgical resident 

during morning rounds on Saturday as well as on Sunday. The higher work load, the

absence of the attending surgeon who initially performed the anastomosis, and the 

absence of a plenary discussion of clinical problems by the entire surgical staff during

weekends may explain this disturbing finding.

 The routine use of radiographic imaging in diagnosing anastomotic leakage is 

surrounded by controversies. We found that a negative result of either contrast study 

or CT scanning in nine patients resulted in a significantly longer delay of relaparoto-

my. This observation opens the discussion whether to perform radiographic imaging

before relaparotomy. Nicksa et al.16 retrospectively studied 36 patients who were reope-

rated for anastomotic leakage and found that 3 of the 18 contrast enemas (17%) and 

14 of the 27 CT scans (52%) were false-negative. Another study described 16 patients 

with a clinical anastomotic leakage, in whom four imaging studies (25%) were initi-

ally misinterpreted.17 A similar sensitivity was reported by Akyol et al. in a series of 

233 patients who underwent left sided colonic or colorectal anastomoses. The false- 

negative percentage of a routine water soluble contrast enema in the early postope-

rative period was 22% (11 of 51 patients with anastomotic leakage).18 None of these 

studies describe the impact of imaging on the delay of relaparotomy.

 But what does eventually lead to the decision to perform a relaparotomy?  

Is it one specific parameter that has more impact than some others or is it a speci-

fic combination of positive parameters? Comparing the delay after each individual 

parameter, the presence of peritoneal reaction is the only parameter that resulted in 

surgical intervention within 24 h in most cases. It is unclear whether this symptom 

is so important in surgical decision making or it is just a relatively late sign which in 

combination with other earlier positive parameters makes relaparotomy inevitable. 

The difficulty in clinical decision making is calculating the pre-test chance of an event 

(i.e. anastomotic leakage) based on a number of predictive factors. In addition, a cut-

off point has to be determined at which the optimum is reached in terms of benefit 

of an intervention on the one hand and unnecessary harm on the other. It would 

seem that watchful waiting as long as it is not associated with significant morbidity 

and mortality would be preferable to early relaparotomy and a higher negative re-

exploration rate. The question is at what point the morbidity of waiting outweighs the 

morbidity of operating. Known risk factors, such as the level of anastomosis, chronic 

obstructive pulmonary disease, obesity, the use of steroids, poor nutritional state or 

the need for blood transfusion increase the chance of anastomotic leakage before-

hand.2,4,6,9,10 The finding of adynamic ileus, fever or leucocytosis in high-risk patients 

will further increase the pre-test chance and may facilitate the decision to reoperate 

in these patients. However, one should take into account the risk of false-positivity 

of these clinical parameters which may result in a false-negative reintervention. The 

complete diagnostic evaluation of the clinical parameters identified from the literature 

(including sensitivity, specificity and positive/negative predictive value) was beyond 

the scope of the present study. In the previously mentioned study by Alves et al.,14

clinical parameters suggestive of anastomotic leakage were analysed in 655 patients 

who underwent colorectal resection. They found a significantly higher number of  

patients with fever on day two, absence of bowel action on day four, diarrhea before day 

seven, collection of more than 400 mL of fluid through abdominal drains from day

zero to three, renal failure on day three and leucocytosis after day seven in the group 

in which anastomotic leakage occurred compared with the uncomplicated group. No 

other studies on the incidence and timing of these signs and symptoms have been pu-

blished to our knowledge. Ultimately, a prospective analysis should be performed of

all known risk factors and clinical parameters in order to construct a decision model 

that can help the surgeon to make a weighed choice for the individual patient.

 What can minimise the delay in diagnosis and treatment of anastomotic leaka-

ge besides simple clinical parameters? Radiological examination of the anastomosis

can be misleading.19 Negative contrast studies and/or CT scanning undoubtedly 

result in a longer delay before surgical reintervention. Currently, we prospectively col-

lect data about the additional value of radiological imaging of the anastomosis. A few 

investigational studies have focused on biochemical analysis of effluents of abdominal

drains in patients who underwent colorectal anastomosis. Positive correlations with 

anastomotic leakage were found for lysozyme activity level and endotoxins.20,21 The 

value of these findings in daily clinical practice, however, is probably limited.
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 The finding that patients who ultimately died in the hospital did not have had a 

longer delay of relaparotomy is comparable with observations that were done by Alves 

et al.14 In that study, a non-significantly higher mortality rate was seen in patients who 

were reoperated on or after day five compared to those reoperated before day five.

The absence of a significant association between delay of relaparotomy for anastomo-

tic leakage and mortality is probably just a reflection of the small number of patients 

in both studies. It is our opinion that delay of relaparotomy in a patient with peritoni-

tis should have an impact on outcome and that a more aggressive approach probably 

reduces morbidity and mortality.

 

 In conclusion, although positive clinical parameters associated with anastomo-

tic leakage were observed relatively early in the postoperative period, the final decision 

to perform a relaparotomy took a median of 3.5 extra days. The surgical team must be 

vigilant in the clinical observation of patients in the immediate postoperative period, 

also on weekends, and review carefully the interpretation of diagnostic imaging of 

the anastomosis. Especially patients at an increased risk of anastomotic leakage due to 

comorbidity, septic conditions, technical difficulties, and a distal anastomosis deserve 

a close clinical observation with appropriately timed surgical reintervention.

reFereNCeS

 1.   Efron EF, Vernava III AM. Reoperative surgery for acute colorectal anastomotic 

dehiscence and persistent abdominal sepsis. In: Longo WE, Northover JMA.  

Reoperative colon and rectal surgery. London: Martin Dunitz Ltd, 2003: 1-26 

 2.    Golub R, Golub RW, Cantu R Jr, Stein HD. A multivariate analysis of factors 

contributing to leakage of intestinal anastomoses. J Am Coll Surg 1997;  

184: 364-372

 3.   McArdle CS, McMillan DC, Hole DJ. Impact of anastomotic leakage on long term 

survival of patients undergoing curative resection for colorectal cancer.  

Br J Surg 2005; 92: 1150-1154 

 4.  Rullier E, Laurent C, Garrelon JL, Michel P, Saric J, Parneix M. Risk factors for 

anastomotic leakage after resection of rectal cancer. Br J Surg 1998; 85: 355-358

 5.   Sorensen LT, Jorgensen T, Kirkeby LT, Skovdal J, Vennits B, Wille-Jorgensen P. 

Smoking and alcohol abuse are major risk factors for anastomotic leakage in  

colorectal surgery. Br J Surg 1999; 86: 927-931

 6.   Vignali A, Fazio VW, Lavery IC, Milsom JW, Church JM, Hull TL, Strong SA, 

Oakley JR. Factors associated with the occurrence of leaks in stapled rectal anasto-

moses: a review of 1,014 patients. J Am Coll Surg 1997; 185: 105-113

 7.   Nesbakken A, Nygaard K, Lunde OC. Outcome and late functional results after 

anastomotic leakage following mesorectal excision for rectal cancer.  

Br J Surg 2001; 88: 400-404 

 8.   Alves A, Panis Y, Trancart D, Regimbeau JM, Pocard M, Valleur P. Factors associ-

ated with clinically significant anastomotic leakage after large bowel  

resection: multivariate analysis of 707 patients. World J Surg 2002; 26: 499-502

 9.  Benoist S, Panis Y, Alves A, Valleur P. Impact of obesity on surgical outcomes after 

colorectal resection. Am J Surg 2000; 179: 275-281

 10.   Fawcett A, Shembekar M, Church JS, Vashisht R, Springall RG, Nott DM.  

Smoking, hypertension, and colonic anastomotic healing; a combined clinical and 

histopathological study. Gut 1996; 38: 714-718

 11.   Platell C, Barwood N, Dorfmann G, Makin G. The incidence of anastomotic leaks 

in patients undergoing colorectal surgery. Colorectal Dis 2007; 9: 71-79

 12.   Debas HT, Thomson FB. A critical review of colectomy with anastomosis. Surg 

Gynecol Obstet 1972; 135: 747-752 

 13.  Sutton CD, Marshall LJ, Williams N, Berry DP, Thomas WM, Kelly MJ.  

Colo-rectal anastomotic leakage often masquerades as a cardiac complication.  

Colorectal Dis 2004; 6: 21-22

 14.   Alves A, Panis Y, Pocard M, Regimbeau JM, Valleur P. Management of anastomotic 

leakage after nondiverted large bowel resection. J Am Coll Surg 1999; 189: 554-559

 15.   Eckmann C, Kujath P, Schiedeck TH, Shekarriz H, Bruch HP. Anastomotic 

leakage following low anterior resection: results of a standardised diagnostic and 

therapeutic approach. Int J Colorectal Dis 2004; 19: 128-133

 16.   Nicksa GA, Dring RV, Johnson KH, Sardella WV, Vignati PV, Cohen JL.  

Anastomotic leaks: what is the best diagnostic imaging study? Dis Colon Rectum 

2007; 50: 197-203

 17.   DuBrow RA, David CL, Curley SA. Anastomotic leaks after low anterior resection 

for rectal carcinoma: evaluation with CT and barium enema.  

AJR Am J Roentgenol 1995; 165: 567-571

 18.   Akyol AM, McGregor JR, Galloway DJ, George WD. Early postoperative contrast 

radiology in the assessment of colorectal anastomotic integrity. Int J Colorectal Dis 

1992; 7: 141-143

 19.   Hyman N, Manchester TL, Osler T, Burns B, Cataldo PA. Anastomotic leaks after 

intestinal anastomosis: it’s later than you think. Ann Surg 2007; 245: 254-258

 20.   Junger W, Junger WG, Miller K, Bahrami S, Redl H, Schlag G, Moritz E. Early 

detection of anastomotic leaks after colorectal surgery by measuring endotoxin in 

the drainage fluid. Hepatogastroenterology 1996; 43: 1523-1529

 21.   Miller K, Arrer E, Leitner C. Early detection of anastomotic leaks after low  

anterior resection of the rectum. Dis Colon Rectum 1996; 39: 1081-1085



Chapter 5

A. Doeksen

 P. J. Tanis

A.F.J. Wüst

B.C. Vrouenraets

J.J.B. van Lanschot

W.F. van Tets

Int J of Colorectal Disease. 

2008; Sep; 23(9):863-8

radiological evaluation of 
colorectal anastomoses



94

Colorectal surgery; management of anastomotic dehiscence 

95

Radiological evaluation of colorectal anastomoses

AbStrACt

Background and aims The purpose of this study was to determine the accuracy,  in-

terobserver variability, timing and discordance with relaparotomy of postoperative 

radiological examination of colorectal anastomoses.

Patient/methods From 2000 to 2005, 429 patients underwent an ileocolonic,  colo-

colonic, or colorectal anastomosis. Radiological examination of the anastomosis was 

not performed routinely, but only when there were clinically signs of leakage. Radio-

logical imaging was reviewed by an independent radiologist and medical records were 

retrospectively analysed. Clinical anastomotic leakage was the standard of reference 

and defined as leakage confirmed during relaparotomy, drainage of pus per anum or 

as an anastomotic defect identified at digital examination.

Results Radiological evaluation of the anastomosis was performed in 91 patients 

(21%): CT in 27 patients, contrast radiography in 40, and both imaging modalities 

in 24 patients. The interobserver variability of CT and contrast radiography was 10% 

and 14%, respectively. The sensitivity and negative predictive value of imaging of the 

anastomosis was 65% and 73%, respectively. Anastomotic leakage was found in 11 of 

21 patients (52%) who underwent relaparotomy despite negative imaging. Three of 36 

patients (8%) with a diagnosis of anastomotic leakage based on radiological examina-

tion had an intact anastomosis at relaparotomy.

Conclusion Radiological imaging of the anastomosis after colorectal surgery should be 

restrictively applied and interpreted with caution because of the high false-negative

rate and the substantial interobserver variability. 

iNtrOduCtiON

 Colorectal surgery may be complicated by anastomotic leakage that initially 

may present with mild and difficult to interpret symptoms. It is of utmost importance 

to detect failure of the anastomosis at an early stage to prevent further deterioration of 

the patient’s clinical condition. Symptoms and signs that should raise the suspicion of

anastomotic dehiscence are fever, adynamic ileus, increased fluid collection through  

abdominal drains, renal failure, leukocytosis, and cardiac symptoms.1-4

 In pronounced cases with clinically apparent leaks, there is no need for radiolo-

gical imaging to confirm the diagnosis, but urgent relaparotomy should be performed 

as early intervention in order to avert potential threatening consequences.1 The diag-

nostic challenge is to identify anastomotic leakage early in the postoperative period 

and in those cases with mild or nonspecific symptoms. Because of the relatively low 

specificity of clinical parameters, additional diagnostic tests are often required.1 

Digital examination is a test that can be simply and effectively applied in patients 

with a low rectal anastomosis, although some surgeons are reluctant to perform this 

maneuver as it may interfere with the integrity of the anastomosis.5 The alternatives in 

these patients and in those with a more proximal anastomosis are radiological ima-

ging modalities or endoscopy.6-8

 The primary purpose of the present study was to determine the accuracy of 

radiological imaging (either water-soluble contrast radiography, contrast-enhanced 

computed tomography (CT) or both modalities) in patients with a postoperative 

course suggestive of anastomotic leakage after colorectal resection. Secondary, the 

interobserver variability of radiological imaging of the anastomosis was determined. 

Finally, the timing of occurrence of clinical symptoms suggestive of leakage, radiolo-

gical examination and relaparotomy as well as concordance between radiological and 

operative findings were assessed.

mAteriALS ANd methOdS

 From January 2000 to October 2005, 429 consecutive patients underwent an 

ileocolonic, colo-colonic or colorectal anastomosis at the Sint Lucas Andreas hospital, 

a large community teaching hospital in Amsterdam, the Netherlands. The type of 

resection in these patients is summarised in Table 1. Type of anastomosis was end-to-

end, end-to-side, side-to-end, or side-to-side depending on preferences of the surgeon. 

Radiological examination of the anastomosis was not performed on a routine basis, 

but only when leakage was suspected on clinical grounds.  
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In general, leftsided anastomoses were examined using transanal contrast adminis-

tration with radiographic imaging or CT scanning and the remaining patients under-

went CT scanning with oral and intravenous contrast. 

 Postoperative contrast radiography was performed with water-soluble contrast 

(Iohexol 140 mg I/ml, Omnipaque® GE Healthcare, Salt Lake City, Utah, USA). After 

introduction of a rectum cannula or a Foley catheter contrast was carefully administe-

red under fluoroscopic control. Patients were in a left lateral or supine position at the 

start of the investigation and images were taken at different angles. CT imaging was 

performed on a 4-row multidetector helical CT scanner (Aquilion 4S, Toshiba Medical 

Systems Europe, Zoetermeer, Netherlands). Consecutive 3 mm slices were obtained 

and digitally archived after reconstruction at 2 mm interval to obtain adequate mul-

tiplanar reconstruction interpretation. Patients were prepared with 1 l of oral contrast 

fluid (30 ml megluminejoxitalamaat 300 mg I/ml, Guerbet, France, diluted in 1 l of 

tapwater) in 1 h and intravenous contrast fluid (Iohexol 30 mg I/ml, GE Healthcare), 

100 ml in 50 s. Scanning started with 80 s delay. In patients with distal anastomoses, 

500 to 1,000 ml contrast (30 ml megluminejoxitalamaat, diluted in 1 l of tap water) 

was administrated through a transanal Foley catheter.

 All images were reviewed by a radiologist (AW) blinded for the initial report. 

Evaluation by the independent radiologist was compared with the original reports. In 

case of discrepancies, a final decision was made by concensus. 

