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General discussion and future perspectives

The gastrointestinal tract fulfills many roles, from breaking down food and extracting 
nutrients to the mobilization and removal of waste products. Therefore, it is not surprising 
that its physiology is incredibly complex and still not entirely clear. By increasing the 
knowledge of the physiological function of the gastrointestinal tract, the colorectal 
surgeon may gain a better understanding of the etiology of bowel function problems 
following colorectal resections. Furthermore, this understanding allows for an opportunity 
to develop innovative, new treatments for (postoperative) bowel function problems. 
As this is a long-term goal, it is also important to undertake steps to optimize current 
perioperative management of adults and children who undergo colorectal resections. 
With this in mind, we studied bowel function following colorectal resections in the 
light of different patient-related and perioperative factors. 
 In the present chapter we discuss how the findings within this thesis can be translated 
into evidence-based recommendations to improve functional outcomes following 
colorectal resections in adults and children. Furthermore, we elaborate on the future 
perspectives of colorectal research and clinical practice based on our findings.

Anorectal physiology
Anorectal manometry
In the past decades, knowledge on physiological functions of the colon, rectum, and 
anal canal increased, especially by the development of new diagnostic techniques. 
Two of the main techniques to study the function of the anorectum are volume-con-
trolled anorectal manometry and pressure-controlled Barostat measurements, as 
explained by Chapters 1, 2, and 3. Nevertheless, the results of these tests remain 
difficult to interpret, as they are influenced by many biomechanical factors. An 
example of this is shown by Chapter 2. Traditionally, pressure-controlled Barostat 
measurements have been used to measure rectal compliance and the perception of 
rectal filling. However, Barostat protocols are extensive and rarely used in clinical 
practice, while volume-based anorectal manometry measurements are more 
common.1,2 Therefore, it is not surprising that in the past years many centers started 
measuring rectal hyposensitivity using volume thresholds to measure rectal 
sensitivity.3-5 Nevertheless, it is important to realize that rectal pressure is the trigger 
for rectal sensation, as pressure activates the tension-activated stretch receptors of 
the rectal wall.6-8 In this way, using volume thresholds to measure rectal sensation 
assumes that there is a fixed volume-pressure relationship of the rectal wall. The 
study presented in Chapter 2 showed that rectal volume and pressure did not 
correlate during rectal filling, indicating that it is incorrect to use rectal volumes to 
diagnose rectal hyposensitivity. By using rectal volume thresholds, patients with an 
enlarged rectum are falsely classified as being hyposensitive to rectal filling. 
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 Given the fact that rectal sensitivity had been falsely measured by volume thresholds, 
it is not surprising that an association between rectal hyposensitivity and clinical 
bowel obstruction is still lacking.3 Future studies regarding the clinical consequences 
of rectal hyposensitivity, as measured with pressure-based thresholds, may further 
clarify this relationship and possible ways of treating the subgroup of patients with 
chronic constipation due to ‘true’ rectal hyposensitivity.
 The results of Chapter 2 indicate that current anorectal manometry protocols 
may need to be reconsidered. It is known that manometry equipment, analysis, and 
data interpretation vary widely between medical centers.2 Although basic guidelines 
of anorectal function tests exists,9-11 uniform protocols as well as reference values 
are lacking. The lack of uniform procedures also led to high intraindividual and inter-
individual differences in previous studies, decreasing the scientific use of anorectal 
manometry. Therefore, standardized, international protocols of anorectal manometry 
and reliable reference values in healthy people are highly needed.2 Furthermore, it is 
advisable to only perform anorectal manometry by specialized caretakers, as reliable 
manometry results require experienced performance (e.g. correct placement of the 
catheters), as well as correct interpretation. 
 When appropriately used, anorectal manometry can be used to diagnose various 
underlying problems that cause bowel dysfunction. The technique has many 
advantages, such as the fact that it is non-invasive, there is no radiation or sedation 
involved, and it is fast and cheaper than performing extensive scans, such as a 
dynamic pelvic MRI. But more importantly, it can capture the motility of the human 
anorectum in response to different stimuli. 

