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10    |    Chapter 1

Colorectal diseases cover a wide spectrum of dysfunctions in modern-day society 
irrespective of age, sex, or social status. They may be inborn, such as congenital anorectal 
malformations (CARMs), or they may appear later in life, such as ulcerative colitis. Patients 
suffering from colorectal diseases can experience symptoms including abdominal pain, 
rectal bleeding, constipation, or fecal incontinence. Some colorectal diseases can be treated 
conservatively while others are so severe that surgical intervention is required to save a 
patient’s life. Mild forms of CARM can be treated adequately with laxatives, while more severe 
CARMs require surgery within 48 hours after birth.1 At a later stage, corrective surgery of the 
patient’s abnormal anatomy is required, like repositioning the anal canal to enable the patient 
to defecate.2 Ulcerative colitis is another example of a colorectal disease that can be treated 
either conservatively or surgically depending on its severity. If patients do not, or do not longer, 
respond to medical treatment, surgery is required to resect the severely damaged colon.3, 4 
For patients suffering from familial adenomatous polyposis, surgical resection of the colon 
is always required to prevent them from eventually developing colorectal carcinoma.5 If such 
surgery involves removal of the colon an end ileostomy is required. By constructing an ileal 
pouch that functions as a collection reservoir for feces, the ileostomy can be reversed, and 
this enables patients to defecate through the anus once again.6

After surgical correction, patients usually expect optimal clinical outcomes. Clinicians too seek 
to provide the best improvement possible, which we will address in the last part of this thesis. 
Surgery may, however, turn out less than optimal, rendering some patients incontinent. Fecal 
incontinence could be an accidental side effect of rigorous surgical interventions, while at the 
same time these interventions are instrumental in saving patients’ lives. Put differently, even 
though surgical correction may cause fecal incontinence, it cannot be predicted beforehand 
which patients will suffer from fecal incontinence. Many factors are involved, all of which have 
not yet been revealed to date. To fully comprehend the pathophysiology of fecal incontinence 
it is, first and foremost, necessary to achieve a thorough understanding of its physiology. We 
address this issue in the first part of this thesis.

FECAL CONTINENCE
The colon is part of the large intestine and its main function is to absorb any remaining water, 
nutrients, and vitamins and to pass waste material into the rectum.7 The rectum functions 
as a collection reservoir for the storage of feces. Different mechanisms, regulated by the 
internal and external anal sphincter that surround the anal canal, control the feces reservoir 
and prevent untimely expulsion of feces. The internal anal sphincter is an extension of the 
circular smooth muscle of the rectal wall and is surrounded by the external anal sphincter 
(Figure 1). The latter generates anal pressure that prevents uncontrolled loss of stool.8, 9 In 
addition, the puborectal muscle, one of the muscles in the pelvic floor, forms a sling around 
the rectum. When it contracts it maintains anorectal angulation that prevents involuntary loss 
of feces.10, 11 When it relaxes the anorectal angle increases to facilitate defecation (Figure 2).
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Figure 1   |   Anatomy of the rect um and anal canal. 
Adapted from Clinical Surgery, by Henry et al, February 2012 3rd edition, Saunders-Elsevier.

Figure 2   |   Schematic representation of the anorect al angle created by the puborect al muscle (here as 
puborect alis) during rest  (A) and during defecation (B). The latt er results in a gradually increasing anorect al 
angle, thus a less sharp angle that facilitates defecation. 
Adapted from Harrison’s Principles of Internal Medicine, by Jameson et al, August  2018, 20th edition, 
McGraw-Hill Education.

To date, the notion persist s that the internal anal sp hinct er contract s involuntarily and that 
the external anal sp hinct er and the puborect al muscle can only contract  voluntarily.9 Our 
research group, however, demonst rated that the external anal sp hinct er also contract s 
involuntarily. Involuntary contract ion of this muscle is regulated by a sp inal refl ex known as 
the anal-external sp hinct er continence refl ex (Figure 3).12 It maintains continence during 
most  of the day and night. We observed patients who suff ered funct ional impairments of the 

1
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12    |    Chapter 1

continence mechanisms, who still remained continent. For example, we observed patients 
with severe sphincter defects who did not experience fecal incontinence. Similar observations 
are reported in the literature and point to the existence of additional mechanisms for fecal 
continence to date unknown.13, 14 We postulate that the puborectal muscle plays an important 
role in the fecal continence mechanisms, an issue we address in detail in this thesis.

Proper regulation of the fecal continence mechanisms enabled by the nervous system 
is required to ensure that feces remains in the rectum, the fecal collection reservoir. The 
pudendal nerve is a major nerve of the pelvic floor. Among others, it innervates the perineum, 
anus, external anal sphincter, and urethral sphincter.15 To date, there is no consensus 
concerning the question whether the puborectal muscle is also innervated by the pudendal 
nerve.16-19 The next step toward investigating the innervation of the puborectal muscle is 
reported in this thesis.

Figure 3   |   The pathway of the anal-external sphincter continence reflex. 1) Feces in the rectum stimulates the 
stretch receptors, which in turn relax the internal anal sphincter. 2) Feces enters the anal canal and stimulates 
contact receptors in the anal mucosa. 3) This results in activation of the anal-external sphincter continence 
reflex. 4) The external anal sphincter contracts and prevents accidental loss of feces. 
Reprinted from New insights into the pathophysiology and evaluation of fecal incontinence, PhD thesis by 
M.M. van Meegdenburg, September 2018.

JaraJonkers_BNW.indd   12JaraJonkers_BNW.indd   12 17/07/2020   09:57:0017/07/2020   09:57:00



General introduction    |    13 

FECAL INCONTINENCE
Fecal incontinence occurs when the above mentioned muscles do not function properly on 
account of anatomical abnormalities, impaired innervation, or damage to the rectum.9 It is 
a debilitating condition that significantly impairs patients’ quality of life.20, 21 Its prevalence is 
reported to be around 8% in the normal population and varies from 2% to 20%. In nursing 
homes for the elderly it can be as high as 50%.22-24 Fecal incontinence is often multifactorial. 
One dysfunction will not necessarily lead to immediate incontinence because other 
mechanisms are able to compensate.9

Obstetric trauma, which may cause damage to the anal sphincter, has often been considered 
a risk factor for fecal incontinence. No consensus, however, prevails in the literature regarding 
the contribution of sphincter trauma to fecal incontinence.9, 25 Moreover, as already mentioned, 
we found patients with severe sphincter defects who were continent. Other risk factors for 
fecal incontinence are diseases relating to inadequate innervation, such as diabetes mellitus 
or multiple sclerosis.9 Fecal incontinence can also be associated with urinary incontinence 
and other anorectal problems, such as hemorrhoids or constipation.26 Stool consistency, in 
particular liquid stool or diarrhea, can dispose a person to becoming fecal incontinent. Figure 
4 depicts seven different types of stool in accordance with the Bristol Stool Form Scale.27 
Types 1 and 2 represent abnormal hard stool and types 6 and 7 represent abnormal liquid 
stool.28 Types 3 up to and including 5 are considered normal stool. In general, people suffer 
from liquid stool incontinence more often than from solid stool incontinence, with a prevalence 
of approximately 6% versus 1.5%.29-31 Although many researchers have attempted to explain 
the mechanisms underlying the difference between solid and liquid stool incontinence, no 
satisfactory explanation has been provided as yet. We make an effort to explain the difference 
in this thesis.

CLINICAL ASSESSMENT
As a result of the taboo surrounding fecal incontinence almost half the people who suffer from 
fecal incontinence do not discuss their problems with anyone; not with family or friends, nor 
with their physicians.32-34 It is, therefore, important for doctors to broach the subject during 
consultations, especially with patients at risk of fecal incontinence, like patients who have 
other anorectal problems or who suffer from diabetes.32 To decrease embarrassment on 
the part of the patients, their medical history can be recorded by means of a questionnaire. 

1
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Figure 4   |   The Bristol Stool Form Scale. Seven types of stool consistencies ranging from hard stool to 
completely liquid stool. Types 3, 4, and 5 are considered normal stool. Distributed with the kind permission 
of Dr K. W. Heaton; formerly reader in Medicine at the University of Bristol. 
Reproduced as a service to the medical profession by Norgine Ltd. ©2017 Norgine group of companies.

In addition, a questionnaire helps to classify and objectify patients’ fecal incontinence 
complaints. Several classification systems are available, each with their own merits and 
drawbacks. The Rome IV criteria, for example, define fecal continence as the recurrent 
uncontrolled passage of fecal material for at least three months.35, 36 This score can only be 
noted as a ‘yes’ or a ‘no’ for incontinence complaints. The Jorge-Wexner score also allows for 
estimating the severity of fecal incontinence (Table 1).37 A merit of using these scores is that it 
is quick and easy to complete. A drawback is that it does not cover all the different aspects of 
the pathophysiology of fecal incontinence. This shortcoming was overcome in our research 
group. We developed the Groningen Defecation and Fecal Continence Questionnaire (added 
as appendix) that although it takes longer to complete, it includes both the scores mentioned 
above. In addition, it contains questions about constipation and in so doing it covers all the 
different aspects of fecal incontinence.38 The Groningen DeFeC Questionnaire consists 
of 88 questions divided into nine categories. The first category consists of demographic 
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questions. The second category deals with basic questions regarding defecation, such 
as stool form classified according to the Bristol Stool Scale and defecation frequency. The 
third category includes constipation-related questions. The first question in this category 
is on incomplete bowel emptying. In case of an affirmative response, questions about the 
complaints follow. The fourth category concerns diet, including water intake and eating habits, 
both of which are factors that also influence bowel function. In the fifth category, the focus 
is on fecal incontinence and the severity thereof that is frequency, pad use, and the burden 
on daily activities. The sixth category comprises questions about defecation urge and the 
ability to postpone defecation. Because urinary incontinence often occurs together with 
fecal incontinence and constipation, the questions in the seventh category deal with bladder 
function. The eighth category only applies to women and consists of obstetric questions, 
including types of delivery and complications during delivery. The ninth category includes 
questions about the patient’s abdominal medical history, such as surgery and other factors 
that could influence bowel function.

Besides recording the patient’s medical history, a physical examination is required to look 
for the possible causes of fecal incontinence. Abdominal palpation, perineal inspection, and 
digital rectal examination are part of the physical examination. Sensitivity and specificity of 
assessing the anal sphincter function digitally is, however, low and more physiological tests 
are required to analyze fecal incontinence in detail.39

Table 1   |   The Jorge-Wexner continence grading scale

Type of incontinence

Frequency

Never Rarely Sometimes Usually Always

Solid 0 1 2 3 4

Liquid 0 1 2 3 4

Gas 0 1 2 3 4

Wears pad 0 1 2 3 4

Lifestyle alteration 0 1 2 3 4

0 = perfect, 20 = complete incontinence. Never = 0 (never); Rarely = < 1/month; Sometimes = <1/week, ≥1/
month; Usually = <1/day, ≥1/week, Always = ≥1/day

ANORECTAL MANOMETRY
Anorectal manometry visualizes the underlying pathophysiology of fecal incontinence by 
measuring the pressures along the rectum and the anal canal created by anal sphincter 
contraction and the pelvic floor muscles. Changes in pressure can be registered during 
different physiological conditions, such as squeezing, coughing, or pushing. Pressure can 
also be measured at rest when the patient is relaxed and not performing any of the above 
mentioned actions. Based on the changes in pressure, anorectal features, such as anorectal 
sensations, anal sensitivity, rectal compliance, are visualized, as are the anorectal reflexes, 
thus allowing abnormalities to be detected.40, 41 Skeptics of anorectal manometry consider it 

1
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16    |    Chapter 1

outdated, while in fact the method has undergone continuous development. High resolution 
manometry was introduced in about 2007 and has been used increasingly to assess fecal 
problems.40 The difference between high resolution manometry and the previous version is the 
increased number of sensors and the smaller distance between the sensors.40, 42 Moreover, 
the registration is not represented by pressure lines. Rather, it is visualized graphically by 
different colors for different pressures so as to facilitate comparison between pressures.

Because the etiology of fecal incontinence is multifactorial, different anorectal features need 
to be examined when diagnosing its cause and this involves several tests. Different anorectal 
function tests are performed at our Anorectal Physiology Laboratory. For the studies in this 
thesis we use four different tests: the anorectal pressure test, the anal electrosensitivity test, 
the balloon retention test, and the rectal infusion test.41 During the anorectal pressure test the 
person tested, either a patient or a healthy subject, lies in the left lateral recumbent position. 
The test is performed with a catheter brought into the lower rectum and anal canal that is fitted 
with sensors every 8 mm and covers a total of 6.8 cm. Pressure at rest is first measured to 
establish a baseline and subsequently the person is asked to squeeze so we can measure 
the maximum voluntary pressure. The anal electrosensitivity test measures anal sensitivity 
by applying superficial anal electrical stimulation.43 A catheter with electrodes is used and 
stimulated from 1 mA to 20 mA and we record the threshold. This test provides information 
about the sensory condition of the anal canal. To date, it was known to be innervated by 
the pudendal nerve, thus providing information about the sensory condition of this nerve. 
The third test we use is the balloon retention test to measure involuntary contractions of 
the external anal sphincter.41 During this test the person tested sits upright on a commode 
while a balloon inserted into the rectum is gradually filled with water of body temperature 
(1mL/second). The person is instructed to retain the balloon for as long as possible while we 
measure the pressures along the anal canal. We use this test to estimate rectal volumes and 
rectal compliance and to determine the presence of the anal-external sphincter continence 
reflex.12 This test mimics solid stool because the water remains in the rectal balloon. The 
fourth test is the rectal infusion test. The person tested sits upright on a commode while water 
of body temperature is injected directly into rectum at a speed of 1mL/second. The test is 
completed if 1000mL water has been injected. During the test the pressures along the anal 
canal can be measured. This test mimics liquid stool because the water is injected directly 
into the rectum.44 It is part of standard care procedures at our laboratory, but it is not always 
used elsewhere. Although variations of this test are described, like using mashed potato to 
mimic mild diarrhea or soft stool (Bristol Stool Scores 5 or 6, Figure 4), we only use water, 
without any thickening agent, in our laboratory.
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COLORECTAL DISEASES

Congenital anorectal malformations
Sometimes, fecal problems can occur as a result of congenital abnormalities of the anorectal 
anatomy. Congenital anorectal malformations (CARMs) are examples of such deviations 
from the normal anatomy of the anorectum. Originally, a male preponderance for CARMs 
was reported in the literature, but subsequently other studies reported an equal distribution 
among the sexes.45-49 There are different forms of CARM and four examples are illustrated in 
Figure 5. Some occur in one sex only, while others can be present in both sexes.2 Naturally, 
patients with the most severe forms, such as cloaca, are unable to expel feces normally and 
are prone to bladder infections or abdominal infections. Such patients require a colostomy 
within 48 hours after birth.1 Subsequently, at approximately the age of three to six months, 
surgical correction of CARMs can take place, which includes replacement of the anal canal 
in such a way that it is surrounded by the external anal sphincter. On account of the fact that 
there are different forms of CARM, there are also different surgical procedures.2 In 1982, and 
currently still in use, deVries and Peña introduced posterior sagittal anorectoplasty, a surgical 
procedure applicable to all the forms of CARM irrespective of severity.50 About ten years later, 
Okada and colleagues introduced a less invasive approach, anterior sagittal anorectal plasty.51, 

52 The latter procedure is suitable only for mild forms of CARM. The idea behind both these 
surgical procedures is that the surgeon dissects in the median sagittal plane. This causes 
less damage to the neurovascular structures because the nerves and vascularization run from 
lateral to medial.53 In this way, the pudendal nerve is not damaged and voluntary contractions 
remain adequate. The exact neural pathway of the anal-external sphincter continence reflex 
is unknown and it thus remains unclear whether this fecal continence reflex is inadvertently 
damaged during corrective surgery for CARMs.

Congenital anorectal malformations and congenital heart defects
If patients with CARMs undergo corrective surgery they need to be anesthetized. CARMs can 
occur together with congenital heart defects and this can be part of the VACTERL association 
(vertebral defects, anal atresia, cardiac defects, trachea-esophageal fistula, renal anomalies, 
and limb abnormalities).54 Heart defects can cause complications if the anesthesiologist is 
unaware of such problems prior to surgery.55-58 We also know that patients with congenital 
heart defects who undergo non-cardiac surgery have an increased risk of suffering cardiac 
arrest and increased mortality.59-62 The literature reports a prevalence of between 9% and 
37% for congenital heart defects in patients with CARMs, varying from minor defects like 
a small atrial septum defect to major defects like tetralogy of Fallot.54, 56-58 Previous reports 
stated that children with severe forms of CARM are at greater risk of major congenital hearts 
defects.54, 57 In our clinical practice, however, we observed an equal distribution, an issue that 
we address in this thesis.

1
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18    |    Chapter 1

Figure 5   |   Diff erent forms of congenital anorect al malformations in male and female patients. A) Rect o-per-
ineal fi st ula in a female patient. B) Rect o-vest ibular fi st ula in a female patient. The fi st ula ends between the 
major labia. C) Cloaca malformation in which the urethra, the vagina, and the rect um have one and the same 
opening. D) Rect oprost atic fi st ula in a male patient. The meconium leaves the body through the urethra. 
Adapted from Anorect al malformations, by Marc A. Levitt  and Alberto Peña, Orphanet Journal of Rare Dis-
orders, July 2007.

Fecal continence in patients with congenital anorect al malformations
Even though the condition of patients with CARMs can be improved by surgery, they st ill 
have more fecal problems in comparison to healthy peers. They can suff er from const ipation, 
increased st ool frequency, and abdominal pain or they may experience diff erent forms of 
fecal incontinence, including solid, liquid, or fl atus incontinence, or soiling.63-65 Const ipation is 
mainly an issue in patients with mild CARMs that can for example be caused by dyssynergic 
defecation. Dyssynergic defecation is defi ned as paradoxical contract ions of the anal sp hinct er 
and/or pelvic fl oor muscles, which occur while one is trying to defecate.66 Additionally, patients 
with CARMs can suff er from fecal incontinence, up to as much as 60%, and it remains a 
challenge to predict  which patients will suff er from fecal incontinence.67 To date, the only 
true predict or is the form of CARM; patients with mild anorect al malformations have bett er 
fecal continence outcomes in comparison to patients with severe CARMs.67, 68 No consensus 
exist s regarding the optimal treatment of patients with CARMs with fecal incontinence.69-71
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Proctocolectomy with ileal pouch-anal anastomosis
In approximately 15% of the patients suffering from ulcerative colitis a total colectomy, the 
removal of the severely affected colon, is required because they do not respond to medical 
treatment.3, 4 In patients with familial adenomatous polyposis a colectomy is also required 
because such polyps could eventually lead to colorectal cancer around the age of 39 years.5 
A consequence of colectomy is that patients require an ileostomy. This may be experienced 
as inconvenient and some people find it embarrassing. To remove the ileostomy and to expel 
the feces through the anus once again, Parks and Nicholls described a proctocolectomy 
with ileal pouch-anal anastomosis (IPAA) in 1978.6 During this procedure a pouch reservoir 
of the ileum is created to store the feces. It is the surgical procedure of choice for patients 
with ulcerative colitis who do not respond to medical treatment as well as for patients with 
familiar adenomatous polyposis.72, 73

Although proctocolectomy with IPAA seems a fair solution, patients do not function the same 
way as people with a healthy colon. The main function of the colon is to extract any remaining 
water from the stool and to solidify it, hence patients who underwent proctocolectomy with 
IPAA have more watery stool than people with a colon.7, 74, 75 In addition, stool frequency is 
higher, around six times a day, compared to once every two days to twice a day in healthy 
individuals.32, 76 Sometimes stool frequency can be even higher - up to twelve times a day. 
This can cause daily recurring problems regarding any activities outside the home and for 
leading a normal social life. Nevertheless, many patients have accepted living with an IPAA 
and correspondingly experience good quality of life.77, 78

Surgical characteristics of proctocolectomy with ileal pouch-anal anastomosis
Different types of ileal pouches exist for proctocolectomy with IPAA (Figure 6). There are J-, S-, 
or W- pouches, depending on the number of loops the surgeon creates of the ileum, and they 
can be associated with different outcomes regarding fecal continence.79-82 The ileal pouch 
needs to be attached to the distal anorectum. This can be done in two ways. One option is 
mucosectomy of the rectal tissue followed by a hand-sewn anastomosis at the dentate line 
(Figure 7A). The other option is a stapled anastomosis whereby some rectal cuff is retained 
(Figure 7B).83 The idea behind mucosectomy is to remove all remaining mucosa because 
patients with familial adenomatous polyposis can still form polyps from remaining mucosa 
in the last section of the rectum.84 In patients with ulcerative colitis and severe inflammation 
in the last section of the rectum, it may be preferable to remove that mucosa too. During 
the last decades, however, stapled anastomoses are increasingly performed.83, 85 A stapled 
anastomosis is quicker and results in better fecal continence outcomes, possibly thanks to 
better preservation of the anal canal and/or the anal transition zone.83, 86-88 To date, the height 
of the IPAA has never been fully inventoried with regard to functional outcome.

The proctocolectomy with IPAA can be performed in different stage procedures, in a one-
stage, a two-stage and a three-stage procedure.89 During the one-stage procedure, all 

1
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asp ect s of the surgical procedure are performed during one operation. Two options exist  
for the two-st age procedure, one with and one without a diverting ileost omy. In case of the 
option with the diverting ileost omy, proct ocolect omy is fi rst  performed and IPAA is created 
with a diverting ileost omy. At a later st age the ileost omy is reversed and continuity rest ored. 
During the two-st age procedure without a diverting ileost omy, colect omy is fi rst  performed 
and an end ileost omy created. At a later st age the IPAA is created and continuity is rest ored. 
During the three-st age procedure, fi rst  colect omy with end ileost omy is performed, during 
the second st age the IPAA and a diverting ileost omy are created, and during the third st age 
the diverting ileost omy is reversed and continuity is rest ored. To date, no consensus exist s in 
the literature as to which st age procedure is the most  optimal option as far as post -operative 
outcomes are concerned, and whether a diverting ileost omy is act ually required.89-91

Figure 6   |   The J-, W- and S-pouches, depending on the number of loops the surgeon creates of the ileum.  
Adapted from Judging the J Pouch: a pict orial review, by Sheedy et al., Abdominal Radiology (NY), March 2019.
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Figure 7   |   Anast omotic techniques of the ileal pouch-anal anast omosis. A) Mucosect omy followed by a 
hand-sewn anast omosis at the dentate line. B) Stapled anast omosis with a rect al cuff  remained, thus proximal 
of the dentate line. 
Adapted from Judging the J Pouch: a pict orial review, by Sheedy et al., Abdominal Radiology (NY), March 2019.

AIMS OF THE THESIS
We post ulate that an additional mechanism exist s that controls fecal continence. In addition, 
to improve the diagnost ics and treatment st rategies for patients who suff er from incontinence, 
a bett er underst anding of the mechanisms underlying this disorder is crucial.

1
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The first part of the thesis focuses on the mechanisms that control fecal continence. Previously, 
our research group described the involuntary contractions of the external anal sphincter that 
are regulated by the anal-external sphincter continence reflex. In Chapter 2, we present a 
study on 23 healthy subjects in which we investigated fecal continence mechanisms in detail; 
specifically the question whether involuntary contractions of the puborectal muscle occur. In 
this study we proposed a to date unknown regulatory mechanism for fecal continence: the 
puborectal continence reflex. This reflex regulates fecal continence by mediating involuntary 
contractions of the puborectal muscle in addition to the known voluntary contractions. Then, 
because fecal continence is facilitated by the cooperation of different mechanisms, and our 
research group has described the anal-external sphincter continence reflex earlier, we aimed 
to investigate in detail the characteristics of both fecal continence reflexes on solid as well as 
liquid stool in healthy subjects. This study is presented in Chapter 3. To date, no explanation 
is available as to why there is a difference between the prevalence of liquid and solid stool. We 
attempted to explain this issue with the study mentioned above. To investigate the regulation 
of the puborectal continence reflex in more detail, specifically to find out which nerves regulate 
these involuntary contractions, we present the study in Chapter 4. In this study, we aimed to 
investigate whether the involuntary contractions of the puborectal muscle are regulated by 
the pudendal nerve. We included all patients who had undergone anorectal function tests in 
our hospital and analyzed whether the condition of the pudendal nerve was associated with 
voluntary and involuntary contractions of the puborectal muscle.

In the second part of the thesis we investigate clinical and fecal continence outcomes in 
patients with different colorectal diseases, including patients with congenital anorectal 
malformations (CARMs) as well as patients who underwent proctocolectomy with ileal pouch-
anal anastomosis (IPAA). CARM is a rare disorder with a male preponderance according to the 
literature. In Chapter 5, however, we aim to confirm our clinical observation that the distribution 
of CARMs is equally distributed between the sexes. We also analyzed the form and severity of 
CARMs in relation to patients’ sex. CARMs can occur together with congenital heart defects. 
Nevertheless, there is no consensus regarding the prevalence of these heart defects in 
patients with CARMs, nor whether they need additional examination for the heart defects. With 
this aim in mind we performed the study we present in Chapter 6. Fecal incontinence too 
occurs more often in patients with CARMs in comparison to healthy controls. This could be a 
consequence of surgery, which changes the anatomy and the innervation, and might therefore 
impair the functions of certain pelvic floor muscles. Therefore, in Chapter 7, we present our 
investigation of the cohort of patients with CARMs who underwent anorectal function tests 
in our laboratory. Our aim was to find out whether anal-external sphincter continence reflex 
and the puborectal continence reflex were present in these patients and whether this had 
an influence on their fecal continence outcomes. In other patients with colorectal diseases, 
fecal incontinence can be a major issue. This leads us to Chapter 8 in which we present our 
investigation of the association between several surgical characteristics of proctocolectomy with 
IPAA and fecal continence outcomes, and combining these results with patients’ quality of life.
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ABSTRACT

Purpose
Fecal continence is maintained by voluntary and involuntary contraction of the anal sphincter, 
and voluntary contractions of puborectal muscle. We investigated whether the puborectal 
muscle can control fecal continence not only by voluntary contractions but also by involuntary 
contractions.

Methods
We performed anorectal function tests in 23 healthy subjects. The anorectal pressure test 
was used to investigate voluntary contractions of the puborectal muscle. The balloon retention 
test was used to assess if the puborectal muscle can contract involuntarily.

Results
During the balloon retention test, we observed an involuntary contraction of the puborectal 
muscle, which gradually increased during progressive filling of the rectum. The maximal 
involuntary contraction of the puborectal muscle was significantly stronger and longer than its 
maximal voluntary contraction (150 versus 70 mm Hg, P < 0.001 and 5.8 versus 1.5 minutes, 
P < 0.001).

Conclusions
We found that the puborectal muscle is able to contract involuntarily during rectal dilatation. It 
is a new regulatory mechanism, called the puborectal continence reflex, which controls fecal 
continence by involuntary contraction of the puborectal muscle. It seems to be initiated by 
dilatation at the level of the puborectal muscle. Presumably, the puborectal continence reflex 
protects many patients with anal sphincter dysfunctions from fecal incontinence.
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INTRODUCTION
Most people take fecal continence for granted. Nevertheless, approximately 0.4-15% adults 
and even up to 50% of elderly people living in nursing homes, struggle with fecal incontinence 
daily; it is an enormous problem that significantly impairs their quality of life.1-3

To date, proper diagnosis and treatment of fecal incontinence is still a challenge. Since 
the regulatory mechanisms of fecal continence are not completely understood, it remains 
an unsolved problem for many patients.4 The classic theory of fecal continence assumes 
that the anus is closed by the tonic, involuntary contraction of the internal anal sphincter. In 
addition, voluntary contractions of the external anal sphincter and voluntary contractions of 
the puborectal muscle prevent fecal mass from being expelled unintentionally.5 Previously, our 
research group showed that the anal-external sphincter continence reflex (AESCR) controls 
fecal continence by regulating involuntary contractions of the external anal sphincter.6

Current knowledge does not completely explain the mechanisms which regulate fecal 
continence and which lead to fecal incontinence. For instance, although it is known that the 
anal sphincter plays an important role in fecal continence, some patients with severe sphincter 
defects remain continent or experience only a mild form of incontinence. On the other hand, 
there are also patients with mild sphincter defects who can be severely incontinent. It would 
seem, therefore, that fecal continence involves multiple regulatory mechanisms, which are 
not yet described.

In this study, we examined an additional mechanism for fecal continence. We hypothesize that 
the puborectal muscle can additionally control fecal continence by involuntary contractions.

METHODS

Participants
We invited 50 subjects and requested them to fill in an extensive questionnaire on their 
defecation habits. After excluding the subjects who reported anorectal problems (n = 11), stress 
incontinence (n = 5), or who had a history of anorectal problems, trauma (for instance sphincter 
defects), or surgery in the lower gastrointestinal tract (n = 4), 30 healthy subjects remained. 
None of the women included were pregnant or had given birth prior to the study.

These 30 subjects underwent anorectal function tests in the Anorectal Physiology Laboratory 
at the University Medical Center Groningen. After administering the tests we had to exclude an 
additional seven subjects because some of the anorectal function tests were not performed 
in line with the protocol (malposition of the catheter (n = 3), test stopped too soon (n = 2), 
malfunctioning pump (n = 1), balloon pressure not recorded (n = 1)). Finally, the measurements 
of 23 subjects were available for analysis.

2
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The study was approved by the Medical Ethical Committee of the University Medical Center 
Groningen. The study was performed in compliance with the 1964 Declaration of Helsinki and its later 
amendments or comparable ethical standards. All participants gave their written informed consent.