 All medical records of the patients in whom radiological imaging of the ana-

stomosis was performed were retrospectively reviewed. The presence or absence of 

anastomotic leakage was determined. Standard of reference was clinical anastomotic 

leakage, which was defined as leakage confirmed during relaparotomy, as drainage of 

pus per anum or as an anastomotic defect identified at digital examination. Radiolo-

gical anastomotic leakage was defined as radiological features suggestive for leakage 

in patients who did not develop clinical leakage. These radiological features were the 

presence of contrast outside the bowel lumen, perianastomotic fluid collections and 

when air was noted directly near the anastomosis or when a pneumoperitoneum was 

seen more than 1 week postoperatively according to Zissin and Gayer.8

 The number of clinical parameters suggestive of anastomotic leakage were 

retrospectively determined. These parameters included tachycardia (heart rate >100 

beats per minute), fever (body temperature >38°C), local or generalised peritoneal 

reaction during physical examination, leukocytosis (>10×103/ml), prolonged adyna-

mic ileus (>2 days postoperatively), and delayed gastric emptying (nasogastric tube 

production of more than 200 ml per day or vomiting necessitating tube reinsertion).2 

In addition, the timing of occurrence of two, three or four clinical parameters, the 

timing of radiological imaging, and the timing of relaparotomy were determined. 

To compare sensitivity and negative predictive value of contrast radiography and CT 

scan, 95% confidence intervals of the differences were determined. If the confidence 

interval did not include zero, the difference between two percentages was considered 

to be statistically significant.

reSuLtS

 Radiological imaging of the anastomosis was performed in 91 of the 429 pa-

tients (21%), whereas the anastomosis was not radiologically evaluated in 25 patients 

with clinically overt anastomotic leakage. The imaging modality was CT in 27 patients 

(30%), contrast radiography in 40 (44%), and both imaging modalities were perfor-

med in 24 patients (26%). No complications of rectally administered contrast were 

observed. One of the contrast radiographies could not be reviewed because of insuf-

ficient archiving. The initial evaluation and the review by the independent radiologist 

differed in eight of 63 valid contrast radiographies (interobserver variability, 13%) and 

in five of 51 CT scans (interobserver variability, 10%) as shown in Table 2.

Table 1    Type of resection of all patients (n=429) who underwent an ileocolonic, colo-colonic or colorectal 
anastomosis

Type of surgery  no.

Ileocolonic resection 36  (8%)
Right hemicolectomy  144  (34%)
Transverse colonic resection  13  (3%)
Left hemicolectomy  35  (8%)
Sigmoidal resection  93  (22%)
Subtotal or total colectomy  9  (2%)
Low anterior resection  82  (19%)
Restore colonic continuity after previous colostomy  17  (4%)

Table 2    Discrepancies between review of independent radiologist and initial report of contrast radiography 
and CT scanning for suspected anastomotic leakage

 Contrast radiography   CT
 (n=63a) (n=51)

Discrepancies with initial report  8 (13%)  5 (10%)
No contrast leakage  3  1
Contrast leakage  1  1
Presacral abscess –  3
Visualisation of side-to-end anastomosis instead of 4 –
contrast leakage
Concordance (% (95%confidence interval)) 87 (77–95)  90 (82–98)

a One missing value because of insufficiently printed imaging

Colorectal surgery; management of anastomotic dehiscence Radiological evaluation of colorectal anastomoses
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 Twenty-four patients underwent both CT scanning and contrast radiography 

and discordancy was found in five patients (21%). Both imaging modalities were  

positive for anastomotic leakage in six patients and all these patients did fulfil the 

criteria of clinical anastomotic leakage. Four of 13 patients (31%) without signs of 

anastomotic leakage by contrast radiography as well as CT scanning did have a clinical 

anastomotic leakage, based on relaparotomy in three of them.

98

 Forty-three of 91 patients who underwent radiological examination of the 

anastomosis had clinical anastomotic leakage based on relaparotomy in 29 patients 

and on transanal drainage of pus or a palpable defect at the level of the anastomosis 

in 14 patients. Adding the 25 patients with anastomotic leakage who did not undergo 

radiological imaging results in an overall leakage rate of 16% (68/ 429). The sensitivity 

and negative predictive value of imaging of the anastomosis in the whole group of 91 

patients was 65% and 73%, respectively (Table 3). The false negative rate of radio-

logical examination was 35% (15/43). Three of 36 patients (8%) with a diagnosis of 

anastomotic leakage based on radiological examination had an intact anastomosis at 

relaparotomy. The sensitivity of contrast radiography was 14% higher than the sensi-

tivity of CT scan (Table 3) but this was not statistically significant based on the 95% 

confidence interval (−12% to 40%).

 Similarly, the negative predictive value was not significantly different between 

contrast radiography and CT scan (difference 10% (−11% to 40%)). Relaparotomy 

was performed in 21 of 55 patients (38%) without features of anastomotic leakage on 

radiological imaging. Anastomotic leakage was found in 11 of those 21 patients (52%).  

The correlation between radiological imaging and clinical presence or absence of 

anastomotic leakage is depicted in Figure 1. Table 4 shows the sensitivity and negative 

predictive value of radiological imaging depending on timing (<7 or ≥7 days post-

operatively) and on the level of the anastomosis (proximal or distal).

Table 3     Correlation between results of radiological examination of the anastomosis and the presence or 
absence of clinical anastomotic leakage for each imaging modality separately and for the whole group  
of patients (only contrast radiography in 40, only CT in 27, and both imaging modalities in 24 patients)

  Clinical Sensitivity Negative predictive
  anastomotic % (CI) value % (CI)
  leakage 

  Yes No

All patients (n=91)    65 (51–79)  73 (61–84)
Leakagea   28      8b

No leakage   15  40
Contrast radiography   68 (51–84)  76 (62–89)
(n=64)
Leakage   21  2c

No leakage   10  31
CT(n=51)     54 (34–74)  66 (49–82)
Leakage   13  6d

No leakage   11  21

CI=95% confidence interval
a Five patients with leakage by only one of both imaging modalities
b Three negative relaparotomy
c One negative relaparotomy
d Two negative relaparotomy

9 CT+

18 CT-

16 CR+

24 CR-

27 CT

40 CR

24 CR + CT

429 colorectal
anastomoses

91 patients 
radiological 
examination

4 leakage (3 relap)

9 no leakage (3 relap)

0 leakage (0 relap)

1 no leakage (0 relap)

2 leakage (1 relap)

2 no leakage (1 relap)

6 leakage (2 relap)

0 no leakage (0 relap)

4 leakage (2 relap)

20 no leakage (3 relap)

16 leakage (12 relap)

1 no leakage (1 relap)

7 leakage (6 relap)

11 no leakage (5 relap)

6 leakage (3 relap)

4 no leakage (1 relap)

6 CT+ /CR+

4 CT+ /CR-

1 CT- /CR+

13 CT- /CR-

Figure 1 Flow chart showing the type and result of radiological examination for suspected anastomo-
tic leakage (n=91) in a group of 429 patients who underwent an ileocolonic, colo-colonic or colo rectal 
anastomosis. Radiological results are correlated with clinical presence or absence of anastomotic 
dehiscence. CT computed tomography, CR contrast radiography, plus sign radiological signs of leakage, 
minus sign no radiological signs of leakage, relap relaparotomy
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 The timing of radiological examination of the anastomosis and relaparotomy is 

displayed in Table 5. The time interval between the occurrence of clinical parameters

suggestive of anastomotic leakage and radiological imaging decreased with an in-

creasing number of clinical parameters: median two, and less than 24 h for two and 

four clinical parameters, respectively. The median time interval between imaging and 

relaparotomy was less than 24 h for patients with anastomotic leakage based on  

contrast radiography or CT scan (n=20) as well as for patients who did not have radio-

logical features of leakage (n=22).

diSCuSSiON

 The false-negative rate of radiological imaging of the anastomosis in colorec-

tal surgery was 35% in the present study with a negative predictive value of 73% and 

these percentages seem to be lower in the early postoperative period (<7 days) and 

in proximal anastomoses. The limited accuracy restricts their usefulness in clinical 

decision making if anastomotic leakage is suspected. This is illustrated by the fact that 

relaparotomy was performed shortly after negative imaging in 22 patients, with half of

these patients having an anastomotic leak. Three studies reported the accuracy of rou-

tine water-soluble contrast radiography. The false-negative rates were 49% (11/23) in a

series of 233 colorectal and left-sided colonic anastomoses, 29% (4/14) in 117 left-

sided colonic anastomoses, and 23% (7/31) in 202 contrast radiographies of low rectal 

anastomoses.5,9,10 Four other studies described results of radiological imaging in the 

subgroup of patients with clinical anastomotic dehiscence. CT was able to confirm

clinical leakage in 48% to 100% and contrast radiography was positive in 40% to 83% 

of the patients.1,11–13 Our findings fit well within these rather wide ranges, but inter-

pretation is hampered by the different clinical circumstances in which the radiological 

techniques were applied.

 Timing of imaging may be related to false-negative findings, as the anastomotic 

defect may be initially too small to allow easy flow of contrast outside the intestinal

lumen (Figure 2). This is illustrated by the finding that contrast leakage was visualised 

only after repeated CT scanning the next day in one of 13 patients as reported by

DuBrow et al.11 In distal anastomoses, inflating the balloon of the transanal catheter 

for contrast administration may lead to sealing of a defect, also resulting in false- 

negative imaging.3 In more proximal anastomoses, the rectally administered contrast 

has been diluted at this level and there may be not enough remaining pressure to in-

duce contrast leakage.13 Our median time interval between index laparotomy and first 

imaging of 7 days (Table 5) is comparable to data in the literature, although the range 

was rather wide. 9,10,14

 Another factor determining sensitivity of radiological examination of the 

anastomosis is quality of the radiological technique. The higher spatial resolution of 

CT enables visualisation of small contrast leakage that may have been missed with 

conventional radiology, especially with the more recently introduced helical and 

multidetector row CT scanners.6 Furthermore, patient selection (routinely, based on 

a certain degree of clinical suspicion, or confirming clinical leakage) influences the a 

priori chance of leakage and thereby determines the accuracy of the imaging modality. 

Most patients ultimately found to have an anastomotic leak have an insidious clinical 

course, with low-grade fever, prolonged ileus or failure to thrive.12 Alves et al. showed 

that anastomotic leakage was found in only 18% of the patients with two clinical pa-

rameters suggestive of leakage.1

 

 

Table 4     Sensitivity and negative predictive value of imaging of the anastomosis (CT, contrast radiography or 
both modalities) depending on timing postoperatively and level of the anastomosis

  N  Sensitivity Negative predictive
    % (CI) value % (CI)
  
Timing of imaging
7<days postop  43   53 (29–75)  92 (72–99)
7≥days postop  48   75 (53–89)  75 (53–89)
Level of anastomoses
distala   65   69 (51–83)  83 (65–94)
proximalb   26   50 (17–83)  83 (58–96)

CI=95% confidence interval
a Sigmoidresection, low anterior resection and subtotal or total colectomy
b Ileocoecal resection, right hemicolectomy and left hemicolectomy

Table 5     Timing of radiological examination of the anastomosis and relaparotomy

  No. of  Median time interval
  patients in days (range)

Primary laparotomy - first imaging 91   7 (1–49)
modality
Primary laparotomy - second imaging 24   12 (4–44)
modality
Primary laparotomy - relaparotomy  42   7 (2–24)
2 clinical parameters - first imaging  82   2 (0–47)
3 clinical parameters - first imaging  65   1 (0–46)
4 clinical parameters - first imaging  38   0 (0–26)
Imaging - relaparotomy  42   0 (0–8)a

Negative imaging - relaparotomy  22   0 (0–8)a

Positive imaging - relaparotomy  20  0 (0–3)a

a Calculated from second imaging (nine patients with both imaging modalities before relaparotomy)

Colorectal surgery; management of anastomotic dehiscence Radiological evaluation of colorectal anastomoses
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 Finally, the definition of the ‘gold standard’ may explain the reported differen-

ces in sensitivity. Considerable variation in defining anastomotic leakage exists in the 

literature due to the lack of consensus. In a systematic review by Bruce et al., 

29 separate definitions were used for leakage of lower gastrointestinal anastomoses.15 

Lower reported incidences may be due to, for example, not relating an intra- 

abdominal abscess to an anastomotic dehiscence.

 Only in case of a negative relaparotomy, radiological signs of leakage were  

defined as a false-positive result in our study. The remaining patients with positive 

imaging and mild signs or symptoms suggestive of anastomotic dehiscence were 

defined as a radiological leakage, although this could have been a false-positive result 

either. Therefore, we did not calculate the specificity of radiological imaging.  

Actually, the specificity is of only minor clinical importance, because the consequen-

ces of positive imaging are determined by the patient’s clinical condition. In other 

words, a patient with radiological signs of anastomotic leakage and a good and stable 

clinical condition will generally be treated conservatively anyway. Analysis of 135 

consecutive patients from the St Mark’s hospital demonstrated that a radiological leak 

did not alter clinical management in the majority of cases.16

Similarly, DuBrow et al. concluded that the presence of radiologic abnormalities

 indicating leaks did not invariably lead to therapeutic intervention.11

 The literature is not conclusive in what is the best imaging modality in pa-

tients with suspected anastomotic leakage. Water-soluble contrast radiography and 

contrastenhanced CT scanning are the most frequently used diagnostic tools and 

are probably complimentary.12 These imaging modalities are sometimes elusive or at 

least uncertain as a spectrum of findings due to anastomotic leakage can be seen.5,6,8 

This may explain the interobserver variability in the present study (Table 2), which is 

similar to the 13% disagreement as reported by Haynes et al.10 The advantage of CT 

imaging is the ability to detect other causes of the clinical symptoms, such as an intra-

abdominal abscess, which offers the possibility of percutaneous drainage avoiding 

surgery.17

 In distal anastomoses not accessible for digital examination, water-soluble 

contrast radiography may have additional diagnostic value, although the insertion of a 

contrast injection catheter has to be done carefully and excessive pressure used during 

the examination can both precipitate and aggravate pelvic sepsis.5,10,16 When there is 

an ongoing clinical suspicion of leakage in more proximal anastomoses, CT imaging 

after oral administration of watersoluble contrast is the method of choice which also 

visualises subtle suggestion of leakage, such as perianastomotic collections.6 

Finally, a plain film of the pelvis is suggested to be a sensitive method in detecting 

disrupture of a staple ring.10,14 

 In conclusion, radiological imaging may be of value in case of clinical suspicion 

of anastomotic leakage with mild clinical symptoms, but our data suggest that the 

results should be interpreted with caution because of the high false-negative rate and 

the substantial interobserver variability. CT scanning can help to indicate alternative

diagnoses and the possibility of minimally invasive percutaneous treatment.

Colorectal surgery; management of anastomotic dehiscence Radiological evaluation of colorectal anastomoses

Figure 2 CT scan with rectally administered contrast in a patient who underwent a left hemicolectomy 
for colonic cancer and a negative contrast radiography postoperatively. A fluid collection was found 
near the anastomosis, but without contrast outside the intestinal lumen. Anastomotic leakage because 
of ischemia was found at relaparotomy the same day
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Outcome of rectal cancer surgery after the introduction of preoperative radiotherapy in  
a low-volume hospital

AbStrACt

Background The improvement in local control by preoperative radiotherapy for rectal 

cancer can be at the cost of substantial morbidity.

Aim of the Study: To determine the impact of short course preoperative radiotherapy 

on morbidity and mortality after total mesorectal excision (TME) in a low-volume 

hospital. 

Methods: From 2000 to 2007, 104 patients underwent rectal resection for a proven ma-

lignancy. Outcome parameters including anastomotic leakage rate, duration of hos-

pital stay and survival were retrospectively compared between patients who received 

radiotherapy followed by resection and patients who underwent resection alone.

Results: Anastomotic leakage occurred in 11 of 28 patients (39%) who underwent 

radiotherapy and in 10 of 54 patients (19%) in the surgery alone group (p=0.04). The 

length of hospital stay was significantly longer in the radiotherapy group in compa-

rison with the surgery alone group (median 22  vs. 12 days; p=0.002). Independent 

predictors of decreased overall survival were high ASA classification, application of 

preoperative radiotherapy, necessity of ICU admission and advanced pathological 

stage.