The physiological process of defecation
Studies using anorectal manometry clarified the physiological process of defecation. 
The process of defecation requires both voluntary and involuntary mechanisms to 
evacuate stool from the bowel. The traditional concept of defecation is illustrated in 
Chapter 1 and in Figure 1A. It is important to realize that this concept is centered 
around the detection of rectal filling by rectal mechanoreceptors, which is supposed 
to lead to urge to defecate and voluntary rectal contraction. 
 The findings in Chapter 3 indicate an important modification to the traditional 
theory of the process of defecation. In this study, we showed the presence of a new, 
involuntary anorectal mechanism among healthy study participants: the anorectal 
defecation reflex. The reflex consists of an involuntary, transient rectal contraction in 
response to rectal filling. The fact that the anorectal defecation reflex decreased or 
even disappeared after local anal anesthesia may indicate that its afferent nerve 
endings are located in the anal mucosa or submucosa. This is the first illustration of 
a direct, communicative pathway between the anal canal and the rectum and 
corroborates with the previously unexplained finding of abundant free and organized 
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nerve endings in the anal mucosa directly running towards the rectum.12 More 
specifically, Chapter 3 shows a correlation between the electrosensitivity at the most 
proximal centimeter of the anal canal and the strength of the anorectal defecation 
reflex. Therefore, we expect the afferent nerve endings of the anorectal defecation 
reflex to be located in the proximal anal canal. This location would also make sense 
from a physiological perspective, as the well-known rectoanal inhibitory reflex (RAIR) 
leads to transient relaxation of the proximal anal canal at the start of defecation 
(Figure 1),13-16 which would enhance the exposure of the stool to the afferent nerve 
endings of the anorectal defecation reflex.
 Following our findings in Chapter 3, we propose a new theoretical concept of  
the process of defecation (Figure 1B). In this model, stool from the rectum stimulates 
the RAIR, which leads to exposure of the receptors of the anorectal defecation reflex 
in the proximal anal canal. Subsequently, the anorectal defecation reflex occurs, with 
a powerful rectal contraction as the result. This leads to a spiking rectal pressure, 
which is perceived as urge to defecate, as we know that increasing rectal pressure 
leads to an increase in rectal filling sensation.6-8 By responding to the urge to 
defecate, the external anal sphincter and pelvic floor muscles can be voluntarily 
relaxed, with defecation as the result.
 The most important clinical implication of this new theory of defecation is that an 
dysfunctional anorectal defecation reflex should be considered in case of intractable 
constipation. In case of a diminished or absent anorectal defecation reflex, the spiking 
rectal pressure following the RAIR is diminished. Therefore, people with a diminished 
or absent anorectal defecation reflex may only perceive urge to defecate when their 
rectal pressure rises by extreme amounts of stool inside the rectum. This may cause 
constipation. This theory is supported by previous observations of severely increased 
rectal volumes in patients with chronic constipation,6,17 even though their rectal filling 
sensation may be intact.18

 Future research is needed to investigate the clinical consequences of a diminished 
or absent anorectal defecation reflex. Once this relation is established, it may well be 
that testing for the anorectal defecation reflex becomes a routine measurement in the 
diagnostic work-up of chronically constipated patients. Investigation of the anorectal 
defecation reflex would only require two to three fast inflations with the Barostat. The 
most important therapeutical consequence of an absent anorectal defecation reflex 
may be that pelvic floor physiotherapy is not useful in patients with isolated dysfunction 
of the anorectal defecation reflex. Instead, they may benefit from high-dose laxatives 
and innovative, yet unknown mechanisms to specifically stimulate the anorectal 
defecation reflex. 
 Contrarily, an overreacting anorectal defecation reflex may cause strong and 
frequent rectal contractions. This causes extreme pressure on the fecal continence 
mechanisms and may predispose people to fecal urgency and/or fecal incontinence. 
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Figure 1 | The process of defecation
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Figure 1 | Continued
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This corroborates for example with the fact that patients with extreme anal sphincter 
relaxation due to a spinal transection, and thus enhanced exposure of the proximal 
anal canal to stool, experience massive rectal contractions.19 