Measuring equipment
The anorectal function tests were performed using solar, gastrointestinal, high-resolution 
manometry equipment, version 8.23 (Laborie/Medical Measurements Systems, Enschede, 
the Netherlands), as described previously.7

Two different anorectal function tests were performed: the anorectal pressure test and the 
balloon retention. Two catheters were used. Catheter 1: We used Unisensor K12981 solid-state 
(Boston type) circumferential catheters with an outer diameter of 12 F. This catheter measures 
circumferential pressure every 8 mm over a total length of 6.0 cm along the anal canal and 
the distal rectum. Catheter 2: We used Unisensor K14204 catheters with an outer diameter 
of 14 F with only two microtip sensors to connect the rectal balloon, to inflate it, and to register 
the pressure inside the rectal balloon.

Anorectal function tests
We performed the anorectal pressure test to examine voluntary contractions of the puborectal 
muscle. During the anorectal pressure test, the subject was lying in the left lateral recumbent 
position and was asked to squeeze. The squeeze resulted in voluntary contractions, which 
were measured using catheter 1. Pressures observed during rest (i.e., basal pressure) and 
maximum voluntary squeeze (i.e., pressure during voluntary contractions) were used for 
analysis. The pressure outside the anal canal was 0 mm Hg or at least less than 20 mm Hg 
(low pressure of the buttocks).

To be sure that we were indeed analyzing voluntary contractions at the level of the puborectal 
muscle and not at the inner end of the anal sphincter, we defined the zone proximal of the 
anal canal which is localized at the level of the puborectal muscle. This was the zone where 
the basal pressure was lower than 15 mm Hg, thus almost as low as the rectal pressure and 
lower than the pressure of the anal sphincter.

We performed the balloon retention test to examine the involuntary contraction of the 
puborectal muscle. During this test the subjects were instructed to retain the balloon as long 
as possible. The balloon retention test was performed in sitting position. The balloon retention 
test is a volume-controlled system, where the rectal balloon is gradually filled (1.0 mL/s) 
with water of body temperature. The test allowed us to investigate if filling the rectum could 
evoke an involuntary contraction at the level of the puborectal muscle. The balloon retention 
test was stopped when the subject reached maximum tolerable sensation because none 
of the subjects involuntarily lost the rectal balloon. Then, the rectal balloon was immediately 
deflated. Thus, the balloon inflation was guided by the volume instilled and endpoint was set 
by the patient.
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Figure 1   |   A schematic representation of the balloon retention test  performed with two catheters inserted 
into the rect um. During the balloon retention test  the water is infl ated into the balloon with Catheter 2 and the 
measurement of the pressure is done by with fi xed Catheter 1.

We performed the balloon retention test  with catheters 1 and 2 simultaneously introduced 
(Fig. 1). In this way, we were able to regist er pressures direct ly in the anorect um (outside of 
the balloon) and in the balloon. Because the compliance of the balloon itself infl uences the 
manometric results, we correct ed the pressure administ ered within the rect al balloon for 
the elast icity of the balloon. Thus the act ual rect al pressure was known and used in the 
analysis.8 Additionally, catheter 1 was placed outside of the balloon, along the anorect al wall, 
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and was fixed on the buttock near to the anal canal. In this way, we minimalized the risk of 
movement of this catheter. The displacement of catheter 2, which is caused by continuously 
descending rectal content, did not influence our measurements because catheter 1 was 
used to measure the pressure along the anal canal and for the analysis of the contractions 
of puborectal muscle.

The pressure sensors were placed at 8-mm intervals on catheter 1 (Fig. 1). This way, we were 
able to calculate the length of “the puborectal muscle pressure zone”. The same procedure 
was followed in both tests.

In addition, to visualize the morphologic changes that occur during the balloon retention test, 
we retrospectively analyzed data collected for a previous study by Broens.9 These data were 
obtained from a study on nine patients who had undergone combined anorectal manometry 
and proctography.9

Statistical analyses
The data was analyzed with SPSS 23.0 for Windows (IBM SPSS Statistics, IBM Corporation, 
Armonk, NY). We present values as number (percentage) or as median (range). We performed 
non-parametric tests as the variables were not normally distributed. We performed the 
Wilcoxon matched-pair signed-rank test to investigate whether there are differences between 
different parameters within the healthy subjects. The level of statistical significance was set 
at a probability of < 0.05.

RESULTS

Subjects characteristic
Six male (26%) and 17 female (74%) subjects participated in our study. The mean age of the 
subjects was 22 (18-30) years. All subjects were able to hold the rectal balloon during the 
balloon retention test.

Characteristics of voluntary contraction of the puborectal muscle
During the anorectal pressure test, when the subject was asked to squeeze, the pressure 
at the level of the puborectal muscle increased to a maximum of median 70 mm Hg upon 
voluntary contraction. The subjects were able to squeeze with a median duration of 1.5 
minutes, as measured by the increased pressure at the level of the puborectal muscle (Fig. 
2a, Table 1). The median length of the pressure zone of the voluntary contractions at the 
puborectal muscle level was 1.6 cm (0.8–2.4 cm, Table 1).
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Figure 2   |   An example of voluntary and involuntary contractions of the puborectal muscle of a healthy subject. 
a. Voluntary contraction: pressure gradually decreases and fluctuates. Voluntary contraction is maintained 
for less than 0.5 minute. b. Involuntary contractions: pressure gradually increases for at least 5 minutes.

Table 1   |   Voluntary versus involuntary contraction of the puborectal muscle.

Parameter measured
Voluntary 

contraction
P value

Involuntary 
contraction

Maximal pressure in rectal balloon (mm Hg)
Median (min-max)

Not applicable Not applicable 60 (25-87)*

Maximal contraction
puborectal muscle

Contraction pressure (mm Hg)
median (min-max)

70 (25 - 245) < 0.001 150 (70 - 260)*

Contraction time (minutes)
median (min-max)

1.5 (0.5 - 3.0) < 0.001 5.8 (2.7 - 7.8)

Length pressure zone 
(centimeter)
median (min-max)

1.6 (0.8 – 2.4) < 0.05 2.4 (1.6 – 3.2)

* Significant difference between maximal pressure measured in the balloon compared to maximal 
pressure measured at the level of the puborectal muscle (P < 0.001)

2
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Characteristics of involuntary contraction of the puborectal muscle
During the balloon retention test, the subject was not squeezing, but the volume of the rectal 
balloon was being gradually increased instead. We observed that the pressure at the level of 
the puborectal muscle was also increasing due to an involuntary contraction. The pressure 
increased up to a maximum of 150 mm Hg (Table 1). The involuntary increase appeared 
gradually and was observed for 5.8 minutes (Fig. 2b). Maximum pressure measured during 
involuntary contraction at the level of the puborectal muscle was significantly higher than the 
pressure measured in the balloon (150 versus 60 mm Hg, P < 0.001, Table 1). The median 
length of the pressure zone of the involuntary contractions at the puborectal muscle level 
was 2.4 cm (1.6–2.4 cm, Table 1).

Visualization of the involuntary contractions of the puborectal muscle
In addition, to actually see the anorectal response to the gradual filling of the rectum, we 
analyzed the outcomes of a combined anorectal manometry and proctography. We found 
that as the rectal balloon gradually filled, the puborectal pressure simultaneously increased 
from 20 (10 - 46) mm Hg to 141 (45 - 221) mm Hg (Fig. 3a) and the proximal part of the anal 
canal rotated 24° in the direction of the pubic bone from 91° (62-103) to 67° (47-92) (Fig. 3b-f). 
To visualize this rotation of the anal canal, we drew a dotted green line to show the position of 
the anal canal of one subject at the start of the balloon retention test (Fig. 3b) and a continuous 
green line to show the position of the anal canal at different sensation levels and at the end 
of this test (Fig. 3c-f).

Voluntary contraction versus involuntary contraction
Maximum voluntary contraction was significantly lower than maximum involuntary contraction 
of the puborectal muscle (70 versus 150 mm Hg, P < 0.001, Table 1). Involuntary contraction 
was held significantly longer than voluntary contraction of the puborectal muscle (5.8 versus 
1.5 minutes, P < 0.001, Table 1 and Fig. 2).
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Figure 3   |   Radiologic image illustrating changes in the anorectum during gradual filling of rectal balloon in 
one subject. The puborectal pressure increases (a) during gradual filling of the rectal balloon (a), while the anal 
canal rotates in the direction of the pubic bone (b-f). The angle made by the dotted green line of anal canal at 
the start of the test and by the shifting line of anal canal observed during the gradual filling of the rectal balloon 
(continuous green line) was increasing at different stages of the measurements (b-f), i.e. at first sensation (FS), 
constant sensation (CS), urge sensation (US) and maximum tolerable sensation (MTS).
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DISCUSSION
In this study, we found that the puborectal muscle can contract not only voluntarily, as 
previously known, but also involuntarily. Muscle contractions can be described by two 
variables - the length of contraction and the strength as measured by changes of pressure. 
In this study, we focused on both parameters. We found that healthy subjects can voluntarily 
squeeze their puborectal muscles for approximately 1.5 minutes to prevent uncontrolled 
loss of fecal contents. The contractions we observed at the level of puborectal muscle 
during the balloon retention test took approximately 5.8 minutes (Table 1). These prolonged 
contractions were without any sign of gradually decreasing strength or fluctuating pressures, 
something we did observe during the shorter voluntary contractions (Fig. 2). This led us to 
conclude that the contraction of 5.8 minutes, during the balloon retention test, could not result 
from continuous voluntary squeezing of the healthy subjects who had undergone the test. 
Therefore, we conclude that the gradual increase of pressure, which we observed during filling 
of the rectal balloon, at the level of puborectal muscle resulted from involuntary contractions 
of the puborectal muscle. Additionally, we found that the measured involuntary contractions 
were significantly stronger than voluntary contractions. Furthermore, the increased pressure 
zone at the puborectal muscle level was significantly more extensive during its involuntary 
contractions than during the voluntary contractions.

Contraction of the puborectal muscle, which leads to increased angulation of the rectoanal 
axis, is known to support fecal continence.5 Previously, it was thought that the puborectal 
muscle only contracted voluntarily, thus causing increased angulation. The same results 
were observed when the subjects were asked to retain the rectal balloon as long as possible 
while it was gradually being filled.9 By retrospectively examining the data obtained from one of 
our previous studies, in which we had performed radiologic and manometric measurements 
simultaneously, we observed that with the increase of the pressure on the puborectal muscle, 
the proximal part of the anal canal rotated in the direction of the pubic bone. The combination 
of these two observations can only be the result of contraction of the puborectal muscle. This 
contraction has to be involuntary because, as we described above, it takes much longer than 
the duration of the maximal voluntary contraction. Previous knowledge, limited to voluntary 
puborectal muscle contractions, was unable to explain this “spontaneous” rotation. The 
current study shows that rotation of the anal canal was caused by involuntary contraction of 
puborectal muscle. Therefore, the increased pressure at the puborectal muscle level during 
the balloon retention test is considered the result of involuntary puborectal muscle contraction 
keeping the rectal balloon in place, i.e., providing fecal continence.

Since involuntary muscle contractions are known to be evoked by reflexes, we propose to 
call this mechanism, which activates involuntary contractions of the puborectal muscle, the 
puborectal continence reflex. Future research, to be able to properly characterize the reflex, 
its afferent and efferent pathways should be investigated in further studies.
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Initiation of the puborect al continence refl ex
In a previous st udy we already described that fecal continence is controlled by the anal-
external sp hinct er continence refl ex (AESCR) that regulates the involuntary contract ion of 
the external sp hinct er.6 To illust rate the two fecal continence refl exes, the outcomes of the 
BRT test  performed on one subject  are presented in Fig. 4. In case of the AESCR, just  a 
slight fi lling of the rect al balloon made the external anal sp hinct er contract  immediately. In 
contrast , we observed that the puborect al muscle pressure during balloon inject ion was 
increasing gradually. Therefore, we conclude that the involuntary contract ion of the puborect al 
muscle is act ivated through a diff erent mechanism than the AESCR. We post ulate that the 
involuntary contract ion of the puborect al muscle might be act ivated by a st retch receptor, 
because gradual rect al fi lling resulted in gradual contract ion.

Figure 4   |   High-resolution pressure profi le during gradual fi lling of the rect al balloon of a female subject . 
Puborect al and anal high-pressure zones are visible during involuntary contract ion when the rect um was 
fi lled with the balloon. The color scale on the left  indicates the range of anorect al pressures measured. Blue 
means atmosp heric pressure (outside the anal canal), red/purple means high-pressure recording. The right 
vertical axis shows the position of the pressure transducers (black lines) in relation to the most  superfi cial 
pressure sensor. The puborect al continence refl ex and the anal-external sp hinct er continence refl ex zones 
are indicated. The borders of the high-pressure zones are marked with black horizontal lines. Notice the 
act ivation of high pressure at the level of the puborect al muscle and the anal sp hinct er.

Critical evaluation
One could criticize that the pressure we measured as involuntary contract ion of the puborect al 
muscle was act ually the pressure of the balloon, thus the pressure measured in the rect um. 
We demonst rated, however, that the maximum pressure of the rect al balloon was signifi cantly 
lower than the maximum pressure measured at the level of the puborect al muscle during 
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involuntary contraction. Therefore, we are sure that the increased pressure we measured was 
the result of involuntary contraction of the puborectal muscle.

Although gender distribution is not equal, all the statistical tests performed were paired tests. 
Since we performed paired statistical tests, possible differences between the parameters 
measured in male and female subjects bear no influence on our results. Furthermore, the two 
groups were not compared to each other. The healthy subjects were compared to themselves, 
taking inter-individual variability into account, thus providing accurate analyses regardless of 
the differences in gender.

Although we measured the length of the pressure zone of the puborectal muscle’s involuntary 
contractions, it is possible that we have not yet measured the whole length of the zone. We 
may have missed the zone just above the catheter. However, at least, the minimum length is 
known. Future research is necessary to investigate the whole pressure zone.

Clinical implications
Apparently, the puborectal continence reflex is an important continence mechanism that 
keeps people continent for stool by means of strong involuntary contraction of the puborectal 
muscle. Presumably, this mechanism prevents full fecal incontinence when the anal sphincter 
is not functioning well for any reason.

CONCLUSION
Our results indicate that there is an additional regulatory mechanism controlling fecal 
continence, which involves involuntary contractions of the puborectal muscle, which we 
propose to call the puborectal continence reflex. The puborectal continence reflex seems 
to be initiated by dilatation at the level of the puborectal muscle. Presumably, the puborectal 
continence reflex protects many patients with serious anal sphincter dysfunctions from 
complete fecal incontinence.
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ABSTRACT

Background 
The anal-external sphincter continence reflex (AESCR) and the puborectal continence reflex 
control fecal continence by involuntary contractions of the external anal sphincter and puborectal 
muscle, respectively. To date it is unknown what the effect of liquid stool is on these reflexes.

Objective
To analyze the consequence of liquid stool on the presence and function of these fecal 
continence reflexes.

Design
A prospective, observational study.

Setting
Anorectal Physiology Laboratory, University Medical Center Groningen.

Patients
42 healthy subjects.

Main outcome measure
Pressure changes at the level of the external anal sphincter and the puborectal muscle during 
the anorectal pressure test used to measure voluntary contractions, the balloon retention test 
used to measure involuntary contractions mimicking solid stool, and the rectal infusion test 
used to investigate the effect of only water mimicking liquid stool.

Results
During the test mimicking solid stool, the pressure at the level of the external anal sphincter 
increased from the start to the end (132 ± 54 mm Hg versus 198 ± 69 mm Hg, p < 0.001). 
The pressure at the level of the puborectal muscle increased simultaneously (30 ± 9 mm 
Hg versus 176 ± 52 mm Hg, p < 0.001). After injecting water into the rectum, mimicking liquid 
stool, we observed immediate activation of the AESCR (87 ± 32 mm Hg versus 145 ± 36 
mm Hg, p < 0.001), this was after median 30 seconds, while no activation of the puborectal 
continence reflex appeared (26 ± 9 mm Hg versus 26 ± 7 mm Hg, p = 0.655).

Limitations
We only performed anorectal function tests mimicking two types of stool consistencies, 
namely water and solid.

Conclusions
The anal-external sphincter continence reflex controls fecal continence of both solid and liquid 
stool. Contrarily, the puborectal continence reflex contributes to solid stool continence only.
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INTRODUCTION
Fecal incontinence is the uncontrolled loss of solid or liquid fecal material.1 It is a debilitating 
condition that seriously impairs patients’ quality of life.2 The prevalence of fecal incontinence 
world-wide is estimated to be around 8%, varying between 2% and 21%.3-5 The prevalence of 
the different forms of fecal incontinence is also described in the literature. It appears that more 
people suffer from liquid rather than solid stool incontinence.6-8 Furthermore, it is known that 
diarrhea is a common risk factor for fecal incontinence.4 Despite the attempts of researchers 
to explain these differences in prevalence and the underlying mechanisms, the differences 
between solid and liquid stool incontinence remain unclear.4, 6, 7

To increase our understanding of its pathophysiology, we need to thoroughly comprehend the 
physiological mechanisms of fecal continence. Current knowledge about fecal continence 
describes the voluntary contractions of the external anal sphincter and puborectal muscle.9 
In addition to these voluntary contractions, two fecal continence reflexes play an important 
role in controlling fecal continence; the anal-external sphincter continence reflex (AESCR) and 
the puborectal continence reflex.10, 11 These fecal continence reflexes control fecal continence 
by regulating involuntary contractions of the external anal sphincter and puborectal muscle. 
They have been described in healthy subjects and in patients during the balloon retention test, 
which mimics solid stool.10, 11 The question remains whether these fecal continence reflexes 
are also activated by liquid stool.

The aim of this study was therefore to describe and compare the functions of both the AESCR 
and the puborectal continence reflex for solid as well as liquid stool in healthy subjects.

METHODS

Participants
This study was a prospective study conducted with healthy subjects. All the subjects had 
completed the DeFeC questionnaire12, on the basis of which we selected those subjects who 
had no history of anorectal disorders, no reported anorectal problems, no trauma or surgery 
in the lower gastro-intestinal tract, and in the case of women, no pregnancies or deliveries. 
A total of 53 healthy subjects were invited for the anorectal function tests.

The study was approved by the Medical Ethical Committee of University Medical Center 
Groningen and all subjects gave their written informed consent.

The healthy subjects were medical students. We contacted them through an e-mail containing 
details that they could address if they were interested in participating in the study. They 
received appropriate monetary compensation afterwards, which was rated in accordance 
with the guidelines of the Medical Ethical Committee.

3
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Measuring equipment
The anorectal function tests were administered in our Anorectal Physiology Laboratory 
at University Medical Center Groningen. We used solar, gastrointestinal, high-resolution 
anorectal manometry, Version 9.3 (Laborie/Medical Measurements Systems, Enschede, 
The Netherlands). Two catheters were used during the anorectal function tests. Catheter 
number 1: a solid state Laborie/Unisensor K12981 catheter (Boston type, width 12 F). It records 
pressure around the catheter every 8 mm at the level of the anal canal up to the distal part 
of the rectum. Catheter number 2: a Laborie/Unisensor K14204 catheter (width 14 F) with 
two microtip sensors to measure pressure into the connected rectal balloon during inflation. 
Below, we describe the three anorectal function tests used in the present study. The tests 
were performed consecutively on the same day with an interval of approximately 5 minutes 
between the tests. The anorectal pressure test was performed as first, the balloon retention 
test as second and the rectal infusion test as the last one.

Anorectal function tests
Anorectal pressure test
We used Catheter 1 for the anorectal pressure test. During this test the subjects were lying 
down on their left side and were asked to squeeze. Change in pressure was measured at 
the level of the external anal sphincter and the puborectal muscle, and reflects voluntary 
contractions.

Balloon retention test
We gave a full description of the balloon retention test accompanied by a clarifying figure in 
one of our previous articles.10 This test is used to measure the involuntary contraction of the 
external anal sphincter and the puborectal muscle.10, 11, 13 We performed the test with Catheters 
1 and 2, inserting the two catheters at the same time, while the subject was sitting upright 
on a commode. Water at body temperature at a speed of 1mL/second was injected into the 
rectal balloon, thus the water remained in the balloon. The end of the balloon retention test 
was defined as the moment of maximal tolerable sensation or maximal retainable sensation. 
Because the water remains in the balloon while it is in the rectum, the balloon retention test 
mimics solid stool and therefore the Bristol stool score 3-5 is applicable.14

Rectal infusion test
We performed the rectal infusion test to investigate whether both reflexes are involved in 
controlling fecal continence for liquid stool. During this test water at body temperature was 
injected directly into the rectum to mimic liquid stool, equivalent to the Bristol stool score 
7.14 For the rectal infusion test we only used Catheter 1. This test was also performed while 
the subject was sitting upright on a commode. Water was injected with a constant speed 
of 1 mL/second. The test was stopped when 1000 mL was inserted into the rectum, which 
was thus after 16.7 minutes. This moment was defined as the end of the test. We excluded 
the “healthy subject” if they could not retain the water until the end of the test, that is, those 
subjects who were not continent for liquid stool. We measured the time and volume at which 
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the first increase of pressure was observed at the level of the external anal sphincter and 
the puborectal muscle. Because pressure at the level of the puborectal muscle did not 
increase, we used the moment when the first pressure increase at the level of the external 
anal sphincter was observed as the moment to register the pressure at the level of the 
puborectal muscle. In addition, we measured the pressure at the start and at the end of the 
test for both the external anal sphincter and puborectal muscle.

The standard procedure during the rectal infusion test is to inject 1500 mL of water into the 
rectum.15 In the present study we infused 1000 mL during all measurements. To determine, 
however, whether using 1500 mL changed the outcomes, we first infused 12 healthy subjects 
with 1500 mL. We found no significant differences between the outcomes obtained with 1000 
mL and 1500 mL for either the external anal sphincter or the puborectal muscle. Thus, the 
results are based on only the 1000 mL infusions.

Statistical analysis
Data were analyzed with SPSS Version 23.0 for Windows (IBM SPSS Statistics, IBM 
Corporation, Armonk, NY). Values were presented as numbers (percentages), as means 
± standard deviations or as medians (ranges). The independent samples t-test and the 
paired-samples t-test were performed for normally distributed data. The Mann-Whitney and 
Wilcoxon signed rank tests were performed when data were not normally distributed. Pearson 
correlation was used to measure the association between two continuous parameters. The 
level of statistical significance was set at p < 0.05.

Figures were generated using either GraphPad Prism, Version 7.02 for Windows, GraphPad 
Software, La Jolla, CA, or Microsoft Office Publisher 2010.

RESULTS

Subject selection and characteristics
Of our total of 53 invited subjects, we excluded 11 subjects because the anorectal function 
tests were not administered according to protocol for the following reasons: pressure not 
recorded (n=4), not a good position of the catheter (n=3), test was finished too early (n=3), or 
the pump did not function (n=1). Consequently, the measurements of 42 healthy subjects were 
analyzed in this study. Out of these, 24 (57%) were women and 18 (43%) were men (p = 0.44). 
The median age of the subjects was 22 years (18 – 30). No subject dropped the balloon 
during the balloon retention test, thus the end of the test was maximal tolerable sensation. All 
subjects retained the water during the rectal infusion test. The start pressure for the balloon 
retention test differed significantly from the start pressure for the rectal infusion test (132 mm 
Hg ± 54 mm Hg versus 87 ± 32 mm Hg, p < 0.001, Table 1).
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Table 1   |   Comparison of the involuntary contractions of the external anal sphincter and puborectal muscle 
in the presence of solid and liquid stool in the rectum

Total (N = 42) Pressure at start (mm Hg) Pressure at end (mm Hg) p value

External anal sphincter

BRT 132 ± 54 198 ± 69 <0.001

RIT 87 ± 32 108 ± 43 0.005

Puborectal muscle

BRT 30 (20 – 55) 185 (70 – 280) < 0.001

RIT 26 ± 9 31 ± 13 0.04

BRT: balloon retention test (mimicking solid stool); RIT: rectal infusion test (mimicking liquid stool)

Functioning of fecal continence reflexes in the presence of solid stool
The pressure at the level of the external anal sphincter during the balloon retention test, which 
mimics solid stool, was significantly increased from the start to the end of the test (132 ± 54 
mm Hg versus 198 ± 69 mm Hg, p < 0.001, Table 1, Figure 1A). At the same time, during the 
same test, also the pressure at the level of the puborectal muscle significantly increased from 
start to end (30 (20-55) mm Hg versus 185 (70-280) mm Hg, p < 0.001, Table 1, Figure 1B). The 
mean time until the end of the test was 6.5 ± 1.9 minutes. At the end of the test we found no 
association between the pressures of the external anal sphincter and the puborectal muscle, 
reflecting the AESCR and the puborectal continence reflex (r = - 0.134, p = 0.40, Figure 2). A 
representation of the results of high-resolution anorectal manometry of one subject during 
the balloon retention test is shown in Figure 3A.

Functioning of fecal continence reflexes in the presence of liquid stool
After injecting water into the rectum, we observed an immediate increase in pressure at the 
level of the external anal sphincter, up to 145 ± 36 mm Hg, which was significantly higher 
compared to the pressure at the start of the test (87 ± 32 mm Hg, p < 0.001, Table 2, Figure 
1C). The median time of this increase in pressure was 30 seconds. During the same test, at 
that same time, we found no increase at the level of the puborectal muscle (26 ± 9 mm Hg 
versus 26 ± 7 mm Hg, p = 0.66, Table 2).

Table 2   |   Comparison of the pressures measured at the level of the external anal sphincter and the 
puborectal muscle during the rectal infusion test

Muscle Pressure at start 
(mm Hg)

First increase of 
pressure* (mm Hg)

Mean 95% CI p value

External anal 
sphincter

87 ± 32 145 ± 36 58 46 - 71 < 0.001

Puborectal muscle 26 ± 9 26 ± 7 0.6 -3.2 – 2.1 0.66

* First increase of pressure was median 30 seconds (30 mL). 95% CI = 95% confidence interval
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Figure 1   |   Graphical disp lay of the mean and median values of the balloon retention test  (BRT) and rect al 
infusion test  (RIT) at the st art and at the end of the test  for both the external anal sp hinct er and the puborect al 
muscle. A) Increase in pressure at the level of the external anal sp hinct er during the BRT, which mimics solid 
st ool, thus act ivation of the anal-external sp hinct er continence refl ex (AESCR). B) Increase in pressure at the 
level of the puborect al muscle during the BRT, which mimics solid st ool, thus act ivation of the puborect al 
continence refl ex. C) First  rapid increase in pressure at the level of the external anal sp hinct er aft er median 
30 seconds, and later st abilization of the increase in pressure when water is inject ed. D) No rapid increase 
in pressure and only a small, clinically irrelevant, increase in pressure at the level of the puborect al muscle 
during inject ion of water.

Figure 2   |   Comparison of the anal-external sp hinct er continence refl ex (AESCR) and the puborect al con-
tinence refl ex.

3
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Figure 3   |   A) High-resolution pressure during the balloon retention test , in which a rect al balloon is gradually 
fi lled with water. This Figure shows a female healthy subject . Color changes represent change in pressure, 
in which blue represents no pressure change, thus atmosp heric pressure, and red represents increasing 
pressure. On the right axis the pressure transducers are shown, which indicate the dist ance from outside the 
anal canal to more proximal in the anal canal. The pressure zones at the level of the external anal sp hinct er 
and the puborect al muscle are indicated. With this test  involuntary contract ions of the external anal sp hinct er 
and puborect al muscle are measured, which are regulated by the anal-external sp hinct er continence refl ex 
and the puborect al continence refl ex, resp ect ively, which are indicated in the Figure. B) High pressure profi le 
during the rect al infusion test , in which water is inject ed into the rect um. The test  was performed in the same 
female subject  as shown in Figure 3A. Notice that the anal-external sp hinct er continence refl ex is act ivated, 
resulting in a high pressure zone, but that there is no act ivation of the puborect al continence refl ex.

Aft er having inject ed 1000 mL of water, i.e. the end of the test , we observed a signifi cant 
increase in pressure at the level of the external anal sp hinct er, up to 108 ± 43 mm Hg, which 
was also a signifi cant increase from the st art of the test  (87 ± 32 mm Hg, p = 0.005, Table 
1, Figure 1C). We also found a signifi cant increase in pressure at the st art and end of the test  
at the level of the puborect al muscle. However, this was, only a mean diff erence of 5 mm Hg 
(26 ± 9 mm Hg versus 31 ± 13 mm Hg, p = 0.04, Table 1, Figure 1D). A representation of the 
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results of high-resolution anorectal manometry of one subject during the rectal infusion test 
is shown in Figure 3B.

Sex differences in fecal continence mechanisms
In Table 3, the differences between the sexes for both voluntary and involuntary contractions 
while mimicking solid and liquid stool are presented. Men generated a significantly higher 
voluntary contraction at both the level of the external anal sphincter and the puborectal muscle 
compared to women (p = 0.008 and p = 0.003). Contrarily, we observed no differences 
for involuntary contractions at the end of the test while mimicking solid stool and liquid 
stool between men and women for both the external anal sphincter and puborectal muscle 
(p = 0.68 and p = 0.51). Whereas the pressure at start of the balloon retention test and the 
rectal infusion test at the level of the external anal sphincter were significant higher in men 
compared to women (p = 0.002 and p = 0.001).