Conclusions: A negative impact of preoperative radiotherapy on morbidity and morta-

lity after rectal cancer surgery with an annual caseload of 16 was observed. Auditing 

of local practices is essential for quality control and potential improvement of clinical 

outcome.

iNtrOduCtiON

 Local recurrence is a major problem in rectal cancer surgery with a substan-

tial impact on quality of life especially due to intractable pain. Surgery is the cor-

nerstone in the treatment of rectal cancer and a free circumferential margin is the 

most important factor to prevent local recurrence.1-3 The introduction of total mes-

orectal excision (TME) has resulted in a more than 50% reduction of local recurrence 

rate.4,5 Adding preoperative radiotherapy with a biological equivalent dose of at least 

30 Gy led to a further decrease in local recurrence rate with an absolute risk reduc-

tion of 12% in a meta-analysis by Figueredo et al.6 Various radiotherapy schemes are 

used worldwide with similar results, but there is no consensus about the most optimal 

scheme because there are no comparative studies. For locally advanced rectal cancers 

(T3-4 or N2), long course radiotherapy (45-50 Gy with a daily dose of 1.8 to 2 Gy) 

with concurrent chemotherapy is now becoming standard of care.7

 The improvement in local control by preoperative radiotherapy can be at the 

cost of substantial morbidity. Significantly higher rates of early postoperative adverse 

events have been reported after preoperative radiotherapy in comparison with surgery 

alone.6-9 More importantly, late side effects in irradiated patients, including feacal 

incontinence and sexual dysfunction, may have a negative impact on quality of life.10,11 

 One of the most serious complications after rectal surgery is anastomotic 

leakage as it can lead to life-threatening pelvic sepsis and often requires surgical 

reintervention. Failure of the anastomosis is also associated with long term side effects 

such as impaired anorectal function and sexual dysfunction and some studies find an 

increased risk of local recurrence.12,13 In contrast to results from large randomised stu-

dies, individual experiences from non-specialised low-volume hospitals suggested an 

increased risk of anastomotic leakage after preoperative radiotherapy.14-16 Because we 

had similar experiences this study was initiated in order to assess morbidity and mor-

tality of total mesorectal excision with special emphasis on anastomotic leakage after 

the introduction of short course preoperative radiotherapy in an unselected cohort of 

patients.

PAtieNtS ANd methOdS

 Between 2000 and 2007, 115 consecutive patients underwent a rectal resec-

tion according to TME principles for a proven malignancy at the Sint Lucas Andreas 

Hospital, a large community teaching hospital in Amsterdam, the Netherlands. There 

were 65 males and 50 females with a mean age of 70 years (range 45-95 years). For the 
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purpose of this study, data were retrospectively collected from the clinical records of 

all patients. Standard preoperative work-up included digital examination and colono-

scopy with biopsy of the tumour, and in recent years also radiological imaging by 

endoscopic ultrasonography (EUS) or magnetic resonance imaging (MRI).

  

 Thirty-nine of the 115 patients (34%) with resectable rectal cancer and the 

inferior tumour margin 15 cm or less from the anal verge underwent short course 

preoperative radiotherapy. Eleven patients (10%) underwent long course radiotherapy 

because of clinical T3-4 stage according to preoperative EUS or MRI findings. These 

11 patients were excluded from further analysis, resulting in a study group of 104 

patients. Thirty-four of 65 patients not receiving radiotherapy were treated before im-

plementation of the results of the Dutch TME trial. The remaining 31 patients did not 

receive radiotherapy because of patient’s refusal or poor performance status. Clinico-

pathological characteristics of the patients who underwent short course preoperative 

radiotherapy and those who underwent immediate surgery are summarised in Table 1.

 Patients assigned to preoperative RT received a total dose of 25 Gy in five 

fractions during 5 to 7 days. The clinical target volume included the primary tumour 

and the mesentery with vascular supply, containing the perirectal, presacral, and the 

internal iliac nodes (up to the S1/S2 junction). The treatment was delivered with three 

portals box technique. Treatment time was from Monday to Friday, with surgery on 

the following week, not to exceed 10 days. No concurrent chemoradiotherapy was 

given.

 All patients received an enema in the morning prior to surgery. Preoperative 

mechanical bowel preparation was not routinely applied. All operations were perfor-

med or supervised by one colorectal surgeon (WFT), who participated in the surgi-

cal quality assurance program advocated by the TME trial.17 All anastomoses were 

stapled with a side-to-end configuration, except for four patients in whom a J-pouch 

was constructed. A colorectal anastomosis was performed in 35 patients (34%) with a 

tumour located 10 to 15 cm from the anal verge. Forty-seven patients (45%) who had 

a distance between the tumour and the anal verge of 5 to 10 cm underwent a coloanal 

anastomosis. The distance to the distal tumour margin was determined on endoscopy. 

Patients were given a protective loop ileostomy at the discretion of the surgeon. A 

protective loop ileostomy was constructed more often when patients had undergone 

preoperative radiotherapy: 21/28 (75%) versus 10/54 (19%; p<0.001).    

Fifteen patients (14%) with a tumour located in the most distal part of the rectum 

(0-5 cm from the anal verge) underwent an abdominoperineal resection (APR). A 

Hartmann procedure with permanent colostomy was performed in seven patients 

(7%). Postoperative oral intake was started depending on nausea, bowel movements, 

nasogastric tube production (if applied), and passage of flatus or stools. No fast track 

recovery programmes were used during this study period, although patients were 

stimulated to early mobilisation and to a normal diet as soon as possible.

 Morbidity was quantified by four variables: anastomotic dehiscence, necessity 

of admittance to the Intensive Care Unit (ICU), length of stay at the ICU and length 

of total hospital stay. Anastomotic leakage was defined as leakage confirmed during 

relaparotomy, as drainage of pus per anum, as an anastomotic defect at digital exami-

nation, or as a radiological leakage with clinical symptoms suggestive of anastomotic 

dehiscence.

 After discharge from the hospital, all patients were carefully followed every 

three months during the first two years, and every six months for the following three 

years. The status of those patients not visiting the outpatient clinic was determined 

by contacting the patients or their general practitioner. Follow-up was complete until 

April 2007, and three patients (3%) were lost to follow-up after a mean period of 31 

months. Median follow-up was 35 months (range 4-70) in the radiotherapy group and 

51 months (range 4-83) in the surgery alone group. Mortality was assessed based on 

all causes of death.

Table 1     Clinicopathological characteristics of 104 rectal cancer patients, who underwent surgical resection 
according to TME principles without or with short course preoperative radiotherapy

Characteristic TME alone RT + TME p
   n=65  n=39
  
Age (median (range)) years 71 (47-95) 73 (45-88) 0.5
Sex (male : female) 40 : 25 19 : 20 0.2
ASA classification
 1  17 (26%) 17 (44%)
 2  29 (45%) 11 (28%)
 3  19 (29%) 11 (28%)
Pathological stage according to AJCC    0.6
 Stage 1 (T1-2N0M0) 19 (29%) 11 (28%)
 Stage 2 (T3N0M0) 30 (46%) 14 (36%)
 Stage 3 (T1-3N1-2M0) 13 (20%) 12 (31%)
 Stage 4 (T1-3N1-2M1) 3   (5%) 2   (5%)
Type of Surgery    0.2
 Colorectal anastomosis 27 (42%) 8   (21%)
 Coloanal anastomosis 27 (42%) 20 (51%)
 Abdominoperineal resection 6   (9%) 9   (23%)
 Hartmann procedure 5   (7%) 2   (5%)

Data are numbers of patients unless stated otherwise, TME=total mesorectal excision, RT=preoperative  
radiotherapy, ASA=American Society of Anesthesiologists44,  AJCC= American Joint Committee on 
Cancer 200045
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 To determine significance of differences between two groups of patients, 

Chi-square and Fisher’s exact tests were used for categorical variables and the Mann-

Whitney test for continuous variables. Survival probabilities were estimated using the 

Kaplan-Meier method and log rank test was used for bivariable analysis of prognostic 

factors. Multivariate Cox proportional hazards regression was conducted to investiga-

te independent predictors of overall survival for the whole group of patients. Variables 

were entered in the multivariate model if the p-value was less than 0.2 in univariate 

analysis. For all analyses, a p-value less than 0.05 (two-sided) was considered statisti-

cally significant. Statistical analyses were performed with Statistical Package for the 

Social Sciences software (SPSS 12.0, Chicago, IL, USA).

reSuLtS

 As shown in Table 2, anastomotic leakage, hospital stay, and in-hospital 

mortality were significantly different in favour of the surgery alone group compared 

with the group who underwent resection with short course preoperative radiotherapy. 

The significantly higher postoperative mortality after preoperative radiotherapy had a 

significant impact on overall survival as shown in Figure 1 (p=0.02). 

Rectal cancer; critical appraisal of current treatment Outcome of rectal cancer surgery after the introduction of preoperative radiotherapy in  
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Table 2     Clinical outcome parameters of 104 rectal cancer patients, who underwent surgical resection 
according to TME principles without or with short course preoperative radiotherapy

Characteristic TME alone RT + TME p
   n=65  n=39
  
Necessity of ICU stay 8 (12%) 8 (21%) 0.26
Reason for ICU admittance
 Abdominal sepsis 3  3
 Respiratory failure 0  1
 Cardiac failure 2  3
 Postoperative 3  1
Complications
 Anastomotic leakage (n=54 versus n=28) 10 (19%) 11 (39%) 0.04
 Pneumonia 2 (3%) 4 (10%) 0.19
 Myocardial infarction 0  3 (8%) 0.05
 Wound abces 4 (6%) 4 (10%) 0.47
 Urinary tract infection 2 (3%) 2 (5%) 0.63
 Adynamic ileus 3 (5%) 5 (13%) 0.15
 Fascia dehiscence 1 (2%) 3 (8%) 0.15
 Haematoma / bleeding 2 (3%) 1 (3%) 0.10
 Other*  5 (8%) 2 (5%) 0.71

Duration of ICU stay (median (range)) days 4 (3-25) 15 (2-45) 0.06
Hospital stay (days) 12 (5-67) 22 (2-93) 0.02
In-hospital mortality 5 (8%) 10 (26%) 0.01

TME=total mesorectal excision, RT=preoperative radiotherapy, ICU=intensive care unit
*  Other complications were metabolic encephalopathy, fasciitis, central venous line sepsis, glottic edema, 

bowel ischemia, pancreatitis, sepsis eci and a cerebrovascular accident.

Table 3   Univariate analysis of potential predictors of overall survival (n=104)

Variable  p*

Age (≥70 years) 0.02
ASA classification 0.03
Preoperative radiotherapy 0.02
Protective ileostomy 0.09
Anastomotic leakage 0.04
Necessity of ICU stay <0.001
Stage according to AJCC 0.006

ASA=American Society of Anesthesiology44, AJCC=American Joint Committee on Cancer45, *log rank test

Table 4   Multivariate survival analysis with Cox regression model (n=104)

Variable Hazard ratio 95% CI p
   Lower   Upper

ASA classification 21 12 35 0.007
Preoperative radiotherapy 25 12 52 0.015
Necessity of ICU stay 49 22 107 <0.001
Stage according to AJCC 21 14 33 0.001

ASA=American Society of Anesthesiology44, AJCC=American Joint Committee on Cancer45

Figure 1 Overall survival of rectal cancer patients undergoing surgery alone (n=65; drawn 
line) or short course radiotherapy (RT) followed by surgery (n=39; interrupted line)  
(log rank p=0.02)
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Univariate analysis of potential predictors of overall survival is depicted in Table 3. 

In multivariate regression analysis, high American Society of Anesthesiology (ASA) 

classification, application of preoperative radiotherapy, necessity of ICU stay, and ad-

vanced tumour stage according to American Joint Committee on Cancer (AJCC) were 

independent risk factors for poor overall survival (Table 4).

  

 Perineal wound infection occurred in three of the nine patients who had 

undergone preoperative radiotherapy before APR. Two of these three patients had a 

deep infection with dehiscence of the perineal wound. None of the six patients in the 

surgery alone group developed a perineal wound complication of the APR (p=0.23).

Morbidity and mortality after anastomotic leakage was evaluated in the group of 82 

patients who had an anastomosis. Anastomotic leakage occurred in 21 of 82 patients: 

10 of 54 patients (19%) in the surgery alone group and 11 of 28 patients (39%) in the 

short course radiotherapy group (Table 2 and 3; p=0.04). Relaparotomy was required 

in eight (15%) and four (14%) patients (p=1.0), and transanal drainage in one (2%) 

and six (21%) patients (p=0.006), respectively. One patient (2%) was treated conser-

vatively in the surgery alone group and one patient (4%) in the radiotherapy group 

(p=1.0). Anastomotic leakage rates and management of this complication for patients 

with or without loop ileostomy are displayed in Table 5. 

 Anastomotic leakage was observed in 7 seven of the 35 patients (20%) who had 

a colorectal anastomosis: six of 27 patients (22%) without preoperative radiotherapy 

and one of 8 patients (13%) with preoperative radiotherapy (p=0.9). In 14 of 47 patients 

(30%) with a coloanal anastomosis, leakage occurred in four of 27 patients (15%) wit-

hout preoperative treatment and 10 of 20 patients (50%) with preoperative radiotherapy 

(p=0.01). Anastomotic leakage occurred in 10 of 31 patients (32%) with a protective 

ileostomy versus 11 of 51 patients (22%) without ileostomy (p=0.28; Table 5). 

Postoperative stay at the ICU was required in eight of 54 patients (15%) with an 

anastomosis in the surgery alone group and in six of 28 patients (21%) who under-

went preoperative radiotherapy (p=0.45). Five of the 21 patients who suffered from an 

anastomotic dehiscence died in-hospital, of whom four patients had been treated with 

preoperative radiotherapy.

diSCuSSiON

 This study reports a substantial anastomotic leakage rate after preoperative 

radiotherapy for rectal cancer. In addition, irradiated patients had a significantly lon-

ger hospital stay and higher postoperative mortality. These alarming results suggest an 

association between radiotherapy and anastomotic leakage with a subsequent impact 

on postoperative mortality, confirming findings by Vermeulen et al.16 However, these 

are non-randomised, single-centre studies. Several large randomised multicentre  

trials did not show a significant difference in anastomotic leakage between patients 

who underwent preoperative radiotherapy and surgery alone.9,18-20  

 How can these contradictory findings be explained? The present study has the 

risk of a selection bias as the patients were not randomly assigned to the two different 

treatment strategies. The radiotherapy group consisted of relatively more patients with 

ASA 1 and a low anastomosis in comparison with the surgery alone group, although 

these differences were not significant (Table 1). It is a striking observation that even 

patients who underwent surgery alone had a relatively high percentage of anastomotic 

leakage (Table 2). This might be partly explained by the relatively high age of our po-

pulation (median age 70 years) associated with relevant comorbidity. This is demon-

strated by the finding that about one third of the patients had an ASA classification 

higher than two, which has been identified previously as a risk factor for anastomotic 

leakage.21,22

 It has been suggested that the accelerated fractionation of the preoperative 

radiotherapy, as developed in Scandinavia three decades ago, is associated with an in-

creased acute toxicity. The Stockholm I trial showed a higher postoperative mortality 

in the group of patients with short course 5x5 Gy radiotherapy in comparison with 

surgery alone.23 The Uppsala trial, however, did not show any influence on mortality 

of short course preoperative radiotherapy.24 Because of the difference in radiotherapy 

Table 5   Anastomotic leakage and its management in patients with or without a ‘protecting’ loop ileostomy 
who underwent TME alone or TME preceded by short course radiotherapy (5x5 Gy)

    TME alone  short course RT + TME
    n=54  n=28

   No ileostomy  ileostomy No ileostomy  ileostomy
   n=44  n=10 n=7  n=21

Level of anastomosis
 Colorectal anastomosis 23  4 3  5
 Coloanal anastomosis 21  6 4  16
Anastomotic leakage 8 (18%)  2 (20%) 3 (43%)  8 (38%)
Management of complication
 Relaparotomy with ileostomy 3*  0 1  0
 Relaparotomy with abcess drainage 1  0 0  0
  Relaparotomy with breakdown   

of the anastomosis and colostomy 4*  1 1  2 
Digital transanal drainage 0  1 0  6 
Conservatively 1  0 1  0

TME=total mesorectal excision, RT=radiotherapy, *=one patient initially underwent ileostomy, but colostomy 
was constructed at second relaparotomy
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protocol between these trials, it was concluded that acute toxicity and postoperative 

mortality is related to the number of radiation beams and the extension of the radi-

ation fields.25 Therefore, a minimum of three radiation beams and a radiation field 

below the sacral promontory is recommended.26 Our radiotherapy protocol fulfil-

led these criteria and is unlikely to be an explanation for the increased postoperative 

complications and mortality observed in the present study. There are no randomised 

studies at present comparing short course preoperative radiotherapy with preoperative 

conventionally fractionated schedules. A trial from the Polish Colorectal Study Group 

almost fits this study design; concurrent 5-fluorouracil and leucovorin was added to 

the long course radiotherapy group.27 Similar percentages of postoperative complicati-

ons, local control, survival, and late toxicity were found. Craven and Sebag Montefiore 

conclude from their recently published review that there is no convincing evidence 

to suggest that modern radiotherapy increases postoperative mortality, small bowel 

obstruction, pelvic fractures, or fistulae.26 Several studies have shown that outcome 

of rectal surgery is related to surgical volume.28-30 In the present study, a total number 

of 115 patients were treated over a 7-year time period by a single surgeon, resulting 

in an average hospital and surgeon volume of 16 patients per year. In the Northern 

Region Colorectal Cancer Audit Group of the United Kingdom perioperative death 

was higher below an annual caseload of 18.5 rectal cancer resections per surgeon.28 

However, the authors conclude that a specialist colorectal surgeon not having a large 

cancer workload may still obtain excellent results. Analysis of a colorectal cancer 

database from Maryland, USA showed that high-volume surgeons (annual caseload > 

10) had a significant lower in-hospital mortality and hospital stay in comparison with 

low-volume surgeons (annual caseload ≤ 5) irrespective of hospital volume.31 Schrag 

et al.30 showed that not hospital volume, but only surgeon-specific volume was related 

to 2-year mortality after rectal cancer resection. Neither of the volume parameters was 

associated with 30-day mortality. 