Bowel function in the general population 
Children
To understand physiological bowel function, knowledge on the early development of 
bowel function is important. Unfortunately, there are no studies available that capture 
the longitudinal development of bowel function from an early age into adulthood. 
This is not surprising, as there are no validated instruments that can measure different 
aspects of bowel function in very young children as well as in adults. Therefore, we 
developed and validated the Early Pediatric Groningen Defecation and Fecal 
Continence questionnaire (EP-DeFeC), as described in Chapter 5. When the 
EP-DeFeC is used in combination with the equivalent Pediatric DeFeC (P-DeFeC, 
8-17 years) and the adult DeFeC (18 years and over), bowel function can be assessed 
from infancy till adulthood. All of these questionnaires include compatible, validated 
scoring systems for constipation, fecal incontinence, urinary incontinence, and more 
(Figure 1, Chapter 5). The use of comparable, validated scoring systems enhances 
the applicability of the EP-DeFeC in clinical practice and longitudinal scientific 
research that involves both children and adults. 
 To get an impression of the development of bowel function during the first years 
of life, we applied the EP-DeFeC questionnaire to a representative sample of Dutch 
children from one month to seven years old (Chapter 6). The results show that Dutch 
children usually start toilet training around the age of two and a half years but become 
continent for stools around the age of five years. Interestingly, children become 
toilet-trained at an older age, when comparing our outcomes to studies performed 
twenty years ago.20-22 Even then, a trend of later initiation and completion of toilet 
training was noted,22 with only 45-60% of children who were toilet-trained by the age 
of three years.20,21 This may be caused by different factors, for instance the fact that 
many parents are both working and take less time for toilet-training their child. This is 
important, as it is known that parental motivation and positive reinforcement play a 
central role in developing toilet-training skills.20,21 It may also be that the use of 
disposable diapers makes it easier to postpone toilet training, compared to some 
decades ago when parents had to wash the diapers. Finally, the use of super 
absorbing, comfortable diapers may decrease the urge of the child itself to become 
toilet trained. 
 Interestingly, constipation appears to be common even in the youngest children, 
with a constant prevalence of 14% in Dutch children between one month and seven 
years old (Chapter 6). A comparable prevalence of constipation, using the same 
criteria, was shown among children from 8 to 18 years old.23,24 This contradicts the 
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general thought that there is an age-related peak in the incidence of constipation 
within the first years of life.13 Furthermore, these findings are also in contradiction with 
the commonly held belief that pediatric constipation spontaneously disappears 
before adulthood and indicate the need for treatment of childhood constipation.
 The treatment of constipation in children consists of both non-pharmacological 
and pharmacological steps. After the non-pharmacological steps (e.g. education, 
lifestyle advice, toilet training with a rewarding system, and/or a defecation diary), the 
first pharmacological step is polyethylene glycol, an osmotic laxative.25-27 In case of 
severe fecal impaction, one may opt for a combined start with enemas for effective 
rectal disimpaction. If this is not effective, the clinician may consider stimulant 
laxatives (e.g. bisacodyl), behavioral therapy, and/or biofeedback training.25-27 
Remarkably, the results in Chapter 6 indicate that only half of the constipated children 
receive laxatives and only 7% of the fecally incontinent children (after completion of 
toilet training) receive antidiarrheals. We hope that by knowing that both constipation 
and fecal incontinence are common among young children, the diagnosis and 
treatment of both conditions within childhood become more effective. An effective 
treatment requires awareness and prompt diagnosis, as early treatment seems more 
successful.26,28,29 By early treatment we may prevent the bowel function problems 
from persisting at older ages by chronic damage to the gastrointestinal tract. 
 However, our results indicate that a reasonable number of people never searched 
for care. It may well be that the taboo on talking about constipation and/or fecal 
incontinence adds to the current undertreatment of both conditions. The use of 
bowel function questionnaires may create a safe environment to investigate the 
presence of these problems, which may also be used prior to a medical visit. This 
may simplify the conversation about bowel function problems for some people.
 To further optimize the diagnosis and treatment of bowel dysfunction in young 
children, it is interesting to know that urinary incontinence frequently coexists with 
constipation (19%) and fecal incontinence (21%) in Dutch children till seven years old 
(Chapter 6). Following these results, inquiring about both bowel function and bladder 
function in young children may be recommended, as proposed by others as well.30,31 
This is corroborated by the fact that treatment of bowel dysfunction in children often 
leads to less urinary dysfunction.32 

Adults
Bowel function problems are commonly encountered in the general adult population. 
After exclusion of people with relevant medical history or use of constipating 
medication, 16% the general Dutch population can be diagnosed with constipation 
(Chapter 4). Furthermore, the results in Chapter 4 show that females suffer from 
constipation twice as much in comparison to males. The fact that this sex-related 
difference was not shown for pediatric constipation increases the credibility of the 
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previously proposed role of female hormones in constipation.13,33 Regarding age, 
constipation is more common among young adults than older adults (Chapter 4) and 
also the pattern of constipation symptoms was found to differ with aging. The 
symptoms ‘hard stool consistency’, ‘anal blockage’, and ‘use of hands during 
defecation’, occurred more frequently in older people, which is presumably caused 
by neuropathy and muscle atrophy at older ages.13 It is valuable to recognize the 
pattern of symptoms among different demographic groups, which may lead to earlier 
diagnosis and treatment of constipation. The initial treatment of constipation in adults 
consists of non-pharmacological and pharmacological options, comparable to the 
treatment of children. One may start with reduction of medication with a constipating 
side effect, lifestyle and dietary modifications, pelvic floor therapy, as well as empiric 
medical therapy using bulking agents or osmotic laxatives.27,34,35

Bowel function following colorectal resections in adults
Surgery may cause trauma to the gastrointestinal tract and/or surrounding structures, 
impairing its function. Colorectal cancer is one of the main reasons to perform a 
colorectal resection in adults. The surgical techniques, but also other treatment 
modalities underwent innovations, resulting in increased survival rates.36,37 Together 
with the increasing survival, increases the responsibility of the surgeon to follow and 
guide the patient in the years after the colorectal surgery.