Table 3   |   Sex differences in relation to fecal continence mechanisms 

Anorectal manometry 
measurements

Total group 
(N = 42)

Women 
(n = 24)

Men 
(n = 18)

p 
value

Maximal voluntary contraction

External anal sphincter (mm Hg) 325 (160 – 585) 298 (180 – 445) 365 (160 – 585) 0.008

Puborectal muscle (mm Hg) 75 (25 – 245) 63 (25 – 150) 113 (35 – 245) 0.003

Involuntary contraction during BRT

External anal sphincter

Pressure at start (mm Hg) 132 ± 54 109 ± 37 163 ± 57 0.002

Pressure at end (mm Hg) 198 ± 69 201 ± 76 193 ± 61 0.68

Puborectal muscle

Pressure at start (mm Hg) 30 (20 – 55) 30 (20 – 45) 25 (20 – 55) 0.15

Pressure at end (mm Hg) 176 ± 52 180 ± 58 170 ± 42 0.51

Time to end test (minutes) 6.5 ± 1.9 6.5 ± 2.0  6.5 ± 1.7 0.90

Involuntary contraction during RIT

External anal sphincter

Pressure at start (mm Hg) 87 ± 32 74 ± 23 105 ± 33 0.001

Pressure at end (mm Hg) 108 ± 43 106 ± 36 110 ± 52 0.74

Puborectal muscle

Pressure at start (mm Hg) 26 ± 9 26 ± 10 26 ± 9 0.83

Pressure at end (mm Hg) 31 ± 13 29 ± 8 33 ± 18 0.35

Time to end test (minutes) 16.7 16.7 16.7 n.a.

n.a. = not applicable; BRT: balloon retention test (mimicking solid stool); RIT: rectal infusion test (mimicking 
liquid stool)
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DISCUSSION
In this study we investigated the effect of mimicking solid and liquid stool (the balloon retention 
test and the rectal infusion test, respectively) on the anal-external sphincter continence reflex 
(AESCR) and the puborectal continence reflex. Although we have described these two reflexes 
previously, to date they have not been compared in one study, nor do we know under which 
conditions they are normally activated.10, 11 In the present study we found that the AESCR was 
activated during tests mimicking both solid and liquid stool, while the puborectal muscle was 
only activated in case of the balloon retention test that was used to mimic solid stool. During 
the balloon retention test, which we performed to mimic solid stool, we found comparable 
activation of both fecal continence reflexes. Interestingly, we found that after injecting water 
into the rectum the AESCR was activated rapidly. This rapid increase in pressure was already 
seen after on average 30 seconds. In contrast to the AESCR, the puborectal continence reflex 
was not activated rapidly upon injecting water. Although we found a statistically significant 
increase of pressure when comparing the start and the end of the rectal infusion test, we do 
not consider this difference as being clinically relevant, because it was only an increase of 
on average 5 mm Hg.

We note that during the rectal infusion test water flows into the proximal part of the colon 
and, although it passes both the external anal sphincter and the puborectal muscle, it is still 
the AESCR that is activated rapidly, while the puborectal continence reflex stays inactive. 
This difference in activation of the fecal continence reflexes can help us describe their 
characteristics in more detail. Previous research showed that after administrating a topical 
local anesthesia, the involuntary contractions of the external anal sphincter diminished.11 This 
led to the hypothesis that the receptor belonging to the AESCR pathway is located superficially 
in the anal canal. Our observation that the AESCR is activated rapidly even after injecting only 
a few milliliters of water into the rectum, thus barely building up pressure in the anorectal 
area, indicates that the receptor has features resembling a contact receptor. In contrast to 
the AESCR, the puborectal continence reflex showed no activation after a small amount 
of water and only a slight, clinically irrelevant increase after 1000 mL was injected directly 
into the rectum. This supports our hypothesis that the receptor belonging to the puborectal 
continence reflex pathway might be a stretch receptor that activates its reflex only upon 
increasing rectal pressure.

One could raise the objection that the pressure at the level of the external anal sphincter at 
the start of the balloon retention test was higher than at the start of the rectal infusion test, 
and that these differences bear influence on our outcomes. During the balloon retention 
test, however, there are two catheters, one with a balloon inserted and one without, whereas 
during the rectal infusion test only one catheter without a balloon is inserted. The difference 
of the pressures observed at the level of the external anal sphincter, and not at the level of 
the puborectal muscle, reinforces our hypothesis that the AESCR is a contact receptor while 
the puborectal continence reflex is not. Naturally, the effect of two catheters and a balloon is 
a stronger incentive than one catheter only.
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Difference in prevalence of solid and liquid stool incontinence
It is known that people suffer more from incontinence for liquid stool than from solid stool.6-8 
In addition, diarrhea is known to be a common risk factor for fecal incontinence.4 Although 
many researchers have attempted to explain the phenomenon, the issue remains unclear. On 
the one hand, our finding that continence for solid stool is controlled by both fecal continence 
reflexes, while continence for liquid stool seems to be controlled by only the AESCR, might 
explain the higher prevalence of incontinence for liquid stool. Consequently, in case of a 
non-functioning AESCR, fecal continence for liquid stool can no longer be controlled. On the 
other hand, continence for solid stool is still possible in this case, because the puborectal 
continence reflex is still functioning. In other words, continence for solid stool is controlled by 
at least two involuntary mechanisms, while liquid stool is controlled by only one. Fortunately, 
stool is solid most of the time, with an average Bristol Stool Chart in the normal population of 
Types 3, 4 and 5, with 1 being hard lumps and 7 completely liquid stool.14, 16 Thus, in healthy 
people, the two fecal continence reflexes probably function simultaneously, and only in case 
of solely liquid stool does the AESCR control fecal continence.

Influence of sex on voluntary and involuntary contractions
Our findings that voluntary contractions of the external anal sphincter and the puborectal 
muscle are stronger in men than in women corroborate previous research.17, 18 Interestingly, 
the involuntary contractions for both the external anal sphincter and the puborectal muscle 
did not differ for the sexes. Nevertheless, we found that the pressure at the start of the test, 
at the level of the external anal sphincter, was higher in men than in women. It is well known in 
the literature that the resting pressure is higher in men compared to women.19, 20 Furthermore, 
it may possibly be explained by the fact that the anorectal function tests were performed by a 
young woman. We noticed that during the measurements the behavior of male subjects was 
more awkward and they were more nervous than the female subjects. The fact that the male 
subjects were more nervous and thus probably less able to relax their pelvic floor muscles, 
could explain the higher pressure at the start of the test in the male subjects compared to 
the female subjects.

Limitations
One could criticize that we performed the rectal infusion test with only water as a substitution 
for liquid stool rather than adding a thickening solution as is sometimes the case with other 
experiments. We did so purposely in order to closely mimic the most extreme form of 
liquid stool. We acknowledge that such an extreme form of diarrhea does not occur often. 
Nevertheless, with this study design we also covered the severest form of diarrhea. With the 
present study we also showed that the puborectal muscle appears to have a stretch receptor 
that reacts to pressure. We postulate that the activation might depend on stool thickness. 
In other words, if stool is watery, but still more or less solid, the puborectal continence reflex 
might still be activated. Further research on different stool consistencies is needed to confirm 
this hypothesis.

3
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We could have minimized the apparent discomfort of the male subjects by providing a 
male experimenter to perform the tests. Nevertheless, we aimed to avoid inter-individual 
differences between the measurements.

CONCLUSION
The anal-external sphincter continence reflex controls fecal continence of both solid and liquid 
stool. Contrarily, the puborectal continence reflex contributes to solid stool continence only.
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ABSTRACT

Aim
The ability of patients with poor pudendal nerve function to voluntarily contract their external 
anal sphincter is limited. However, it is not known whether the condition of the pudendal 
nerve influences voluntary puborectal muscle contraction. Recently, we described the 
puborectal continence reflex that maintains faecal continence by involuntary contractions 
of the puborectal muscle. We aim to investigate whether both voluntary and involuntary 
contractions of the puborectal muscle are influenced by the condition of the pudendal nerve.

Method
We retrospectively analysed 129 adult patients who underwent anorectal function tests at the 
Anorectal Physiology Laboratory. Anal electrosensitivity was used as a measurement of the 
pudendal nerve function. Voluntary and involuntary contractions of the puborectal muscle 
were defined as maximum puborectal muscle contractility and maximum pressure at the 
level of the puborectal muscle during the balloon retention test.

Results
Voluntary contraction of the puborectal muscle was significantly decreased in patients with 
pudendal nerve damage (P = 0.002). Involuntary contractions, however, were not associated 
with the condition of the pudendal nerve (P = 0.63). Multiple linear regression analysis showed 
that the condition of the pudendal nerve and patients’ sex significantly predicted voluntary 
contraction but not involuntary contraction.

Conclusion
Voluntary contractions of the puborectal muscle are significantly decreased in patients 
with pudendal nerve damage, while involuntary contractions of the puborectal muscle are 
comparable to those of patients without nerve damage. We conclude that the puborectal 
continence reflex, which controls involuntary contractions of the puborectal muscle, is not 
regulated by the pudendal nerve.
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INTRODUCTION
Faecal continence is regulated by different mechanisms including voluntary and involuntary 
contractions of certain muscles of the pelvic floor.1 The internal anal sphincter closes the 
anorectum by tonic involuntary contraction, while the external anal sphincter can contract 
both voluntarily and involuntarily.1, 2 The puborectal muscle can also contract voluntarily, which 
results in a sharper anorectal angle to maintain continence.1 Recently, we have shown that the 
puborectal muscle can also contract involuntarily and that these contractions are regulated 
by the puborectal continence reflex.3

The pudendal nerve is one of the major nerves of the anorectum.1 It is known that patients 
with pudendal nerve damage have a limited ability to voluntarily contract their external anal 
sphincter.1, 4-6 On the other hand, involuntary contractions of the external anal sphincter are 
not regulated by the pudendal nerve.7 There is no consensus in the literature as to whether 
the puborectal muscle is innervated by the pudendal nerve and, consequently, whether 
pudendal nerve damage results in diminished voluntary puborectal muscle contraction.4, 8-11 
Furthermore, the nerve pathway responsible for involuntary contractions of the puborectal 
muscle has thus far not been investigated. In addition, the influence of sex and age on both 
voluntary and involuntary contractions of the puborectal muscle is still unknown.

In this study, we aimed to investigate whether both voluntary and involuntary contractions 
of the puborectal muscle are regulated by the pudendal nerve. Additionally, we aimed to 
investigate the influence of age and sex on voluntary and involuntary puborectal muscle 
contractions.

METHODS

Patients
Retrospectively, we reviewed the medical records of all patients older than 17 years (n = 425), 
who had undergone anorectal function tests at the Anorectal Physiology Laboratory in the 
University Medical Center Groningen from January 2010 to June 2018 because of defaecatory 
problems.

As any nerve damage could influence anorectal measurements, we excluded patients who 
had undergone previous pelvic floor surgery, those who had experienced any trauma in that 
area, who were diagnosed with polyneuropathy, or who suffered from any other condition that 
could influence innervation. We excluded 296 patients for the following reasons: generalized 
neurological disorders [e.g. multiple sclerosis, spinal cord injury, spina bifida or polyneuropathy 
(n = 43))], anal sphincter rupture during childbirth, episiotomy, or sphincterotomy (n = 51), 
surgery for prolapse or perianal fistula (n = 30), hysterectomy (n = 43), surgery for anorectal 
malformation or Hirschsprung’s disease (n = 34), recto-sigmoid resection (n = 12), sacral 
nerve stimulation therapy (n = 6), other [e.g. prostatectomy, ileo-anal pouch, sphincter repair, 
surgery for haemorrhoids, anal or prostate cancer, pelvic floor trauma, radiation injury, recent 
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botox injection or mental retardation, n = 41], or a combination of the reasons above (n = 27). 
Further, as a result of technical problems during measurement, we had to exclude another 
nine patients. A total of 129 patients were eligible for analysis. The indications for having to 
undergo anorectal function tests in these patients were as follows: incontinence (n = 59), 
constipation (n = 44), anal pain (n = 8), anal fissures (n = 8), combination of incontinence and 
constipation (n = 4), and other reasons (n = 6).

The study was conducted at University Medical Center Groningen, the Netherlands, in 
compliance with the requirements of our local medical ethics review board.

Measuring equipment and anorectal function tests
Anorectal function tests were performed using solar, gastrointestinal, high-resolution 
manometry equipment, version 9.3 (Laborie/Medical Measurements Systems, Enschede, The 
Netherlands). As was described by us previously, we used three different types of catheters to 
perform the measurements.3, 7 Here, we provide a description of the three tests we performed.

Anal electrosensitivity test
By applying superficial anal electrical stimulation, the anal electrosensitivity test measures 
the sensitivity of the anal canal and thus discloses the sensory condition of the pudendal 
nerve.12 To administer this test, we used a Laborie/Unisensor catheter that has an outer 
diameter of 8F and two circularly located electrodes of 2 mm. The distance between the two 
electrodes is 8 mm.

We inserted the catheter into the anal canal of the patient, who was lying in the left lateral 
position, and set the generator to produce a 0.1 ms square wave, at a constant frequency 
of 5 Hz, with a train duration of 1.0 s. Starting proximally, we stimulated every centimetre of 
the anal canal from 1 to 20 mA, with steps of 1 mA. We recorded the lowest threshold out of 
three, as reported by the patient. For our analysis we measured anal electrosensitivity at 2 
cm from the anal verge into the anal canal. By choosing 2 cm, and thus taking into account 
the considerable inter-individual variability in the length of the anal canal, we could be sure 
that we were measuring inside the anal canal.

Anorectal pressure test
For the anorectal pressure test we used a Laborie/Unisensor K12981 solid state (Boston type), 
circumferential catheter, with an outer diameter of 12F. While the patient was lying in the left 
lateral position, we inserted the catheter into the patient’s anal canal. The catheter measured 
anorectal pressure every 8 mm over a total length of 6.8 cm into the lower rectum and the 
anal canal. To prevent the catheter from slipping out of the anal canal, we fixed it onto the 
patient’s buttocks with adhesive tape. Measurement started by registering basal pressures. 
Subsequently, we asked the patient to squeeze. We registered maximum puborectal pressure 
during squeeze, and thus this test reflects voluntary contraction of the puborectal muscle. To 
ensure that we analysed voluntary contraction of the puborectal muscle and not, inadvertently, 
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partial contractions of the anal sphincter, we defined a zone located proximal to the anal canal, 
i.e. at the level of the puborectal muscle, where the basal pressure was lower than the basal 
pressure of the anal sphincter.

Balloon retention test
We have previously described the balloon retention test in detail.3 For this test, we used two 
catheters: the aforementioned Laborie/Unisensor K12981 catheter, with an outer diameter of 
12F, and the Laborie/Unisensor K14204 with an outer diameter of 14F. The Laborie/Unisensor 
K14204 catheter is connected to the rectal balloon, which is inflated, and the pressure inside 
the balloon is registered with two microtip sensors. The solar, gastrointestinal, high-resolution 
manometry automatically corrects the pressure measured for the balloon resistance pressure, 
so that only the real pressure in the rectal wall is given.

We did not use the balloon retention test for its standard purpose, namely measuring filling 
sensations and volumes corresponding to certain rectal sensations. Instead, as described by 
us previously, we used the balloon retention test to investigate the presence of the puborectal 
continence reflex by measuring changes of pressure at the level of the puborectal muscle.3

We stopped testing when the patient had reached the maximum tolerable sensation. If the 
patient was unable to retain the balloon until the maximum tolerable sensation was reached, 
the test was stopped as soon as the balloon was involuntarily lost, and this was recorded as 
the maximum retainable sensation.

Normal values of the anorectal function tests
For the anorectal sensitivity test during which anal stimuli ranging between 1 mA and 20 mA 
are administered, the normal values for healthy subjects are ≥ 3 and ≤ 4mA.13, 14 However, 
because borderline poor electrosensitivity is better than electrosensitivity of 20 mA, we used 
continuous data of anal electrosensitivity and did not use the threshold of 4 mA for grouping 
the pudendal nerve function.

In our previous study, we presented the normal values for the maximum voluntary contraction 
of the puborectal muscle as measured during the anorectal pressure test in young, healthy 
subjects.3 For these subjects, the median maximum pressure observed during the voluntary 
puborectal muscle contraction was 70 (25–245) mmHg and took median 1.5 minutes. The 
median value of the maximal pressure during involuntary contractions of the puborectal 
muscle was 150 (70–260) mmHg and the median duration of the contractions was 5.8 
minutes.3

Statistical analysis
The data was analysed with SPSS Statistics version 23.0 for Windows (IBM SPSS Statistics, 
IBM Corporation, Armonk, New York, USA). We displayed values as number (percentage) or as 
median (minimum - maximum). When distribution was not normal, a natural log-transformation 
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was performed. Simple regression analysis was used to determine predictors of puborectal 
muscle contractions. We used a separate P < 0.15 as statistical significance for simple 
linear regression analysis.15 After this, the parameters were used in multiple linear regression 
analysis. The level of statistical significance was defined as P < 0.05.

Figures were generated using GraphPad Prism 7.02 (GraphPad Software Inc., La Jolla, 
California, USA).

RESULTS
The group of 129 patients included for analysis consisted of 38 (29%) men and 91 (71%) women 
(Table 1). The median age of the patients was 57 years (18–81). In these patients, we observed 
a median anal electrosensitivity of 6 mA (2–20) at 2 cm into the anal canal. The median 
basal pressure of the puborectal muscle was 10 mmHg (5–50) and the median of maximum 
voluntary contractions was 40 mmHg (5–215). The median pressure of the puborectal muscle 
at the start of the involuntary contraction was 25 mmHg (5–185) and the mean pressure of 
the maximum involuntary contraction was 130 ± 59 mmHg.

Table 1   |   Demographics

Number (n = 129)

Patients’ characteristics

Female patients 91 (71%)

Age (years) 57 (18 – 81)

Anal electrosensitivity

At 2 cm (mA) 6 (2 – 20)

Anorectal pressure test

Basal puborectal pressure (mm Hg) 10 (5 – 50)

Voluntary contraction (mm Hg) 40 (5 -185)

Balloon retention test

Pressure at start (mm Hg) 25 (5 – 185)

Involuntary contraction (mm Hg) 130 ± 59

Voluntary contraction=pressure at the level of the puborectal muscle contraction during maximum 
squeeze. Involuntary contraction=pressure at the level of the puborectal muscle during maximal tolerable 
volume or maximal retainable volume.

While pudendal nerve damage diminishes voluntary contraction, it does 
not affect involuntary contraction
To investigate whether the sensory condition of the pudendal nerve was associated with 
the maximum voluntary contraction of the puborectal muscle, we analysed the relationship 
between anal electrosensitivity and the maximum voluntary contraction (Fig. 1a). We found 
that patients with an increased threshold for anal electrosensitivity, i.e. patients in whom 
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the condition of the pudendal nerve was impaired, had significantly diminished voluntary 
contractions of the puborectal muscle compared to patients with normal anal sensation 
(P = 0.002, Table 2).

Furthermore, we investigated whether the sensory condition of the pudendal nerve influenced 
the involuntary contraction of the puborectal muscle (Fig. 1b). We found no relationship with the 
anal electrosensitivity and the involuntary contractions of the puborectal muscle, regulated 
through the puborectal continence reflex (P = 0.63, Table 2).

Figure 1   |   Linear regression between anal electrosensitivity at 2 cm into the anal canal and (a) voluntary and 
(b) involuntary contractions of the puborectal muscle.

Table 2   |   Simple and multiple regression analysis

B Beta 95%CI P value

Simple regression

Voluntary contraction *

Anal electrosensitivity -0.043 -0.267 -0.071 to -0.016 0.002

Age -0.006 -0.133 -0.013 to 0.002 0.13

Sex 0.730 0.459 0.482 - 0.978 < 0.001

Involuntary contraction

Anal electrosensitivity -0.558 -0.043 -2.862 to 1.747 0.63

Age 0.431 0.128 -0.157 to 1.019 0.15

Sex -0.050 0.000 -22.607 to 22.508 0.997

Multiple regression

Voluntary contraction

Anal electrosensitivity -0.038 -2.36 -0.063 to -0.014 0.003

Sex 0.703 0.442 0.462 - 0.944 < 0.001

* Natural log transformation. Model fitness multiple regression: adjusted R 2 = 0.254

4
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Voluntary and involuntary puborectal muscle contractions function 
independently of each other
We investigated whether voluntary and involuntary contractions of the puborectal muscle are 
functionally associated. We found no correlation between the maximum voluntary and the 
maximum involuntary contraction (P = 0.34, Fig. 2).

Influence of age and sex on voluntary and involuntary puborectal muscle 
contractions
We investigated whether age exerted an influence on voluntary and involuntary contractions of 
the puborectal muscle. Simple linear regression analysis showed that there was no significant 
correlation between age and either voluntary or involuntary contractions (P = 0.13 and P = 0.15, 
respectively, Table 2).

Additionally, we investigated whether sex influenced voluntary and involuntary contractions 
of the puborectal muscle. Simple linear regression analysis revealed that there was a 
significant relationship between voluntary contractions and sex (P <0.001, Table 2). Voluntary 
contractions of the puborectal muscle were significantly stronger in men than in women. By 
contrast, we did not observe any significant correlation between involuntary contractions and 
sex (P = 0.997, Table 2).

Multiple regression analysis showed that anal electrosensitivity and sex together were 
significantly correlated with voluntary contractions of the puborectal muscle (P = 0.003 and 
P <0.001, respectively, Table 2).

Figure 2   |   There is no association between voluntary and involuntary contractions of the puborectal muscle 
(P = 0.34).
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DISCUSSION
In this study, we investigated whether voluntary and involuntary contractions of the puborectal 
muscle are regulated by the same nerve pathway. We found that voluntary contractions 
are regulated by the pudendal nerve, because malfunctioning of the pudendal nerve was 
significantly associated with impaired voluntary contractions of the puborectal muscle. In 
contrast, our results suggest that involuntary contractions of the puborectal muscle, i.e. the 
puborectal continence reflex, function independently of the condition of the pudendal nerve 
(Fig. 3). This finding implies that the puborectal continence reflex is not regulated by the 
pudendal nerve. Additionally, this finding is supported by the fact that there is no functional 
correlation between voluntary and involuntary contractions of the puborectal muscle. 
Therefore, our conclusion is that these contractions function independently of one another.

Figure 3. (a) Voluntary and involuntary contraction of a healthy subject (female 18 years 
old). There is a normal voluntary contraction of the external-anal sphincter and puborectal 
muscle. In addition, there is activation of the anal-external sphincter continence reflex and the 
puborectal continence reflex which regulate the involuntary contractions of the external anal 
sphincter and the puborectal muscle, respectively.2, 3 (b) Voluntary and involuntary contraction 
of a patient with pudendal neuropathy (woman 52 years old). Both the voluntary contraction of 
the external anal sphincter and the puborectal muscle are diminished, due to the pudendal 
nerve damage. However, there is still activation of the anal-external sphincter continence 
reflex and the puborectal continence reflex, which results in normal involuntary contractions.

The critical question is therefore what the innervation responsible for involuntary contractions 
of the puborectal muscle is. It is known that the levator ani nerve innervates the puborectal 
muscle.10 This could be the possible nerve pathway of the puborectal continence reflex. 
Barber, however, discussed that the puborectal muscle is innervated directly by a different 
nerve independently of the levator ani nerve.16 This might be the nerve that is responsible for 
involuntary contractions of the puborectal muscle. Further research is needed to identify the 
exact nerve pathway responsible for the puborectal continence reflex.

Age did not significantly influence either voluntary or involuntary contractions. Nevertheless, 
popular belief has it that faecal incontinence is a natural process associated with ageing, 
because voluntary contractions of the external anal sphincter, whose function it is to delay 
the defecation process, are indeed negatively influenced by age.13, 17 On the contrary, the 
majority of elderly people are continent, and our research group showed that for the Dutch 
population the prevalence of faecal incontinence does not seem to increase with age.18 Our 
finding that age does not influence either involuntary contractions or voluntary contractions of 
the puborectal muscle explains this phenomenon. Apparently, the puborectal muscle plays 
such an important role in faecal continence that its condition is preserved and therefore 
not influenced by age. This is in a like manner to our earlier research which showed that the 
involuntary contractions of the external anal sphincter are also not influenced by age.7

4
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Figure 3   |   (a) Voluntary and involuntary contraction of a healthy subject (female 18 years old). There is a 
normal voluntary contraction of the external-anal sphincter and puborectal muscle. In addition, there is acti-
vation of the anal-external sphincter continence reflex and the puborectal continence reflex which regulate 
the involuntary contractions of the external anal sphincter and the puborectal muscle, respectively.2, 3 (b) 
Voluntary and involuntary contraction of a patient with pudendal neuropathy (woman 52 years old). Both the 
voluntary contraction of the external anal sphincter and the puborectal muscle are diminished, due to the 
pudendal nerve damage. However, there is still activation of the anal-external sphincter continence reflex 
and the puborectal continence reflex, which results in normal involuntary contractions.

It has been reported that voluntary contractions of the external anal sphincter are stronger in 
men.19 Therefore, we also investigated the influence of sex on both voluntary and involuntary 
contractions of the puborectal muscle. In the case of voluntary contractions, men had 
significantly stronger voluntary contractions compared to women. Interestingly, we found that 
involuntary contractions of the puborectal muscle were not influenced by sex. This suggests 
once again that voluntary and involuntary contractions of the puborectal muscle are regulated 
through different nerve pathways.

Clinical implications
Pudendal neuropathy leads to impaired voluntary contraction of the external anal sphincter 
and puborectal muscle, but this does not necessarily lead to complete faecal incontinence 
because involuntary contractions of the external anal sphincter and puborectal muscle are 
not regulated via the pudendal nerve and can preserve faecal continence.7 Further research 
with nerve blockages might be necessary to identify the exact nerve pathway responsible 
for involuntary contractions of the puborectal muscle. This knowledge would help prevent 
accidental surgical damage which currently leads to full faecal incontinence in all age groups.
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Limitations
In this study, anal electrosensitivity was used to assess the condition of the pudendal nerve.12, 

20 Indirectly, this sensory parameter gives an indication of the status of the motor pathway of 
the pudendal nerve. It might be argued that no relationship between involuntary contractions 
and the condition of the pudendal nerve was identified because the sensory pathway only 
was assessed. Nevertheless, this study demonstrated that voluntary contractions of the 
puborectal muscle were diminished in patients with a high anal electrosensitivity threshold. 
Thus, in the case of voluntary contractions, damage to the sensory part of the pudendal nerve 
negatively influences the function of the motor part. It is not our routine practice to perform 
pudendal motor nerve terminal latency and electromyography tests because they are very 
unpleasant and painful for patients. Further, at least two previous studies have reported that 
these tests do not correspond with responses to treatment for faecal incontinence.21, 22 One 
possible explanation for this, as suggested by the results of this study, is that the puborectal 
continence reflex is not regulated by the pudendal nerve.

The results of the current study require further investigation of the possible nerve pathways, 
including the anorectal receptors belonging to such pathways. This requires additional 
research using other physiological tests such as rapid balloon distension of the rectum and 
anal canal as described by Haas et al.23

This study showed that involuntary contractions of the puborectal muscle were not associated 
with the condition of the pudendal nerve. Nevertheless, we cannot exclude the possibility 
that these contractions might be regulated by an early branch of the pudendal nerve as a 
consequence of which no association with pudendal neuropathy was found. However, we 
also showed that the voluntary and involuntary contractions of the puborectal muscle were 
functionally independent of each other, which makes the probability of an early branch of the 
pudendal nerve unlikely.

The puborectal continence reflex is not the only involuntary mechanism of the pelvic floor 
regulating faecal continence. The anal-external sphincter continence reflex additionally 
regulates faecal continence, via the involuntary contractions of the external anal sphincter.2 
Previous research has shown that this anal-external sphincter continence reflex is also not 
regulated by the pudendal nerve.7 In the current study we did not analysed the anal-external 
sphincter continence reflex; however, further research about the characteristics, collaboration 
and possible dual innervation is needed to describe both faecal continence reflexes.

CONCLUSIONS
The results of this study confirm that the pudendal nerve mediates voluntary contractions of 
the puborectal muscle but is not responsible for involuntary contractions of the puborectal 
muscle, i.e. the puborectal continence reflex. In addition, these voluntary and involuntary 
contractions are functionally independent of each other. Further studies are required to 
determine the exact nerve pathway that regulates involuntary contraction of the puborectal 
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muscle. This finding might help avoid accidental damage to the continence mechanism 
during surgical interventions in the region of the pelvic floor.
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ABSTRACT

Objective
To determine whether the frequency and severity of congenital anorectal malformations 
(CARMs) differs by sex.

Study design
We included 129 patients (0–319 weeks old) diagnosed with CARMs, who had been referred 
to our Department of Pediatric Surgery between 2004 and 2013. Rectoperineal and 
rectovestibular fistulas were classified as mild CARMs, all others as severe. If a patient was 
diagnosed with CARM within 48 hours after birth, this was considered an early diagnosis, 
all others as late.

Results
Seventy-five (58%) girls and 54 (42%) boys were diagnosed with different forms of CARM. 
More patients had mild rather than severe forms of CARM (67% and 33%, respectively, P 
< .001). We found that 89% of girls had a mild form of CARM, whereas 65% of boys had 
severe forms (P < .001). All severe forms were diagnosed early, whereas 54% mild forms were 
diagnosed early and 46% were diagnosed late.

Conclusions
Girls more often have mild forms of CARM, whereas boys more often have severe forms. 
Overall, the distribution across the sexes is equal. Because chronic constipation can be 
the only symptom of mild CARMs, it often requires more time to diagnose than severe 
forms. Many women are, therefore, diagnosed with CARMs at an older age, or they may go 
undiagnosed altogether. Subsequently, these women have a greater risk of full rupture during 
vaginal delivery.
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INTRODUCTION
Congenital anorectal malformations (CARMs) occur in between 2 and 4.05 per every 10 000 
births.1 Anorectal malformation comprises a broad spectrum of different abnormalities in 
which the anus and the anal canal are always involved. Some of the abnormalities are clearly 
visible, particularly in case of the most severe forms of CARM, such as an absent anus. 
Diagnosing the mild forms, however, often requires additional medical analyses. Experience 
with this type of patient is essential. In cases where the symptoms are not very obvious, 
anorectal malformations may be overlooked, leading to a delayed diagnosis.2-4

Although it has been reported that CARMs are more frequent in men, there are also a number 
of publications that report an equal distribution between men and women.1, 5-8 To date, a 
comparative study of the prevalence of CARMs, which takes into account severity and the 
time of diagnosis, has not been reported.