 

 However, even high-volume surgeons in this study had a caseload of only six 

to 26 in the 5-year study period (annual caseload of one to five) and should be consi-

dered as low-volume surgeons according to other investigators. Diversity of definitions 

for hospital and surgeon volume makes the 'volume-outcome' relationship difficult to 

interpret. Volume seems to be only a surrogate measure of quality, and the literature is 

unable to determine how accurate volume is in predicting outcome after rectal cancer 

surgery in terms of the individual centre or surgeon.32-34

 Education, training, and auditing are essential for quality improvement.33 

In the Dutch TME trial, all participating hospitals were given information by work-

shops, symposia and instruction videos and the first five TME procedures had to be 

supervised by an instructor surgeon.17 This has led to a substantial reduction in local 

recurrence rates and improved long term outcome.4 A comparable surgical training 

program was launched in Sweden and Norway, where similar results were found.5,35 

In addition, a valid and reliable registration system is crucial to improve quality of 

care as shown by the Swedish population-based rectal cancer registry.36 As stated 

by Wexner and Rotholtz37, surgeons should be aware of their own practice patterns 

and their results should be audited. In Sweden, local or regional problems are dis-

cussed at yearly meetings with those responsible for registration at each hospital. We 

are currently implementing a national colorectal cancer registry in the Netherlands 

(the Dutch Surgical Colorectal Audit; http://www.dsca.nl). Based on this registry, 

standards can be set, and those not within the limits are stimulated to re-evaluate and 

improve their treatment strategies.

 Changes in practice to improve surgical quality and outcome might include 

further specialisation and modification of technique. In our study, a loop ileostomy 

was not protective for anastomotic dehiscence, but it might alleviate the clinical 

course, as stated by others.38 A study by Matthiessen et al.,39 in which patients who 

underwent low anterior resection were randomised between loop stoma or no loop 

stoma,  showed a significantly different symptomatic anastomotic leakage rate of 10% 

and 28%, respectively. Decisions concerning feacal diversion should include patient’s 

comorbidity, ease of the operation, level of anastomosis, intraoperative blood loss, and 

the use of preoperative and postoperative adjuvant therapy.37,38 In the present study, 

the negative impact of radiotherapy on anastomotic leakage was mainly found in 

patients who had a low coloanal anastomosis and, therefore, we now create a defuncti-

oning stoma more liberally in these patients. 

 

 In addition, it may be helpful to have two or three surgeons involved in rectal 

surgery who supply mutual perioperative support. Debes et al.32 reported adequate re-

sults in a low-volume hospital (annual case load of four), where the main surgeon and 

first assistant were both certified gastrointestinal surgeons in 85% of the resections. 

As a consequence of the findings in the present study, rectal surgery is now performed 

by two senior staff surgeons, who are specialised in colorectal surgery. 

 The initial enthusiasm regarding the favourable impact of preoperative radio-

therapy on local recurrence has somewhat tempered over the last years. Besides the 

early and late side effects as already mentioned, an increased risk of radiation induced 

second primary cancers has been described.40 Furthermore, treatment options in case 

of locally recurrent disease are limited, as irradiated patients cannot be treated with 

further radiotherapy. With no difference in median time between surgery and diagno-
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sis of local recurrence, median life expectancy of irradiated patients who developed a 

local recurrence was shortened from 16 to 6 months compared to patients who under-

went TME alone.41

 With the recently published 5-year results of the Dutch TME trial, there is 

still a persistent and highly significant effect of radiotherapy on local recurrence rates. 

In subgroup analysis, although potentially biased, radiotherapy seems only effective 

in patients with lesions between 5 and 10 cm from the anal verge, nodal involvement, 

TNM stage III, and uninvolved circumferential resection margins.42 Especially as 

mortality is not influenced by radiotherapy, adequate patient selection seems impor-

tant to prevent overtreatment with its possible adverse events. Clearly, the decision 

to treat rectal cancer patients with preoperative radiotherapy should be a weighed 

balance between potential benefits and harms.43
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The different clinical entities of locally recurrent rectal cancer and its implications for radiotherapy of the 
primary tumour

AbStrACt

Introduction: The ultimate goal of (chemo)radiotherapy for primary resectable rectal 

cancer is to reduce symptomatic and untreatable local recurrence. The purpose of this 

systematic review was to specify the different clinical presentations of locally recur-

rent rectal cancer and the various options for treatment and prevention.

Methods: A literature search using databases Pubmed and Embase (1990 to 2009) was 

performed with selection of cohort studies, randomised controlled trials (RCTs), and 

meta-analyses relevant to the purpose of this study.

Results: Half of the patients with locally recurrent rectal cancer present with pain (S2), 

and 50%-60% have synchronous distant metastases. Current literature is lacking ade-

quate prospective data on pain-free survival after developing local recurrence. Macro-

scopically complete resection (R0/R1) of local recurrence can be achieved in one third 

of the patients. After treatment with curative intent, up to 60% of the patients deve-

lops systemic disease and 5-year overall survival is 30-40%. Previous pelvic radiothe-

rapy limits the possibilities for local treatment of recurrence.

Conclusion: Only part of the total reduction in local recurrence resulting from routi-

nely adding radiotherapy to TME surgery for primary resectable rectal cancer favours 

the subgroup with intractable symptomatic recurrence. There is an urgent need to 

identify patients who are best treated by TME surgery alone. This patient selection 

would have been facilitated by including S-classification and pain-free survival in 

RCTs on (neo)adjuvant treatment.

iNtrOduCtiON

 Substantial progress has been made in local control of rectal cancer over the 

past decades. Firstly, anatomical consideration of the mesorectal fascia and the lateral 

tumour spread has lead to the development of a different surgical resection technique: 

total mesorectal excision (TME). The TME technique has become widely accepted, as 

local recurrence rates declined to 5-10%, while these were over 20% when conventi-

onal blunt dissection was applied.1  Secondly, the use of neoadjuvant therapy further 

reduced local recurrence rates as clearly shown by a meta-analysis of randomised 

controlled trials.2 The combined treatment modality with short course preoperative 

radiotherapy followed by TME surgery became standard of care for resectable rectal 

cancer in many European countries.

 Local recurrence rate is the most relevant endpoint for interventional studies 

on (neo)adjuvant radiotherapy in rectal cancer, because survival is not or only mar-

ginally improved.2 It has been argued that a decrease in local recurrence rate of 5% is 

already worthwhile to strive for, given the severe symptoms, especially pain, associa-

ted with pelvic tumour recurrences. Although distant disease is often the determining 

factor for prognosis in these patients, local recurrence will generally affect QOL.3,4 

But not all local recurrences from rectal cancer present with pain and some patients 

will die from synchronous distant metastases without suffering from pelvic recurren-

ce either without any local treatment or with adequate palliative care. Other patients 

have recurrent disease confined to the pelvis and can be treated with curative intent. 

Finally, there remains a subgroup of patients with symptomatic local recurrence with-

out curative therapeutic options and with inadequate relief of symptoms by palliative 

treatment. It is only this subgroup that really benefits from prevention of local recur-

rence by adding radiotherapy to adequate TME surgery for primary resectable rectal 

cancer.

 Neoadjuvant radiotherapy in rectal cancer has a significant negative impact 

on the long term functional outcome, especially urge and faecal incontinence.5,6 The 

benefit of neoadjuvant radiotherapy by reducing the risk of (symptomatic) local recur-

rence should therefore be balanced against its negative impact on functional outcome. 

In order to enable a rational advice to individual patients, one needs to have a clear 

picture of the different clinical presentations of locally recurrent rectal cancer and the 

various options for treatment and prevention. The aim of this systematic review is to 

summarise the available literature on these three main issues.
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methOdS
 
 A literature search was performed using Pubmed and Embase databases from 

1990 to 2009 and restricted to papers written in the English language. Detailed infor-

mation on incidence of symptoms and synchronous distant disease in locally recur-

rent rectal cancer requires unselected cohorts of patients with adequate prospective 

data registration. For the purpose of this part of the current review, population based 

studies and RCTs on treatment for primary resectable rectal cancer with detailed 

analysis of the group of patients who developed a local recurrence during follow-up 

were selected. To determine resectability and success of treatment for local recurrence 

with curative intent, cohort studies of locally recurrent rectal cancer with surgery 

as the principal treatment or as part of a multimodality approach were identified. 

Selection of these studies was based on consecutive patient inclusion, sufficient patient 

numbers, availability of outcome parameters, and absence of substantial duplication 

of reported patients (>80%). A minimum of 50 patients undergoing resection of 

local recurrence was chosen, in order to limit the width of the confidence intervals 

of outcome data. Finally, meta-analyses of RCTs were used to determine the impact 

of preoperative (chemo)radiotherapy for primary resectable rectal cancer on local 

recurrence. Outcome of surgery alone was determined by selection of cohort studies 

and surgery alone arms of RCTs specifically describing the use of TME surgery. The 

following MeSH and free text terms were used: ‘rectal neoplasms’ [MeSH] AND ‘local 

neoplasm recurrences’ [MeSH]; ‘rectal’, ‘rectum’, ‘cancer’, ‘local’, ‘recurrence’, ‘sur-

gery’, and ‘radiotherapy’. The ‘related articles’ term in Pubmed was used to expand the 

searches. All retrieved articles were reviewed, and the reference lists of selected articles 

were systematically screened for additional studies of interest. The date of the most 

recent search was August 1st, 2009.

reSuLtS

 Clinical presentation of local recurrence

 Related symptoms and synchronous distant disease are the two most impor-

tant clinical aspects of locally recurrent rectal cancer because of the significant impact 

on quality of life and survival respectively. Literature search on the first topic revealed 

only two prospective studies describing symptom scores for the whole group of pa-

tients who eventually develop local recurrence (Figure 1). Patients are classified as S0 

(asymptomatic), S1 (symptomatic without pain) and S2 (symptomatic with pain). In 

an analysis by the Stockholm Rectal Cancer Study Group of 156 patients with locally 

recurrent rectal cancer who had been included in a randomised trial, the percentages 

for S0, S1 and S2 were 13%, 33% and 54% respectively.7 In a more recent population 

based study also performed in Sweden including 141 local recurrences, the percentage 

S0 was 35% without specification of S1 and S2.8 Other studies providing incidences of 

symptoms are cohorts of patients who were potential candidates for surgical treat-

ment and are probably not representative for the whole group of patients who initially 

present with locally recurrent disease. Reported percentages of S2 ranged from 27% to 

100% with an overall percentage of 49% (453/934 patients) in nine cohorts including 

at least 50 patients (Figure 1).9-17 Selection bias makes these data less reliable. 

Figure 1 Flow chart of the selection of cohort studies on symptoms of locally recurrent rectal cancer

Cohorts of patients with locally  
recurrent rectal cancer 

n=69

Cohorts of patients with locally  
recurrent rectal cancer selected for  

evaluation of symptons 
n=51

Studies excluded n=18
Abundant duplication of reported 
patients (>80%) n=18

Studies excluded n=12
Less than 50 patients n=12

Studies excluded n=27
No data on symptons n=27

Studies excluded n=1
No data on symptons n=1

Potentially appropiate cohorts
n=21

Cohorts based on possibilities of local treatment
n=48

Cohorts from prospective registries with 
consecutive patients
n=3

Cohorts with potential selection bias with usable 
information, by symptons
n=9

Prospecive cohorts with usable information,
by symptons
n=2
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 Pain may develop during follow-up after diagnosis of an initially asympto-

matic recurrence, either with or without local treatment. No unselected prospective 

studies on pain-free survival of locally recurrent rectal cancer could be identified in 

order to determine incidences of S2 in time. 

 

 Severity of pain can be scored in terms of analgesic drug use and impact on 

quality of life (QOL). Only a few small studies with selected cohorts of patients have 

been done to investigate these relevant clinical aspects, thereby limiting the value of 

the available data. In a group of 59 patients who had proven pelvic recurrence af-

ter previous irradiation, but without bony involvement and absence of extrapelvic 

disease, analgesic drugs were used in 41% at time of diagnosis: 27% used nonopioid 

drugs and 14% opiod drugs.17 Camilleri et al. demonstrated that developing any 

recurrence from rectal cancer resulted in significantly lower QOL in most dimensions 

in comparison with no recurrent disease.18 However, no measurable differences were 

found in QOL scores including pain between patients with exclusively distant recur-

rence (n=12) and those with local recurrence (n=13). 

 Literature search revealed three RCTs providing data on incidence of synchro-

nous systemic dissemination. In the Dutch TME trial, 83 of 129 patients with local 

recurrence had also distant metastases.19 The Swedish Rectal Cancer Trial and Stock-

holm I trial reported distant disease in 66 of 143 patients and 86 of 156 patients with 

local recurrence, respectively.7,20 Curative treatment of both local and distant recur-

rence is achievable in only a very small subgroup. 

 In summary, recurrent rectal cancer is accompanied by pain in about half of 

the patients and presents with synchronous distant disease in approximately 50% to 

60% of the patients.

Table 1    Consecutive cohort series of patients with locally recurrent rectal cancer published between 1990 
and 2009 reporting on the proportion of macroscopically complete resection in the end

First Author  Year Period Total No.  Irresectable Curative  R0 / R1 % R0 or R1 of  
   (y) of recurrences or M1 intent  initial group

Gagliardi47  1995 19 82 25 57 1 1/12 30
Wiggers48  1996 92 163 128 35 1 1/13 17
Salo16  1999 99 194 62 132 5 6/13 43
Hahnloser12  2003 155 429 125 304 5 1/9 38
Asoglu9  2007 7 72 22 50 2 50
Total    940 362 578 3 29/77 36

y=number of years in which patients were included, M1= distant metastases not considered to be resectable, 
R0=microscopically complete resection, R1=microscopically incomplete resection

Figure 2 Flow chart of the selection of cohort studies on treatment with curative intent for locally 
recurrent rectal cancer

Cohorts studies on treatment of locally recurrent 
rectal cancer with surgery as principal treatment 
or as part of a multimodality approach 

n=66

Studies excluded n=2
No curative intent n=2

Studies excluded n=15
Abundant duplication of reported patients (>80%) 
n=15

Studies excluded n=17
No data on R status and/or survival n=13
Also locally advanced primary,  
no seperate data n=3
Also distant recurrences, 
no seperate data n=1

Studies excluded n=21
Less than 50 resections n=17
Patient selection based on previous radiotherapy 
n=2
Patient selection based on type of surgery (sacral 
resection or exenteration) n=2

Cohorts studies on treatment of locally  
recurrent rectal cancer with curative intent 

n=64

Cohorts studies selected for detailed evaluation

n=49

Potentially appropriate cohort studies

n=32

Unselected cohort studies with usable information, 
by outcome.

n=11
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 Treatment of locally recurrent rectal carcinoma with curative intent

 Five cohort studies reporting the percentage of macroscopically complete 

resection in a consecutive series of locally recurrent rectal cancer were identified by 

literature search. Individual data of these five studies are displayed in Table 1. Overall, 

pelvic recurrence could be resected without gross residual tumour in 337 of the initial 

940 patients, of which 260 had an R0 resection.