Surgery for rectal cancer
Patients with a rectal tumor often undergo low anterior resection (Chapter 1). 
Unfortunately, postoperative bowel function problems are common. Initially, the 
postoperative symptoms were assumed to occur temporarily, but recent longitudinal 
studies showed no significant improvement in bowel function after the first year of 
follow-up.38,39 This is corroborated by Chapter 7, which shows 31% constipation 
and 25% fecal incontinence among patients who underwent low anterior resection 
more than two years ago.
 The bowel function problems following low anterior resection even received their 
own name: the Low Anterior Resection Syndrome (LARS). LARS can be assessed by 
the validated LARS score, which consists of various fecal incontinence-related and 
constipation-related symptoms that have a strong impact on quality of life.40 However, 
Chapter 8 shows that 24% of the general population can be classified as having 
minor LARS, and 12% as having major LARS, when applying the LARS score to a 
large, Dutch population-based sample. These results indicate that a patient’s LARS 
score following low anterior resection may easily be overestimated if no preoperative 
value or reference value of the general population is used. In other words, a bad 
LARS score cannot immediately be interpreted as a bad postoperative outcome. It 
may be preferred to use an individual baseline score, although this is currently 
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performed by only 10% of Dutch surgeons.41 In cases where this is impossible, it may
be recommended to discuss the postoperative LARS scores in the light of the 
prevalence of minor and major LARS in the general population. Furthermore, as the 
LARS score consists of a mixture of different symptoms, it is difficult to start targeted 
treatment knowing that a patient classifies as ‘major LARS’, because the score 
contains a mixture of fecal incontinence-related and constipation-related symptoms. 
Especially constipation-related symptoms are heavily underrepresented in the LARS 
score.42,43 In this light, the LARS score can be considered a fast screening tool and 
a uniform scoring system for scientific research, but it is perhaps of less value in the 
consulting room. 

Optimizing preoperative counselling and postoperative follow-up
Given the chronic character of the bowel function problems following resection of 
rectal cancer, the development of good coping skills is important. This starts with 
evidence-based information on expected bowel function problems during 
preoperative counselling.44,45 To individualize preoperative counselling, it is helpful to 
recognize patient-related factors that are associated with specific bowel symptoms. 
This is in corroboration with the recent development of the online PreOperative LARS 
(POLARS) nomogram, which may be used to calculate the expected postoperative 
LARS score given different patient-related factors.46 Use of modern, evidence-based 
tools like the POLARS nomogram may help with preoperative counseling of patients 
who undergo surgery for rectal cancer. 
 On the other side, knowledge of the association between patient-related factors 
and postoperative bowel function is also needed to optimize postoperative screening 
for these problems. An example of such a parameter is anastomotic height, as 
Chapter 7 illustrates its close relationship with both postoperative constipation and 
fecal incontinence in the long term. Patients with an anastomosis below 4.5 cm 
particularly experience fecal incontinence, whereas patients with an anastomosis 
above 9.5 cm mainly suffer from constipation. Therefore, it may be advisable to use 
this parameter in different settings, such as postoperative communication with the 
general practitioner. 
 Another factor that may optimize current follow-up after surgery for rectal cancer 
is the use of validated bowel function questionnaires prior to follow-up visits. This 
may help patients to express their problems but may also give the physician direction 
towards the type of treatment that the patient needs. These questionnaires can be 
completed in the waiting room or at home in a digital environment, which could even 
be integrated with the digital system of the hospital. In this way, the clinician obtains 
an overview of the postoperative course of bowel functioning and may easily start the 
conversation about postoperative bowel function problems and treatment options 
(Figure 2). Furthermore, these data may simultaneously be used for longitudinal 
scientific research regarding postoperative outcomes. 
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Optimizing treatment for postoperative bowel dysfunction
The fact that the bowel function problems continue to exist years after the surgery 
would justify aggressive treatment, instead of reassuring patients that the bowel 
function will get better with time. However, Chapter 7 shows that most patients who 
suffer from postoperative constipation or fecal incontinence remain untreated. It may 
be expected that effective screening for these bowel function problems may help to 
start treatment promptly. 
 In patients with severe bowel function problems, it may be advisable to first 
exclude tumor recurrence, postoperative strictures, or any correctable anatomical 
problems by endoscopic evaluation.47 Initial treatment consists of dietary modifications 
(fiber and fluid intake), possibly supplemented with medications like laxatives or 
bulking agents, depending on the stool consistency. Some studies suggest 
biofeedback training of the pelvic floor muscles. Interventional options include sacral 
nerve stimulation, transanal irrigation, or eventually a permanent stoma.47,48 