In this study, we aimed to determine whether the frequency and severity of CARMs is differed 
by sex. In addition, we investigated whether a patient’s sex and the form of CARM had an 
influence on the time of its diagnosis.

METHODS
Retrospectively, we reviewed the medical records of all patients with CARMs who were seen 
at the Department of Pediatric Surgery of the University Medical Center of Groningen and who 
were born between January 2004 and December 2013 (N = 155). We excluded 26 patients for 
the following reasons: echocardiogram not available (n = 20), emigration or adoption (n = 4), 
or death (n = 2). Finally, 129 patients were included for analysis.

We have used the Krickenbeck classification to assess the different types of CARMs in our 
patient population.9 Further, patients with a rectoperineal or a rectovestibular fistula were 
classified as having a mild form of CARM, whereas all other fistula types were categorized 
as severe forms.

We noted the patient’s sex and age at the time CARMs were diagnosed. In accordance with 
previous studies, we considered the diagnosis to be early if the patient had been diagnosed 
with CARMs within 48 hours after birth, all others diagnoses were considered late.2-4

The study was conducted at University Medical Center Groningen, The Netherlands, in 
compliance with the requirements of our local medical ethics review board.

Statistical analyses
The data were analyzed with SPSS 22.0 for Windows (IBM SPSS Statistics, IBM Corporation 
Armonk, New York). Either Fisher exact test or the χ2 test was used to compare the proportions. 
The level of statistical significance was set at a probability of <.05.
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RESULTS
To investigate whether the exclusion of patients who had not undergone an echocardiogram 
could have influenced our findings, we compared the severity of CARMs in the included and 
excluded patient groups. There was no difference in prevalence of mild and severe CARMs 
between the groups of excluded and included patients (P = 0.305). Out of 129 included 
patients, 75 (58%) girls and 54 (42%) boys were diagnosed with different forms of CARM 
(P = .078). The age of these patients at the time of diagnosis ranged between 0 and 319 
weeks. Significantly more patients 85 (66%) had a mild form of CARM in comparison to the 
severe forms, which occurred in 44 (34%) of the cases (P < .001, Table I).

Table I   |   Patient characteristics

Patients with CARM (N = 129) Number

Age (wk) 0 - 319

Girls 75 (58%)

Boys 54 (42%)

Mild CARM 85 (66%)

Severe CARM 44 (34%)

Congenital heart defects 22 (17%)

We investigated whether the prevalence of the mild and severe forms of CARM differed 
between boys and girls (Table II). Out of the total of 75 girls, 89% suffered from a mild form of 
CARM, whereas out of the total of 54 boys, 67% suffered from a severe form of CARM (P < 
.001). Furthermore, we analyzed the distribution of the different forms of CARM in boys and 
girls, as shown in Table II. We found that rectoperineal fistulas were the most frequent form of 
CARM in both sexes, but this form was present 3 time more often in girls than in boys (n = 54 
[72.0%] vs n = 18 [33.3%], respectively). The severe forms of CARM were present 4.5 times 
more often in boys than in girls (n = 36 [66.7%] vs n = 8 [10.6%], respectively).

Table II   |   Distribution of the different forms of CARM among boys and girls

Forms of CARM Boys (%) Girls (%)

Mild CARM

Rectoperineal fistula 18 (33.3%) 54 (72.0%)

Rectovestibular fistula 0 13 (17.3%)

Total mild forms of CARM 18 (33.3%) 67 (89.3%)

Severe CARM

Rectoscrotal fistula 4 (7.4%) 0

Rectobulbar fistula 17 (31.5%) 0

Rectoprostatic fistula 9 (16.7%) 0

Rectovesical fistula 1 (1.9%) 0

Membrane CARM 4 (7.4%) 0

Complex CARM 1 (1.9%) 1 (1.3%)

Cloaca 0 7 (9.3%)

Total severe forms of CARM 36 (66.7%) 8 (10.6%)
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The range of the time required for the late diagnosis was between 2 and 2233 days (Table 
III; available at www.jpeds.com). All patients suffering from a severe form of CARM were 
diagnosed within 48 hours after birth. In case of mild CARMs, 54% of the patients were 
diagnosed early and 46% were diagnosed late (Figure 1). Within the group of mild patients, 
50% of the patients with a rectoperineal fistula were diagnosed early, whereas the other 50% 
were diagnosed late. In girls with a rectovestibular fistula, 77% were diagnosed early and 23% 
were diagnosed late (Table III).

Figure 1   |   Association between form of CARM, sex, and the time of diagnosis between A, severe forms of 
CARM and B, mild forms of CARM. Early diagnosis within 48 hours after birth, late all others.

5
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DISCUSSION
We found that in general the distribution of CARMs is equal across the sexes, but that the 
distribution between boys and girls differs when the severity of CARMs is taken into account.

In the past, it has been reported that men suffer from CARMs more often than women; 
however, there are also a number of publications that report an equal distribution between 
men and women.1, 5-8 Based on our daily practice, we had the impression that there might 
actually be differences in the distribution of different forms of CARM among men and women. 
This study confirmed our impression.

As a rule, a severe form of CARM is evident. For example, a completely absent or delocalized 
anus will be readily found during a physical examination. A mild form of CARM, on the other 
hand, may be difficult to diagnose for any midwife or doctor lacking in experience in diagnosing 
this condition. In case of a mild form of CARM, the anus may be only slightly deviated to 
anterior, which may be easily overlooked. Because the severe forms of CARM are more 
readily diagnosed than the mild forms, it is possible that fewer women are diagnosed with this 
condition, which leads to an apparent fewer prevalence of CARMs. We found that almost one-
half of the mild forms of CARM were diagnosed late, whereas none of the severe forms were 
diagnosed late. It appears that in girls the prevalence of CARMs has been underestimated 
because of late diagnosis, or lack of diagnosis.

Because mild forms of CARM can be difficult to diagnose, one may assume that we actually 
overestimated the prevalence of rectoperineal fistulas and that the mild group contained 
incorrectly diagnosed patients. The fact that these patients were indeed correctly diagnosed 
is supported by the 17% prevalence of congenital heart disease in these patients. This 
prevalence of congenital heart disease did not differ between the mild and the severe forms 
of CARM.10 In a normal population, the prevalence of congenital heart disease is 0.8%.11 Thus, 
in this study these patients are correctly diagnosed with CARMs.

Our study not only explains the lack of consensus in the prevalence of CARMs among boys 
and girls, it has clinical implications as well. We recommend that women who experience 
chronic constipation should also be examined for CARMs. For example, we refer to the case 
of a 6-year-old girl. She suffered from constipation, but the medical specialist could not 
find any underlying reasons of her condition. The child was referred to a psychiatrist who 
noticed a very small abnormality of the anus. The girl was subsequently referred to a pediatric 
surgeon. Examination of the girl resulted in the diagnosis of a rectoperineal fistula, a mild form 
of a CARM. In addition, Tareen et al2 reported an unusual case of a 7-year-old girl who was 
diagnosed with CARM.

It is important to emphasize that the main point of recognition of the less severe forms of 
CARMs, where the anatomy is only slightly altered, is to observe the position of the anal orifice 
in relation to the anal sphincter (Figure 2). The place of the anal sphincter can be recognized 
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by altered skin texture and color. Thus, the dist ance between the anal orifi ce and the labia 
minus is unfortunately an unreliable approach to identify a mild version of CARM because 
natural variation of the location of the anal sp hinct er among diff erent children.

Even though CARMs are rare, it is possible that there are more chronically const ipated patients 
whose condition results from mild forms of CARM but that have not been recognized as such. 
Therefore, we aim to encourage physicians who see patients with chronic const ipation to 
consider the possibility of CARMs. Const ipation, provided it is treated conservatively, is not a 
life-threatening disease, and mild forms of CARM do not always require surgery. Nevertheless, 
there is another asp ect  of CARMs that does need to be taken into consideration in case of 
adult female patients which is vaginal deliveries. Vaginal deliveries are not recommended in 
patients with CARMs because of the increased risk of total rupture. When a woman is aware of 
having CARMs, a cesarean delivery should be planned to prevent post delivery complications.

Currently, the number of women with CARM is probably underest imated. As a consequence, 
they are at a higher risk of a full rupture during vaginal delivery. It would be wise to consider the 
possibility of CARMs in patients with chronic const ipation, esp ecially in the case of women.

Figure 2   |   Clinical view of mild congenital anorect al malformations in female babies. A, A girl without CARM, 
normal anatomy with the anal canal in the center of the anal sp hinct er. B, Perineal fi st ula, with the anal canal 
just  within the border of the anal sp hinct er. C, Perineal fi st ula, with the anal canal outside the anal sp hinct er. D, 
Vest ibular fi st ula, with the anal canal within the labia minus, far away from the anal sp hinct er. The anal orifi ce in 
children with CARM can be smaller, but not always. Even when the size of the anal orifi ce is not smaller than in 
healthy babies, they st ill do suff er of (mild) const ipation. The mechanism behind this clinical observation has 
not yet been clarifi ed. For boys, the position of the anal canal in relation to the sp hinct er complex is compa-
rable with the girls presented in A, B, and C. Also in their case the main point of recognition is identifying the 
place of the anal sp hinct er in relation to the position of the anal orifi ce. AC, anal canal; AS, border of the anal 
sp hinct er, as can be recognized by change of the color and surface of the perineal skin; LM, labium minus.
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ABSTRACT

Objective
To determine the prevalence of congenital heart defects (CHDs) in patients with mild or severe 
congenital anorectal malformations (CARMs), and whether all CARM patients need pediatric 
cardiology screening.

Study design
We included 129 patients with CARM born between 2004 and 2013, and referred to University 
Medical Center Groningen. Recto-perineal and recto-vestibular fistulas were classified as 
mild CARMs, all others as severe. Significant patent foramen ovale, secundum atrial septal 
defect, and small ventricular septum defect were classified as minor CHDs, all others as major.

Results
Of 129 patients with CARM, 67% had mild CARM, 33% severe CARM, and 17% were 
additionally diagnosed with CHD. CHDs were distributed equally in patients with mild or severe 
CARMs. Patients with multiple congenital abnormalities were more frequently diagnosed 
with CHD (n = 16, 36%) than patients without multiple congenital malformations (n = 5, 9%, 
P = .001). Patients with CARM diagnosed with CHD using pediatric cardiac echo screening 
were younger than 3 months of age at diagnosis. Earlier general pediatric examinations 
missed 7 (50%) children with mild and 4 (50%) with severe CHDs.

Conclusions
The severity of CARM could predict neither prevalence nor severity of CHD. More than one-
half of CHDs were missed during the first physical examination. No new CHDs were found 
in patients older than 3 months of age at the time CARMs were diagnosed. We recommend 
screening all patients with CARM younger than 3 months of age for CHD at the time CARM 
is diagnosed. Preoperative echocardiography should be the rule in children younger than 3 
months of age and with multiple congenital anomalies.

JaraJonkers_BNW.indd   86JaraJonkers_BNW.indd   86 17/07/2020   09:57:2017/07/2020   09:57:20



Congenital heart defects in anorectal malformations    |    87 

INTRODUCTION
Congenital anorectal malformations (CARMs) occur in approximately one in every 4000 to 
5000 live births.1 These may occur as a single anomaly, as part of the VACTERL association 
(vertebral defects, anal atresia, cardiac defects, tracheo-esophageal fistula, renal anomalies, 
and limb abnormalities) or with congenital syndromes.2 The presence of CARMs has been 
associated with congenital heart defects (CHDs).3-5 The results of previous studies on CHDs 
in patients with CARMs are ambiguous and report on prevalence varying between 9% and 
37%.2, 3 Children with severe forms of CARM are considered to be at greater risk of associated 
CHDs than children with mild CARMs.2, 4

Almost two-thirds of CARMs occur in conjunction with other anomalies, such as urinary, 
genital, and musculoskeletal anomalies, as well as abnormalities and/or defects in the 
digestive, cardiovascular, and central nervous system.6, 7

Before any surgery takes place, it is necessary to be aware of the cardiologic condition of the 
patient to prevent possible complications during anesthesia.8 Several studies have reported 
a greater preoperative risk of cardiac arrest and mortality in patients with CHDs undergoing 
noncardiac surgery.9-12 CHDs may be overlooked during routine physical examination, although 
advanced screening techniques with pulse oximetry have improved detection.13, 14

Our primary goal was to estimate the overall prevalence of CHDs in patients with CARMs, 
between patients with mild and severe CARMs, and in patients with and without multiple 
congenital disorders. Finally, we aimed to determine whether preoperative cardiac screening 
is necessary for all patients with CARM.

METHODS
We retrospectively reviewed the medical records of 155 patients with CARMs, who were born 
between January 2004 and December 2013 and who were referred to the Department of 
Pediatric Surgery at University Medical Center Groningen, The Netherlands. The study was 
conducted in compliance with the requirements of our local Medical Ethics Review Board.

We excluded 26 patients; 20 patients had not undergone a full cardiac screening, which 
included a physical examination and an echocardiogram, by a pediatric cardiologist. Six 
patients were excluded because of missing data. Completion of the medical histories of 
these 6 patients was impossible for various reasons: 1 patient had re-emigrated, 3 patients 
were lost due to adoption, and 2 patients died because of severe respiratory insufficiency 
and/or other physiological failures before screening had taken place. Therefore, our study 
was based on 129 patients.

Patients with only a rectoperineal or a rectovestibular fistula were classified as having a mild 
form of CARM, whereas all other patients were categorized as having a severe form.

6
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We also distinguished 2 forms of CHD: minor CHDs and major CHDs. A significant shunt 
through a patent open foramen ovale, a secundum atrial septal defect, and/or a small 
ventricular septal defect were classified as minor CHDs. All other heart defects were 
categorized as major CHDs.

Patients were defined as having multiple congenital disorders if they have 3 or more 
congenital disorders, including CARM, or if they had a syndrome that was confirmed by a 
clinical geneticist.

Statistical Analyses
The data were analyzed with SPSS 22.0 for Windows (IBM SPSS Statistics, IBM Corporation, 
Armonk, New York). Fisher exact test was used to compare proportions. CIs were used to 
estimate the prevalence ratio. The level of statistical significance was set at a probability of 
<.05.

RESULTS
Out of all 129 patients with CARM, 67% (n = 86) had a mild form of CARM, and 33% patients 
(n = 43) had a severe form. Fifty-eight percent of the patients were female (n = 75), and 42% 
were male (n = 54). Among the 129 patients with CARM, 17% (n = 22) were also diagnosed 
with CHDs (Table I).

Table I   |   Patient characteristics*

Patients with CARM (N = 129)

Age at CARM diagnosis (mo) 0 - 73

Female 75 (58%)

Male 54 (42%)

Severe forms of CARM 43 (33%)

Mild forms of CARM 86 (67%)

Multiple congenital disorders (n = 102+) 44 (43%)

Mortality 11 (9%)

Patients with CARM with CHDs 22 (17%)

Patients with CARM without CHDs 107 (83%)

* All patients were born between January 2004 and December 2013 and were referred to the University 
Medical Center Groningen
+ 27 missing values 

There was no statistically significant difference in the prevalence of CHD between patients 
with mild and severe forms of CARM (n = 14, 16% vs n = 8, 19%, P = .805). In fact, we found 
that among patients with mild CARMs, 9% were diagnosed with minor CHDs (n = 8) and 
7% with major CHDs (n = 6) (P = 1.00). A similar prevalence was found among patients with 
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severe CARMs; 9% had minor CHDs (n = 4) and 9% major CHDs (n = 4) (P = 1.00; Table II). 
The incidence of the CHDs in the different types of CARM are displayed in Table III (available 
at www.jpeds.com).

Table II   |   Prevalence of CHD according to CARM severity

Patients with CARM (N = 129)
Mild CARMs
n = 86 (67%)

Severe CARMs
n = 86 (33%)

P value

CHDs ( n = 22, 17%) 14 (16%) 8 (19%) 0,805*

Minor CHDs 8 (9%) 4 (9%) 1,000*

Major CHDs 6 (7%) 4 (9%) 1,000*

* Fisher Exact test 

Out of 102 patients with complete medical data on physical examination, including screening for 
syndromes, 43% (n = 44) had multiple congenital disorders (Table I). We found that patients with 
multiple congenital disorders had CHDs more often than patients without multiple congenital 
disorders, 16 (36%) vs 5 (9%), P = .001, 95% CI 0.33 – 0.53, (Table IV; available at www.jpeds.com).

The majority of patients with CARM (n = 81, 63%) were diagnosed during the first week after 
birth. In addition, we found that all patients with CARM (n = 22), who were also diagnosed with 
CHDs, were younger than 3 months of age at the time of presentation (Table V).

Table V   |   The number of patients according to age at referral for CARMs and the number of CHDs in these 
patients

Age at referral Number patients Patients with diagnosed CHDs

0-7 d n = 81 (63%) 19 (8 major)

<3 mo n = 30 (23%) 3 (2 major)

>3 mo n = 18 (14%) -

Cardiac Screening for Patients with CARM
All patients (N = 129) were given a physical examination and echocardiography by a pediatric 
cardiologist. Out of the total of 129 patients with CARM, 22 patients were diagnosed with 
having a CHD before the age of 3 months, and 19 before the age of 7 days (Tables V and VI). 
In 90.7% (n = 117) patients with CARM, the routine physical examination had been performed 
by a general pediatrician prior to the pediatric cardiologist screening. One of the patients 
with CHD had not received a routine physical examination by a general pediatrician. In 11 
(50%) patients the earlier routine physical examination by a general pediatrician had been 
performed during the first weeks of life and had not revealed CHDs. Of these 11 patients, 2 
(18%) had a major CHD, which was revealed by screening by a pediatric cardiologist. There 
was no difference between the screening results in mild and severe CARMs.
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DISCUSSION
CARMs are known to be associated with CHDs.1, 3-5 Nevertheless, reports on the prevalence 
of CHD in patients who also have CARMs are ambiguous and vary between 9% and 37%.2 
In our study, 17% of the patients with CARMs had different forms of CHDs as well. It has been 
suggested that the presence of severe CARMs is associated with a higher prevalence and 
more major CHDs, and mild CARMs are associated with a lower prevalence and less severe 
forms of CHDs.2, 4 Contrastingly, we observed that the severity of CARMs did not predict the 
presence or the severity of CHDs in these patients.

The equal prevalence of CHDs in patients with mild and severe CARMs has not been 
previously reported. The most likely explanation is that in the past, only patients with severe 
CARMs were screened for CHDs. Patients with mild forms of CARMs do not often present 
clear symptoms besides being chronically constipated. A slightly anterior position of the 
anus may be the only finding in a patient having chronic constipation. Thus, mild CARM is a 
difficult diagnosis and the condition may, therefore, go undetected. Consequently, patients 
with mild forms of CARMs may not be well represented in studies on the association between 
CHD and CARM. We postulate that the difficult diagnosis of a mild CARM might lead to 
underestimating the number of patients having mild forms of CARM and, as a consequence, 
to underestimating the number of patients with mild CARMs and CHDs.

Because patients with CHDs who undergo noncardiac surgery have a greater perioperative 
risk of cardiac arrest and mortality, it is necessary to determine, prior to surgery, whether a 
patient with CARM also has CHD.9-12

Detecting CHDs in neonates is known to be difficult, primarily due to the transition from fetal 
to postnatal circulation.13, 14 CHDs can, therefore, be easily overlooked during the physical 
examination of newborns, and are more likely to be detected when children are older. In 
accordance with this observation, we found that CHDs had been overlooked in more than 
one-half of our patients in the first weeks of life during the physical examination by a general 
pediatrician. There were, however, no patients with CARM older than 3 months of age in whom 
we detected previously unknown CHDs.

The observed prevalence of CHD among patients with CARM is much higher (9%-37%) than 
that observed in the general population of births (approximately 1%).2, 3, 15 Our observation 
provides a rationale for screening for CHD among infants born with CARM, not only for 
appropriate preparation for surgery and post-op management, but also for subsequent follow-
up of the affected infants by pediatric cardiologists. Therefore, we recommend that all patients 
with CARM, both the mild and severe, who are younger than 3 months of age at the time of 
diagnosis should be screened carefully for the presence of CHDs. All children who present 
with CARM during the first weeks of life need to be screened prior to surgery by a pediatric 
cardiologist. Echocardiography should be part of this screening procedure.

6
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Because CHDs occur more frequently in patients with multiple congenital disorders, we also 
recommend preoperative screening by a pediatric cardiologist, including echocardiography, 
of patients with multiple congenital disorders.

This study was based on patients seen at one tertiary center in the Netherlands, where all 
patients with congenital anorectal malformations in the north of the Netherlands are seen. 
Because of this, the generalizability of our findings on prevalence of CHD may be limited to 
the population which serves this facility. Therefore, further multicenter research would be of 
great value.

We recommend screening all patients with CARM younger than 3 months of age for CHD at 
the time CARM is diagnosed. Preoperative echocardiography should be the rule in children 
younger than 3 months of age and with multiple congenital anomalies.
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Table IV   |   Prevalence of CHDs in CARM patients with and without multiple congenital disorders

Patients with CARMs (n = 102)
Patients with CHD

(n = 21)
Prevalence 

CHDs
Prevalence rate ratio 

for CHDs

Patients without multiple 
congenital disorders (n = 58)

5 8,6% Reference group

Patients with multiple congenital 
disorders (n = 44)

16 36,4% 95% CI (0.33 – 0.53)
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ABSTRACT

Objectives
Patients with congenital anorectal malformations (CARMs) are known to suffer from fecal 
incontinence. We investigated whether the anal-external sphincter continence reflex (AESCR) 
and the puborectal continence reflex were present in these patients and whether their 
presence improves the outcome of therapy.

Methods
We included 38 patients with CARMs who suffered from fecal incontinence and who had 
undergone anorectal manometry (2010-2019). We analyzed data from the balloon retention 
test, to establish the presence of the aforementioned reflexes, and the defecometry test, 
to assess whether the patients used their pelvic floor muscles adequately. We analyzed 
fecal continence outcomes following pelvic physical therapy, classified as complete fecal 
continence, improvement, or no improvement. Improvement was defined as a decrease in the 
frequency of bowel management or if patients with bowel management became continent.

Results
Out of 38 patients, the AESCR was present in 34 patients and the puborectal continence 
reflex was present in all patients. Twenty-five patients underwent pelvic physical therapy. 
Out of 23 patients in whom both continence reflexes were present, six became completely 
continent and ten showed improvement. Out of the two patients without AESCR but with the 
puborectal continence reflex, one showed improvement.

Conclusions
Both fecal continence reflexes were present in patients with all types of CARMs. The presence 
of the continence reflexes in fecal incontinent patients predicts good clinical outcomes after 
pelvic physical therapy. Therefore, we recommend establishing the presence of these reflexes 
to predict whether pelvic physical therapy could be effective.
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INTRODUCTION
Patients with congenital anorectal malformations (CARMs) are known to suffer from fecal 
incontinence. Even after corrective surgery, the prevalence of fecal incontinence in patients 
with CARMs can still be as high as 60%.1-4 Nevertheless, for this group of patients the 
challenge remains how to predict who will be able to develop fecal continence in later life, 
what the causes are of their fecal incontinence, and what the best treatment would be.4 
Currently, the literature states that fecal continence depends mainly on three factors: voluntary 
contractions of the sphincters, anal sensibility, and bowel motility.5 The absence of one of 
these factors would result in fecal incontinence. There are patients with CARMs, however, 
who possess all three of these factors but who still experience fecal incontinence. One might 
assume therefore that there are other mechanisms that also influence fecal continence.

Besides the voluntary contractions, fecal continence is controlled by involuntary contractions 
of the external sphincter and the puborectal muscle. The contractions of these muscles 
are regulated by the anal-external sphincter continence reflex (AESCR) and the puborectal 
continence reflex.6, 7 Activation of the former results in involuntary contraction of the external 
anal sphincter and activation of the latter results in involuntary contraction of the puborectal 
muscle. To date, the presence of these reflexes has never been established in patients 
with CARMs. On the one hand, because of the high prevalence of fecal incontinence in 
patients with CARMs, one might think that these reflexes are absent or not developed. On 
the other hand, not all these patients suffer from fecal incontinence, which means that these 
reflexes were probably present at birth. Even though other mechanisms, such as dyssynergic 
defecation and the sacral ratio, have been suggested to influence fecal continence, no 
consensus exists in the literature.8-14 Dyssynergic defecation is a condition whereby the pelvic 
floor muscles are not used in the right way. This results in paradoxical contractions of the 
anal sphincter and/or puborectal muscle while trying to defecate, which in turn can lead to 
overflow incontinence. Dyssynergic defecation can be observed by anorectal manometry and 
treated with pelvic physical therapy. This is, however, not standard practice. In case of sacral 
ratio, a low ratio could be used to predict fecal incontinence, but contradictory outcomes 
were reported.8-10 In summary, the question remains whether the absence of fecal continence 
reflexes, dyssynergic defecation, or a low sacral ratio result in fecal incontinence.

Our primary aim was to establish whether the fecal continence reflexes are present in patients 
with CARMs. We also aimed to investigate whether the type of CARMs and type of surgery are 
correlated with the presence of these two reflexes. Finally, we aimed to investigate whether 
there is an association between the fecal continence reflexes and the clinical outcomes of 
these patients after pelvic physical therapy, in the context of dyssynergic defecation and 
sacral ratio.

7
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METHODS

Patient selection
Retrospectively, we reviewed the clinical data of all 43 patients with CARMs, aged six 
years or older, who had undergone anorectal function tests because of fecal incontinence 
at the Anorectal Physiology Laboratory at University Medical Center Groningen between 
November 2010 and March 2019. We excluded two patients because they were adopted and 
had undergone surgical correction abroad and consequently no knowledge was available 
regarding the type of surgery. Additionally, one patient was excluded because of extensive 
sacral neurosurgery that could have damaged the innervation and two patients whereby the 
tests were not performed correctly. Finally, data on 38 patients were available for analysis.

The study was performed in accordance with requirements of our local Medical Ethics Review 
Board.

Clinical parameters
We used the Krickenbeck classification to define the different types of CARMs.15 For patients 
who had undergone corrective surgery for CARMs, we registered which type of operation had 
been performed. We registered patients’ sacral ratio, if available. Additionally, we reviewed 
patients’ fecal continence status before they had undergone anorectal function tests, as 
recorded in their medical files by pediatric surgeons during consultations.

During the anorectal function tests, which are described in detail below, we established the 
presence of the fecal continence reflexes and we also assessed whether the patients suffered 
from dyssynergic defecation.

After the anorectal function tests, most of the patients were referred for pelvic physical therapy 
on account of dyssynergic defecation. This therapy focused on the patient’s posture during 
defecation and on relaxation exercises for the pelvic floor muscles by applying Jacobson’s 
relaxation technique.16-18 In addition, pelvic physical therapy uses biopsychosocial treatment 
and concentrates on explaining the pelvic floor anatomy to patients, while taking their social 
cognitive level.19 We registered the number of treatment sessions and the duration of total 
treatment.

After the patients had undergone pelvic physical therapy, we evaluated their fecal continence 
status according their medical files, as recorded by pediatric surgeons during consultations, 
thus it was assessed in the same way as before therapy. Patients who had no involuntary 
loss of feces after treatment, were defined as “continent”. Patients who had been incontinent 
despite using bowel management before treatment, but who became continent with support 
of bowel management after treatment, or patients whose frequency of bowel management 
was lower after treatment than before treatment, were defined as showing “improvement” 
of their continence. All other patients were defined as showing “no improvement”. When no 
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improvement was registered, we tried to find out whether there was a reason for not showing 
improvement.

The policy at our hospital is to prescribe laxatives to all patients with CARM, even if they are 
continent without bowel management. This policy was introduced on the basis of the clinical 
experience that patients with CARM often suffer from constipation. Laxatives are prescribed 
and patients can adapt the daily dose at their own discretion, depending on the consistency 
of their stool.

Anorectal function tests
The anorectal function tests were performed using solar, gastrointestinal, high-resolution 
manometry equipment, Version 9.3 (Laborie/Medical Measurements Systems, Enschede, 
the Netherlands), as described previously.7, 12, 20 For this study we used data of three different 
anorectal function tests: the anorectal pressure test, the balloon retention test, and the 
defecometry test. The first measurement performed at the Anorectal Physiology Laboratory 
was used in all patients to obtain a baseline measurement, except for three patients in whom 
the first test had not been performed according to protocol.

Anorectal pressure test
The anorectal pressure test was used to measure voluntary contractions of the external anal 
sphincter and puborectal muscle. We measured the pressure at the level of the external anal 
sphincter and the puborectal muscle when the patient was asked to squeeze. We defined 
adequate voluntary contraction of the external anal sphincter when the pressure buildup was 
≥ 40 mm Hg. We defined adequate voluntary contraction of the puborectal muscle when the 
pressure buildup was ≥ 15 mm Hg.

Balloon retention test
Details concerning the measurements of the balloon retention test for the fecal continence 
reflexes have been described previously, together with a clarifying figure, and is explained 
here briefly.6, 7 During the balloon retention test, involuntary contractions of the external anal 
sphincter and the puborectal muscle were measured to establish the presence of the AESCR 
and the puborectal continence reflex, respectively.

We defined the presence or absence of the AESCR as follows6:
- The AESCR was defined as being present if the pressure at the level of the external anal 

sphincter differed at least 30 mm Hg between the beginning and the end of the test, or if 
the pressure at the end of the test was ≥100 mm Hg for a period longer than 1.5 minutes. 
In addition, the AESCR was considered present if the pressure at the beginning of the 
test was ≥100 mm Hg, because long-lasting anal pressure above 100 mm Hg is known 
to be the result of overreaction of the AESCR.21

7
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- The AESCR was defined as absent if the pressure at the level of the external anal sphincter 
was <100 mm Hg at the beginning of the test and still <100 mm Hg at the end of the test, 
and if the increase of pressure during the test was less than 30 mm Hg.