 Literature search revealed 66 studies reporting on surgical treatment of locally 

recurrent rectal cancer either with or without (neo)adjuvant radiotherapy or chemo-

radiotherapy, intra-operative radiotherapy, and adjuvant chemotherapy. To evaluate 

outcome, eleven studies were selected as shown in Figure 2. Clinical and treatment 

characteristics of these eleven studies are displayed in Table 2. If the percentage of 

macroscopically complete resection was at least 80% (Table 2B), corresponding 5-year 

overall survival ranged between 30% and 40% (Table 2C). These survival probabilities 

are a reflection of the substantial number of patients who develop distant metastases 

during follow-up (Table 2C). Microscopic incompleteness of resection (R1/R2 versus 

R0) is the most important predictor of impaired survival after treatment of locally 

recurrent rectal cancer.9-11,15,21-27 

 Summarising these data, macroscopically complete resection can be achieved 

in one third of the patients who initially present with locally recurrent rectal cancer. 

Approximately half of the patients will develop distant disease after treatment with 

curative intent with reported 5-year overall survival between 30% and 40%.

 Relief of symptoms by treatment of local recurrence

 There are only a few prospective studies dealing with symptom relief by 

treatment of locally recurrent rectal cancer. These are relatively small selected series, 

mostly including both curatively and palliatively treated patients.28,29 It is questiona-

ble whether these data are representative for the whole group and whether these can 

be extrapolated. The largest study by Miner et al. determined pre- and postoperative 

symptoms in 105 surgically treated patients of whom 24 were operated with palliative 

Table 2B  Unselected cohort series (published between 1990 and 2009) of locally recurrent rectal cancer, 
including at least 50 patients who underwent surgical resection with or without (chemo)radiothe-
rapy or intraoperative radiotherapy; treatment characteristics

First Author  Characteristics of surgery for recurrence Radiotherapy for recurrence
  N N/y R0 R0 or R1 Sacral IORT EBRT CRT
    (%) (%) (%) (%) (%) (%)

Bussières  63* - - 67 0 100 41 0
Salo  103 104 69 82 3 40 49 -
Hashiguchi  51 23 24 53 - 53 75 -
Garcia-Aguilar 51 46 82 - - 0 0 -
Shoup  100 95 64 94 - 100 37 -
Hahnloser  304 196 45 54 - 43 80 55
Saito  57 40 75 - 37† 0 40 0 
Bedrosian  85 85 76 100 - 42 27 27
Wells  52* 66 80 100 54 0 50 38
Heriot  153* 92 64 90 19 8 63 44
Dresen  147 120 57 80 27 93 84 59

N/y=number of resections per year, sacral=abdominosacral resection, IORT=intra-operative radiotherapy, 
EBRT=preoperative and/or postoperative external beam radiotherapy, CRT=chemoradiotherapy, i.e. concurrent 
chemotherapy during EBRT as percentage of the whole study group. *=multicentre study (Bussières 6 centres, 
Palmer 9 centres, Wells 2 centres, Heriot 3 centres), †=percentage of 43 R0 resections

Table 2C  Unselected cohort series (published between 1990 and 2009) of locally recurrent rectal cancer, 
including at least 50 patients who underwent surgical resection with or without (chemo)radio-
therapy or intraoperative radiotherapy; outcome parameters

First Author  Operative  Follow-up M1 (%) Actuarial overall survival (%)
  mortality (%) (months)  3-year 5-year

Bussières  0 30 - 31 -
Salo  8 54 - - 31
Hashiguchi  80 30 (5-128) - 25 11
Garcia-Aguilar 0 28 10 - 35
Shoup  - 23 40 - 39† 
Hahnloser  3 - - 43 25
Saito  0 40 (3-150) 37 46 39
Bedrosian  - 43 (1-149) 31 - 36
Wells  0 29 (3-72) 60 41* -
Heriot  6 20 (0-177) - 56 37
Dresen  47 34 (6-146) 51 44 32 

Values of follow-up represent median (range), M1=crude rate of patients with distant metastases during follow-
up.  * =4-year, †=disease-specific survival

Table 2A  Unselected cohort series (published between 1990 and 2009) of locally recurrent rectal cancer, in-
cluding at least 50 patients who underwent surgical resection with or without (chemo)radiotherapy 
or intraoperative radiotherapy; clinical characteristics

First Author  Year Period N Primary therapy Characteristics local recurrence
   (y)  APR (%) RT (%) S0  S1 S2 M1 Interval
       (%) (%) (%) (%) (months)

Bussières49  1996 - 73 33 51 - - - 14 54%<2y
Salo*16  1999 99 131 27 39 44 29 27 5 21
Hashiguchi13 1999 221 51 57 0 22 33 45 37 32 (5-199)
Garcia-Aguilar50 2001 11 87 28 32 - - - 0 25
Shoup51  2002 105 100 16 50 - - - - 21
Hahnloser†12 2003 155 304 29 - 23 23 54 0 33 (2-175)
Saito52  2003 143 85 61 0 - - - 31 22 (10-56)
Bedrosian53  2006 10 85 23 - - - - 0 22 (1-113)
Wells54  2007 79 52 23 46 - - - 12 21 (3-166)
Heriot26  2008 167 160 7 6 30      70  - 23 (1-159)
Dresen‡55  2008 123 147 30 53 28 32 40 0 28 (3-207)

y=years, APR=abdominoperineal resection of primary rectal cancer, RT=radiotherapy with or without con-
current chemotherapy, either pre- or post-operative, S0=no symptoms, S1=symptomatic without pain, 
S2=symptomatic with pain, M1=distant metastasis either before or synchronous with local recurrence, 
Interval=median time-interval (range) between primary tumour and recurrent disease unless stated otherwise
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 These data demonstrate that initial symptom relief of 80% to 90% can be 

achieved, but a substantial proportion of patients experience recurrent symptoms.

  Prevention of local recurrence by (neo)adjuvant treatment in resectable  

rectal cancer

 Published series of TME surgery without or with only highly selectively ap-

plied radiotherapy show local recurrence rates ranging from 2% to 17% (Table 3). The 

adequacy of complete excision of the mesorectum is of prognostic value for predicting 

local recurrence.32,33

 Radiation therapy has proven to reduce local recurrence rates compared to 

surgery alone for primary resectable rectal cancer. There is considerable variability in 

(neo)adjuvant therapy schedules and nationwide protocols when studying the litera-

ture. Meta-analysis of 19 RCTs of preoperative radiotherapy versus surgery alone in 

resectable rectal cancer showed a significantly lower local recurrence rate in favour of 

the combined therapy (pooled Hazard Ratio 0.71 (0.64-0.78)).2 However, state-of-the-

art radiotherapy techniques (>2 fields) were applied in only four studies, biologically 

effective dose of more than 30 Gy in 12 studies, and TME surgery was required in only 

one study (Dutch TME trial). Non-TME surgery resulted in local recurrence rates of 

up to 54% in the control arms, while this was 11% in the Dutch TME trial. Overall 

survival was not significantly affected by preoperative radiotherapy with a pooled 

Hazard Ratio of 0.95 (0.89-1.02) using individual patient data analysis.2 Addition of 

concurrent chemotherapy to preoperative radiotherapy further improves local con-

trol. Meta-analysis of four RCTs showed that local recurrence significantly decreased 

from 16.5% to 9.4% by adding chemotherapy.34 This did not translate into a better 

overall or disease free survival, while grade III/IV toxicity significantly increased from 

5.1% to 14.9%. Based on three RCTs, preoperative radiotherapy has shown to be more 

effective for local control with less treatment related toxicity in comparison with post-

operative radiotherapy.35

 Toxicity from rectal cancer radiation is well documented for both immediate 

and late adverse effects. Acute toxicity consist of skin erythema, fatigue, nausea, diar-

rhoea and neurological pain, which are reported in 20% to 84% of patients.2 Perineal 

wound healing problems after APR are greater if preoperative radiotherapy is added 

to TME surgery.36 Bowel obstructions, bowel dysfunction presenting as continence or 

evacuation problems or urgency, and sexual dysfunction are encountered late side ef-

fects.37 The Swedish Rectal Cancer Trial and Dutch TME trial reported faecal incon-

tinence in 50% and 62% after short course preoperative radiotherapy and in 24% and 

38% after surgery alone.6,38 Emptying difficulties and bowel frequency of more than 4 

intent.30 Although improvement of pain after one month was found in 40% of curati-

vely treated patients, 33% had recurrent pain and 60% developed pain during follow-

up. Improvement of bleeding and obstruction was found in 88% and 78% respectively, 

but about half of the patients had recurrent or newly experienced bleeding or obstruc-

tion during follow-up. An analysis of 103 patients who were reirradiated for recur-

rence, followed by resection of residual disease in 34 of these 103 patients, revealed 

better results with respect to symptom relief: 55% complete and 28% partial response 

for pain with a median duration of 9 months and 33% palliation until death.31 In that 

study, complete response for bleeding was 100% with 80% of patients palliated until 

death. In a multicentre Italian study, hyperfractionated chemoradiation was applied in 

59 previously irradiated patients, of whom 39 underwent subsequent resection of the 

local recurrence.17 Pain relief was 83% at one month, with a 2 year and 5 year pain-

free survival of 89% and 31% respectively.

Table 3  Published cohort studies of TME surgery for rectal cancer without neoadjuvant or adjuvant (chemo)
radiotherapy or selective application of such combined treatment

First Year Setting N RT Tumour and treatment  Local recurrence rate 
Author     characteristics 
     Pre Post N+ M1 APR Curative Def Overall Curative TME 
     (%) (%) (%) (%) (%) (%)  (%) group  alone 
             (%) (%)

Cawthorn56 1990 1 surgeon 167 0 7 - - 27 73 - 8* 7* -
Dixon57 1991 1 centre 303 0 4 40 8 28 75 - 8* 4* -
Jatzko58 1992 1 centre 295 0 0 29 21 28 87 - - 13* 13*
Tagliacozzo59 1992 4 centres 274 0 0 38 5 16 100 - - 17* -
Arbman60 1996 2 centres 128 2 0 38 2 14 100 - - 8† -
Heald61 1998 1 surgeon 519 9 0 27 21 7 79 - 6† 2† -
Eu62 1998 1 centre 354 0 10 40 22 16 79  L +/- D 12* 9* -
Hall63 1998 1 centre 152 0 0 36 1 27 100 L +/- D - 17† 17†

Enker64 1999 1 centre 342 0 0 18 0 - 100 L +/- D - 6* 6*
Martling65 2000 National 122 0 0 29 0 27 100 - - 6* 9*
   registry
Wibe66 2002 National  686 0 0 38 0 25 100 L +/- D - 7* 7*
   registry
Nesbakken67 2002 1 centre 144 4 2 30 0 28 100 L +/- D - 11† -
Bülow68 2003 12 centres 311 0 0 30 0 25 100 Only L - 11† 11†

Piso69 2004 1 centre 337 15 0 21 30 28 75 L +/- D 9† - -
Law70 2004 1 centre 622 3 3 38 9 0 91 L +/- D - 10† 9†

Jeyarajah71 2007 1 centre 287 27 0 46 0 25 100 - - 6† 6†

Peeters19 2007 multicentre 908 0 0 36 7 26 100 L +/- D - 11† 11†

   RCT
Ferenschild72 2009 1 centre 210 25 0 35 6 31 95 L +/- D 12† 8† 7†

RT=radiotherapy with or without concurrent chemotherapy, Pre=preoperative, Post=postoperative, N+=lymph 
node positive / TNM stage III, M1=distant metastasis / TNM stage IV, APR=abdominoperineal resection, 
Curative= no macroscopically irradical resection performed or irresectable distant metastases, Def=definition 
of local recurrence, L +/- D=overall local recurrence rate including those patients with distant disease. *=crude 
rate after a median follow-up of 69 months (Dixon et al.); 42 months (Jatzko et al.); 29 months (Wibe et al.); 
37 months (Tagliacozzo et al.); 35 months (Eu et al.); 45 months (Enker et al.); 24 months (Martling et al.);  not 
available (Cawthorn et al.), †= actuarial rate at 5-years (Heald et al., Hall et al., Nesbakken et al., Piso et al., Law 
et al., Peeters et al., Ferenschild et al.), 3 years (Bülow et al.) and  2-years (Jeyarajah et al.)
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times a day were found in 52% and 20% after preoperative radiotherapy, while these 

percentages were 36% and 8% respectively after surgery alone in the Swedish Rectal 

Cancer Trial.38 Increased risk of femoral neck and pelvic fractures, venous throm-

boembolism and cardiovascular death was found in the preoperative radiotherapy 

arm of the Stockholm I trial, but not confirmed in subsequent trials using state-of-

the-art multifield techniques.

 In conclusion, preoperative (chemo)radiotherapy results in a substantial 

relative risk reduction of local recurrence without or with only marginal improvement 

of overall survival. However, this relative risk reduction translates in an absolute risk 

reduction of only a few percent in case of adequate TME surgery, while it increases 

toxicity, especially long term bowel dysfunction.

diSCuSSiON

 Clinically relevant impact of preoperative radiotherapy on local recurrence 

 The 5% absolute risk reduction of local recurrence by routinely adding pre-

operative radiotherapy to TME surgery, based on the results of the Dutch TME trial, is 

not the ultimate gain in terms of clinical relevance.19 One subgroup of patients will die 

from disseminated disease without local complaints of their (asymptomatic) recur-

rence until death, and another subgroup will receive adequate multimodality treat-

ment for their recurrence, either with curative or with palliative intent. Until now, 

there are no high quality studies available to elucidate this clinical issue. Based on data 

provided in the present review, an estimation of the ultimate clinically relevant effect 

of neo-adjuvant radiotherapy can be made. Assuming 50% disseminated disease with 

50% symptomatic local recurrence, the first subgroup will be one quarter. As stated 

previously, the second subgroup is about one third. These two subgroups together 

comprise more than half of the entire group with local recurrence. So, there will 

remain an estimated difference of 2 - 3% in the proportion of patients with sympto-

matic local recurrence without effective further treatment options.

 The impact of primary treatment on management of local recurrence

 Success of secondary local treatment depends on several factors that are 

beyond control, except for previous radiotherapy. Abuchaibe et al. demonstrated that 

complete resection of local recurrence was higher in patients who were not irradiated 

previously.39 Van den Brink et al. did a similar observation, although not statistically 

significant: surgical resection of local recurrence was performed in 25 of 71 patients 

primarily treated by TME alone and in 4 of 23 patients who underwent preoperative 

radiotherapy for primary rectal cancer.40 Patient selection may partly explain this 

difference. Without previous radiotherapy, patients can be optimally treated by full 

dose (chemo)radiotherapy for local recurrence. Downstaging by adequate neoadjuvant 

treatment facilitates salvage surgery. Furthermore, chemoradiotherapy can be used for 

local control in patients with synchronous local and irresectable distant recurrences, 

as well as in patients with locally irresectable disease without systemic dissemination. 

In the Dutch TME trial, radiotherapy at a dose of 45 Gy or higher was applied in 42% 

of the patients for local recurrence after TME alone, while this was only 4% for the 

preoperative radiotherapy group.40 Radiotherapy dose of less than 45 Gy was associ-

ated with shorter survival in both univariable and multivariable analysis. Again, this 

observation should be interpreted with caution because of potential selection bias.