Underlying causes of postoperative bowel dysfunction
To develop better, targeted treatment options for bowel function problems following 
low anterior resection, knowledge about the etiology of these problems is needed. 
The variety of bowel function problems, both constipation-associated and fecal in-
continence-associated, probably reflects the multifactorial pathophysiology. The 
origin of the bowel function problems had been proposed to be related to neural 
damage to the anal sphincter mechanisms, a smaller rectal reservoir, and/or impaired 
colorectal propagating motility.47-54 As explained by Chapter 7, an interplay of these 
factors may also explain the influence of anastomotic height on functional outcomes, 
as for higher anastomoses especially the colorectal motility becomes impaired, 
whereas patients with lower anastomoses more often suffer from damage to anal 
sphincter mechanisms. On the other hand, the finding in Chapter 7 that patients with 
the lowest anastomoses suffer from an extreme amount of incomplete defecation 
may be caused by surgical trauma to the neural pathways that are involved in the 
anorectal defecation reflex (Chapter 3). 
 Future, longitudinal studies regarding the causes of bowel dysfunction following 
resections for rectal cancer are needed, preferably using anorectal manometry and 
validated bowel function scores. However, the treatment of rectal cancer is broader 
than surgery and there are more factors that add to the long-term bowel dysfunction, 
for example, the use of neoadjuvant radiotherapy (Chapter 7).50,55,56 Therefore, it is 
important to critically study the added oncological value of radiotherapy in different 
patient populations and to obtain insight into how to prevent and repair the damage 
on a fundamental level. These studies would also be a starting point for a more 
individual follow-up after rectal cancer surgery and the development of targeted 
treatment strategies. 
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Surgery for colon cancer
In contrast to the extensive scientific attention regarding bowel function following 
surgery for rectal cancer in the past years, the outcomes of surgery for colon cancer 
remain largely underexposed. This is remarkable, given the fact that colon cancer is 
almost twice as common as rectum cancer.36 Nevertheless, the systematic review 
and meta-analysis in Chapter 9 shows that both constipation and fecal incontinence 
occur more often following surgery for colon cancer than in the general population. 
 Similar to the bowel function problems following rectal resections, we found no 
effect of time to follow-up on fecal incontinence and constipation following colonic 
resections in Chapters 9 and 10. This is in contrast to the general belief that bowel 
function adapts over time,57 and warrants effective diagnosis and prompt treatment of 
bowel function problems following colectomies, instead of waiting for spontaneous relief.

Optimizing preoperative counselling and postoperative follow-up
The persistent nature of bowel dysfunction following surgery for colon cancer 
underscores the necessity of proper preoperative counselling and postoperative 
follow-up for these patients. To individualize both processes, it is interesting to 
determine patient-related and perioperative factors that are associated with 
postoperative bowel dysfunction. As indicated in Chapter 10, postoperative bowel 
dysfunction can be related to the type of colectomy. Patients following right-sided 
colectomies are especially prone to liquid fecal incontinence and fecal urgency. 
These symptoms seem to be linked to the more liquid stool consistency following 
right hemicolectomy; patients who underwent a right hemicolectomy were three 
times more likely to have a liquid stool consistency compared to the general population 
(Chapter 10). Following sigmoid colon resections, patients suffer mainly from consti-
pation-associated problems, with a prevalence of constipation that is one and a half 
times that of the general Dutch population.
 Therefore, it is clinically relevant to take the expected type of colectomy into 
account during preoperative counselling of patients who undergo surgery for colon 
cancer. For patients with rectal cancer modern, evidence-based tools like the online 
PreOperative LARS (POLARS) nomogram have been developed to get an impression 
of the impact of the surgery on bowel function given different patient-related factors.46 
These tools do not exist for colon cancer surgery but would be useful to optimize 
preoperative counselling.
 Furthermore, the knowledge of the relation between the type of colectomy and 
postoperative bowel function problems may also be used to individualize postoperative 
follow-up. The executed type of colectomy may give direction to the problems that 
patients are likely to experience in the long term. The use of (digital) questionnaires in 
the waiting room or at home may be considered to further optimize short follow-up 
visits. 
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Optimizing treatment for postoperative bowel dysfunction
Interestingly, Chapters 9 and 10 show that most patients with (severe) constipation 
and fecal incontinence following surgery for colon cancer are untreated. It may well 
be that this undertreatment is caused by little knowledge of postoperative problems 
following colectomies. Chapters 9 and 10 also indicate that bowel function problems 
are still present in the long term. Therefore, we advocate prompt treatment once 
postoperative bowel function problems become clear. Unfortunately, standardized 
treatment regimens for bowel function problems after surgery for colon cancer are 
lacking. Future, longitudinal studies with standardized treatment of the different 
postoperative problems following oncological colectomies are needed.
 The influence of patient-related factors on postoperative bowel function may also 
be used to develop new treatment options. For instance, the more liquid stool 
consistency of patients following right hemicolectomy (Chapter 10) may well be 
caused by bile acid malabsorption (see the section below). This leads us to 
hypothesize that a bile acid sequestrant may relieve postoperative diarrhea and 
perhaps fecal urgency and/or fecal incontinence in these patients. Future, randomized 
studies about the effect of a bile acid sequestrant on these postoperative symptoms 
are required.