The localization of the puborectal continence reflex was defined as the site where no rectoanal 
inhibitory or rectoanal contractile reflexes were observed, thus the measurements were 
certainly taken outside the anal canal. We defined the presence or absence of the puborectal 
continence reflex as follows7:
- The puborectal continence reflex was present if the pressure at the level of the puborectal 

muscle increased at least 30 mm Hg between the beginning of the test and at the end 
of the test.

- The puborectal continence reflex was absent if the pressure at the level of the puborectal 
muscle increased less than 30 mm Hg.

Defecometry test
Details concerning the defecometry test have been described previously by Van Meegdenburg 
and colleagues, and are repeated here briefly.12 A rectal balloon was filled with 50 mL of water 
of body temperature and the patient was requested to defecate the balloon. If the patient was 
unable to defecate, the water in the balloon was increased with another 50 mL, and so on 
until defecation was achieved. While the patient was trying to defecate, we simultaneously 
recorded the pressure along the anal canal and analyzed whether the patient’s coordination 
of the external anal sphincter and puborectal muscle was appropriate. If patients contracted 
these muscles significantly while trying to defecate, we recorded that the patient suffered 
from dyssynergic defecation.

Statistical analysis
Data were analyzed with SPSS 23.0 for Windows (IBM SPSS Statistics, IBM Corporation 
Armonk, NY). We reported values as number (percentage) or as median (interquartile range).

RESULTS

Patients characteristics
Out of 38 patients with CARMs, 23 were male (61%) and 15 were female patients (39%). 
The median age at the time of the anorectal function tests was 10 (8-13) years. The detailed 
overview of the types of CARMs found in our cohort are shown in Table 1. The specification 
of different surgery types is shown in Table 2. Out of all patients, 36 (95%) suffered from 
dyssynergic defecation.
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The presence of the fecal continence mechanisms in relation to the type 
of CARM
We found that almost all patients were able to voluntarily squeeze the external anal sphincter 
and the puborectal muscle, 36 (95%) and 37 (97%), respectively. In 34 (89%) of the patients 
the AESCR was present and 38 (100%) of the patients possessed the puborectal continence 
reflex. The distribution of the voluntary and involuntary contractions of the anal external 
sphincter and puborectal muscle among patients with different types of CARMs is shown in 
Table 1. To illustrate the presence and absence of the reflexes, the outcomes of the anorectal 
manometry from randomly chosen patients are shown in Figure 1.

The presence of the fecal continence mechanisms in relation to the 
operation technique
We found that almost all patients were able to voluntarily squeeze the external anal sphincter 
and the puborectal muscle. Additionally, in all patients both the AESCR and the puborectal 
continence reflexes were present, except in some patients who had undergone PSARP. Out 
of the 26 patients who had undergone PSARP, the AESCR was lacking in four (15%), while 
the puborectal continence reflex was lacking in none of the patients. The evaluation of the 
presence of the voluntary and involuntary contractions in relation to the type of operation is 
specified in Table 2.

The effect of pelvic physical therapy in relation to the presence or 
absence of the fecal continence reflexes
Out of the 38 patients, 25 patients underwent pelvic physical therapy. These patients were 
divided in two groups according to the presence or absence of the reflexes (Table 3). Out 
of the 25 patients, 23 patients possessed both the AESCR and the puborectal continence 
reflex, while in two the AESCR was not present, but the puborectal continence reflex was. 
The median number of pelvic physical therapy sessions was ten and fourteen, respectively. 
Out of all patients with both reflexes, six became continent, ten showed improvement, and 
seven showed no improvement. Out of the patients in whom the AESCR was absent, but in 
whom the puborectal continence reflex was present, none became continent, one showed 
improvement, and one showed no improvement. In total, 17 out of the 25 patients (68%) who 
had undergone pelvic physical therapy became continent or showed improvement.
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Figure 1   |   Representative outcomes of anorect al manometry presenting the presence and absence of the 
AESCR and the puborect al continence refl ex. Colors ranging from red to purple indicate increased pressure, 
while blue indicates atmosp heric pressure. A) An example of a healthy adult subject . Both the AESCR and the 
puborect al continence refl ex are present. B) An example of a patient with a congenital anorect al malformation 
in whom both the AESCR and the puborect al continence refl ex are present. C) An example of a patient with 
a congenital anorect al malformation with no AESCR, while the puborect al continence refl ex was present.
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Sacral ratio and the fecal continence reflexes
Of the 20 patients who underwent pelvic physical therapy and of whom the sacral ratio was 
known, the median sacral ratio was 0.7 (0.5-0.7). We found no difference in the continence 
outcome after pelvic physical therapy between the three groups divided according to their 
sacral ratio. These results are presented in Table 4.

Table 4   |   Sacral ratio and fecal continence status after pelvic physical therapy

Continence status Number (N = 20) Sacral ratio <0.4 Sacral ratio 0.4 – 0.7 Sacral ratio ≥0.7

Continent 4 (20%) 0 (0%) 0 (0%) 4 (29%)

Improvement 10 (50%) 2 (67%) 1 (33%) 7 (50%)

No improvement 6 (30%) 1 (33%) 2 (67%) 3 (21%)

DISCUSSION
This study demonstrates that patients with all types of congenital anorectal malformations 
(CARM) are able to not only voluntary contract their external anal sphincter and puborectal 
muscle voluntary, but that also involuntary contractions of these muscles were present. This 
finding indicates that the type of CARM does not determine the presence of the anal-external 
sphincter continence reflex (AESCR) or the puborectal continence reflex. Consequently, 
we believe that patients with all types of CARMs could be born with both functional fecal 
continence reflexes.

Nevertheless, we still found four patients with CARMs in whom the AESCR was absent. All 
these patients had undergone PSARP, which might indicate that this surgery could have 
damaged the AESCR. Especially, when taking into account that the exact location of the 
neural pathways of the AESCR is still unknown, accidental damage to the neural pathway 
constitutes a plausible risk.6, 7 Surprisingly, most patients included in this study had both the 
voluntary mechanisms as well as the fecal continence reflexes, while initially they had been 
referred to our laboratory on account of fecal incontinence.

Fecal incontinence, however, is known to have a multifactorial etiology, and could, for example, 
be caused by dyssynergic defecation.13, 14, 22 Indeed, most patients were found to suffer from 
dyssynergic defecation and were, consequently, offered pelvic physical therapy. Although 
only the use of voluntary-driven contractions could be improved with pelvic physical therapy, 
we found that the presence of continence reflexes supported the efficiency of the pelvic 
physical therapy. This study showed that two-third of the patients who had been referred to our 
laboratory on account of fecal incontinence, either became continent or showed improvement 
after undergoing pelvic physical therapy. For this reason, we recommend performing anorectal 
manometry in all patients with CARMs who suffer from fecal incontinence, because alternative 
treatment other than bowel management, might be successful provided the fecal continence 
reflexes are present and dyssynergic defecation is treated adequately.

7
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According to the literature, the prediction of fecal incontinence in patients with CARMs can be 
based on a patient’s sacral ratio.8, 10 A sacral ratio of <0.4 is often assumed to be an indicator 
of poor fecal continence.8, 10 In the current study there were patients with a sacral ratio of <0.4 
who showed improvement of fecal continence. Although these patients improved, they did 
not become completely continent. Long-term research is needed to confirm if these patients 
will attain fecal continence in the long run. Moreover, there were patients with a sacral ratio of 
>0.4 who showed no improvement at all. This is in accordance with another study that found 
no difference in fecal continence outcomes in patients with CARMs with sacral ratio scores 
lower and higher than 0.4.9 We also found patients who showed no improvement but who had 
a sacral ratio >0.7, considered to be associated with normal fecal continence outcomes.23 To 
summarize, all patients of this study suffered from fecal incontinence and two-third showed 
improvement, irrespective of their sacral ratios. Thus, it would seem that the sacral ratio 
alone cannot predict fecal continence and that in addition the presence of fecal continence 
reflexes is needed to successfully predict fecal continence. Further research, including longer 
follow-up with pelvic physical therapy, should point out whether measurement of the fecal 
continence reflexes might be a more reliable predictive factor.

Clinical implications
Anorectal manometry provides us with detailed information about fecal continence reflexes 
and dyssynergic defecation. Thorough knowledge of both allows us to predict whether patients 
could be successfully treated for fecal incontinence. Sacral ratio alone does not provide 
enough reliable information to predict fecal incontinence. We therefore recommend that 
anorectal manometry should be performed in all patients with CARMs and fecal incontinence 
to establish the presence of fecal continence reflexes, as well as to diagnose dyssynergic 
defecation. In this way, one would be better able to predict whether a patient suffering from 
CARMs could become continent and to treat eligible patients with pelvic physical therapy.

Limitations
First of all, this was a retrospective study and, consequently, some information regarding 
surgical details and anorectal function tests were incomplete and patients were lost to 
follow- up. Secondly, all the patients from our cohort had undergone anorectal manometry 
on account of fecal incontinence, which means a selection bias. Finally, CARM is a rare 
disorder and therefore we were able to include only 38 patients and only 25 of these patients 
could be referred to pelvic physical therapy because of loss at follow-up. Consequently, we 
were unable to report any statistical significance as we only performed a descriptive study. 
Further research with a larger study population might be required to achieve statistically 
significant outcomes.

CONCLUSION
In patients with all types of CARMs both fecal continence reflexes were present. Absence 
of the AESCR might be related to corrective surgery. The presence of both fecal continence 
reflexes is important to predict fecal continence in patients with CARMs in later life. 
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Furthermore, pelvic physical therapy can be of great value in treating fecal incontinence. We 
therefore strongly recommend establishing the presence of these reflexes in order to predict 
whether pelvic physical therapy could be effective.
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ABSTRACT

Purpose
This study aims to analyze the quality of life in patients with an ileal pouch-anal anastomosis 
(IPAA) and to investigate the association between height and type of the anastomosis, the 
number of stage procedures and age, and the fecal continence outcomes.

Methods
This is a cross-sectional, retrospective study in patients who had undergone IPAA between 
1992 and 2016 (N = 133). We sent questionnaires to 102 eligible patients (64% response 
rate). We used the Wexner score to assess fecal incontinence: 0 = no incontinence to 
20 = complete incontinence. We used RAND-36 to measure quality of life.

Results
Patients who underwent mucosectomy with hand-sewn anastomoses (n = 11, 17%) had 
significantly higher median Wexner scores than patients with stapled anastomoses (10 
versus 3, P = 0.003). Lower anastomoses correlated significantly with increasing Wexner 
scores (r = - 0.468, P < 0.001). Quality of life of incontinent patients was diminished. Patients 
who were older at the time of IPAA surgery had higher Wexner scores (P = 0.004), while the 
time between surgery and questionnaire did not influence their Wexner scores (P = 0.810). 
Considering the stage procedures, multiple linear regression showed that the two-stage 
procedure without diverting ileostomy was significantly associated with higher Wexner scores 
(B = 0.815, P = 0.02), adjusted for sex (P = 0.008) and anastomosis type (P = 0.002). The 
three-stage procedure showed equally low complications and anastomotic leakage rates.

Conclusion
Mucosectomy with more distal, hand-sewn anastomosis and increasing age at IPAA surgery 
was associated with poorer fecal continence outcomes. The three-stage procedure appears 
to give the best fecal continence results without increasing complications. Furthermore, 
incontinence reduced patient’s quality of life.
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INTRODUCTION
Fecal incontinence is a devastating condition that significantly impairs the quality of life.1 In 
patients who undergo proctocolectomy with an ileal pouch-anal anastomosis (IPAA) fecal 
continence outcomes are under debate.2, 3 It is the procedure of choice for many patients 
who require surgery for ulcerative colitis or familial adenomatous polyposis.3, 4 It is known that 
these patients have a better quality of life after restorative proctocolectomy.5 Nevertheless, 
there are only a few studies that report on the quality of life of IPAA patients in relation to 
functional outcomes.6-8

Two types of anastomoses during proctocolectomy with IPAA have been described, namely 
mucosectomy of the distal rectal tissue followed by a hand-sewn anastomosis at the dentate 
line and a stapled anastomosis with some rectal cuff retained.9 During the last decades, 
the number of stapled IPAA has increased steadily.9, 10 Stapled anastomoses are quicker 
and supposedly result in better outcomes in terms of fecal continence, possibly because of 
the preservation of the anal canal/anal transition zone.9-12 Another study, however, reported 
similar clinical outcomes in patients after hand-sewn and stapled anastomoses and still no 
consensus exists about the ideal height of the stapled anastomosis.13

Proctocolectomy with IPAA can be performed in different stage procedures, namely in a one-, 
two-, or three-stage procedure.14 Fewer procedures could mean lower costs, a shorter stay in 
hospital and less unpleasant temporary stomas.15, 16 Nevertheless, clinical outcomes for the 
procedure are also important. To date, no consensus exists in the literature as to which of the 
stage procedures provides the best clinical outcomes after IPAA surgery.14-22

The aim of this study was to analyze fecal continence outcomes in patients who had 
undergone proctocolectomy with IPAA with regard to their quality of life. Furthermore, we 
aim to determine whether mucosectomy with hand-sewn anastomosis versus stapled 
anastomosis as well as the height of the IPAA anastomosis influences patients’ fecal 
continence outcome. In addition, we aim to compare fecal continence outcomes of patients 
who had undergone one-, two-, or three-stage procedures during IPAA surgery and compare 
postoperative complications.

METHODS

Patient selection
This study was a cross-sectional questionnaire study. Retrospectively, we reviewed the clinical 
records of all patients who had undergone a proctocolectomy with IPAA at the University 
Medical Center Groningen, the Netherlands, between January 1992 and December 2016 
(N = 133), with a median follow-up of 10 years. Subsequently, we sent the validated Groningen 
DeFeC questionnaire23 to these patients. Figure 1 describes the patient selection process 
with regard to the questionnaire and explanation of exclusion. Finally, 65 of the 102 patients 
completed the questionnaire (64%) and their data were therefore available for further analysis.

8
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This st udy was conduct ed in compliance with our local medical ethics review board. All 
patients who participated gave their writt en informed consent.

Figure 1   |   Flowchart of the total number of patients included and the number of patients included in the 
quest ionnaire analysis.

Parameters
Retrosp ect ively, we collect ed data on the charact erist ics of the proct ocolect omy with IPAA. At 
our hosp ital, mucosect omy was always followed by a hand-sewn anast omosis and, therefore, 
will hereaft er be referred to as “hand-sewn anast omosis”. Stapled anast omosis without a 
mucosect omy will be referred to as “st apled anast omosis”. An inact ive pouch was defi ned 
as removal of the pouch or in case an ileost omy had been created and the pouch was no 
longer in use. The height of the anast omosis above the dentate line was regist ered according 
to the surgery record, usually measured by direct  digital palpation. Anast omotic leakage was 
defi ned if confi rmed by endoscopy and/or radiography imaging or surgery and regist ered 
accumulatively for all diff erent st age procedures. Rect al eversion was defi ned as the eversion 
of the dist al rect um through the anus. This technique was sometimes performed to facilitate 
the creation of the anast omosis.

Patients were treated by performing either a one-, two-, or three-st age procedure. During 
a one-st age procedure, a proct ocolect omy with IPAA is performed during one surgical 
procedure. In the case of a two-st age procedure, fi rst  proct ocolect omy with IPAA with 
diverting ileost omy is created, followed by a second procedure during which reversal of the 
ileost omy and gast rointest inal continuity is rest ored. Another two-st age procedure option is 
to fi rst  perform a subtotal colect omy with end ileost omy, followed by a proct ocolect omy IPAA 
without diverting ileost omy. During a three-st age procedure, fi rst  a subtotal colect omy and 
temporary end ileost omy is performed, then the IPAA is created with diverting ileost omy, and 
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finally, the ileostomy is reversed and gastrointestinal continuity restored. At our hospital, the 
policy regarding the number of stages has always been rather conservative. In our clinical 
experience, where medical therapy-resistant ulcerative colitis is suffered by the majority of our 
patients, standard practice is to perform the three-stage procedure. The number of stages 
was determined preoperatively and performed accordingly in 120 patients. Sometimes, it 
was changed during surgery based on the surgeon’s clinical appraisal of the situation. In five 
patients, the number of stages was upgraded on account of a complex procedure, and in 
four patients, it was downgraded because a less complex procedure was actually required 
than had been expected. In another three patients, the stage procedure was downgraded 
because insufficient length of intestine was available for creating the diverting ileostomy 
proximal of the pouch. In one patient, no data were available regarding the determination of 
the number of stages. Twelve different surgeons performed the IPAAs, and they were equally 
divided among the stage procedures.

The Clavien-Dindo classification of surgical complications was used for each procedure if the 
complication occurred within 30 days postoperatively.24 Because patients who underwent 
more stage procedures concomitantly had more surgeries, we analyzed the accumulated 
complications of all operations.

Retrospectively, we collected the date and reason of pouch removal or inactivation or the last 
date available in the patients’ medical records. Furthermore, we registered whether patients 
had developed pouchitis, defined as such if confirmed by endoscopic imaging and requiring 
treatment.

Questionnaires
We sent the validated DeFeC questionnaire to all eligible patients.23 Fecal incontinence 
was defined according to the Rome IV criteria for fecal incontinence.25 Furthermore, the 
Jorge-Wexner incontinence score, abbreviated as Wexner score, was extracted from the 
questionnaire to evaluate the severity of fecal incontinence.26 The Wexner score ranges from 
0 to 20, where 0 indicates no incontinence and a score of 20 indicates that a patient is 
completely incontinent.

We used the RAND-36 quality-of-life assessment, which was validated for the Dutch 
population.27, 28

The patients were asked to complete the online questionnaire or, if they preferred, we sent 
them a paper version by mail. The online version was designed in such a way that it was 
mandatory to answer all the questions. Technically, it was only possible for the respondents 
to return the questionnaire if they had answered all the questions. Of all 65 respondents, 
58 (89%) completed the online version and 7 (11%) preferred a paper version, which they 
returned to us by mail. In three cases, a few questions had remained unanswered. These were 
completed by the researcher during a telephone interview with the respondent in question.
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Statistical analyses
Data were analyzed with SPSS 23.0 for Windows (IBM SPSS Statistics, IBM Corporation 
Armonk, NY). Values as numbers (percentages), means ± standard deviations or as medians 
(ranges) are reported. Fisher’s exact test was used to compare proportions. Kaplan-Meier 
analyses were performed to estimate pouch and pouchitis-free survival rates. Spearman’s 
test was used for correlations. The Independent samples t test and the Mann-Whitney U test 
was performed to compare two groups in the case of normal distributed and non-normal 
distributed data, respectively. Logistic regression was performed, reported as odds ratio 
(OR) and 95% confidence interval (95% CI). Square root of the Wexner score was used to 
transform it to a normal distribution. Univariate and multiple linear regression analyses were 
performed. For the sake of illustration, the quality-of-life scores are presented as means. The 
level of statistical significance was set at P < 0.05.

Figures were generated using either GraphPad Prism 7.02 for Windows, GraphPad Software, 
La Jolla California, USA or Microsoft Office Publisher 2010.

RESULTS

Patients’ characteristics
Table 1 lists demographic and surgical characteristics including complications of the total 
cohort of IPAA patients from 1992 to 2016. They were divided into two groups, the responders 
to the questionnaire and the non-responders, and compared. Median time to follow-up did 
not differ between the two groups (10 versus 11 years P = 0.57). The number of stages before 
2005 and from 2005 to 2016 is shown in Fig. 2. Out of 12 patients with familial adenomatous 
polyposis, 10 (91%) underwent mucosectomy and out of 112 patients with active inflammatory 
bowel disease, 12 (11%) underwent mucosectomy. Of the eight patients with S-pouches, 
seven (88%) underwent mucosectomy; whereas of the 117 patients with J-pouches, 18 (15%) 
underwent mucosectomy. The percentages of anastomotic leakage were 14% for the one-
stage procedure, 0% for two-stage procedure with diverting ileostomy, 10% for two-stage 
procedure without ileostomy, and 7% for the three-stage procedure and were not significantly 
different (P=0.51). Overall 1-, 5-, and 10-year pouch survival was estimated at 96.9, 91.0, and 
86.0%, respectively. Furthermore, 1-year pouchitis-free survival was estimated at 92.5%, 
for 5-year pouchitis-free survival, this was 74.8%, and 10-year pouchitis-free survival was 
estimated at 59.8%.

Of all 116 patients with inflammatory bowel disease, 111 (96%) were verified by a pathologist as 
suffering from ulcerative colitis. In two patients, this diagnosis was later changed to Crohn’s 
disease. In four cases, it proved difficult, at later stage, to distinguish between ulcerative colitis 
and Crohn’s disease because histologically the image of the cells may fit either.
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Figure 2   |   Count of the different stage procedures before 2005 and from 2005 to 2016. Abbreviation: IPAA, 
ileal pouch-anal anastomosis.

Fecal continence outcomes
Out of the 65 patients who had completed the questionnaire, we found that 24 (37%) 
experienced fecal incontinence. Women tended towards having more fecal incontinence 
compared with men (13/25 (52%) versus 11/40 (28%), P = 0.07). The patients’ median Wexner 
score was 3 (0–17). The Wexner score was significantly higher in women compared with men 
(7 versus 2, P = 0.006). We found no correlation between the Wexner score and follow-up time 
after surgery (r = 0.030, P = 0.81, Fig. 3A). Nevertheless, increased patients’ age at the time 
of IPAA surgery correlated significantly with an increasing Wexner score (r = 0.352, P=0.004, 
Fig. 3B). We found no differences between the median Wexner scores of patients who had 
ever or never experienced pouchitis (3 versus 4, P = 0.91), nor in patients who had undergone 
either laparoscopic or open surgery (4 versus 3, P = 0.88).

Quality of life of IPAA patients
The outcomes on the eight different scales assessing the quality of life of IPAA patients 
are shown in Fig. 4. There was no statistical difference between the scales for patients with 
hand-sewn anastomosis compared with stapled anastomosis. Lower outcomes for vitality 
(P = 0.001) and perception of general health (P = 0.034) were found in patients who suffered 
from incontinence in comparison to continent patients. Patients who experienced soiling had 
significantly lower scales compared with patients who did not experience soiling for physical 
functioning (P = 0.045), social functioning (P = 0.041), role limitations (physical) (P = 0.041), 
vitality (P = 0.001), and general health perception (P = 0.025). Patients who experienced liquid 
stool incontinence had a lower scale for vitality compared with patients who did not suffer 
from liquid stool incontinence (P = 0.007).
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Figure 3   |   A) Scatterplot of Wexner scores and the time between surgery and completing the question-
naire in years. B) Scatterplot of Wexner score and the age at IPAA surgery in years. Abbreviation: IPAA, ileal 
pouch-anal anastomosis.
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Association of type and height of the anastomosis with fecal continence 
outcomes
Patients who had undergone hand-sewn anastomosis were more likely to suffer overall 
fecal incontinence (OR, 3.9; 95% CI, 1.1–15), were more likely to be incontinent for liquid stool 
(OR, 7.7; 95% CI, 1.8–32) and were more likely to experience soiling (OR, 4.3; 95% CI, 1.1–17). 
Accordingly, patients with hand-sewn anastomosis had significantly higher median Wexner 
scores compared with patients with stapled anastomosis (10(1–16) versus 3(0–17), P = 0.003, 
Fig. 5). Lower height of IPAA was significantly correlated with increasing Wexner scores (r = - 
0.468, P < 0.001, Fig. 6). The anastomotic height did not differ between laparoscopic surgery 
and open surgery (1.5 versus 2, P = 0.98), nor did it differ between women and men (1 versus 
2, P = 0.21).

Figure 5   |   Boxplot of the Wexner score for the group with mucosectomy followed by a hand-sewn anasto-
mosis and the group with a stapled anastomosis without mucosectomy.

Figure 6   |   Scatterplot of the Wexner score and the height of the ileal pouch-anal anastomosis in centimeters.
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Association of the IPAA stages with fecal continence outcomes
With the three-stage procedure as reference category, univariate linear regression showed 
that the two-stage procedure with diverting ileostomy was significantly associated with 
increased Wexner scores (B = 1.042, P = 0.008), while the two-stage procedure without 
diverting ileostomy only showed a trend towards increased Wexner scores (B = 0.727, 
P = 0.06). Because we found that sex and type of anastomosis influenced the patients’ 
Wexner scores independently, we performed multiple linear regression to correct for these 
parameters. Now just the opposite was found. The two-stage procedure without diverting 
ileostomy showed a significant association with increased Wexner scores compared with 
the three-stage procedure (B = 0.815, P = 0.02), adjusted for sex (P = 0.008), and type 
of anastomosis (P = 0.002). The two-stage procedure with diverting ileostomy was not 
significantly associated anymore when we corrected for these parameters (B = 0.582, P = 0.11). 
The total number of the accumulated complications was comparable for all stage procedures 
(P = 0.52). There was no correlation between accumulated complications and Wexner scores 
(r = 0.074, P = 0.60).

DISCUSSION
We found that patients’ Wexner scores increased along with decreasing height of the IPAA, 
which means that more distal anastomoses were associated with poorer fecal continence 
outcomes. Moreover, patients who had undergone mucosectomies followed by hand-
sewn anastomoses at the level of the dentate line had poorer outcomes regarding fecal 
continence compared with patients with stapled anastomoses. Although general consensus 
is lacking, these findings do corroborate with many previous studies, possibly thanks to better 
preservation of patients’ anal canals and/or anal transition zones.9-13, 29 Interestingly, the 
present study showed that a longer rectal cuff, with the possibility of persistent inflammation 
did not have a negative effect on fecal continence outcomes. Regarding patients’ quality of life, 
especially the scales for general health and vitality were diminished in patients who suffered 
from incontinence. Soiling had the highest impact on the quality of life of patients with IPAA, 
with five scales diminished. The overall quality-of-life scores were comparable with previous 
research that also used the RAND-36 questionnaire.6, 7

Another factor investigated in the literature is the stage procedures during IPAA. Although 
there is a tendency to perform a smaller number of operations, there is no consensus about 
which number of stages is the best option. In the current study, we found that patients 
who had undergone a three-stage procedure had lower Wexner scores, thus better fecal 
continence outcomes, even if we considered postoperative complications. Recent studies 
corroborate these results and report less postoperative morbidity following the three-stage 
procedure or when delayed pouch anastomosis was performed 15, 20, 22, 30. Moreover, a meta-
analysis described that proctocolectomy without diverting ileostomy is associated with an 
increased risk of anastomotic leakage, 9% compared with 4%.31 Contrarily, a multicenter 
study showed that anastomotic leakage was similar, around 17% for both the procedure with 
and without an ileostomy.18 To summarize, there is no consensus in the literature on whether 
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the use of an ileostomy results in less anastomotic leakage. In the current study, we also 
found similar anastomotic leakage rates for the different stage procedures, nevertheless, we 
found a lower anastomotic leakage rate of 7%. Unfortunately, due to our small sample size 
and low event rate, we could not analyze anastomotic leakage rate in more detail by means 
of a multivariate analysis. Eventually, with similar anastomotic leakage rates but better fecal 
continence outcomes, the three-stage procedure seems most profitable for IPAA patients. 
We postulate that if IPAA is performed with ileostomy, tissue has the opportunity to heal with 
less inflammation and less fibrosis, and consequently, results in better functional outcomes 
for the IPAA patients. Furthermore, our conservative approach in a low-volume center for 
IPAA, where the three-stage procedure in the case of ulcerative colitis is standard policy, is 
at least as safe as in high-volume centers.

When performing a three-stage procedure, patients undergo more operations, which might 
be less cost effective than if less procedures were performed. Indeed, one study reported 
better postoperative outcomes for the three-stage procedure, while they recommended 
the two-stage procedure on account of the increased costs in case of the third operation.16 
From this economic point of view, a study showed that omitting an ileostomy resulted in 
a cost reduction of around US$10,000 per procedure, possibly because patients’ stay in 
hospital was reduced.32 Conversely, permanent fecal incontinence also implies increased 
medical costs. A study from the Netherlands calculated that the average cost per fecal 
incontinent patient per year amounts to EUR2169 (equivalent to approximately US$2420 
today).33 Considering the relatively young age of IPAA patients, the costs of fecal incontinence 
probably exceeds the costs of the extra procedure. Moreover, fecal incontinence constitutes 
a major impact on quality of life, causing difficulties for patients at work, causing patients to 
venture outside less often, and burdens patients’ social relationships severely.1 Altogether, 
there are advantages and disadvantages of the different stage procedures. Nevertheless, the 
three-stage procedure seems to be the most beneficial for IPAA patients, even when taking 
complications and extra surgical expenses into account.