 Improving harm/benefit ratio of preoperative radiotherapy by risk stratification

 The small absolute decrease in intractable symptomatic local recurrences 

should be weighed against negative side effects and costs of standard neoadjuvant 

(chemo)radiotherapy for primary resectable rectal cancer. As previously described, 

standard preoperative (chemo)radiation is associated with an increase in late functio-

nal problems of 20% to 30%. 

 These data suggest an imbalance between the harm and benefit for preopera-

tive radiotherapy in resectable rectal cancer, at least if no risk stratification is applied. 

Phase III trials on neoadjuvant treatment for resectable rectal cancer until now have 

provided overall results for all tumour locations and pathological stages. There is 

growing support for not applying preoperative radiotherapy in patients with clinical 

T2N0 and low risk T3N0 tumours, especially in case of proximal location.41-44 In rectal 

cancer patients who do not exceed a 10% risk of local recurrence with TME alone for 

their primary tumour, radiotherapy should probably be reserved for treating locally 

recurrent disease when occurring. However, accurate preoperative risk stratification is 

difficult. Refinement of preoperative locoregional staging has been achieved by adding 

magnetic resonance imaging (MRI), although further improvement of the technique 

is necessary for adequate patient selection.45 With the currently available options of 

multimodality treatment, it is necessary to have a multidisciplinary team deciding on 

the extent of surgery and the indication for preoperative therapy. Patients at relatively 

low risk of local recurrence are best treated by TME surgery alone. Short course radio-

therapy and immediate TME surgery seems to be most suitable in case of intermediate 

risk without the need for downstaging. Long course radiotherapy with concurrent 

chemotherapy followed by TME surgery is now increasingly used for downstaging in 

patients with advanced nodal disease (N2) or at high risk for positive circumferential 

resection margin, which appears to be one of the most important prognosticators for 

local recurrence.46
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 Summary

 Local recurrence of rectal cancer is often a manifestation of disseminated 

disease. Some of these patients will die from disseminated disease without suffe-

ring from their local recurrence. This is important to realise when considering toxic 

neo-adjuvant treatment for primary resectable rectal cancer that does not improve 

survival. Furthermore, previous pelvic radiotherapy limits the possibilities of local 

treatment for recurrence. From this perspective, RCTs on neo-adjuvant (chemo)

radiotherapy for resectable rectal cancer should have included S-classification and 

pain-free survival of local recurrence for better defining the clinically relevant effect. 

Pretreatment diagnostic modalities are evolving, thereby enabling the use of clinical 

tumour stage and tumour location to select patients who benefit most from preopera-

tive radiotherapy, resulting in an improvement of the harm/benefit ratio.
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FuNCtiONAL OutCOme AFter reCtAL SurgerY

 Rectal cancer surgery has evolved from destructive amputative procedures at 

the beginning of the last century1 to sphincter saving surgery with improved oncologi-

cal results. However, the performance of a coloanal anastomosis causes a diminished 

anorectal function in most patients, particularly in the first postoperative year.2 As 

has been shown in Chapter 2, the capacity of the neorectum is less than the capacity of 

the normal rectum of healthy volunteers. In addition, hypercontractibility of the neo-

rectum is observed. It was hypothesised that a colonic J-pouch anasto motic reservoir 

has a larger volume compared to the side-to-end coloanal anastomotic reservoir and 

might reduce neorectal contractions since the circular muscles are transected during 

the creation of a pouch. However, these presumed pathophysiological mechanisms 

were not supported by barostat measurements or by studying functional outcome 

for each of the two types of reconstruction (Chapter 1). A complex interplay exists 

between the rectum, the anal sphincter complex, the musculature of the pelvic floor 

and the nerve endings to the anal canal. The latter are sensitive to pain, temperature 

and touch, and enable differentiation between solid or liquid stool and flatus, allowing 

for selective passage. Disturbing the integrity and delicate balance of these physiolo-

gical processes by rectal resection is the main cause of anorectal dysfunction and the 

type of anastomosis seems to play an insignificant role.

 Alternative reconstruction techniques have been used but the available data 

suggest that, despite initial differences, outcome is generally comparable at two years 

postoperatively. For example, the transverse coloplasty did not show an advantage in 

bowel function over a straight anastomosis in a randomised trial.3 Our data contribute 

to the body of evidence that the J-pouch provides no convincing support for its  

superiority in comparison with the side-to-end anastomosis. Therefore, this study does 

not support the preferred use of the J-pouch, but justifies the choice of the side-to-end 

coloanal anastomosis, because of its ease of construction.

 In all types of anastomoses, nerve preservation will probably be of utmost 

importance. Nerve preservation can be facilitated by the use of peroperative nerve 

stimulating devices which seems to be a promising approach to improve functional 

outcome.4 Training enables surgeons to improve nerve identification and preservation. 

Nerve identification is facilitated by using laparoscopy because of magnification of the 

operative field and 30 degree angulation of the camera in the narrow pelvis. However, 

there have been contradictory findings suggesting a worse functional outcome for 

laparoscopic rectal surgery,5,6 which may be related to a different use of electrocautery 

and sealing devices with the risk of indirect thermal damage to the nerves. 
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Furthermore, as a feedback and quality control to the surgeon, pathologists should be 

instructed and trained in identifying nerves in the resection specimen.

 Besides bowel function disturbances, sexual and urinary dysfunctions are also 

associated with nerve damage during rectal resection.7,8 Our long term data could not 

demonstrate an influence of rectal surgery on urinary function if compared to colonic 

surgery. However, sexual dysfunction was seen after rectal surgery for both benign 

and malignant disease (Chapter 3). The main problem in studies evaluating sexual 

function by questionnaires is avoidance of questions related to this topic and the fact 

that a substantial proportion of patients state not to be sexually active.8,9 Reasons for 

not being sexually active are often not provided, suggesting that the latter group of  

patients possibly encounters severe dysfunctional problems. Furthermore, the retro-

spective nature of most studies conducted on this subject causes biased results, as 

baseline variables are not available. Although the occurrence of urinary and sexual 

dysfunctions is well recognised, properly designed prospective studies are awaited in 

order to have insight in the quantified risk of these dysfunctions. In this perspective 

it is also important to realise that patients seldom remember discussing the risk of 

diminished sexual function preoperatively.10  

 An interesting development in the field of rectal cancer therapy is the shift 

from ‘sphincter saving’ to ‘organ saving’ approaches. There is a subgroup of patients 

that have a complete response to neoadjuvant chemoradiotherapy or at least a signifi-

cant downsizing of their primary tumour. There are some preliminary data available 

suggesting that these patients may be safely treated by local excision or even watchfull 

waiting.11-13 It is to be expected that this will have a significant impact on functional 

outcome for those patients in a positive way.

 In conclusion, not only aiming at a better local control and survival, but also 

focussing on improvement of anorectal, sexual and urinary function could further 

improve rectal cancer treatment. 

COLOreCtAL SurgerY;  
mANAgemeNt OF ANAStOmOtiC dehiSCeNCe

 Anastomotic leakage causes an increased morbidity and mortality in the 

postoperative course and is in the long term associated with an impaired functional 

outcome and increased local recurrence rate.14-21 Considering all available literature on 

this subject, anastomotic leakage has been shown to remain a not completely evitable 

complication of colorectal surgery. In Chapter 4 we therefore not focused on the  

prevention of anastomotic leakage but on the recognition of clinical symptoms ac-

companying anastomotic leakage. By assessing these symptoms on a day-to-day basis, 

the often subtle deterioration of the clinical course of a patient becomes more ap-

parent. This can potentially lead to a shorter delay of appropriate treatment and thus 

less morbidity and mortality. It should be emphasised that this day-to-day evaluation 

holds true for all seven days a week as we found the weekend to be significantly as-

sociated with a delay in the recognition of anastomotic leakage. Although being the 

first group to study anastomotic leakage from this perspective, the major weakness 

of our study is its retrospective nature and the lack of information about symptoms 

in patients without an anastomotic leakage. Both questions are currently answered 

by others: the latter has been described by a French group, finding the occurrence of 

symptoms significantly more often in the group with anastomotic leakage.22 Recently, 

den Dulk et al. prospectively compared all patients with a colorectal anastomosis 

to a historical control group by the use of a protocol for standardised postoperative 

surveillance. They found a shorter delay between the first signs and symptoms to 

the confirmation of anastomotic leakage and a higher mortality rate in patients with 

non-standardised postoperative monitoring. Furthermore, patients were subjected to 

several additional tests, which were not primarily useful to make a final diagnosis.23 

 

 This finding is in line with Chapter 5, in which the accuracy, interobserver 

variability, timing and discordance with relaparotomy of postoperative radiological 

examination of colorectal anastomoses is described. The high false-negative rate and 

the substantial interobserver variability are arguments in favour of a restrictive use 

of diagnostic imaging and a cautious interpretation of results of radiological imaging 

of the anastomosis after colorectal surgery. On the other hand, several factors might 

influence the reliability of diagnostic imaging, such as timing of the tests, location of 

the anastomosis and the quality of the radiological technique. 

 Although our data suggest a limited additional value of radiographic imaging 

in the detection of anastomotic leakage, it certainly plays a role to indicate alternative 

diagnoses and provides the possibility of minimally invasive percutaneous treatment 

of an intra-abdominal abscess. However, one should keep in mind that false-negative 

results lead to a delay in proper treatment of (sub)clinical leakages, which might cause 

an unnecessary deterioration in the clinical situation of the patient.

 From the currently available data, it has become clear that careful clinical 

judgement of the clinical course of the patient with daily standardised postoperative 

surveillance is the main diagnostic tool in the diagnosis of anastomotic leakage, ena-

bling early treatment.

Discussion and future perspectives
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 The surgeon plays a key role in rectal cancer treatment, as the most influential 

prognosticator for local recurrence after rectal resection and short course preopera-

tive radiotherapy is adequate resection with radical circumferential resection mar-

gins (CRM). The skill level of surgeons is hereby the most variable factor as it differs 

between surgeons and varies in time. 

 

 In this perspective, education, training and auditing are essential for quality 

improvement. In the Dutch TME trial and in Scandinavia, a surgical training pro-

gram was launched, which has led to a substantial reduction in local recurrence rates 

and improved long term outcome.24-26 The TME technique has become widely ac-

cepted, as local recurrence rates declined to 5-10%, while these were over 20% when 

using conventional blunt dissection. Ahead of the recently implemented national 

colorectal cancer registry in the Netherlands (the Dutch Surgical Colorectal Audit; 

www.dsca.nl), Chapter 6 describes morbidity and mortality of total mesorectal exci-

sion after the introduction of short course preoperative radiotherapy in an unselected 

cohort of patients. Reporting of a substantial anastomotic leakage rate with a prolon-

ged hospital stay and a higher postoperative mortality contributed to the awareness 

of own practice patterns and resulted in re-evaluation and improvement of treatment 

strategies.  

 Furthermore, multidisciplinary treatment of rectal cancer is essential in the 

present era of quality assurance. Meta-analysis of 19 randomised controlled trials of 

preoperative radiotherapy versus surgery alone in resectable rectal cancer showed a 

significantly lower local recurrence rate in favour of the combined therapy (pooled 

Hazard Ratio 0.71 (0.64-0.78)).27 In many European countries, the combined treat-

ment modality with short course preoperative radiotherapy followed by TME surgery 

became the standard of care for resectable rectal cancer.

 However, as described in Chapter 7, several aspects should be addressed before 

deciding on routine application of neoadjuvant radiotherapy. First of all, preoperative 

radiotherapy causes an increased rate of perineal woundinfections after abdominope-

rineal resections and acute toxicity is reported in 20 - 84% of patients.27 Secondly, bo-

wel obstruction, bowel dysfunction presenting as continence or evacuation problems 

or urgency, and sexual dysfunction are encountered late side effects from preoperative 

radiotherapy.28 Thirdly, preoperative radiotherapy does not or marginally influences 

overall survival.27 Finally, it is questionable whether prevention of a local recurrence 

is really beneficial for all patients to whom this applies. In general, local recurrence 

is the reflection of an aggressive biological behaviour of the primary tumour as it is 

accompanied by synchronous distant metastasis in 50% to 60% of the patients.29-31 

Patients may have highly progressive systemic disease which prevents the patient from 

suffering of a local recurrence. A second group of patients have recurrent disease con-

fined to the pelvis and can be treated with curative intent, especially if those patients 

were not irradiated for their primary tumour and full dose chemoradiotherapy is 

still an option.32 In the end, there remains a subgroup of patients with symptomatic 

local recurrence without curative therapeutic options and with inadequate relief of 

symptoms by palliative treatment.30,33 It is only this subgroup that really benefits from 

prevention of local recurrence by adding radiotherapy to adequate TME surgery for 

primary resectable rectal cancer. Therefore, the benefit of neoadjuvant radiotherapy 

in resectable rectal cancer should not only be balanced against its negative side effects, 

but also against the subgroup specific incidence, related symptoms and treatment pos-

sibilities of a locally recurrent rectal cancer. More selective application of neoadjuvant 

radiotherapy will improve its harm/benefit ratio.

 However, calculations and assumptions in Chapter 7 are mainly based on co-

hort studies of varying quality and only a few population based studies. The selection 

biases, inappropriate and incomplete data collection, varying outcome parameters and 

the lack of relevant data such as symptom-free survival underline the need for well 

designed future studies on this important subject. The overall aim of clinical research 

should be to develop a range of multidisciplinary treatment options that can be tail-

ored to the individual patients, taking into consideration disease factors and patient 

factors, such as age, comorbidity and expectation of functional outcome. Especially in 

difficult decisions, in which modest changes in local control must be balanced against 

effects on functional outcome and quality of life, multidisciplinary decision with care-

ful consideration of a patient’s individual situation is important.

 Subgroup analyses of the Dutch TME trial, although potentially biased, sho-

wed that short course radiotherapy followed by TME surgery within one week seems 

only effective in patients with lesions between 5 - 10 cm from the anal verge, nodal 

involvement, TNM stage III and uninvolved circumferential resection margins.31 This 

trial was conducted at the time magnetic resonance imaging (MRI) was not routinely 

used for locoregional staging. Furthermore, a one-size-fits-all approach for rectal can-

cer as used in the Dutch TME trial is no longer applicable. The Dutch guidelines are 

predominantly based on the results of this trial. The shift towards a more tailor-made 

treatment in current daily practice suggests the need for revising our guidelines. 

Discussion and future perspectivesDiscussion and future perspectives
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 MRI has become indispensable for pre-treatment evaluation of rectal cancer 

by assessing tumour level, relation to the CRM, lymph node status and relation to 

surrounding structures such as prostate, sacrum and vagina. Each individual patient 

will then be discussed in a multidisciplinary team consisting of a surgeon, radiation 

oncologist, medical oncologist and radiologist. The decision to apply short course 

preoperative radiotherapy or to administer long scheduled preoperative radiotherapy 

with concurrent chemotherapy is mostly based on MRI results, despite its limitations. 

Magnetic resonance imaging with lymph node specific contrast enhancement may 

be the most promising preoperative tool for better distinguishing between N0, N1 or 

N2 stage rectal cancer. The current evaluation of MRI contrast agents, like superpa-

ramagnetic iron oxide (UPSIO) and MS 325, might solve the problem of lymph node 

metastasis identification in the future.34-36 These novel diagnostic modalities will 

facilitate not only the exact localisation of the primary tumour, but also of the lymph 

node status. Both factors probably determine the potential advantage of preoperative 

radiotherapy in an individual patient. Randomised studies are needed to objectively 

determine the efficacy of preoperative radiotherapy in N0 rectal cancer patients and 

for tumours at each different level from the anal verge.