Underlying causes of postoperative bowel dysfunction
The studies in Chapters 9 and 10 indicate that bowel function may be harmed 
following surgery for colon cancer, despite not entering the narrow, highly innervated 
small pelvis during surgery. The factors that contribute to the postoperative bowel 
dysfunction following surgery for colon cancer remain largely unclear. The diversity of 
postoperative symptoms suggests multifactorial pathophysiology. 
 Regarding postoperative obstructive problems, traction and iatrogenic damage 
during colonic mobilization may play a role, by causing damage to the enteric nervous 
system.58-61 This may lead to less peristalsis and therefore more obstructive 
symptoms. Interestingly, increased levels of nitric oxide synthases, which are involved 
in the synthesis of nitric oxide, a neuro-inhibiting substance, have been found in 
denervated colon from rats.62 It may well be that this upregulation adds to the 
depression of peristaltic movements. On the contrary, surgical trauma to the extrinsic 
denervation of the colon may cause a blockage of inhibitory signals to the enteric 
nervous system. From previous animal studies, this is known to result in an overly 
active colon.63-65 
 Regarding postoperative fecal incontinence, surgical removal of a part of the 
colon may lead to less storage capacity and less length to remove water from the 
stool. Because it is known that most water absorbtion in the colon takes place in the 
ascending part, it is not surprising that the study in Chapter 10 showed a more liquid 
stool consistency in patients following right hemicolectomy. Furthermore, also the 
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absence of the terminal ileum and/or ileocolic valve may predispose patients following 
a right hemicolectomy to more liquid stool consistency, as this may cause bile acid 
malabsorption.57,66,67 An increased amount of bile acid in the colon is known to lead 
to diarrhea in many patients.57,68,69 Next to bile acid malabsorption, the lack of a 
barrier between the colon and ileum may also cause small-bowel bacterial overgrowth. 
It has been proposed that this leads to more liquid stool,57,69 although the exact 
consequences of small-bowel bacterial overgrowth in the colon are not yet clear. 
Furthermore, as discussed above, surgical trauma to extrinsic neural innervation may 
also cause the blocking of extrinsic inhibitory signals to the enteric nervous system. 
This may lead to an overly active colon. It has for instance been shown that injury to 
the superior mesenteric nerve plexus results in more diarrhea.70 Lastly, our study in 
Chapter 10 showed an association between fecal incontinence and smoking, which 
may be related to the stimulating effect of nicotine on the enteric nervous system.71 
 However, most of the above studies are performed on animals and/or contain 
small study populations. Future studies regarding the causes of bowel function 
problems following colonic resections in humans should be performed, for instance 
by performing longitudinal manometric measurements or measuring fecal bile acids. 
By knowing the origin of the postoperative problems, it may become possible to 
develop targeted treatment strategies for different bowel function problems following 
surgery for colon cancer.

Bowel function following colorectal resections in children
Similar to adults, children also experience bowel function problems following 
colorectal resection. One of the most common reasons to perform a colorectal 
resection in young children is Hirschsprung’s disease. Patients with Hirschsprung’s 
disease usually have the unhealthy, aganglionic part of the rectum and colon surgically 
resected at an early age.72 Despite a technically sound procedure, patients may 
experience postoperative bowel dysfunction. Historically, bowel function problems 
following Hirschsprung-related surgery were considered to be temporary. However, 
as for colorectal resections in adults, it became clear that the bowel function problems 
following surgery for Hirschsprung’s disease do not always improve with time and 
may become chronic. For example, the prevalence of constipation among adults who 
previously underwent surgery for Hirschsprung’s disease is reported up to 33%,73-76 
and the prevalence of fecal incontinence up to 19%.73-77 

Optimizing preoperative counselling and postoperative follow-up
The chronic character of bowel function problems following surgery for Hirschsprung’s 
disease underscores the need for proper preoperative counselling of patients and 
their parents. However, the fact that the long-term outcomes vary between no 
complaints and severe fecal incontinence or constipation, warrants individual 
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counselling. In this light, it is helpful to recognize patient-related factors that are 
associated with bowel dysfunction following surgery for Hirschsprung’s disease. At 
the same time, this knowledge can be used to improve the postoperative follow-up of 
these patients. 
 One of these factors is the length of the aganglionic segment. In general, it is 
thought that the longer the aganglionic segment, the greater postoperative morbidity. 
Therefore, parents of a child with an aganglionic segment longer than the rectosigmoid 
are often preoperatively counselled that their child is likely to experience fecal 
incontinence in the long term. However, the long-term, nationwide cohort study in 
Chapter 11 shows that patients with a longer aganglionic segment do not suffer from 
more fecal incontinence in comparison to patients with rectosigmoid aganglionosis. 
These results also show that the prevalence of constipation is highest in patients with 
aganglionosis of the rectosigmoid (Chapter 11). Therefore, the length of the 
aganglionosis could be considered when counselling (patients and their) parents 
prior to surgery for Hirschsprung’s disease. 
 Another interesting patient-related factor is the familial occurrence of the disease, 
as it is known that about 20% of the patients with Hirschsprung’s disease have a 
family member with the same disease.78-80 Chapter 12 shows that patients with 
familial Hirschsprung’s disease suffer from twice as much constipation in the long 
term, compared to non-familial cases. However, despite their worse bowel function, 
patients with familial Hirschsprung’s disease show a better psychosocial generic 
quality of life upon reaching adulthood (Chapter 12). This could imply that familial 
occurrence of Hirschsprung’s disease leads to better coping with the chronic 
consequences of the disease, which in turn underscores the need for familial 
involvement during follow-up. Especially families that are not familiar with Hirschsprung 
could profit from education about the long-term consequences of the disease. This 
is corroborated by a recent study that highlighted the need of parents of children with 
Hirschsprung’s disease for information on long-term prognosis and how the disease 
would affect their child’s life.81 This information may lower the previously reported 
high levels of disease-related anxiety and stress among parents of patients with 
Hirschsprung’s disease,82,83 which may, in turn, have a positive effect on the way the 
patients themselves experience their disease-related symptoms. It may well be that 
the difference in coping between familial and non-familial cases may be (partly) 
caused by the fact that talking about stool-related problems is still taboo in some 
families. Families that have experience with Hirschsprung’s disease may be more to 
open conversations about constipation and/or incontinence, which might decrease 
the impact of the bowel dysfunction on daily life. 
 To optimize preoperative counselling, it may be effective to summarize the 
patient- related factors that influence postoperative bowel function in visual diagrams. 
These tools do not yet exist for outcomes following surgery for Hirschsprung’s 
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disease but could be constructed according to the format of the POLARS nomogram 
for patient counseling prior to rectal cancer surgery.46 
 Next to better preoperative counselling, the knowledge of patient-related factors 
could also be used to optimize the current follow-up of patients with Hirschsprung’s 
disease. For instance, a patient with rectosigmoid aganglionosis with a father who is 
also affected by Hirschsprung’s disease could be preventively treated with laxatives 
and have a more frequent follow-up, given his/her increased likelihood of postoperative 
constipation. To further optimize the screening for postoperative bowel function 
problems, it may be helpful to use validated scoring systems. For example, digital 
questionnaires that comprise different constipation scores and fecal incontinence 
scores can be completed at home or in the waiting room prior to follow-up visits. To 
suit such longitudinal follow-up, we developed the EP-DeFeC questionnaire (Chapter 5). 
To improve the interpretation of the bowel function scores in the light of physiological 
development of bladder and bowel function during the first years of life, it may be 
recommended to use ‘growth charts’ with the reference values of healthy children 
(Figure 2). In this way, bowel function problems can be detected at an early stage. 
On the other side, these charts are also relevant when discussing scientific findings 
regarding bowel function in children with other congenital bowel diseases or following 
other types of colorectal surgery.