Influence of age and sex
We found that patients who were older at the time of IPAA surgery had higher Wexner 
scores, while the time between surgery and questionnaire did not influence their Wexner 
scores. This finding indicates that although older patients have a higher risk of poor fecal 
continence outcomes, these outcomes do not seem to deteriorate during follow-up. We 
did not compare the results longitudinally, so we are unable to draw robust conclusions. 
Nevertheless, our findings corroborate previous research that reported a stable situation 
even after approximately 15 years.34, 35

The current study showed a lower Wexner score in men compared with women. The literature 
also reports better fecal continence outcomes for men with IPAA compared with women.30 
This is the reason for our adjustment for sex in the multiple linear regression analysis.
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Limitations
Our results might be biased because, naturally, we could not send questionnaires to patients 
with an inactive pouch and who had died. Consequently, we could not include an analysis of 
the fecal continence outcomes of these patients. Nevertheless, patient characteristics were 
similar between the group who had completed the questionnaire and the group who had not, 
except that the age of the questionnaire group at IPAA surgery was higher. The current study 
also showed that a higher age at IPAA surgery resulted in poorer fecal continence outcomes. 
We may therefore perhaps have presented poorer outcomes than if all our IPAA patients, 
including the younger ones, had participated. It is possible that the younger patients did not 
respond to the questionnaire because they did not have any fecal complaints. Nevertheless, 
it is also known that younger individuals are less willing to fill out questionnaires. A second 
limitation of this study is the small number of patients over a long period of time. A third 
limitation is that there were more patients with S-pouches who underwent mucosectomy. 
Nevertheless, we expect no bias of our incontinence outcomes, as patients with S-pouches 
tend to suffer from outlet obstructions.36, 37 Finally, a limitation of this study is that the height 
of the anastomoses was estimated subjectively rather than with a ruler to indicate the exact 
height in centimeters. We did record whether the anastomoses were hand-sewn or stapled, 
thus whether the anastomosis was created at the dentate line (0 cm) or higher. This more 
accurate parameter also showed a benefit for the proximal anastomoses.

CONCLUSION
Quality of life was reduced in patients who had undergone proctocolectomy with IPAA 
and who suffered from fecal incontinence. Soiling had the highest impact on the quality 
of life. Patients who had undergone mucosectomy followed by a hand-sewn anastomosis 
experienced poorer fecal continence outcomes compared with patients with a stapled 
anastomosis. They were also more likely to be incontinent for liquid stool and experienced 
more soiling. Patients who were older at the time of IPAA surgery experienced poorer fecal 
continence outcomes, while the time between surgery and questionnaire did not influence 
their continence outcomes. Additionally, more distal IPAA anastomoses were associated 
with poorer fecal continence outcomes. IPAA performed in a three-stage procedure seems 
to give the best clinical results, even when taking complications into account.
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This thesis focuses on colorectal diseases that, depending on the severity of the disease, can 
be treated conservatively or with surgical intervention. Patients with mild forms of congenital 
anorectal malformation (CARMs) can sometimes be treated with medication alone, while 
severe forms of CARM need surgery within 48 hours after birth. Another example is ulcerative 
colitis. If patients suffering from this disease do not respond to medical treatment, the severely 
damaged colon needs to be surgically removed. This can be followed by the creation of 
an ileal pouch-anal anastomosis (IPAA) later on. On account of the fact that the long-term 
fecal continence outcomes of patients with such colorectal diseases can be suboptimal, 
our primary focus in this thesis is on the mechanisms controlling fecal continence in healthy 
subjects. Further on, we return to these long-term outcomes in patients suffering from different 
colorectal diseases.

In the fundamental studies that we present in the first part of this thesis we focus on the fecal 
continence reflexes, and in specific the puborectal continence reflex. To date, this reflex has 
not been described in the literature. The studies in this thesis are the first to do so in both 
patients and in healthy subjects. In the second part of this thesis we present the long-term 
clinical and fecal continence outcomes of patients with different colorectal diseases, including 
patients with CARMs and patients who underwent proctocolectomy with IPAA. In the present 
chapter, we discuss the findings presented, reflect on the findings in relation to the existing 
literature, and communicate new ideas for future research.

Fecal continence mechanisms
Several mechanisms regulating fecal continence have been identified in the past. 
Nevertheless, the fact that dysfunction of these mechanisms does not always lead to 
fecal incontinence points to the existence of other, as yet unidentified, mechanisms that 
maintain fecal continence. In this thesis we describe such a newly identified mechanism. 
In the study presented in Chapter 2, we demonstrated the involuntary contraction of the 
puborectal muscle that appeared upon activation of the puborectal continence reflex. We 
visualized this activation by means of the balloon retention test during which a rectal balloon 
was gradually filled with water, mimicking solid stool. Activation of the reflex was demonstrated 
by the gradual increase of pressure at the level of the puborectal muscle that appeared 
simultaneously with the gradual filling of the rectal balloon. In addition, we observed rotation 
of the anal canal in the direction of the pubic bone, thus changing the anorectal angle caused 
by the contraction of the puborectal muscle. As we observed the puborectal continence reflex 
upon gradual filling of the balloon, it appeared to be initiated upon dilatation of the proximal 
part of the anal canal. This observation led us to advance the hypothesis that the puborectal 
continence reflex is activated through a stretch receptor.

This hypothesis became more plausible by the study we presented in Chapter 3. In this study, 
we demonstrate that water injected into the rectum did not activate the puborectal continence 
reflex. Probably, the water flowed into the proximal part of the colon and failed to build up 
enough pressure to activate the stretch receptor. We observed an opposite phenomenon in 
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case of the anal-external sphincter continence reflex (AESCR) that was activated rapidly in 
response to even a small amount of water injected into the rectum. We postulate, therefore, 
that the proposed stretch receptor of the puborectal continence reflex is located deeper 
than the mucosa. Conversely, the receptor belonging to the AESCR has features of a contact 
receptor, located superficially in the mucosa. Moreover, the fact that local anesthesia applied 
in the anal canal prevented activation of the AESCR indicates that the AESCR is probably 
located very superficially in the anal canal.1 In summary, the AESCR is activated in case of 
solid and liquid stool, while the puborectal continence reflex is only activated in case of liquid 
stool (Table 1).

Table 1   |   Schematic overview of the voluntary and involuntary continence mechanisms of the external anal 
sphincter and puborectal muscle

External anal sphincter Puborectal muscle

Voluntary Short, conscious contractions during urge Short, conscious contractions during urge

Involuntary

Long, unconscious contractions during most 
of the day and during the night

Long, unconscious contractions during most 
of the day and during the night

During solid and liquid stool Only during solid stool

Anal-external sphincter continence reflex Puborectal continence reflex

Neural pathway mediating the puborectal continence reflex
During anorectal surgery, or colon surgery in the pelvic floor region, it is important to avoid any 
accidental damage to the muscles and neurovascular structures because it may adversely 
affect certain physiological functions in this region. The pudendal nerve is one of the major 
nerves in the pelvic floor and one might expect that this nerve mediates the puborectal 
continence reflex. The sensory condition of the pudendal nerve can be determined by means 
of the anal electrosensitivity test, standard procedure during anorectal function testing. 
When anal electrosensitivity is decreased, a higher threshold of electrical stimuli is needed 
to evoke potentials indicating a poorer condition of the pudendal nerve. With this in mind, 
we performed the study presented in Chapter 4. We found that activity/presence of the 
puborectal continence reflex was not associated with anal electrosensitivity. This led us to 
conclude that the reflex is not regulated through the pudendal nerve. This was only the first 
step in our endeavor to establish the exact neural pathway responsible. The knowledge of 
the exact neural pathway would allow us to prevent accidental surgical damage.

Based on current anatomical knowledge, we postulate that the activity of the puborectal 
continence reflex might be mediated by the levator ani nerve that innervates the levator ani 
muscle, of which the puborectal muscle is part (Figure 1).2, 3 Another possibility is a separate 
nerve innervating the puborectal muscle directly; such a nerve was seen in some human 
cadavers (Figure 2, light blue line).4 Even though we demonstrated no involvement of the 
pudendal nerve in the activity in the puborectal continence reflex, we cannot reject the 
possibility that the reflex might eventually be mediated through a high branch of the pudendal 
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nerve. This high branch could remain unaff ect ed by the overall condition of the pudendal 
nerve, and is therefore not associated with the presence of the refl ex. Put diff erently, no 
association between the condition of the pudendal nerve at the level of the anal canal and 
the puborect al continence refl ex does not necessarily exclude the possibility that the refl ex is 
mediated by the pudendal nerve, because of the high branch possibility. Two st udies reported 
the exist ence of such an additional branch of the pudendal nerve innervating the levator ani 
muscle (Figure 2, orange line).5, 6 Interest ingly, this nerve was found to branch off  above the 
pudendal canal, which might make it less prone to pudendal neuropathy.

Figure 1   |   Medial and slightly anterior view of the hemisect ed pelvis. The pudendal nerve and the nerve to 
the levator ani are indicated. 
Adapted from Atlas of Human Anatomy, by Nett er et al, 2011 3rd edition, Saunders-Elsevier. 

Fecal continence during ageing
It has always been assumed that fecal incontinence is associated with ageing because the 
voluntary contract ions of the external anal sp hinct er weaken progressively with increasing 
age.7, 8 Nevertheless, the st udy presented in Chapter 4 conveyed the optimist ic message that 
the puborect al continence refl ex is not associated with ageing. We point out that this is not an 
exceptional phenomenon. Previously, our research group demonst rated that the other fecal 
continence refl ex, the AESCR, which mediates involuntary contract ions of the external anal 
sp hinct er, also does not diminish with age.9 In neither of the st udies, however, were the results 
compared longitudinally. Further research with an extended follow-up and analysis within the 
same patients including use of adequate anorect al funct ion test s, would be extremely useful 
to est ablish the infl uence of age. In this way it would be possible to invest igate the vitality of 
the various fecal continence mechanisms, including the voluntary and involuntary contract ions 
of the external anal sp hinct er and the puborect al muscle.
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Figure 2   |   Schematic overview of the pelvic fl oor, including the already known sacral nerves and the hy-
pothetical neural pathways resp onsible for the puborect al continence refl ex. The dark green line indicates 
the known pudendal nerve. The dott ed sect ion of the green line indicates the nerve branches caudal to the 
pelvic fl oor. The light green line indicates the known levator ani nerve. The light blue lines indicate the pro-
posed separate nerve innervating the puborect al muscle direct ly. The orange line indicates a proposed high 
branch of the pudendal nerve innervating the levator ani muscle, branching off  above the pudendal canal and 
therefore less prone to pudendal neuropathy. 
Abbreviations: C, coccyx; CM, coccygeus muscle; IS, ischial sp ine; LAM, levator ani muscle; OIM, obturator 
internus muscle; PM, piriformis muscle; PRM, puborect al muscle (a part of levator ani muscle); PS, pubic 
symphysis; R, rect um; S, sacrum; U, uterus; V, vagina. 
Adapted from Figure 3 in the article entitled The Contribution of the Levator Ani Nerve and the Pudendal 
Nerve to the Innervation of the Levator Ani Muscles; a Study in Human Fetuses, by Wallner et al, European 
Urology, 2008;54(5): 1136-1144

Patients with congenital anorect al malformations
Sometimes, fecal problems occur as a result of congenital disruption of the anatomy. 
Congenital anorect al malformation (CARM) is such a disorder whereby the anorect um is not 
properly developed. There are mild forms of CARM, such as a slightly anterior placed anus, 
and severe forms such as a fi st ula from the rect um ending in the bladder. To treat patients with 
such congenital disorders, one needs to fi rst  arrive at proper diagnosis. Obviously, the severe 
forms are not diffi  cult to detect , but mild forms can be diffi  cult to detect  by a midwife or parents. 
Because these malformations are rare, recognizing them can also be diffi  cult for a doct or. 
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The study presented in Chapter 5 confirms our finding that mild forms of CARM were often 
diagnosed late, or not diagnosed at all. In addition, the study described the underestimation 
of the prevalence of CARMs in female patients because mostly mild forms of CARM occur in 
this group. Suffering from a mild form of CARM often results in chronic constipation. Not being 
aware of the disorder implies no treatment, resulting in unnecessary complaints. The fact that 
female patients with CARMs are often underdiagnosed also has significant implication from 
the gynecological point of view. It is known that patients with CARMs are at an increased risk of 
obstetric complications, such as introital stenosis, retained vaginal septum, and an abnormal 
perineal body, resulting in third or fourth degree ruptures during vaginal delivery.10 To prevent 
a total rupture in these patients, caesarian section should be the preferred mode of delivery 
in patients with CARMs. Properly diagnosing female patients with CARMs can, therefore, 
prevent them from suffering the obstetric complications mentioned. Long-term follow-up 
studies are needed of women with CARMs who gave birth. Awareness that CARMs might 
be the underlying reason for constipation is especially needed in female patients, because 
they often suffer from mild forms that are difficult to detect.

In the study presented in Chapter 6, we analyzed the presence of congenital heart defects 
in patients with CARMs. We demonstrated that even mild forms of CARMs can be associated 
with major congenital heart defects. These in turn can give rise to complications if an 
anesthesiologist is unaware of it prior to surgery.11-14 Furthermore, patients with congenital 
heart defects undergoing non-cardiac surgery have a greater perioperative risk of cardiac 
arrest and mortality.15-17 In patients born with severe forms of CARM, such surgery even 
needs to take place within 48 hours after birth.18 Although patients born with mild forms of 
CARM do not always need corrective surgery, they still need to undergo anesthesia for an 
electrostimulation test, which to date is the golden standard to determine whether surgical 
correction of anal canal within the sphincter complex is needed. Thus, almost all patients 
with CARMs need to undergo general anesthesia, whether it is within 48 hours after birth or 
at a later stage. It is, therefore, important to know whether a patient with CARM also suffers 
from a concomitant congenital heart defect. In our study, we observed no newly diagnosed 
heart defects in patients who were older than three months of age at the time CARM was 
diagnosed. The heart defects will probably also be noticed within this time frame. Altogether, 
we recommend screening for concomitant congenital heart defects in patients with CARMs 
younger than three months of age.

Fecal continence reflexes in patients with congenital anorectal 
malformations
Because patients with CARMs frequently experience fecal incontinence, one would expect that 
these patients were born without properly developed fecal continence mechanisms, or that 
these functions were accidentally altered during surgical correction. Voluntary contractions of 
the external anal sphincter and the puborectal muscle are known to be mediated through the 
pudendal nerve. These voluntary contractions are thought to play the only crucial role in fecal 
continence; therefore, corrective surgery for CARMs has been geared towards preventing 
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damage to this nerve. During posterior and anterior sagittal anorectoplasty, surgeons dissect 
in the medial plane to prevent neurovascular damage because the nerves run from lateral to 
medial.19 Nevertheless, because the patients still experience fecal incontinence frequently, 
we originally postulated that this condition resulted from the absence of the fecal continence 
reflexes described by us previously. With this in mind, we performed the study presented 
in Chapter 7. Surprisingly, we observed that almost all the patients with CARMs had fecal 
continence reflexes, even patients with the most severe forms. This meant that these patients 
should be able to become continent. To analyze in detail the phenomenon that patients with 
CARMs still frequently experience fecal incontinence, even with the fecal continence reflexes 
intact, we investigated other causes of fecal incontinence. We found that almost all patients 
suffered from dyssynergic defecation. Dyssynergic defecation is the paradoxical contraction 
of the external anal sphincter and puborectal muscle while trying to defecate, and can lead 
to overflow incontinence. In some cases we found that treating dyssynergic defecation 
resulted in fecal continence, and overall improvement of incontinence complaints in most 
cases. We recommend performing anorectal function tests to examine the presence of the 
fecal continence reflexes and to investigate whether the patient suffers from dyssynergic 
defecation. By so doing we can help these patients to become continent.

Fecal continence outcomes in patients after ileal pouch-anal anastomosis
In contrast to patients with CARMs, patients who undergo proctocolectomy with ileal 
pouch-anal anastomosis (IPAA) are usually born with a properly developed anorectum. 
As with patients with CARMs, patients with IPAA are prone to accidental damage of the 
fecal continence mechanisms during surgical intervention. Moreover, because the colon is 
removed, it does not extract any remaining water from the stool anymore, hence patients 
with an IPAA have a more watery stool compared to healthy individuals. As we found that 
there is only one reflex for liquid stool, it makes them even more prone to incontinence. 
Indeed, with the study presented in Chapter 8, we observed that more than one-third of the 
patients experienced fecal incontinence and most suffered from liquid stool incontinence 
that drastically decreased their quality of life. It is, therefore, important to decrease fecal 
incontinence in this group of patients. In this study we found a way of helping: the more 
proximal the IPAA, the better the fecal continence outcomes. This information is of crucial 
importance for surgeons, who should be aware to not place the anastomosis too close to 
the anal canal, if at all possible. Previous research already addressed the difference in fecal 
continence outcomes between stapled and hand-sewn anastomosis in favor of the stapled 
anastomosis, possibly thanks to better preservation of the anal canal and/or anal transition 
zone.20-24 We postulate that with the more proximal anastomosis the fecal continence reflexes 
remain intact. Further research on patients with IPAA, involving anorectal manometry and 
investigating the fecal continence reflexes, should elaborate on the findings reported in this 
study. In addition, such experiments could enable us to explain how the height of anastomosis 
affects the voluntary and involuntary contractions. This proposed study might also provide 
additional insight into the localization of the neural pathways of the fecal continence reflexes. 
Possibly, there is a cut-off point at some height of the anastomosis beyond which these 
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reflexes are still functional. In the light of such knowledge surgeons could, where possible, 
adjust their dissection plane to prevent damage of the neural pathways, and in so doing 
protect these patients from becoming incontinent.

Future perspectives
The studies presented in this thesis provide the foundation for future fundamental and clinical 
research. We identified the puborectal continence reflex and described how it functions in 
healthy subjects and patients, but the exact neural pathway to this reflex remains unknown. 
In order to identify which nerve belongs to the afferent and which to the efferent pathways of 
this reflex, we propose to inactivate, one by one, some nerves in the pelvic floor to investigate 
their effect on the puborectal continence reflex. At first sight, this would seem to be unethical. 
There is, however, a cohort of patients who undergo temporary inactivation of certain nerves, 
as a treatment, because they suffer from unbearable pain in the pelvic floor. On account of 
the fact that the origin of the pain is usually unclear and standard use of painkillers does not 
eliminate the pain, blockages are placed on certain nerves. This group of patients constitutes 
invaluable cohort to investigate the association between certain nerve blockages and the 
presence and absence of the fecal continence reflexes. To prove such an association, these 
patients should undergo anorectal function tests before and after placing the blockage, in 
order to enable us to provide direct proof that inactivation of a certain nerve also renders 
the reflex inactive. Moreover, a double blind randomized controlled trial whereby both the 
investigator and the patient are unaware whether and where a blockage is placed, would be 
the most objective study design.

Identifying the exact neural pathways responsible for the fecal continence reflexes would help 
to prevent accidental damage to these important nerves during surgery. Reflexes, however, 
do not consist of nerves only, but also of receptors. Identifying the receptors might pose a 
challenge, but could be performed by studying cadavers.

We observed that neither of the fecal continence reflexes diminished with age. This finding 
was based on cross-sectional studies, but a longitudinal study with an extended follow-up 
would be required to confirm this finding. In this way it would be possible to investigate the 
vitality of the various fecal continence mechanisms, including the voluntary and involuntary 
contractions of the external anal sphincter and the puborectal muscle.

We obtained information regarding fecal continence of patients with congenital anorectal 
malformations (CARM) from their medical files as recorded by pediatric surgeons during 
consultations. Ideally, we would use the Groningen Defecation and Fecal Continence (DeFeC) 
Questionnaire and compare the outcomes of the questionnaire before and after pelvic 
physical therapy.

In this thesis, we showed that surgical interventions in both patients with CARMs and with 
IPAA might result in an alteration of the fecal continence reflexes. It seems possible therefore 
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that other types of surgery performed in the pelvic floor region might also damage the reflexes. 
Therefore, investigation of the fecal continence outcomes and status of the fecal continence 
reflexes in patients subjected to other types of surgery would be of value to prevent more 
patients from developing postoperative fecal incontinence. For example, transanal minimally 
invasive surgery performed in patients with rectal carcinoma. During this surgery the incision 
is localized distally, and one can imagine that dissection performed up to the peritoneal 
reflection could also alter the fecal continence reflexes. Alteration of the reflex can happen 
as a result of damage to the neural pathway but also if, for example, the receptor has 
become dysfunctional. The second issue might be relevant in case of patients who undergo 
hemorrhoidal repair surgery or surgery for anal fissures. During these two types of surgery 
anal mucosa is subjected to relatively severe intervention. As we discussed in this thesis, it 
is most likely that the receptors belonging to the AESCR are located superficially, in the anal 
mucosa, or in the submucosa. The procedure might thus inactivate the receptors and impair 
the AESCR. Confirmation of this hypothesis would indicate the need for innovation in the field 
of surgery and development of less invasive treatment procedures. We postulate that surgery 
involving anal mucosa has less effect on the functionality of the puborectal continence reflex. 
Our hypothesis that it is activated through a stretch receptor, probably located deeper than 
the mucosa. This stresses the importance of investigating the functionality of both reflexes 
after such surgery.

In summary, fecal incontinence is a devastating condition. By presenting the studies contained 
in this thesis we hope to improve the fundamental knowledge regarding the mechanisms 
controlling fecal continence and the possible factors underlying fecal incontinence. 
Additionally, the studies in this thesis contribute toward improving diagnosis and treatment 
of patients with colorectal diseases undergoing either conservative treatment or colorectal 
surgery. 9
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Colorectal diseases can be inborn, like congenital anorectal malformations (CARMs) or 
they appear later in life like ulcerative colitis. Depending on the severity of the disease they 
can both be treated either conservatively or surgically. Although the main aim is to obtain 
optimal clinical outcomes, it is known that after treatment these patients may still suffer from 
symptoms relating to their disease like fecal incontinence. Fecal incontinence is a debilitating 
disorder with considerable impact on quality of life. To achieve a better understanding of 
the pathophysiology of fecal incontinence in these patients we must begin by improving 
our understanding of the physiology of fecal continence. In the first part of this thesis we 
investigated the fecal continence mechanisms in both healthy subjects and patients. In 
the second part we apply the fundamental knowledge presented in the first part to clinical 
research by evaluating patients with different colorectal diseases and investigating their long-
term clinical and fecal continence outcomes.

PART I — FECAL CONTINENCE MECHANISMS
A functional sphincter is believed to be the foundation of fecal continence. Nevertheless, 
in practice this notion appears to be incomplete. It does not correspond with the fact that 
despite severe sphincter defects some patients are continent, while others with only minor 
defects are incontinent. Besides, this knowledge does not clarify why people suffer from liquid 
stool incontinence more often than from solid stool incontinence. The findings we present 
in the first part of this thesis allow us to take the next step toward understanding the issues 
involved in fecal continence.

In Chapter 2 we show that apart from controlling fecal continence by voluntary contractions, 
the puborectal muscle can also control it by involuntary contractions. To demonstrate this we 
performed a study in healthy subjects using the balloon retention test. We observed prolonged 
contractions at the level of the puborectal muscle that increased gradually during progressive 
filling of the rectal balloon. We also observed rotation of the anal canal in the direction of 
the pubic bone. The resultant change in anorectal angle caused by puborectal muscle 
contraction corresponded to the increasing pressure at the level of the puborectal muscle. 
We conclude that this gradual increase in pressure is the result of involuntary contractions of 
the puborectal muscle. We named this new regulatory mechanism the puborectal continence 
reflex, because it controls fecal continence by involuntary contractions of the puborectal 
muscle. The involuntary contractions are evoked by gradual filling of the rectal balloon, which 
indicates that the puborectal continence reflex is activated upon dilatation of the proximal anal 
canal at the level of the puborectal muscle. We postulate therefore that it might be activated 
through a stretch receptor.

In Chapter 3 we present the finding that the puborectal continence reflex is only activated in 
case of solid stool, while the anal-external sphincter continence reflex is activated in case of 
both solid and liquid stool. The test that mimics solid stool, i.e. the gradual filling of the rectal 
balloon, revealed that the pressure at the level of the external anal sphincter and the puborectal 
muscle increased simultaneously. Interestingly, water injected into the rectum immediately 
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activated the anal-external sphincter continence reflex, while the puborectal continence reflex 
did not respond, not even after 1000 mL of water was injected. This observation alerted us 
to the fact that that the anal-external sphincter continence reflex controls fecal continence in 
case of both solid and liquid stool, while the puborectal continence reflex contributes solely 
to solid stool continence. One might object that the injected water probably flowed freely into 
the colon. We agree with this objection. Nevertheless, it is indirect proof of our hypothesis 
that the anal-external sphincter continence reflex is activated through a contact receptor, 
because even water is sufficient to activate the reflex. Conversely, the puborectal continence 
reflex is not activated in such an analogical situation. No response of the puborectal muscle 
to the water injected into the rectum indicates that the puborectal continence reflex is less 
readily evoked by liquid stool. A likely explanation is that during the flow of water insufficient 
pressure is built up, while this is the case during solid stool. This observation supports our 
hypothesis that the puborectal continence reflex might be initiated through a stretch receptor. 
Our conclusion is that both fecal continence reflexes control solid stool, while only the anal-
external sphincter continence reflex controls liquid stool. Consequently, damage to the anal-
external sphincter continence reflex will lead to liquid stool incontinence, while the puborectal 
continence reflex will still prevent solid stool incontinence. This finding might explain the 
higher prevalence in the general population of liquid stool incontinence in comparison to 
incontinence for solid stool.

In Chapter 4, we present the finding that voluntary contractions of the puborectal muscle 
are regulated by a different neural pathway than involuntary contractions. We observed that 
voluntary contractions of the puborectal muscle were significantly decreased in patients 
with pudendal nerve damage, while involuntary contractions were not associated with the 
condition of the pudendal nerve. We conclude that the puborectal continence reflex, which 
evokes involuntary contractions of the puborectal muscle, is not regulated by the pudendal 
nerve. In previous research we found that the anal-external sphincter continence reflex is 
also not regulated by the pudendal nerve. Consequently, patients who suffer from pudendal 
neuropathy do not necessarily need to deal with complete fecal incontinence because the two 
fecal continence reflexes are not regulated by the pudendal nerve. Further research is required 
to identify the exact neural pathway in order to develop a strategy to prevent accidental 
surgical damage to the nerves, thus preventing patients from developing fecal incontinence.

PART II — EVALUATION OF COLORECTAL DISEASES
Congenital abnormality of the anatomy can sometimes be the underlying cause of fecal 
problems, as is the case in patients with CARMs. Fecal problems can also arise following 
surgery in patients suffering from a colorectal disease such as ulcerative colitis. The sex 
distribution in patients with CARMs remains unknown and the prevalence of concomitant 
congenital heart defects is under debate. Patients with CARMs often suffer from fecal 
incontinence and it is unknown whether these patients possess the fecal continence reflexes. 
For patients with colorectal diseases who had undergone surgery further research is required 
to improve surgical procedures to obtain better fecal continence outcomes. In the last part of 
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this thesis patients with CARMs and patients who underwent ileal pouch-anal anastomosis 
(IPAA) were investigated regarding their clinical and fecal continence outcomes.

Although the literature describes a male preponderance in patients with CARMs we observed 
an equal sex distribution in our clinic and were able to confirm this observation with the 
study we present in Chapter 5. By means of this study we addressed the dogma of a male 
preponderance of CARMs in these patients and offer a probable explanation. We found that 
girls tend to suffer from mild forms of CARM that are difficult to detect and thus require 
more time to diagnose than the severe forms. In contrast, boys suffer more from severe 
forms of CARM that are easy to detect. Hence, the prevalence of CARMs in girls is currently 
underestimated on account of late or lack of diagnosis. If it goes untreated, CARM can result in 
severe chronic constipation, and mild forms of CARM can be difficult to diagnose. We remedy 
this by encouraging physicians to be alert to the fact that patients, but especially girls, with 
chronic constipation might suffer from a mild form of CARM.

CARMs can be concomitant with congenital heart defects. Heart defects can cause increased 
perioperative morbidity and mortality, and knowledge of their presence is essential. In the 
study presented in Chapter 6, we found that 17% of the patients diagnosed with CARMs also 
suffered from a congenital heart defect. Besides, we observed that congenital heart defects 
were distributed equally between mild and severe forms of CARM. It is striking that more than 
half of the congenital heart defects in patients with CARMs had been missed during their 
earlier general pediatric examination. No newly diagnosed congenital heart defects were 
found after three months of age at the time CARM was diagnosed. We therefore recommend 
pediatric cardiac screening of all patients diagnosed with CARM within three months after birth.

Patients with CARMs are known to suffer from fecal incontinence, the prevalence of which 
can reach up to 60%. We addressed the issue of how to predict which patients will have 
favorable fecal continence outcomes after treatment in the study presented in Chapter 7. We 
found that patients with CARMs possess the fecal continence reflexes, i.e. the anal-external 
sphincter continence reflex and the puborectal continence reflex, regardless of the form 
of CARM. Although these patients possess the fecal continence reflexes, they still suffer 
from fecal incontinence, which indicates that the cause of their incontinence lies elsewhere. 
We found that these patients frequently struggle with dyssynergic defecation. This is the 
paradoxical contraction of the external anal sphincter and puborectal muscle while trying to 
defecate, which can lead to overflow incontinence. We observed that the presence of the 
fecal continence reflexes predicted good clinical outcomes when treated for dyssynergic 
defecation. We therefore recommend determining the presence of the fecal continence 
reflexes and dyssynergic defecation to predict whether pelvic physical therapy could help to 
develop fecal continence in these patients with CARMs.

Finally, fecal incontinence can be a long-term consequence in patients who underwent 
colorectal surgery like proctocolectomy with IPAA. On the one hand, the surgery saves the 
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patients’ life, while at the same time fecal incontinence may have a drastic negative impact 
on these patients’ quality of life. This became clear in the study presented in Chapter 8, 
in which we observed that more than one-third of the patients who had undergone IPAA, 
suffer from different forms of incontinence or soiling that severely impaired their quality of life. 
Besides, to prevent fecal incontinence in these patients, we observed that the more proximal 
the anastomosis, the better the fecal continence outcomes, and that a stapled anastomosis 
resulted in better fecal continence outcomes. Finally, we found that IPAA performed in three 
stages appears to give the best fecal continence results without increasing complications. 
By making good use of these surgical procedures one might be able to prevent incontinence 
in many patients following proctocolectomy with IPAA.