 Although selection criteria are not yet fully evidence based, treatment plans 

for individual patients can be best made in a multidisciplinary setting and should be 

based on currently available suboptimal evidence, while awaiting further trials.
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FuNCtiONAL OutCOme AFter reCtAL SurgerY
 

 In Chapter 1 the results of a multicentre randomised trial are described 

comparing functional and surgical results of the colonic J-pouch with the side-to-end 

anastomosis after rectal resection and their impact on quality of life. Patients with a 

histologically proven rectal carcinoma (cT2-T3) located in the middle and/or distal 

part of the rectum were included, resulting in 55 patients in the J-pouch group and 52 

patients in the side-to-end group. All patients received preoperative radiotherapy in 

a dose of 5x5 Gy, followed by a Total Mesorectal Excision (TME). Primary endpoint 

was the function of the neorectum as assessed by the validated COloREctal Functio-

nal Outcome (COREFO) questionnaire; secondary endpoints were surgical results as 

registered by operation reports, pathology reports and events during the postoperative 

course and quality of life as assessed by the EORTC-QLQ-CR38 and SF-36 question-

naires. The questionnaires were completed by all patients preoperatively and at 4 and 

12 months postoperatively. The COREFO incontinence scale at 4 months and the total 

functional outcome at 4 and 12 months showed better results for the J-pouch group in 

comparison with the side-to-end group. The remaining COREFO scales (frequency, 

social impact, stool related aspects and bowel medication), surgical outcome (com-

plications, re-operations, length of hospital stay, re-admissions and mortality), and 

quality of life did not show significant differences between treatment groups. 

Allthough functional results are slightly better by constructing a J-pouch, overall 

results of a colonic J-pouch and a side-to-end anastomosis are comparable. The side-

to-end anastomosis is technically less demanding and therefore a justified alternative 

in sphincter saving surgery.

 In Chapter 2 further research is described that was conducted to gain insight 

in the pathophysiological mechanism contributing to the impaired functional results 

after rectal resection. (Neo)rectal function of ten healthy volunteers (HVs) and fifteen 

patients (J-pouch or side-to-end anastomosis) 5 months after short term preoperative 

radiotherapy and total mesorectal excision for rectal cancer were evaluated by mano-

metry and barostat studies. Furthermore, patients with a colonic J-pouch anastomosis 

(n=6) were compared to patients with a side-to-end anastomosis (n=9). (Neo)rectal 

sensitivity was assessed by using a step-wise isovolumetric and isobaric distension 

protocol. (Neo)rectal motility was determined during prolonged distension at the 

treshold of urge to defaecate. The neorectal volume of patients at the threshold of the 

urge to defaecate (125 ± 45 ml) was significantly lower when compared with that of 

HVs (272 ± 87 ml). The pressure threshold, however, did not differ between patients 

(26 ± 9 mmHg) and HVs (21 ± 5 mmHg), neither did the pressure threshold differ 
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between patients with a J-pouch and a side-to-end anastomosis. In HVs, no rectal 

contractions were observed during prolonged rectal distension. In contrast, in all 

15 patients, prolonged isovolumetric and isobaric distension induced 3 (range 0-5) 

contractions/10 min. This hypercontractility or neorectal irritability represents a pa-

thophysiological mechanism contributing to the impaired anorectal function (mainly 

urgency for defaecation) after preoperative radiotherapy and total mesorectal excision.

 Not only bowel function problems are seen after rectal resection, but also 

sexual and urinary dysfunctions. In Chapter 3 we prospectively evaluated patients 

after rectal resection and patients after colonic resection based on sexual, urinary and 

bowel function and quality of life in the short and long term. Eighty-three patients 

who underwent a rectal resection (RR) with total mesorectal excision were compared 

to 53 patients who underwent a colonic resection leaving the rectum in situ (RIS). A 

questionnaire assessing sexual, urinary and bowel functioning, with a quality of life 

questionnaire (SF-36) was sent to all participants preoperatively, 3 and 12 months 

postoperatively and approximately eight years after onset of the study. Short term dys-

functions included diminished sexual activity in female RR patients at three months 

and significantly more erectile dysfunctions in male RR patients one year postopera-

tively, did not influence overall quality of life. The incidence of urinary dysfunction 

was comparable between RR and RIS patients. Bowel functioning was significantly 

better in the RIS group compared to the RR group after three months and one year of 

follow-up. Erectile dysfunctions in male RR patients persisted in time; other sexual, 

urinary and bowel functions after rectal resection and colonic resection are similar 

after long term follow-up. 

PArt ii 
COLOreCtAL SurgerY;  
mANAgemeNt OF ANAStOmOtiC dehiSCeNCe

 In Chapter 4 the time interval (‘delay’) between the occurrence of clinical 

parameters associated with anastomotic leakage after colorectal resection and sub-

sequent relaparotomy was analysed. In 36 of 289 consecutive patients with colorectal 

anastomoses, leakage was confirmed at relaparotomy. The medical records of these 

patients were retrospectively analysed and type and time of appearance of clinical pa-

rameters suggestive of anastomotic leakage were recorded. These parameters included 

heart rate, body temperature, local or generalised peritoneal reaction, leucokytosis, 

ileus and delayed gastric emptying. Factors influencing delay of relaparotomy and 

consequences of delayed recognition and treatment were determined. First docu-

mentation of at least one of the predefined parameters for anastomotic leakage was 

a median interval of 4 ± 1.7 days after the first operation. The median number of 

days between first parameter(s) associated with leakage and relaparotomy was 3.5 ± 

5.7 days. The time interval between the first signs of leakage and relaparotomy was 

significantly longer when a weekend was included (4.2 days  vs. 2.4 days) or radiolo-

gical evaluation proved to be (false-)negative (8.1 days  vs. 3.5 days). The delay caused 

by an intervening weekend or negative diagnostic imaging to diagnosis and relaparo-

tomy was more than two days in two-thirds of the patients. No significant association 

between delay and number of additional relaparotomies, hospital stay or mortality 

could be demonstrated.

 In Chapter 5 more insight was gained in the accuracy, interobserver variabi-

lity, timing and discordance with relaparotomy of postoperative radiological exami-

nation of colorectal anastomoses. Radiological examination of the anastomosis was 

not performed routinely, but only when there were clinical signs of leakage. Radiolo-

gical imaging was reviewed by an independent radiologist and the interpretation was 

compared to the initial interpretation. Medical records were retrospectively analysed. 

Clinical anastomotic leakage was the standard of reference and defined as leakage 

confirmed during relaparotomy, drainage of pus per anum or as an anastomotic de-

fect identified at digital examination. Radiological evaluation of the anastomosis was 

performed in 91 of 429 patients (21%) who underwent an ileocolonic, colo-colonic, 

or colorectal anastomosis: CT in 27 patients, contrast radiography in 40 patients, and 

both modalities in 24 patients. The interobserver variability of CT and contrast radio-

graphy was 10% and 14%, respectively. The sensitivity and negative predictive value 

of imaging of the anastomosis was 65% and 73%, respectively. Anastomotic leakage 

was found in 11 of 21 patients (52%) who underwent relaparotomy despite negative 

imaging. Three of 36 patients (8%) with a diagnosis of anastomotic leakage based on 

radiological examination had an intact anastomosis at relaparotomy. Therefore, we 

concluded that radiological imaging of the anastomosis after colorectal surgery should 

be restrictively applied and interpreted with caution because of the high false-negative 

rate and the substantial interobserver variability.   

PArt iii
reCtAL CANCer; CritiCAL APPrAiSAL OF CurreNt treAtmeNt

 Auditing of local practices is essential for quality control and potential impro-

vement of clinical outcome. In contrast to results from large randomised studies, indi-

vidual experiences from non-specialised low-volume hospitals suggested an increased 

risk of anastomotic leakage after preoperative radiotherapy. Therefore, we described 

morbidity and mortality of total mesorectal excision with special emphasis on anasto-

SummarySummary
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motic leakage after the introduction of short course preoperative radiotherapy in an 

unselected cohort of patients in Chapter 6. One hundred and four patients (annual 

caseload of 16) underwent rectal resection for a proven malignancy. Outcome para-

meters including anastomotic leakage rate, duration of hospital stay and survival were 

retrospectively compared between patients who received radiotherapy followed by 

resection and patients who underwent resection alone. A negative impact of preopera-

tive radiotherapy on morbidity and mortality after rectal cancer surgery was observed 

in this cohort with an annual load of 16 cases. Anastomotic leakage occurred in 11 of 

28 patients (39%) who underwent radiotherapy and in 10 of 54 patients (19%) in the 

surgery alone group (p=0.04). The length of hospital stay was significantly longer in 

the radiotherapy group in comparison with the surgery alone group (median 22  vs. 12 

days; p=0.002). Independent predictors of decreased overall survival were high ASA 

classification, application of preoperative radiotherapy, necessity of ICU admission 

and advanced pathological stage. 

 In Chapter 7 the role of routinely adding radiotherapy to adequate TME sur-

gery is critically appraised for primary rectal cancer, by a systematic review of current 

literature from the point of view of the different clinical entities of locally recurrent 

rectal cancer. A literature search using the databases of Pubmed and Embase (1990 

to 2009) was performed with selection of cohort studies on locally recurrent rectal 

cancer, cohort studies and randomised controlled trials for treatment of primary re-

sectable rectal cancer, and meta-analyses relevant to the purpose of this study. Half of 

the patients with local recurrence from rectal cancer present with pain, and 50%-60% 

have synchronous distant metastases. Macroscopically complete resection (R0/R1) 

of local recurrence can be achieved in one third of the patients. After treatment with 

curative intent, up to 60% of the patients develops systemic disease and 5-year overall 

survival is 30-40%. Previous pelvic radiotherapy (at the time of the initial treatment 

of the primary tumour) limits the possibilities for local treatment of recurrence.

As only part of the total reduction in local recurrence resulting from routinely adding 

radiotherapy to TME surgery for primary resectable rectal cancer favours the sub-

group with intractable symptomatic recurrence, we advocate a more selective applica-

tion of neoadjuvant (chemo)radiotherapy to improve the harm/benefit ratio.

SamenvattingSummary

deeL i
FuNCtiONeLe reSuLtAteN NA reCtum Chirurgie

 In Hoofdstuk 1 worden de resultaten beschreven van een gerandomiseerde 

multicentre trial, die de functionele en chirurgische resultaten vergelijkt van de 

J-pouch coloanale anastomose met de side-to-end coloanale anastomose na rectum-

resectie en de invloed op de kwaliteit van leven. Patiënten met een histologisch aange-

toond rectumcarcinoom (cT2-T3) in het middelste en/of distale deel van het rectum 

werden geïncludeerd, resulterend in 55 patiënten in de J-pouch groep en 52 patiënten 

in de side-to-end groep. Alle patiënten werden behandeld met preoperatieve radio-

therapie in een dosis van 5 x 5 Gy, gevolgd door een totale mesorectale excisie (TME). 

Primair einddoel was de functie van het neorectum, zoals beoordeeld door de geva-

lideerde COloREctal Functional Outcome (COREFO) vragenlijst. Secundaire eind-

doelen waren de chirurgische resultaten geregistreerd door operatieverslagen, patho-

logieverslagen, het postoperatieve beloop en de kwaliteit van leven zoals beoordeeld 

door de EORTC-QLQ-CR38 en SF-36 vragenlijsten. De vragenlijsten werden ingevuld 

door alle patiënten preoperatief en vier en twaalf maanden postoperatief. De COREFO 

incontinentie schaal vier maanden postoperatief en de totale functionele uitkomst vier 

en twaalf maanden postoperatief lieten betere resultaten zien voor patiënten met een 

J-pouch anastomose in vergelijking met een side-to-end anastomose. De overige  

COREFO schalen (frequentie, sociale invloed, ontlasting gerelateerde aspecten en 

gebruik van medicatie), chirurgische uitkomsten (complicaties, re-operaties, op-

nameduur, heropnames en mortaliteit) en kwaliteit van leven lieten geen significante 

verschillen zien tussen beide groepen. Ondanks de betere functionele resultaten van 

de J-pouch, zijn de algemene resultaten van de J-pouch en een side-to-end anastomose 

vergelijkbaar. De side-to-end anastomose is technisch minder veeleisend en daarom 

een gerechtvaardigd alternatief bij sphincter sparende chirurgie. 

 Hoofdstuk 2 beschrijft het onderzoek dat is gedaan om inzicht te verwerven 

in het pathofysiologische mechanisme dat bijdraagt aan de verminderde functionele 

resultaten na rectumresectie. De (neo)rectale functie van tien gezonde vrijwilligers en 

vijftien patiënten (J-pouch of side-to-end anastomose) met een rectumcarcinoom, vijf 

maanden na kortdurende radiotherapie gevolgd door een rectumresectie (TME), werd 

geëvalueerd door middel van manometrie en barostat onderzoek. Tevens werden  

patiënten met een J-pouch coloanale anastomose (n=6) vergeleken met patiënten met 

een side-to-end coloanale anastomose (n=9). Om de (neo)rectale sensitiviteit te bepa-

len werd gebruik gemaakt van een stapsgewijs isovolumetrisch en isobarisch distensie-

protocol. De (neo)rectale motiliteit werd bestudeerd tijdens verlengde distensie op 

het niveau waarop de proefpersoon aangaf het gevoel van aandrang te hebben. Het 
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neorectale volume (125 ± 45 ml) waarbij patiënten aangaven aandrang te hebben 

was significant kleiner in vergelijking met gezonde vrijwilligers (272 ± 87 ml). Het 

drukniveau dat een gevoel van aandrang induceerde was echter niet verschillend tus-

sen patiënten (26 ± 9 mmHg) en gezonde vrijwilligers (21 ± 5 mmHg) en was tevens 

niet verschillend tussen patiënten met een J-pouch en een side-to-end anastomose. 

Tijdens de verlengde distensie werden bij gezonde vrijwilligers geen contracties in het 

rectum waargenomen. Bij alle vijftien patiënten daarentegen werden zowel tijdens de 

verlengde isovolumetrische als isobarische distensie drie (range 0-5) contracties per 

tien minuten geobjectiveerd in het neorectum. Dit suggereert dat deze neorectale  

‘irritabiliteit’ een nieuw pathofysiologisch mechanisme vertegenwoordigt welke bij-

draagt aan stoelgang gerelateerde klachten na preoperatieve radiotherapie en rectum-

resectie (TME). 

 

 In Hoofdstuk 3 worden prospectief de seksuele, urologische en stoelgang 

gerelateerde functies en de invloed op de kwaliteit van leven op korte en lange termijn 

bij patiënten geëvalueerd na een rectumresectie en colonresectie. 83 patiënten die een 

rectumresectie (RR) ondergingen met totale mesorectale excisie werden vergeleken 

met 53 patiënten die een colonresectie ondergingen waarbij het rectum in situ bleef 

(RIS). Vragenlijsten ter beoordeling van seksueel, urologisch en stoelgang gerelateerd 

functioneren en een kwaliteit van leven vragenlijst (SF-36) werden naar alle patiënten 

gestuurd preoperatief, drie en twaalf maanden postoperatief en ongeveer acht jaar 

na aanvang van de studie. Seksuele disfunctie op de korte termijn werd veroorzaakt 

door een verminderde seksuele activiteit bij vrouwelijke RR patiënten drie maanden 

postoperatief en significant meer erectiestoornissen bij mannelijke RR patiënten 

twaalf maanden postoperatief. Deze functionele problemen hadden geen invloed op 

de kwaliteit van leven. De incidentie van urologische klachten was vergelijkbaar tussen 

RR en RIS patiënten. RIS patiënten gaven significant minder stoelgang gerelateerde 

klachten aan vergeleken met RR patiënten drie en twaalf maanden postoperatief. De 

erectiestoornissen bij mannelijke RR patiënten bleven aanwezig; de overige seksuele, 

urologische en stoelgang gerelateerde klachten na rectumresectie en colonresectie zijn 

vergelijkbaar zijn na lange termijn follow-up. 

deeL ii 
COLOreCtALe Chirurgie; mANAgemeNt vAN NAAdLeKKAge

 In Hoofdstuk 4 is het tijdsinterval (‘delay’) vanaf het optreden van klini-

sche parameters geassocieerd met naadlekkage en de daaropvolgende relaparotomie 

geëvalueerd. Bij 36 van de 289 opeenvolgende patiënten met een colorectale anasto-

mose werd een naadlekkage geconstateerd bij relaparotomie. De medische statussen 

van deze patiënten zijn retrospectief verzameld en type en timing van het optreden 

van klinische parameters passend bij naadlekkage werden geanalyseerd. Deze para-

meters betroffen hartfrequentie, temperatuur, lokale of gegeneraliseerde peritonitis, 

leukocytose, ileus en een vertraagde maagontlediging. Factoren die van invloed waren 

op de vertraging tot relaparotomie en de consequenties van vertraagd herkennen en 

behandelen van de naadlekkage werden bepaald. Eerste documentatie van tenminste 

een van de vooraf bepaalde parameters passend bij naadlekkage werd gedaan na een 

mediaan interval van 4 ± 1.7 dagen na de initiële operatie. Het mediaan aantal dagen 

tussen de eerste parameter(s) passend bij naadlekkage en relaparotomie was 3.5 ± 5.7 

dagen. Het tijdsinterval tussen de eerste tekenen van lekkage en relaparotomie was sig-

nificant langer door een weekend (4.2 versus 2.4 dagen) of (fout)-negatief radiologisch 

onderzoek (8.1 versus 3.5 dagen). Deze vertraging veroorzaakt door een weekend of 

negatief radiologisch onderzoek vanaf het optreden van symptomen tot aan relaparo-

tomie was meer dan twee dagen in tweederde van de patiënten. Er kon geen signifi-

cant verband worden aangetoond tussen de vertraging en het aantal relaparotomieën, 

opnameduur of mortaliteit. 