Optimizing treatment for postoperative bowel dysfunction
Given the fact that postoperative bowel function problems become chronic in a 
considerable amount of Hirschsprung patients, prompt treatment is needed when 
noticing problems during follow-up. Treatment algorithms for postoperative 
constipation or fecal incontinence have been published,84-88 which we summarized 
in our review in Chapter 13. The key components of the work-up for persisting 
constipation are the exclusion of mechanical reasons for obstruction, checking the 
presence of autonomic anorectal reflexes, and reconsideration of complete 
aganglionic removal. Treatment options for constipation include laxatives, high-fiber 
diet, enemas, pelvic training, botulinum toxin, and/or irrigations. Patients with 
persisting fecal incontinence may for instance be treated with a constipating diet, 
antidiarrheals, and/or retrograde enemas, although overflow incontinence should be 
excluded first, as this requires a constipation-directed treatment. 
 The different treatment options for postoperative bowel dysfunction have rarely 
been studied in a randomized setting. For example, different studies describe the 
positive effects of intersphincteric botulinum toxin injections on intractable, 
postoperative constipation, but randomized studies are lacking.89-92 As a result, the 
dose, location, and frequency of injections with botulinum toxin are not yet 
standardized. Future, randomized studies are needed to develop evidence-based 
treatment regimens for persisting constipation and/ or fecal incontinence following 
surgery for Hirschsprung’s disease.
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Underlying causes of postoperative bowel dysfunction
The high prevalence of long-term bowel dysfunction following successful removal of 
the aganglionic bowel may suggest an underlying defect in the remaining, ganglionic 
colon. Although there may be ganglion cells, the enteric nervous system may show 
other defects, which may lead to continuous, obstructive complaints following 
surgery. As summarized by Chapter 13, the proximal, ganglionic colon of Hirschsprung- 
affected animals and humans shows indeed neuropathological abnormalities, 
compared to healthy cases. Abnormalities have been found at different levels, for 
instance, histopathological changes of the enteric neural cells themselves, and 
different expressions of several neurotransmitters and neuroproteins, enteric 
pacemaker cells, smooth muscle cells, and components of the extracellular matrix 
(Chapter 13). 
 Unfortunately, the above had mainly been studied in small, fundamental animal 
studies, disabling our knowledge of the clinical consequences of the observed neu-
ropathological differences. The first step in this direction is made by two recent 
publications that tried to relate neuropathological characteristics of the ganglionic, 
proximal colon of patients with Hirschsprung’s disease to postoperative clinical 
outcomes.93,94 One of the neuropathological characteristics of interest are nitrergic 
neurons as these produce the inhibitory neurotransmitter nitric oxide (NO). Although 
both studies showed an overexpression of nitrergic neurons in the ganglionic, 
proximal colon, they did not find a significant correlation with postoperative 
constipation.93,94 The main limitations of both reports were small study populations, 
short follow-up, and the fact that general bowel function scales were used that do not 
differentiate between obstructive or other bowel complaints. We tried to overcome 
these limitations with our newest international, cross-sectional study, described in 
Chapter 14, in which we correlate the relative presence of nitrergic neurons to 
different validated bowel function scores in a large study population of pediatric 
patients who underwent surgery for Hirschsprung’s disease. The preliminary results 
show a relative overabundance of nitrergic neurons and a larger neuron size in the 
ganglionic colon of patients with Hirschsprung’s disease compared to healthy 
controls. Remarkably, both the overabundance of nitrergic neurons and larger neuron 
size correlate with severe postoperative constipation in the long term.
 The combination between neuropathological characteristics and clinical outcomes 
opens a valuable, translational research field to study the underlying causes of 
postoperative bowel dysfunction in patients with Hirschsprung’s disease. As it is 
known that bowel dysfunction can arise from disruption at different levels, it would be 
interesting to study these different levels and combine the results with clinical 
outcome measures. For instance, one can look at a molecular level, cellular level, 
histological level, organ level, or even multi-organ level (Figure 3). Given the immense 
complexity of bowel motility, it would be interesting to additionally concentrate on the 
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interaction between these different levels. Modern techniques are developed that
may help studies in this direction, for example, three-dimensional imaging of the 
enteric nervous system95 or new ways of single-cell analysis of the enteric nervous 
system.96 Large study populations are important for future studies regarding the 
causes of postoperative bowel dysfunction in patients with Hirschsprung’s disease, 
as we know that many different factors play a role (see sections above), that need at 
least proper statistical correction. 