CONCLUSIONS
The fundamental research presented in the first part of this thesis demonstrates that the 
puborectal continence reflex, which regulates the involuntary contractions of the puborectal 
muscle, maintains fecal continence. This reflex is only initiated by solid stool. Conversely, the 
anal-external sphincter continence reflex controls fecal continence in case of both solid and 
liquid stool. We found that the voluntary contractions of the puborectal muscle are regulated 
by the pudendal nerve, while the puborectal continence reflex is not. Unfortunately, the exact 
neural pathway remains unknown.

The important message conveyed by the studies presented in de second part of this thesis is 
that the clinical outcomes of patients with different colorectal diseases can still be improved, 
especially outcomes regarding fecal continence. Because diagnosing mild forms of CARM 
can be difficult, patients may suffer from severe chronic constipation in the absence of an 
accurate diagnosis. This finding is especially important for girls because they suffer from 
mild forms of CARM more often than boys. Patients with CARMs may have other congenital 
anomalies; about 17% of the patients with CARMs suffer from concomitant congenital heart 
defects. Patients with CARMs should therefore be screened for heart defects prior to surgery, 
at least if they are younger than three months of age. Additionally, patients with CARMs may 
suffer from fecal incontinence due to dyssynergic defecation. Determining the presence 
of the fecal continence reflexes allows us to predict favorable fecal continence outcomes 
after pelvic physical therapy. Patients who underwent proctocolectomy with IPAA may also 
suffer from fecal incontinence, the prevention of which seems an option. Stapled proximal 
anastomoses during IPAA surgery are frequently associated with better fecal continence 
outcomes, whereby the three-stage procedure appears to give the best fecal continence 
results without increasing complications. Further research on patients with IPAA is required 
to investigate the presence of the fecal continence reflexes.

In summary, the current thesis brings us a bit closer toward understanding the mechanisms 
of fecal continence. This knowledge is essential for predicting which patients will suffer from 
fecal incontinence, for preventing fecal incontinence and for treating the patients who suffer 
from this physically and psychosocially debilitating disorder.
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NEDERLANDSE SAMENVATTING
Ziekten aan de dikke darm en de endeldarm worden ook wel colorectale ziekten genoemd. 
Deze ziekten kunnen bij de geboorte aanwezig zijn zoals het geval is bij congenitale 
anorectale malformatie, een aandoening waarbij het laatste stuk van de darm niet goed is 
aangelegd. Colorectale ziekten kunnen ook later in het leven aan het licht komen, zoals bij 
colitis ulcerosa, een ziekte waarbij er ontstekingen ontstaan in de dikke darm. Deze diagnose 
wordt meestal gesteld op jongvolwassen leeftijd. Afhankelijk van de ernst van de ziekte wordt 
een behandeling gekozen. In sommige gevallen is alleen met geneesmiddelen behandelen 
voldoende, terwijl in andere gevallen er een operatie moet plaatsvinden om het leven van 
de patiënt te redden.

Bij bijvoorbeeld een milde vorm van een anorectale malformatie zit de anus niet op de goede 
plek en is deze iets naar voren verplaatst. Hierdoor kan obstipatie ontstaan. Soms is het dan 
mogelijk om alleen geneesmiddelen te gebruiken die de ontlasting verdunnen en hoeft deze 
patiënt geen operatie te ondergaan. Bij ernstigere vormen van anorectale malformaties kan 
bijvoorbeeld de het laatste stuk van de darm aangesloten zijn op de blaas of de plasbuis. In dit 
geval kan het pasgeboren kind zijn ontlasting niet op de normale manier kwijt raken en moet 
er binnen 48 uur na de geboorte een operatie plaatsvinden waarbij een stoma (kunstmatige 
opening van de darm in de buik) wordt aangelegd, zodat de ontlasting naar buiten kan. In 
een later stadium, tussen drie en zes maanden oud, wordt dan vervolgens een operatie 
uitgevoerd om de anatomie weer te corrigeren waarna weer drie maanden later het stoma 
op kan worden geheven, zodat de ontlasting weer via de anus het lichaam kan verlaten. Er 
zijn dus verschillende vormen van anorectale malformaties waarbij de milde vormen soms 
behandeld kunnen worden met geneesmiddelen, terwijl bij de ernstigere vormen altijd een 
operatie noodzakelijk is.

Een ander voorbeeld van een colorectale ziekte, dat zowel met geneesmiddelen als met 
een operatie behandeld kan worden afhankelijk van de ernst van de ziekte, is colitis ulcerosa. 
Hierbij komen er ontstekingen in de dikke darm voor, die met ontstekingsremmende 
geneesmiddelen kunnen worden behandeld. Soms werken die geneesmiddelen niet of niet 
meer goed en worden die ontstekingen zo heftig dat een patiënt er erg ziek van kan worden. 
In een dergelijk geval moet de ontstoken dikke darm eruit worden gehaald. Het operatief 
verwijderen van de dikke darm heet ook wel een colectomie.

 Nog een voorbeeld van een ziekte waarbij de dikke darm eruit moet worden gehaald is 
familiaire adenomateuze polyposis. Dit is een erfelijke aandoening waarbij er heel veel 
poliepen in de dikke darm zijn. Poliepen zijn een voorstadium van kanker en kunnen uiteindelijk 
kwaadaardig worden. Omdat het bij deze erfelijke aandoening om zoveel poliepen gaat, is 
het onmogelijk om de darm volledig te controleren met een kijkonderzoek van de dikke 
darm. Daarom wordt al, op relatief jonge leeftijd, de dikke darm verwijderd, zodat daarmee 
voorkomen wordt dat de poliepen kwaadaardig worden.
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Na het verwijderen van de dikke darm, voor welke reden dan ook, moet er een stoma worden 
aangelegd om de ontlasting kwijt te kunnen raken. Een stoma kan erg vervelend zijn voor 
patiënten, ze kunnen gaan lekken, patiënten zijn bang voor geuroverlast en ze schamen 
zich ervoor. Bij bovengenoemde colorectale ziekten zijn het ook nog vaak jonge mensen, in 
een kwetsbare en onzekere fase van hun leven. In sommige gevallen kiezen jongere, maar 
zeker ook oudere, patiënten er dan voor om een ileo pouch-anale anastomose aan te laten 
leggen. Hierbij maakt de chirurg een soort opvang reservoir voor ontlasting van het laatste 
stuk van de dunne darm, het ileum, en deze wordt op het anale kanaal vastgehecht. Dit 
opvangreservoir zorgt ervoor dat patiënten geen stoma meer nodig hebben en de ontlasting 
weer via de anus naar buiten kan. Voor veel patiënten kan dit een goede oplossing zijn om 
van hun stoma af te komen.

Ook al is het doel van de behandeling van deze colorectale ziekten om optimale klinische 
uitkomsten te creëren, soms is dit niet het geval en hebben patiënten ook nadien problemen 
met de ontlasting. Dit kan bijvoorbeeld ontlastingsincontinentie zijn, wat ook wel fecale 
incontinentie wordt genoemd. Ontlastingsincontinentie is een slopende aandoening, wat 
een groot effect kan hebben op de kwaliteit van leven. Mensen durven niet meer naar buiten 
of naar hun werk te gaan, omdat ze bang zijn ontlasting te verliezen. Hierdoor wordt hun 
sociale leven beperkt. Daarnaast is er een groot taboe op ontlastingsincontinentie. De meeste 
mensen praten er niet over met hun vrienden of familie en sommigen durven het hier ook niet 
met hun dokter erover te hebben. Toch is de schatting dat ongeveer 8% van de mensen last 
heeft van ontlastingsincontinentie. Dit kan oplopen tot 50% in verpleegtehuizen.

Om beter de pathofysiologie, de kennis van zieke organen, te begrijpen, is het nodig om de 
fysiologie, de kennis van normale levensprocessen te begrijpen. De dikke darm is het laatste 
deel van het maagdarmstelsel en de hoofdfunctie is het opnemen van water, vitamines en 
voedingsstoffen en het laatste overgebleven materiaal te verplaatsen naar de endeldarm. 
De endeldarm is een opslagreservoir voor ontlasting. Er zijn verschillende continentie 
mechanismes voor het ophouden van ontlasting. Rondom het anale kanaal zitten twee 
sluitspieren, de binnenste en de buitenste anale sluitspier (Figuur 1). Zij zorgen voor genoeg 
druk in het anale kanaal zodat de ontlasting niet zomaar naar buiten kan komen. Boven de 
sluitspier zit de puborectale spier, een van de spieren van de bekkenbodem. Deze vormt een 
lus rondom de endeldarm. Als deze spier samenknijpt wordt de hoek van het anale kanaal 
kleiner, dus scherper, waardoor er geen ontlasting meer langs kan. Bij het ontspannen van 
de spier wordt de hoek groter, de endeldarm is dan een rechte buis, waardoor de ontlasting 
gemakkelijk kan worden kwijt geraakt (Figuur 2).
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Figuur 1   |   Anatomie van het de endeldarm en het anale kanaal. 
Aangepast  van Clinical Surgery, by Henry et al, February 2012 3rd edition, Saunders-Elsevier.

Figuur 2   |   Schematische weergave van de hoek van het anale kanaal door de puborect ale sp ier in rust  (A) 
en tijdens ontlast ing (B). Het laatst e resulteert in een vergroting van de hoek van het anale kanaal, dus een 
minder scherpe hoek, waardoor de ontlast ing makkelijk kan worden kwijtgeraakt. anorect ale hoekAnatomie 
van het de endeldarm en het anale kanaal. 
Aangepast  van Harrison’s Principles of Internal Medicine, by Jameson et al, August  2018, 20th edition, 
McGraw-Hill Education.

Er werd altijd gedacht dat de binnenst e sluitsp ier alleen onwillekeurig, dus niet bewust , 
kon aansp annen. De buitenst e anale sluitsp ier en de puborect ale sp ier zouden alleen 
willekeurig, dus bewust , konden worden aansp annen. Echter, recent onderzoek van onze 
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onderzoeksgroep heeft laten zien dat de buitenste anale sluitspier ook onwillekeurig kan 
aanspannen. Dit wordt geregeld door een reflex (een automatische reactie van het lichaam), 
de anale-externe sfincter continentie reflex, ofwel buitenste anale sluitspier reflex. Maar de 
kennis van deze bovengenoemde mechanismes voor continentie verklaarden nog niet alles. 
Er zijn namelijk patiënten waarvan deze spieren niet goed werken, maar die wel hun ontlasting 
konden ophouden. Dit geeft aan dat er waarschijnlijk nog meer, tot nu toe onbekende, 
continentie mechanismes aanwezig zijn. We veronderstelden dat mogelijk ook de puborectale 
spier een grote rol speelt. Dit hebben we onderzocht in het eerste deel van dit proefschrift. In 
het tweede deel van het proefschrift gaan we dan weer terug naar patiënten met colorectale 
ziekten en hebben we hun klinische uitkomsten onderzocht, in relatie tot problemen met de 
ontlasting en de continentie mechanismes.

DEEL I — FECALE CONTINENTIE MECHANISMEN
In het eerste deel hebben we de fysiologie van continentie proberen te doorgronden. Dit 
hebben we onderzocht bij gezonde proefpersonen en patiënten.

De puborectale spier maakt een lus rondom de endeldarm en zorgt bij aanspannen voor 
de hoek in het anale kanaal, zodat de ontlasting in de endeldarm blijft. In Hoofdstuk 2 
laten we zien dat de puborectale spier naast willekeurig aanspannen, ook onwillekeurig 
(automatisch) kan aanspannen. Voor deze studie hebben we metingen gedaan bij gezonde 
proefpersonen, wat inhield dat er een ballon in de endeldarm werd geplaatst en tegelijkertijd 
de druk werd gemeten ter hoogte van de puborectale spier. Tijdens het vullen van de ballon, 
wat vaste ontlasting nabootst, werd gezien dat de druk ter hoogte van de puborectale spier 
hoger werd en dat dit heel lang kon worden vastgehouden, langer dan mensen deze spier 
willekeurig aanspannen kunnen. Ook zagen we dat de hoek in het anale kanaal kleiner werd, 
dus scherper, wat dus door de puborectale spier moet worden veroorzaakt. Omdat dit 
onwillekeurig aanspannen gebeurt na het langzaam vullen van de ballon, lijkt het geïnitieerd 
te zijn na verwijding ter hoogte van de puborectale spier. Dit nieuwe mechanisme, die we 
de puborectale continentie reflex noemen, reguleert de continentie van ontlasting via het 
onwillekeurig aanspannen van de puborectale spier. Dit is de eerste studie ter wereld die het 
onwillekeurige aanspannen van de puborectale spier beschrijft.

In Hoofdstuk 3 proberen we een uitleg te geven waarom meer mensen last hebben van 
incontinentie voor vloeibare ontlasting dan voor vaste ontlasting. In deze studie hebben we 
de karakteristieken van zowel de in hoofdstuk 2 genoemde puborectale continentie reflex 
onderzocht als de eerder beschreven buitenste anale sluitspier reflex. Tijdens het vullen van 
de ballon, wat vaste ontlasting nabootst, zagen we zowel verhoging van de druk ter hoogte 
van de buitenste anale sluitspier als de puborectale spier. Voor vaste ontlasting zagen we dus 
gelijktijdige activatie van beide continentie reflexen. Echter, na het inbrengen van alleen water 
in de endeldarm zagen we onmiddellijke activatie van de buitenste anale sluitspier reflex, 
maar geen activatie van de puborectale continentie reflex, zelfs niet nadat 1000 ml water was 
ingebracht. Hierdoor kunnen we concluderen dat de buitenste anale sluitspier reflex zowel 
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voor vaste als vloeibare ontlasting wordt geactiveerd, terwijl de puborectale continentie reflex 
alleen voor vaste ontlasting wordt geactiveerd.

Iemand zou bezwaar kunnen maken tegen deze bevindingen, omdat je je kunt voorstellen 
dat het water wat in de endeldarm wordt gebracht verder naar boven gaat de dikke darm 
in. Toch zien we alsnog een effect van de buitenste anale sluitspier reflex, maar niet van de 
puborectale continentie reflex. Dit bewijst indirect dat de buitenste anale sluitspier reflex 
geactiveerd wordt door contact, omdat ook een kleine hoeveelheid water al reactie geeft. Dit 
in tegenstelling tot de puborectale continentie reflex, waarbij een kleine hoeveelheid water 
alleen niet genoeg is om deze reflex te activeren. Samengevat zijn er dus twee onwillekeurige 
(automatische) mechanismes voor vaste ontlasting, terwijl er maar één onwillekeurig 
mechanisme voor vloeibare ontlasting is. Het kapot gaan van één mechanisme leidt dus 
eerder tot incontinentie voor vloeibare ontlasting dan continentie voor vaste ontlasting, wat 
mogelijk het verschil verklaart waarom er meer mensen last hebben van incontinentie voor 
vloeibare ontlasting.

We hebben de regulatie van de puborectale continentie reflex verder onderzocht. De 
pudendus zenuw is een van de grote zenuwen in het bekkenbodemgebied, maar er is geen 
overeenstemming in de literatuur of de pudendus zenuw ook de puborectale spier reguleert. In 
de studie in Hoofdstuk 4 zagen we dat het willekeurig aanspannen van de puborectale spier 
verminderd was als er zenuwschade was aan de pudendus zenuw. Omgekeerd zagen we dat 
zenuwschade van de pudendus zenuw geen verband had met het onwillekeurig aanspannen 
van de puborectale spier, geregeld door de puborectale continentie reflex. Onze conclusie 
is dus dat het willekeurig aanspannen van de puborectale spier wordt gereguleerd door de 
pudendus zenuw, terwijl het onwillekeurig aanspannen niet wordt gereguleerd door deze 
pudendus zenuw. In een andere studie van onze onderzoeksgroep zagen we dat de buitenste 
anale sluitspier reflex ook niet wordt gereguleerd door de pudendus zenuw. Patiënten met 
pudendus neuropathie, een ziekte waarbij deze zenuw verdoofd is geworden, leidt dus niet 
direct tot volledige incontinentie. Als de pudendus zenuw niet werkt blijft het onwillekeurig 
aanspannen, gereguleerd door beide continentie reflexen, nog functioneren, maar het 
willekeurig samenknijpen van deze spieren is dan sterk verminderd tot volledig onmogelijk. 
Er is meer onderzoek nodig om uit te zoeken door welke exacte zenuw het onwillekeurig 
aanspannen wordt gereguleerd. Als dat bekend is, dan kan geprobeerd worden om tijdens 
operaties in het bekkenbodemgebied, of bij het anale kanaal, te voorkomen dat deze zenuw 
per ongeluk wordt beschadigd.

DEEL II — EVALUATIE VAN COLORECTALE ZIEKTEN
Problemen met de ontlasting kunnen voorkomen als er een afwijking is aan de anatomie, bij 
bijvoorbeeld patiënten met congenitale anorectale malformaties waarbij de afwijking te zien is 
bij de geboorte, of bij patiënten die operaties ondergaan aan de dikke darm en de endeldarm. 
In het tweede deel van dit proefschrift hebben we de focus gelegd op patiënten met zulke 
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colorectale ziekten en de klinische uitkomsten en hebben we problemen met ontlasting 
onderzocht, met de mogelijkheid deze patiënten beter te maken.

Congenitale anorectale malformaties is een ziekte waarbij het laatste stukje van de darm 
niet goed is aangelegd. Ernstige vormen zijn gemakkelijk te herkennen doordat bijvoorbeeld 
de anus van een pasgeboren kind volledig afwezig is. Echter kunnen milde vormen lastig te 
herkennen zijn voor ouders of verloskundigen omdat de anus maar iets naar voren is geplaatst. 
Omdat deze aandoening zeldzaam is, valt het een dokter ook niet vaak op. Tot nu toe werd 
altijd gedacht dat deze aandoening vaker voorkomt bij jongens dan bij meisjes. Echter, we 
merkten in onze kliniek op dat we ongeveer evenveel jongens als meisjes zagen en dit hebben 
we bevestigd in de studie van Hoofdstuk 5. Hiermee kunnen we ook uitleggen waarom er 
altijd gedacht werd dat het vaker bij jongens voorkomt. Meisjes hebben namelijk vaker een 
milde vorm van een congenitale anorectale malformatie, die moeilijker is om vast te stellen 
en soms helemaal niet herkend wordt. In tegenstelling tot de meisjes hebben jongens vaker 
een vorm waarbij geen anale opening zichtbaar is, die daardoor gemakkelijker te herkennen 
zijn. Het aantal meisjes dat een anorectale malformatie heeft wordt dus onderschat, door een 
late of gemiste diagnose. Milde vormen van anorectale malformaties kunnen echter leiden 
tot ernstige chronische verstopping van de darm, ook wel obstipatie. Een voorbeeld hiervan 
is een meisje van 6 jaar dat onbegrepen buikpijnklachten had, door meerdere dokters werd 
gezien en uiteindelijk naar een psychiater werd gestuurd. Bij een psychiatrisch onderzoek 
hoort ook een lichamelijk onderzoek, om te kijken of er mogelijk lichamelijke oorzaken zijn 
van de klachten. Bij dit lichamelijk onderzoek ontdekte de psychiater dat de anus niet op de 
normale plek leek te zitten en dacht daardoor aan een anorectale malformatie, en stuurde 
het meisje naar een gespecialiseerd kinderchirurg. Uiteindelijk bleek haar buikpijn gebaseerd 
te zijn op obstipatie door de anorectale malformatie, waarvoor zij een correctie operatie 
onderging en laxeermiddelen kreeg waarna de buikpijn was verholpen. Samengevat, we raden 
artsen aan om bij patiënten met onbegrepen chronische obstipatieklachten, te overwegen of 
het mogelijk een milde vorm van een anorectale malformatie zou kunnen zijn.

Een anorectale malformatie kan samengaan met andere aangeboren aandoeningen, 
zoals aangeboren hartafwijkingen. Er werd altijd gedacht dat de meest ernstige vormen 
van anorectale malformaties de meeste kans hebben op hartafwijkingen. In Hoofdstuk 6 
tonen we echter aan dat er evenveel hartafwijkingen voorkomen bij milde als bij ernstige 
vormen van anorectale malformaties en dat er zelfs in de ernst van de hartafwijkingen geen 
verschil is. De kinderen waarbij een hartafwijking werd vastgesteld nadat de diagnose van de 
anorectale malformatie was gesteld, waren niet ouder dan drie maanden, waarschijnlijk omdat 
de hartafwijkingen hiervoor al aan het licht kwamen. Meer dan de helft van de hartafwijkingen 
bij de kinderen met congenitale anorectale malformaties werden de eerste keer gemist bij 
een algemeen lichamelijk onderzoek. Als patiënten een operatie ondergaan is het van groot 
belang om te weten of diegene een hartafwijking heeft, omdat er anders complicaties zouden 
kunnen optreden tijdens de narcose. Daarom raden we aan de hand van deze studie aan om 
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alle kinderen tot drie maanden oud met congenitale anorectale malformaties te screenen 
voor hartafwijkingen, in ieder geval voor een operatieve interventie.

Patiënten met een anorectale malformatie hebben nog steeds meer problemen met de 
ontlasting dan mensen met een normaal aangelegd laatste stuk van de darm. Zulke problemen 
kunnen bijvoorbeeld obstipatie zijn, maar ze kunnen ook vaker naar het toilet moeten dan 
gezonde mensen, of last hebben van incontinentie voor ontlasting. Ontlastingsincontinentie 
kan bij 60% van de jonge kinderen met een anorectale malformatie voorkomen. Het is lastig 
om te voorspellen welk kind op latere leeftijd continent zal kunnen worden. Tot nu toe is 
alleen bekend dat de vorm van een anorectale malformatie een grove voorspelling kan 
geven voor de groep, waarbij voor iedere patiënt apart helaas geen voorspelling kan worden 
gemaakt. Patiënten met een milde anorectale malformatie hebben over het algemeen betere 
uitkomsten voor continentie voor ontlasting ten opzichte van de ernstige vormen.

Omdat deze patiënten veel last hebben van ontlastingsincontinentie veronderstelden wij dat 
ze mogelijk niet de continentie reflexen hebben, die we beschreven hebben in het eerste 
deel van dit proefschrift. Met dit in onze gedachten hebben we de studie in Hoofdstuk 7 
uitgevoerd. We vonden dat de meeste patiënten met een anorectale malformatie wel de 
continentie reflexen hebben, ongeacht de vorm van anorectale malformatie. Dus milde 
en ernstige vormen kunnen beide continentie reflexen hebben. Omdat ze nog steeds last 
hadden van incontinentie voor ontlasting met wel werkende continentiemechanismen, 
hebben we nog verder onderzocht wat dan de oorzaak van incontinentie was. We vonden 
dat bijna iedere patiënt last had van dyssynerge defecatie. Dyssynerge defecatie is het 
tegenstrijdig aanspannen van de bekkenbodemspieren en de anale sluitspieren, terwijl 
iemand probeert zijn ontlasting kwijt te raken. Omdat deze spieren aanspannen, kan de 
ontlasting er niet langs en blijft dit voor het grootste deel zitten in de endeldarm en krijgen ze 
last van obstipatie. Als dit vaker gebeurt en de ontlasting lang in de endeldarm blijft, kan er 
uiteindelijk overloopincontinentie ontstaan. Dit is letterlijk dat de dunne ontlasting langs de 
geobstipeerde ontlasting loopt, wat niet meer opgehouden kan worden. Dyssynerge defecatie 
kan worden behandeld met bekkenbodemfysiotherapie, om zo beter te leren hoe je de 
bekkenbodemspieren moet gebruiken en kunt ontspannen. Met de huidige studie vonden we 
dat de aanwezigheid van de continentie reflexen een voorspeller was voor goede uitkomsten 
na bekkenbodemfysiotherapie voor de behandeling van dyssynerge defecatie. Daarom raden 
we aan om bij patiënten met anorectale malformaties te meten of ze de continentie reflexen 
hebben, en te kijken of er sprake is van dyssynerge defecatie, om zo te kunnen voorspellen 
bij welke patiënt bekkenbodemfysiotherapie effectief is.

Problemen met de ontlasting zoals incontinentie kan ook voorkomen bij patiënten die chirurgie 
hebben ondergaan bij de dikke darm, de endeldarm of het bekkenbodemgebied. Een 
voorbeeld hiervan zijn patiënten die de dikke darm laten verwijderen waarbij dan een pouch 
van het laatste stuk van de dunne darm wordt aangelegd, zodat ze de ontlasting weer kunnen 
kwijtraken via de anus en niet via een stoma. In Hoofdstuk 8 zagen we dat tot een derde van 
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de patiënten die deze operatie heeft ondergaan last had van ontlastingsincontinentie, die 
voor een vermindering in de kwaliteit van leven zorgde. Om te voorkomen dat deze patiënten 
incontinent worden na de operatie hebben we uitgezocht welke specifieke eigenschappen 
van de operatie minder incontinentie voor ontlasting veroorzaakten. We vonden dat hoe hoger, 
dus verder van de anus, de naad was gelegd (de naad is het stuk van de ene darm op de 
andere darm), hoe beter de uitkomsten van continentie voor ontlasting waren. Een geniete 
naad, dus met een nietjesapparaat, was beter dan een handgelegde naad, met hechtdraad, 
maar een geniete naad ligt ook altijd hoger dan een handgelegde naad. Deze operatie kan 
in verschillende procedures worden uitgevoerd, bijvoorbeeld alles in één keer; de zieke darm 
verwijderen, de pouch, het opvang reservoir, maken en deze aansluiten in 1 fase. Ook kan het 
in 2 fases worden uitgevoerd; eerst de zieke darm verwijderen, en in de tweede fase de pouch 
maken en deze aansluiten. Of een variant van 2 fases met eerst de zieke darm verwijderen 
en de pouch maken, en in de tweede fase de pouch aansluiten. Ook kan het in 3 fases 
worden uitgevoerd; eerst de zieke darm verwijderen, in de tweede fase de pouch maken en 
in de derde fase de pouch aansluiten. In het onderzoek van dit proefschrift vonden we dat de 
operatie als die in 3 fases werd uitgevoerd, betere uitkomsten had, dan als hij in 2 fases werd 
uitgevoerd. We denken dat bij een 3 fase operatie het weefsel beter kan genezen voordat er 
weer ontlasting langs komt, dus dat er daarom betere uitkomsten zijn.

CONCLUSIES
Het fundamentele onderzoek in het eerste deel van dit proefschrift laat zien dat de puborectale 
spier ook onwillekeurig kan aanspannen om continentie voor ontlasting te handhaven. Dit 
onwillekeurig aanspannen wordt gereguleerd door de puborectale continentie reflex. Deze 
reflex wordt alleen geactiveerd bij vaste ontlasting, niet bij volledig vloeibare ontlasting. In 
tegenstelling tot de puborectale continentie reflex, wordt de buitenste anale sluitspierreflex 
wel geactiveerd bij vaste én vloeibare ontlasting. Daarnaast vonden we dat het willekeurig 
aanspannen van de puborectale spier wordt gereguleerd door de pudendus zenuw, maar 
dat het onwillekeurig aanspannen, de puborectale continentie reflex, niet door deze zenuw 
wordt gereguleerd. Dit betekent dat mensen die schade aan de pudendus zenuw hebben 
niet per definitie volledig incontinent hoeven te worden, omdat er een andere zenuwbaan is 
die het onwillekeurig aanspannen reguleert. De exacte zenuwbaan blijft nog onbekend en er 
is meer onderzoek nodig om dit uit te zoeken.

De studies in het tweede deel van dit proefschrift laten een belangrijke klinische boodschap 
zien dat patiënten met verschillende colorectale ziekten nog steeds verbeterd kunnen worden 
ten aanzien van hun klinische uitkomsten. De diagnose van milde anorectale malformaties 
blijft lastig te stellen en zolang de diagnose niet bekend is, wordt er niet optimaal behandeld. 
Dit kan leiden tot ernstige verstopping van de darm. Dit komt vaker voor bij meisjes, omdat 
meisjes vaker een milde vorm van anorectale malformatie hebben waarbij wel een anale 
opening wordt gezien dan bij jongens waarbij dan geen anale opening wordt gezien. Een 
milde vorm is bij meisjes dus lastiger om te herkennen en als de aandoening niet herkend 
wordt, wordt deze ook niet behandeld. Naast de anorectale malformaties kunnen deze 
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patiënten ook last hebben van andere aangeboren afwijkingen: ongeveer 17% heeft ook 
een hartafwijking. Daarom moeten patiënten met anorectale malformaties voor de operatie 
gescreend worden voor hartafwijkingen. We vonden echter geen nieuwe hartafwijkingen 
bij kinderen die ouder waren dan drie maanden, waarschijnlijk omdat de hartafwijkingen 
hiervoor al aan het licht kwamen. Dus we raden screening aan voor patiënten jonger dan drie 
maanden ten tijde van de diagnose anorectale malformatie. Het is bekend dat patiënten met 
anorectale malformaties last kunnen hebben van ontlastingsincontinentie, door dyssynerge 
defecatie. Aanwezigheid van de continentie reflexen kunnen goede uitkomsten voorspellen 
na behandeling met bekkenbodemfysiotherapie. Patiënten die verwijdering van de dikke 
darm ondergingen, met aanleggen van een opvangreservoir (pouch) kunnen ook last krijgen 
van ontlastingsincontinentie en het voorkomen hiervan is van groot belang. Bij deze laatste 
patiënten groep heeft een geniete, hogere naad betere continentie uitkomsten. Daarnaast 
blijkt de operatie procedure uitgevoerd in drie fases de beste uitkomsten te hebben. 
Verder onderzoek naar de aanwezigheid van de continentie reflexen bij deze verschillende 
karakteristieken van operatie kan helpen bij het begrijpen van het continentie mechanisme 
en mogelijk het voorkomen van ontlastingsincontinentie bij deze jonge patiëntengroep.