 In Hoofdstuk 5 is aanvullend inzicht verkregen in de accuraatheid, interob-

server variabiliteit, timing en discordantie met de relaparotomie van postoperatief 

radiologisch onderzoek van de colorectale anastomose. Radiologisch onderzoek van 

de anastomose werd niet standaard verricht, maar alleen als er klinische tekenen 

waren van naadlekkage. Radiologisch onderzoek werd beoordeeld door een onafhan-

kelijke radioloog en de interpretatie werd vergeleken met het initiële radiologische 

verslag. Medische statussen werden retrospectief geanalyseerd. Klinisch optreden van 

een naadlekkage was de gouden standaard en gedefinieerd als naadlekkage bevestigd 

bij relaparotomie, drainage van pus via de anus of bij een palpatoir defect ter plaatse 

van de anastomose tijdens rectaal toucher. Radiologisch onderzoek van de anastomose 

werd verricht bij 91 van de 429 patiënten (21%) met een ileocolische, colocolische, of 

colorectale anastomose: CT bij 27 patiënten, coloninloop bij 40 patiënten, en beide 

onderzoeken bij 24 patiënten. De interobserver variabiliteit van de CT en coloninloop 

was respectievelijk 10% and 14%. De sensitiviteit en negatief voorspellende waarde 

van diagnostiek naar de anastomose was respectievelijk 65% en 73%. Naadlekkage 

werd gevonden bij 11 van de 21 patiënten (52%) die een relaparotomie ondergingen 

ondanks negatief aanvullend onderzoek. 3 van de 36 patiënten (8%) gediagnosticeerd 

met een naadlekkage gebaseerd op radiologisch onderzoek hadden een intacte ana-

stomose bij relaparotomie. Op basis van deze resultaten concludeerden we dat radio-

logisch onderzoek van de anastomose na colorectale chirurgie beperkt zou moeten 

worden aangevraagd en zorgvuldig worden geïnterpreteerd, in verband met het hoge 

percentage fout negatieve bevindingen en de substantiële interobserver variabiliteit. 

SamenvattingSamenvatting
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deeL iii
reCtum CArCiNOOm; KritiSChe beSChOuWiNg vAN de huidige 
behANdeLiNg

 Monitoring van de dagelijkse praktijk is essentieel voor de kwaliteitscontrole 

en potentiële verbetering van klinische resultaten. In tegenstelling tot de resultaten 

van grote gerandomiseerde studies, zijn er enkele publicaties van individuele ervarin-

gen van niet-gespecialiseerde laag-volume ziekenhuizen, waarbij een hoger risico op 

naadlekkage wordt gezien na preoperatieve radiotherapie. Derhalve beschrijven we de 

morbiditeit en mortaliteit na totale mesorectale excisie met specifieke nadruk op het 

optreden van naadlekkage na de introductie van een kortdurend schema van preope-

ratieve radiotherapie in een niet-geselecteerde groep patiënten in Hoofdstuk 6. 104 

patiënten (jaarlijkse caseload van 16) ondergingen een rectumresectie in verband met 

een rectumcarcinoom. De uitkomstparameters naadlekkage, opnameduur en overle-

ving werden retrospectief vergeleken tussen patiënten die preoperatief radiotherapie 

ondergingen gevolgd door een resectie en patiënten die alleen een resectie onder-

gingen. Een negatieve invloed van preoperatieve radiotherapie op zowel morbiditeit 

als mortaliteit na rectumchirurgie werd gevonden in deze cohort met een jaarlijkse 

caseload van zestien patiënten. Naadlekkage trad op bij 11 van de 28 patiënten (39%) 

die preoperatief radiotherapie ondergingen gevolgd door een resectie en bij 10 van de 

54 patiënten (19%) die alleen een resectie ondergingen (p=0.04). De opnameduur was 

significant langer in de bestraalde groep ten opzichte van de chirurgiegroep (mediaan 

22 versus 12 dagen; p=0.002). Onafhankelijke voorspellers van een verkorte algehele 

overleving waren een hoge ASA classificatie, ondergaan van preoperatieve radiothera-

pie, noodzaak tot opname op de ICU en een hoger tumorstadium. 

 In Hoofdstuk 7 wordt de rol van het routinematig toepassen van preopera-

tieve radiotherapie bij adequate TME chirurgie voor het primaire rectumcarcinoom 

kritisch geëvalueerd, door een systematische review van huidige literatuur vanuit de 

verschillende klinische entiteiten van het lokale recidief van het rectumcarcinoom. 

Een literatuuronderzoek is verricht gebruik makend van de databases van Pubmed 

en Embase (1990 tot 2009) met een selectie van cohort studies over het lokale recidief 

van het rectumcarcinoom, cohort studies en gerandomiseerde studies over de behan-

deling van het primair resectabel rectumcarcinoom en voor het doel van deze studie 

relevante meta-analyses. De helft van de patiënten  met een lokaal recidief presenteert 

zich met pijnklachten en 50%-60% presenteert zich met synchrone afstandsmeta-

stasen. Macroscopisch complete resectie (R0/R1) van een lokaal recidief kan worden 

verkregen bij een derde van de patiënten. Na behandeling met curatieve intentie, 

ontwikkelt tot 60% van de patiënten systemische ziekte en de 5-jaars algehele overle-

SamenvattingSamenvatting

ving is 30-40%. Eerdere bestraling van het bekken (bij de initiële behandeling van de 

primaire tumor) limiteert de mogelijkheden voor lokale behandeling van het recidief. 

Aangezien de routinematige toepassing van preoperatieve radiotherapie in het geval 

van een primair resectabel rectumcarcinoom slechts een deel van de totale reductie 

van het optreden van een lokaal recidief voorkomt, pleiten we voor een meer selectieve 

applicatie van neoadjuvante (chemo)radiotherapie ter verbetering van de balans tus-

sen voor- en nadelen.
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Niet zonder de steun, het vertrouwen en de begeleiding van velen, waarvoor DANK!

Allereerst prof. dr. J.J.B. van Lanschot, beste JvL. Als de dag van gisteren dat wij een 
gesprek hadden over het doen van onderzoek (laten wij het niet promoveren noemen, 
want de ervaring leert dat dat niet lukt naast de opleiding). Dank voor uw vertrouwen, 
de geboden kans, uw visie en begeleiding. Zelfs vanuit Rotterdam voelde ik de  
pressure, en dat was goed. Zonder u was het nooit gelukt.

Dr. W.F. van Tets, beste Willem. Wat heb ik veel van je geleerd. Beginnend bij de  
perianale fistels tot onderzoek naar naadlekkages, de AGNIO tijd tot en met de dag 
van vandaag. Bedankt voor alles.

Dr. P.J. Tanis, beste Pieter. Het spreekwoordelijke duizendpoot krijgt door jou een 
nieuwe dimensie. Schilderen, pianospelen, sporten, wetenschap, chirurgie en je lieve 
Marlene. Een lieve collega en vriend. Zo terecht dat jij mijn copromotor bent. Dank 
voor alles. 

Geachte leden van de promotiecommissie, prof. dr. R.G.H. Beets-Tan, prof. dr. G.E.E. 
Boeckxstaens, prof. dr. D.J.Gouma, prof. dr. C.C.E. Koning, prof. dr. C.A.M. Marij-
nen, prof. dr. J.H.W. de Wilt. Uit alle hoeken van het land bent u gekomen om mijn 
promotie mogelijk te maken. En allen behoort u tot de Groten van Nederland. Het 
is mij een eer en een genoegen om straks met u van gedachten te wisselen over de 
inhoud.

Beste coauteurs Willem Bemelman, Peter van Duijvendijk, Michael Gerhards, Guy 
Boeckxstaens, Mirjam Sprangers en Aloys Wüst: dank voor jullie vaak verhelderende 
revisies. Het is er beter op geworden. Andrew Vincent, cheers mate!

Dr. E.Ph. Steller, dokter Steller. Een opleider pur sang. Met hart voor de zaak en oog 
voor persoonlijke ontwikkeling. U haalt het beste in assistenten naar boven. Hoe bij-
zonder dat ik uw laatste schaapje op het droge ben. Dank. 

Prof. dr. O.R.C. Busch, beste Olivier. Wat ben jij een leuke opleider. En daarnaast 
steengoed, snel en geestig.

AMC stafchirurgen. Dank voor het leren kritisch te zijn in het bolwerk van kennis  
& kunde. En voor een mooie tijd.
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Lucas bazen. Bart Vrouenraets, big brother is watching you. Ondanks je ogenschijnlijke 
relaxedheid weet jij precies wat er speelt en weet jij de hiaten in de richtlijnen te onder-
zoeken. Zo ook leverde jij een zeer belangrijke bijdrage aan deze promotie. Daarbij ben 
je natuurlijk gewoon gezellig. 
Bart van Wagensveld. Groot respect voor wat jij hebt bereikt. Naast een levensgenie-
ter ben jij een dedicated chirurg met oog voor detail en kwaliteit. Ik heb veel van je 
geleerd. Dank daarvoor. 
Jan Ultee. Je bent een van de beste en meest veelzijdige chirurgen die ik ken. En de 
kleurrijkste. Wat heb ik veel gelachen. Dank, La Doek. 
Dokter Voorwinde. Groot respect. U bedrijft de geneeskunst en het is een voorrecht 
om met u samen te werken. Dank voor mooie jaren.

Paranimfen.
E… e… e…Roos, nurt, hoe kan ik jou beschrijven. Jij bent deerlijk mijn beste. En wat 
ben ik trots op jou.

Jes, wij bewandelen hetzelfde pad. En daarom begrijpen wij elkaar. Familie, liefde,  
dispuut, trouwen, baby’s, opleiding, promoveren: daarom zien wij elkaar te weinig, 
maar dat geeft niet want ‘we know’.

Alle collega’s uit het AMC en SLAZ. Wat heb ik een geweldige tijd met jullie gehad. De 
opleiding chirurgie was door jullie een feest.

Alle onderzoekers van G4. Jullie namen deze halve-onderzoeker toch in jullie midden 
en hielpen mij met al mijn vragen.

SLAZ, wat een warme deken. In 1975 ben ik geboren in het Andreas Ziekenhuis. In 
2000 coschappen. In 2002 arts assistent. Tot nu. Lief secretariaat, verpleegafdeling, 
operatiecomplex, spoedeisende hulp, polikliniek, SLAAV-genoten, andere specialis-
men en Stichting Medisch Wetenschappelijk Onderzoek. Ik heb een fantastische tijd 
gehad.

Beste Roel, mijn voorganger, zonder jou geen boekje. Eindelijk is het zover. Dank dat 
je aan mij dacht.

Jan Gooszen, door naast mijn opleiding te promoveren had ik soms weinig tijd om je 
te begeleiden. Wat heb jij ongelooflijk je best gedaan en dat heeft zeker zijn vruchten 
afgeworpen: jij komt er wel.

Lieve Iris, wat fijn om zo’n lief vriendinnetje te hebben. Je steunt mij in alles. Nu tijd 
voor leuke dingen. Lieve Essentiële Planning: Aukje, Charlot, Katja & Ashlin. Wat is 
het altijd fijn om met jullie te zijn. Jullie zijn mij allen dierbaar. Lieve Eef, een dag niet 
gelachen is een dag niet geleefd. Echte vriendschap overwint de rivieren. Lieve Bim 
Korrel, you’re one of a kind. En daarom ben ik zo dol op jou. Lieve Anouk & Bastiaan, 
jullie mooie mensen! Jullie zijn totaal onterecht door mij verwaarloosd. Ik maak het 

goed. Lieve Willemijn & Fleur, P.H.A.R.O.S. 96. Nog eentje dan?! Op veel meer dan 
jaargenoten. Lieve Sarina, als ik je zie is het altijd goed. Dank voor je correcties. En 
vriendschap. 

Lieve Lenos, din, hoe bijzonder is onze al zo lang bestaande vriendschap. Ik ben zo 
trots en dankbaar dat je in mijn leven bent en dat je mij geholpen hebt dit alles moge-
lijk te maken in deze zware tijd, en zo mooi! Hurrah, joechei, eureka: ons kindje is nu 
geboren. 

Alle mensen die ik vergeten ben, excuus daarvoor.

Lieve familie Aalbers, een schoonfamilie overkomt je. Ik heb geluk met jullie. 

Lieve papa & mama. Een betere basis had ik niet kunnen hebben. Jullie liefde, warmte 
en onvoorwaardelijk vertrouwen hebben mij gemaakt tot wie ik ben. 

Lieve Inge & Maaike. Zo vanzelfsprekend, maar ook zo bijzonder de band die wij  
hebben. Voor altijd.
Lieve Robert & Donald. Fijn om jullie als zwagers te hebben, ik had het niet beter  
kunnen uitzoeken.
Lieve Lennart, Merijn, Djoeke & Finn. Tante Miek heeft weer alle tijd, snel een keer 
weer spelen?

Tot slot, Grote Liefde, het leven is zo mooi met jou. Ik geloof in jou & mij.

Lieve Anna, kus van mama.
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CurriCuLum vitAe

 Annemiek Doeksen werd op 21 november 1975 geboren in Amsterdam. In 
1993 behaalde zij het vwo-diploma op het Bonhoeffer College in Castricum, waarna 
zij voor een jaar naar Exeter (Engeland) ging om Engels en Geschiedenis te studeren. 
Bij terugkomst heeft zij aan de Vrije Universiteit van Amsterdam de deficiënties  
scheikunde en natuurkunde ingehaald. In 1995 begon Annemiek aan de studie genees-
kunde aan de Vrije Universiteit van Amsterdam, welke zij in 2002 afrondde.  
Nog tij dens haar studie heeft zij een jaar door India, Nepal en Australië gereisd; in 
Australië deed ze vier maanden onderzoek naar type I diabetes bij adolescenten in het 
New Children’s Hospital in Sydney. Na haar studie werkte Annemiek als agnio chirur-
gie in het Sint Lucas Andreas Ziekenhuis in Amsterdam (opleider dr. E.Ph. Steller).  
In januari 2004 begon zij aan de opleiding chirurgie in het Sint Lucas Andreas Zieken-
huis en het Academisch Medisch Centrum te Amsterdam (opleiders prof. dr. J.J.B. van 
Lanschot  en prof. dr. O.R.C. Busch). Tijdens haar agnio tijd is zij begonnen met het 
verrichten van onderzoek onder begeleiding van dr. W.F. van Tets en dr. B.C. Vrouen-
raets, hetgeen zij vervolgde in het Academisch Medisch Centrum met begeleider  
prof. dr.  J.J.B. van Lanschot. Dit heeft geresulteerd in dit proefschrift. Op 15 maart 
2011 heeft zij de opleiding chirurgie voltooid. 
Annemiek is in juni 2009 getrouwd met Arend Aalbers. Samen hebben zij een dochter 
Anna (2010).
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