New ways to prevent and treat postoperative bowel dysfunction 
Despite the growing body of evidence regarding the neuropathological defects of the 
ganglionic, proximal colon of patients with Hirschsprung’s disease, it is not yet clear 
if and how these abnormalities translate into bowel function problems. Therefore, it is 
too early for evidence-based adaptations of current clinical practice. Nevertheless, 
research in this direction may enable the early identification of patients that are prone 
to postoperative bowel obstruction. At this moment the neuropathologist checks for 
the presence of ganglion cells, using for instance hematoxylin and eosin (HE) and 
acetylcholinesterase (AChE) histochemistry.97,98 Many centers additionally use 
ganglion cell-specific stainings such as lactate dehydrogenase (LDH), nicotinamide 
adenine dinucleotide (NADH) tetrazolium reductase reactions, and/or immunohisto-
chemistry against calretinin.99-101 However, it may well be that this selection of 
stainings will be broadened with new neuropathological analyses which show an 
association with postoperative outcomes. Once this extensive neuropathological 
analysis following surgery is standard clinical practice, the clinician will have data that 
show the tendency of developing postoperative obstructive complaints. This 
information can be clinically translated into intensified follow-up and preventive bowel 
management of the affected patients.
 At a later stage, the clinically relevant neuropathological defects may represent a 
starting point for the development of new, targeted treatment regimens for bowel 
dysfunction following surgery for Hirschsprung’s disease. For example, by finding 
ways to decrease the abundant excretion of nitric oxide by nitrergic neurons, which 
seems to play a role in obstructive, postoperative complaints. Furthermore, it would 
be interesting to combine the future knowledge on clinically relevant defects of the 
ganglionic colon of patients with Hirschsprung’s disease with the knowledge on ENS 
precursor cell transplantation. By transplanting the specific types of enteric neurons 
that are missing in the ganglionic colon of patients with severe bowel dysfunction, 
bowel motility may theoretically be improved. Furthermore, the knowledge on ENS 
precursor cell transplantation may potentially be translated to patients with intractable 
constipation or fecal incontinence.102 Different study groups have already shown 
encouraging results of ENS precursor cell transplantation, including successful 
colonization and functional integration with the endogenous enteric nervous system, 
but future studies are required.103-108
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Final outlook

This thesis comprises studies on bowel function following colorectal resection in 
children and adults, as well as anorectal physiology and enteric neuropathology. This 
combination of studies enables an in-depth analysis of bowel function, which is 
needed given the extreme complexity of the process of colonic and anorectal motility. 
The results within this thesis underscore the current high prevalence of bowel function 
problems following colorectal surgery and the remarkable low treatment rates 
(summarized in Figure 4). Following our overall aim, we provided evidence-based 
recommendations to improve the functional outcomes following colorectal resections 
in adults and children. Eventually, studying the enteric nervous system in relation to 
clinical bowel function could enable a translational step towards new ways of 
preventing and treating bowel function problems, with promising first results. 
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Figure 4 | Summary of the prevalence and treatment of bowel dysfunction in the general 
population and following different types of colorectal resections
a. Data from Chapter 6; b. Data from: Timmerman MEW, Trzpis M, Broens PMA. Prevalence of 
Defecation Disorders and their Symptoms is Comparable in Children and Young Adults: 
Cross-Sectional Study. Pediatr Gastroenterol Hepatol Nutr. 2021;24(1):45-53; c. Data from 
Chapter 4; d. Data from Chapter 8; e. Data from Chapter 7; f. Data from Chapter 10; g. Data 
from Chapter 11
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