Samengevat, met dit proefschrift zijn we een klein beetje dichterbij het begrijpen van het 
mechanisme van continentie voor ontlasting en mogelijk het voorkomen, voorspellen en 
behandelen van de patiënten met verschillende colorectale ziekten en ontlastingsincontinentie.
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ABBREVIATIONS
AESCR  anal-external sphincter continence reflex
ASARP  anterior sagittal anorectoplasty
BRT  balloon retention test
CARM  congenital anorectal malformation
CHD  congenital heart defects
IPAA  ileal pouch-anal anastomosis
PSARP  posterior sagittal anorectoplasty
PSARVUP posterior sagittal anorectal vaginal urethroplasty
RIT  rectal infusion test
VACTERL vertebral defects, anal atresia, cardiac defects, trachea-esophageal fistula, 

renal anomalies, and limb abnormalities
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The Groningen Defecation & Fecal Continence 
Questionnaire

Instructions:

1. Answer the questions by ticking the box next to your answer. 
Please tick just one answer to each question (unless you are 
invited to give more than one answer).

2. Although some of the questions may seem very similar, each one 
gives us important information. Some of the questions might 
relate to problems you do not have, but we want to know this 
too. Please answer every question (unless you are specifically told 
to proceed to another question).

3. There are no right or wrong answers. If you are unsure about how 
to answer a question, try to choose the answer that comes closest 
to your situation.

4. If you have any comments about the questionnaire, or if there is 
anything else you would like to say but which has not been 
covered by the questions, you can add your own comments at the 
end of the questionnaire.

5. Your answers will be treated in the strictest confidence.
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Personal details

Surname ____________________

First name ____________________

Date of birth ____________________

Height (cm) ____________________

Weight (kg) ____________________

0.1 What is your gender?

Male

Female

0.2 What is your age in years?

__________

0.3 In which province do you live?

Drenthe Noord-Brabant

Flevoland Noord-Holland

Friesland Overijssel

Gelderland Utrecht

Groningen Zeeland

Limburg Zuid-Holland

0.4 How big is the town or village in which you live?

I live in a village

I live in a small town with fewer than 50,000 inhabitants

I live in a medium-sized town with 50,000 to 100,000 inhabitants

I live in a large town with more than 100,000 inhabitants
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0.5 What is your highest level of education?

Primary school education

Level 1 or 2 BTEC or equivalent vocational qualification

GCSEs with fewer than 5 grade A*-C or equivalent

Level 3 or 4 BTEC or equivalent vocational qualification / apprenticeship

5+ GCSEs grade A*-C or equivalent

3+ A-Levels or equivalent

Level 5 BTEC or equivalent vocational qualification / Foundation Degree

University education

Other, namely: ____________________

0.6 What is/was your job or profession?

____________________

0.7 Are you still working?

Yes, I work __________ hours per week

No, I am no longer in paid employment, because:

I spend my time doing housework and/or looking after the children

I am retired or have taken early retirement

I am at school, college or university

I do not have a paid job due to problems with my bowels and/or pelvic 

floor

I do not have a paid job due to other health problems

I do not have a paid job for other reasons (e.g. I cannot find one, I do 

voluntary work, etc.)

0.8 In general, how would you describe your health in relation to the ability to hold 

and pass stools?

Very good

Good

Reasonable

Poor

Very poor
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Category 1: Defecation pattern

The following questions refer to your defecation pattern over the past six 
months.

1.1 On average, how often do you empty your bowels? (Only tick one box)

Less than once a month

Less than once a week

Once a week

Twice a week

Once every two days

Once or twice a day

Three to five times a day

More than five times a day
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1.2 In general, what did your feces look like (which type do you have most often)? 

(Only tick one box)

Separate hard lumps (hard to pass)

Sausage-shaped but lumpy

Like a sausage but with cracks on its 

surface

Like a sausage or snake, smooth and 

soft

Soft blobs with clear-cut edges 

(passed easily)

Fluffy pieces with ragged edges, a 

mushy stool

Watery, no solid pieces (enterily 

liquid)
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Category 2: Constipation

The following questions are about the difficulty you have had emptying your 
bowels over the past six months.

2.1 Did you have difficulty emptying your bowels (e.g. because of hard stools, not 

being able to pass all your stools or having to strain hard)?

Yes

No

2.1.1 If so, how long have you had this problem?

0-1 year

1 to 5 years 

5 to 10 years

10 to 20 years

Longer than 20 years

2.2 How often did you have to strain hard to empty your bowels?

Never

Less than once a month 

Several times a month

Several times a week

Every day 

2.3 On average, how long did you have to strain while emptying your bowels?

Less than 5 minutes

5 to 10 minutes

10 to 20 minutes

20 to 30 minutes

Longer than 30 minutes
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2.4 How often did you have trouble passing stools because it felt as if there was a 

blockage?

Never

Less than once a month

Several times a month

Several times a week 

Every day

2.5 How often did it feel as if you had not completely emptied your bowels after 

passing stools?

Never

Less than once a month

Several times a month

Several times a week 

Every day

2.6 How often did you manage not to pass stools after feeling the urge to empty 

your bowels?

I always manage

One to three times a day

Four to six times a day

Seven to nine times a day

More than nine times a day

2.7 How often did you have to return to the toilet within one hour of emptying your 

bowels to empty them again?

Never

Less than once a month

Several times a month

Several times a week 

Every day
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2.8 How often did you have pain in your anus while emptying your bowels?

Never

Less than once a month

Several times a month

Several times a week 

Every day

2.9 Have you suffered from abdominal bloating?

Yes

No

2.9.1 If so, to what extent? (You may tick more than one answer)

I only felt it myself

Other people could also see it

It made me lose my appetite or feel sick

It made me vomit 

2.10 How often did you have abdominal pain or cramps?

Never

Less than once a month

Several times a month

Several times a week 

Every day

If you did not experience abdominal pain or cramps during the past six 
months, please proceed to question 3.1.

2.10.1 If you did experience abdominal pain or cramps, was this only during your 

menstrual period?

No

Yes

Not applicable because I am post-menopausal

Not applicable because I am a man
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2.10.2 If you did experience abdominal pain or cramps, did they disappear or recede 

after you had emptied your bowels?

Never or rarely

Sometimes

Often

Usually

Always

2.10.3 Do you have go to the toilet to empty your bowels more or less frequently 

since the abdominal pain or cramps started?

Yes, I go to the toilet more frequently than before

Yes, I go to the toilet less frequently than before

No, I go to the toilet just as often as before

2.10.4 Has the consistency of your stools changed since the abdominal pain or 

cramps started? (Have they become harder or softer, for example)

Yes, my stools are harder 

Yes, my stools are softer

No, the consistency has not changed
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Category 3: Constipation-related questions

The following questions relate to your diet and any remedies you may have 
used to help you empty your bowels during the past six months.

3.1 Do you drink at least 1.5 litres of fluids a day (10 x 150ml-cups/glasses)?

Yes

No

3.2 Do you eat at least 2 pieces of fruit a day?

Yes

No

3.3 Do you eat at least 3 tablespoons of vegetables a day?

Yes

No

3.4 Do you eat at least 3 slices of brown or wholemeal bread a day?

Yes

No

3.5 How often do you take laxatives to soften your stools/make it easier to empty 

your bowels?

Never

Less than once a month

Several times a month

Several times a week

Once a day

Several times a day
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3.5.1 If you take laxatives, which one do you take and how much?

1. Medicine: _____________ How often per day: _____ Dosage: ____ ml/g

Or per week: _____

2. Medicine: _____________ How often per day: _____ Dosage: ____ ml/g

Or per week: _____

3. Medicine: _____________ How often per day: _____ Dosage: ____ ml/g

Or per week: _____

3.6 Do you eat a special diet or foods to soften your stools?

Yes, I eat /drink: ____________________

No

3.7 Do you use an enema (= injecting a small amount of a medicine into the anus) 

to help pass stools?

Yes, medicine: ____________________ dosage: _____ ml/cc

No

3.7.1 If so, how often?

Less than once a month 

Several times a month

Several times a week

Once a day

Several times a day
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3.8 Do you irrigate your rectum with lukewarm water (via the anus or by means of 

an antegrade colonic enema) to help you empty your bowels?

Yes, amount: _____ ml/cc, with (if applicable): _____________

No

3.8.1 If so, how often did you irrigate?

Less than once a month 

Several times a month

Several times a week

Once a day

Several times a day

3.9 Do you ever use your fingers or hands to help pass stools? (You may tick 

more than one answer)

Yes, I press on my abdomen with my hands

Yes, I use my finger to press between my buttocks, just in front of the 

anus 

Yes, I use my finger to press between my buttocks, just behind the anus 

Yes, I use my fingers to remove stools from my anus

Yes, but in another way, namely: ____________________

No

3.9.1 If so, how often do you use your fingers or hands when passing stools?

Less than once a month 

Several times a month

Several times a week

Every day
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3.10 If you had difficulty passing stools, have you ever talked to anyone about it?

(You may tick more than one answer)

Not applicable, I do not have difficulty passing stools

Yes, with family or friends

Yes, with my GP

Yes, with a medical specialist

Yes, with someone else, namely: ____________________

No

Category 4: Fecal continence

The following questions are about the accidental passage of stools during the 
past six months.

4.1 How often did you accidentally pass small amounts of feces? (i.e.

stained/soiled your underpants)

Never

Less than once a month 

Several times a month

Several times a week

Once a day

Several times a day

4.1.1 If you accidentally passed  small amounts of feces, when did this happen?

(You may tick more than one answer)

When I had diarrhoea

When I was desperate for the toilet

During physical activity/exertion

For no clear reason
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4.2 How often did you accidentally pass large amounts of solid feces without 

having felt an urge (i.e. without feeling the need for the toilet)?

Never 

Less than once a month 

Several times a month

Several times a week

Once a day

Several times a day

4.3 How often did you feel a strong urge to empty your bowels but were unable to 

reach the toilet in time?

Never

Less than once a month 

Several times a month

Several times a week

Once a day

Several times a day

4.4 How often did you accidentally pass watery stools (diarrhoea)?

Never

Less than once a month 

Several times a month

Several times a week

Once a day

Several times a day

4.5 How often did you accidentally pass wind?

Never

Less than once a month 

Several times a month

Several times a week

Once a day

Several times a day
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If you have not accidentally passed liquid or solid stools during the past six 
months, please proceed to question 5.1.

4.6 If you have accidentally passed feces, how much was this on average?

A tiny amount, about the size of a coin

Enough to make me change my underpants

Enough to make me change my underpants and trousers

4.7 If you accidentally passed feces, when did this happen?

Only while I was awake

Only while I was asleep

While I was awake and while I was asleep

4.8 How often did you use panty liners or incontinence pads to help when you 

accidentally passed feces?

Never

Less than once a month 

Several times a month

Several times a week

Once a day

Several times a day

4.9 How often did you rearrange your daily programme because of accidentally 

passing feces (e.g. stayed at home, cancelled an appointment, changed your 

diet)?

Never

Less than once a month 

Several times a month

Several times a week

Once a day

Several times a day
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4.10 Have you ever accidentally passed feces shortly after emptying your bowels 

on the toilet?

Yes

No

4.11 Do you use an anti-diarrhoea medicine to solidify your stools?

Never

Less than once a month 

Several times a month

Several times a week

Once a day

Several times a day

4.11.1 If you use an anti-diarrhoea medicine, which one do you use and how much?

1. Medicine: _______________ How often per day: ____ Dosage: ____ ml/g

Or per week: ____

2. Medicine: _______________ How often per day: ____ Dosage: ____ ml/g

Or per week: ____

3. Medicine: _______________ How often per day: ____ Dosage: ____ ml/g

Or per week: ____

4.12 Do you eat a diet or eat particular foods to control accidental passage of 

stools?

Yes, I eat/drink: ____________________

No

4.13 Do you irrigate your bowels with lukewarm water to control accidental passage 

of stools?

Yes, amount: _____ ml/cc, with (if applicable): _____________

No
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4.14 Have you ever talked to anyone about losing control of your bowels? (You may 

tick more than one answer)

Yes, with family or friends

Yes, with my GP

Yes, with a medical specialist

Yes, with someone else, namely:

Category 5: Urge

The following questions are about your urge to go the toilet over the past six 
months.

5.1 Did you feel the urge to empty your bowels before you went to the toilet?

Yes

Sometimes

No

5.2 On average, how long were you able to control your bowels once you had felt 

the urge to go to the toilet?

I was unable to control my bowels

One minute or less (I always had to go to the toilet immediately)

Five minutes at the most

Fifteen minutes at the most

I never had to hurry

5.3 How often did you have to hurry to get to the toilet in time, to prevent yourself 

accidentally passing stools?

Never

Less than once a month 

Several times a month

Several times a week

Once a day
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5.4 When you felt the urge to go to the toilet, could you tell the difference between 

flatulence, diarrhoea and solid/hard stools?

Yes

With difficulty

No

Category 6: Urinary incontinence

The following questions concern bladder control over the past six months.

6.1 On average, how often did you urinate?

Less than three times a day

Three to seven times a day

More than seven times a day

6.2 When you urinated, were you able to empty your bladder in one go?

Yes, the urine stream was never interrupted

No, the urine sometimes came in bursts (stopped and started)

No, the urine always came in bursts (stopped and started)

6.3 When you urinated, did you have to strain?

Yes, I always had to strain while urinating

Yes, I sometimes had to strain while urinating

No, I never had to strain while urinating

6.4 How often did you accidentally lose urine?

Never

About once a week or less

Two to three times a week

About once a day

Several times a day

Continuously
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6.5 How much urine did you lose on average (irrespective of whether you used 

pads)?

None

A bit (a few drops)

Quite a lot (wet underpants)

A lot (visible wet patches)

6.6 When did you accidentally lose urine? (You may tick more than one answer)

Never, I did not lose any urine

Before I could reach the toilet 

Whenever I sneezed or coughed

While I was asleep

During physical activity/exertion

When I got dressed again after urinating

For no clear reason

Continuously

6.7 How often did you need to go to the toilet during the night?

Never/rarely

Once or twice a week 

Three to six times a week 

Every night

Several times a night

6.8 How often did you feel as if you had a bladder infection in the past 6 months?

Never

Once

Several times

6.9 How often have you been treated for a bladder infection in the past 6 months?

Never

Once

Several times
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Category 7: Obstetric and gynaecological history

The following questions only apply to women. If you are a man, please proceed 
to question 8.1.

7.1 Have you ever been through childbirth (including caesarean section)?

Yes

No

7.1.1 If so, how many times?

__________

7.2 How many of these were natural (vaginal) deliveries?

__________

If you have never experienced a vaginal delivery, please proceed to question 
7.7.

7.3 How long did you have to push during your longest delivery?

Less than one hour

One to two hours

Longer than two hours

7.4 Were obstetrical instruments used during any of these vaginal deliveries?

Yes

No

7.4.1 If so, which instruments were used? (You may tick more than one answer)

Forceps

A vacuum extractor

Other, namely
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7.5 Did you need an incision in the perineum (episiotomy) or did you rupture 

during a vaginal delivery, to the extent that the pelvic floor muscles around 

your anus were affected?

Yes

No

7.5.1 If so, what happened? (You may tick more than one answer)

I ruptured 

I had an incision in the perineum (episiotomy)

Other, namely ____________________

7.6 What was the weight of your heaviest baby?

__________ grams

7.7 Has your uterus been removed (a hysterectomy)?

Yes, via the vagina (vaginal) 

Yes, via the abdomen (abdominal) 

No

7.8 When you are emptying your bowels, does it ever feel as if something is 

hanging out or descending through your vagina?

Yes

No
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Category 8: Medical history

The following questions relate to conditions or operations that may affect your 
bowel control.

8.1 Have you ever undergone one of the following surgical procedures that may 

affect your bowel control? (You may tick more than one answer)

No, I have never had an operation on my bowels, anus or prostate

Removal of a section of bowel, after which the remaining sections were 

sutured together

Operation on a fistula in the anal cleft close to the anus (perianal fistula)

Operation on the anal sphincter 

Operation for haemorrhoids

Operation on the prostate

Other, namely: ____________________

Procedure to repair a hereditary condition, such as:

Anal atresia or congenital anorectal malformation 

Hirschsprung’s disease

Sacrococcygeal teratoma

8.2 Do you have (or have you had) a stoma to remove feces from your bowel?

Yes, a colostomy 

Yes, an ileostomy 

No

8.3 Do you ever have blood and/or mucous in your stools?

Yes

No

8.4 Have you ever had an injury to your anus, apart from during childbirth or an 

operation?

Yes, namely: ____________________

No
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8.5 Have you ever had, or are you still experiencing the after-effects of, one of the 

following medical conditions? (You may tick more than one answer)

I have never had any of the conditions listed below

Crohn’s disease or colitis ulcerosa (inflammation of the colon)

Irritable bowel syndrome 

Prolapse of the rectum

Diabetes mellitus

Cerebral haemorrhage or infarction (stroke)

Another neurological conditions (e.g. paraplegia, multiple sclerosis)

Slow transit constipation 

Hereditary conditions such as:

Anal atresia or congenital anorectal malformation

Hirschsprung’s disease

Sacrococcygeal syndrome

Spina bifida 

Other, namely: ____________________

8.6 Does one of the medical conditions you have ticked occur in your family?

Yes

No

Not applicable

8.6.1 If so, which conditions occur in which members of your family?

Condition: ___________________ Relative: ___________________

Condition: ___________________ Relative: ___________________

Condition: ___________________ Relative: ___________________

Condition: ___________________ Relative: ___________________
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8.7 Which medicines do you take at the moment (you do not need to mention the 

laxatives and anti-diarrhoea treatments mentioned previously)?

I do not take any other medication.

I take:

1. Medicine: How often per day: _____ Dosage _____ ml/g

___________________ 

2. Medicine: How often per day: _____ Dosage _____ ml/g

___________________ 

3. Medicine: How often per day: _____ Dosage _____ ml/g

___________________ 

4. Medicine: How often per day: _____ Dosage _____ ml/g

___________________ 

5. Medicine: How often per day: _____ Dosage _____ ml/g

___________________ 

6. Medicine: How often per day: _____ Dosage _____ ml/g

___________________ 
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You have come to the end of the questionnaire.

Thank you very much for taking the time to answer these questions.

If there is anything else you would like to say, or if there is something you feel was 

not covered or not covered sufficiently by this questionnaire, please use the space 

below to leave your comments.
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LIST OF SCIENTIFIC PRESENTATIONS
Fecal continence outcomes are associated with the type, height, and stage procedure of 
ileal pouch-anal anastomosis:
2019 Alpine Colorectal Meeting, Wengen (e-poster)

New insights into the treatment of fecal incontinence in patients with congenital anorectal 
malformations (part of this study presented at):
2017 Neurogastro Congress, Cork (poster)
2017 European Paediatric Surgeon’s Association Congress, Limassol (poster)
2017 International Meeting of the Pediatric Colorectal Club, Limassol (oral)

The puborectal continence reflex: a new regulatory mechanism controlling fecal continence:
2016 Federation of Neurogastroenterology and Motility Congress, San Francisco (poster)
2015 United Gastroenterology Week, Barcelona (poster)

The puborectal continence reflex functions independently of the pudendal nerve:
2016 Federation of Neurogastroenterology and Motility Congress, San Francisco (poster)
2015 United Gastroenterology Week, Barcelona (poster)

Underdiagnosis of mild congenital anorectal malformations:
2016 World Federation of Associations of Pediatric Surgeons, Washington D.C. (poster)
2015 European Paediatric Surgeon’s Association Congress, Ljubljana (poster)
2015 International Meeting of the Pediatric Colorectal Club, Milan (oral)

Congenital anorectal malformation severity does not predict severity of congenital heart 
defects:
2016 World Federation of Associations of Pediatric Surgeons, Washington D.C. (poster)
2016 Surgery symposium University Medical Center Groningen, Groningen (oral)
2014 European Paediatric Surgeon’s Association Congress, Dublin (poster)
2014 International Meeting of the Pediatric Colorectal Club, Dublin (oral)
2014 Summer Congress Pediatric Anesthesiology, Tegelen (oral). Third prize for best 

abstract.
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DANKWOORD
Het is klaar, dokter en doctor in het jaar 2020! Hiermee sluit ik een intensieve, maar ontzettend 
leuke periode af. Ik heb dit promotietraject naast mijn studie geneeskunde kunnen afronden 
mede dankzij de hulp van mensen die in deze tijd om mij heen hebben gestaan. Sommigen 
waren direct betrokken bij mijn promotietraject, terwijl anderen mij juist hielpen af en toe 
afstand te nemen van onderzoek in combinatie met coschappen en ontspanning te vinden. 
Bedankt allemaal!

Dr. P.M.A. Broens, beste Paul, bedankt voor jouw enthousiasme voor de wetenschap! In mijn 
tweede jaar van geneeskunde heb je mij begeleid in een onderzoeksproject en vervolgens 
gevraagd om een eigen onderzoek op te starten. Dit resulteerde in een MD/PhD-traject, waar 
ik de afgelopen jaren met veel plezier aan heb gewerkt. En nu ben ik jouw eerste promovendus. 
Ik voel me vereerd! Bedankt dat je me hebt laten ontdekken hoe boeiend wetenschappelijk 
onderzoek is. Ook bedankt voor de vele inspirerende congressen die ik samen met jou mocht 
bezoeken. Niemand in jouw onderzoeksgroep heeft zoveel wetenschappelijke presentaties 
in het buitenland mogen houden als ik. Daarnaast waren we ook bij de sociale activiteiten 
van de congressen aanwezig: de karaokebar in Ljubljana met A yellow submarine van the 
Beatles, de honkbalwedstrijd van de San Francisco Giants en een diner op een catamaran in 
Cyprus! Ik hoop dat ik net zo’n gedreven onderzoeker én dokter mag worden zoals jij dat bent.

Dr. M. Trzpis-Bremer, beste Monika, wat had ik zonder jou als copromotor gemoeten? Ik kon 
altijd bij je binnen lopen als ik een vraag had, of gewoon even moest sparren voor ideeën, of 
behoefte had aan een gezellig praatje. Jij was er altijd en had elke keer weer een luisterend 
oor. Ik wil je bedanken voor alle kritische en grondige feedback op mijn manuscripten. Mede 
dankzij jou is de kwaliteit steeds beter geworden. Bedankt!

Prof. dr. E. Heineman, beste Erik, bedankt dat je er was bij de start mijn MD/PhD traject. 
Hoewel Paul het stokje als promotor van jou onlangs heeft overgenomen, heb ik tijdens 
mijn promotieonderzoek nog vaak gebruik gemaakt van de presentatietips die je me gaf in 
de voorbereiding van mijn MD/PhD-sollicitatie. Ook heb ik veel geleerd van de empathie en 
vriendelijkheid die jij uitstraalde, zelfs als je het ontzettend druk had.

Ik wil graag de leden van de leescommissie, prof. dr. J.P.E.N. Pierie, prof. dr. R.K. Weersma 
en prof. dr. T. Wester, hartelijk bedanken voor het lezen en beoordelen van mijn proefschrift.

Mijn promotietraject zou onmogelijk zijn geweest zonder de Junior Scientific Masterclass, de 
Rijksuniversiteit Groningen en het Universitair Medisch Centrum Groningen, die dit unieke 
MD/PhD-traject mogelijk maakten.

Mijn dank is groot voor de coauteurs van mijn artikelen, zonder hen hadden de manuscripten 
niet het wetenschappelijke niveau gehaald die ze nu hebben. Bedankt Maxime van 
Meegdenburg en Venla den Hollander, samen schrijven is zo veel leuker! Speciale dank aan 
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Sijbrand Hofker, voor de goede klinische blik tijdens het schrijven van mijn pouch artikel. Ook 
heb ik genoten van jouw enthousiasme voor het vak chirurgie en de leerzame chirurgische 
knoopcursus. Hierdoor besteedde ik mijn uren in de trein even niet aan onderzoek, maar 
aan het oefenen met knopen. En kon ik hierdoor tijdens mijn promotieonderzoek nog bij 
een operatie zijn. Dr. N.J. Elzenga, Dr. E.T. Liem en Drs. B. Molenbuur, bedankt voor jullie 
kritische kindercardiologische en kinderanesthesiologische blik. Dat heeft ervoor gezorgd dat 
mijn eerste artikel in een mooi kindergeneeskundig tijdschrift is gepubliceerd.

Alle MD/PhD collega’s van mijn onderzoeksgroep, Marjolijn, Maxime, Rob, Sanne en Venla, 
ontzettend bedankt voor jullie support en advies tijdens het onderzoek. Samen werken, 
lunchen, koffie drinken, maar ook samen vele congressen bezoeken. Of het congres nou in 
ons eigen land was, aan de andere kant van de oceaan, op een eiland in de Middellandse Zee, 
of juist op hoogte in de Alpen; dankzij jullie was het sociale deel van het congres altijd leuk!

Paranimfen Florentien en Matthijs, bedankt dat jullie aan mijn zijde wilden staan tijdens mijn 
promotie. Flo, ik leerde je kennen vanaf moment één bij de studie geneeskunde en onze 
vriendschap is door middel van de roeivereniging Gyas, coschappen in Almelo en in Uganda 
steeds meer versterkt. Bedankt voor alles! Matthijs, zonder jouw grappen en grollen, maar 
ook de serieuze gesprekken, zonder onze statistische discussies en zonder jouw advies 
had ik het niet gered. Mede dankzij jou had ik elke dag zin om naar het ziekenhuis te gaan 
voor onderzoek!

Lieve Maureen, ik ben zo blij dat ik jou tijdens mijn onderzoek heb leren kennen. Bedankt voor 
het samen creëren van mooie figuren met GraphPad, bedankt voor de wetenschappelijke 
discussies over logistische en lineaire regressies en voor het sparren over de perfecte lay-
out van een tabel. Tijdens onze gezamenlijke wetenschappelijke reis heb ik enorm genoten 
van onze niet-onderzoek momenten, de wijncursus, de sauna dagen en de avonden uit eten!

Bedankt vriendinnen van ‘MJC Touché’, Annelie, Annemarie, Anne-Sophie, Danniek, Eva, 
Fardau, Florentien, Jannet, Karlijn, Maaike, Madelon, Nastaran, Puk en Yldau. Jullie zijn 
al 9 jaar van grote waarde in mijn leven, of het nou is in de collegebanken of op feestjes, 
in Griekenland of in Friesland, met jullie is het altijd leuk! In het bijzonder wil ik Eva, Karlijn, 
Nastaran en Yldau bedanken, dat ik mijn “promoveren naast je studie geneeskunde” struggles 
met jullie kon delen. Speciale dank voor Annemarie, die de perfecte huisgenoot is geweest 
in de laatste twee jaar van mijn MD/PhD traject. En Annelie, ik kan je niet genoeg bedanken 
dat jij jouw creativiteit hebt willen inzetten op de tastbare manier dat je de voorkant van mijn 
proefschrift hebt geschilderd.

Alle collega’s van ‘The Office’, Arne, Eric, Jelena, Kirsten, Laura, Leonie, Marc, Marjolein, 
Matthijs, Maureen, Otis, Rob, Simone en Suzanne, wil ik bedanken voor de vele gezellige 
koffie- en lunchmomenten, met altijd een goede grap of een luisterend oor. Jullie zijn van 
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onschatbare waarde geweest tijdens mijn promotietraject; 80% van mijn werkplezier is aan 
jullie te danken!

Alle collega’s van de chirurgie van het Medisch Centrum Leeuwarden, bedankt voor de 
ontzettend leuke en leerzame tijd die ik heb gehad als semi-arts. Mijn laatste maanden 
onderzoek combineren met mijn enthousiasme voor de chirurgie was soms druk, maar wat 
heb ik veel gezien en gedaan! Ik ben blij dat ik nu als arts assistent jullie team mag versterken.

Onderzoek doen naast je coschappen is beter te overleven als je dit afwisselt met momenten 
zonder onderzoek, maar met veel wijn en kaas. Lieve ‘Comfort Food’, Eke, Floor, Florentien, 
Frederike, Gerdi, Marleen en Nienke, bedankt voor alle avondjes tijdens onze coschappen 
in Almelo. Dankzij jullie was daar echt altijd wat te doen!

Alle ‘Grote Vriendelijke Dames’, te veel om op te noemen, bedankt voor jullie tijd op 
wedstrijdroei gebied naast het onderzoek leven. Het was heerlijk om af en toe nog even 
in de boot te stappen voor een wedstrijdje, en als ik het weer eens druk had stond er op 
maandagavond altijd eten voor me klaar.

Alle korfbalvrienden, bedankt dat na een volle onderzoeks- of coschap dag mijn hoofd 
weer helemaal leeg was na een training. Samen strijden voor het kampioenschap of tegen 
degradatie en daarna heerlijk biertjes doen in het theehuisje.

‘McDrijff’, de eerste halen in de boot deed ik samen met jullie, en tijdens mijn eerste halen als 
onderzoeker waren jullie ook van de partij. Alice, Annemiek, Danniek, Florentien, Hanna 
en Maaike, bedankt voor de feestjes in de mooiste outfits, bedankt voor de leuke tijd op de 
roeivereniging Gyas.

De allerbeste Ski100, Camiel, Marloes, Maurits, Sofie en Valerie, mijn liefde voor skiën 
ontstond tegelijkertijd met mijn passie voor onderzoek. Gelukkig weet ik door jullie hoe het 
voelt om soepeltjes van de berg af te glijden. Een prettige afwisseling, want promotieonderzoek 
voelt toch soms als intensief de berg op gaan.

Gepke, Lisanne, Nienke en Sabine, bedankt voor de leuke tijd tijdens en naast onderzoek! 
In het begin op ’t hok tijdens mijn eerste maanden en later in de kantoortuin, soms in het 
midden tijdens mijn coschappen in Uganda, of juist op het einde als mijn semi-arts maat.

Loeka, bedankt dat je al 27 jaar in mijn leven bent, je bent als een zus voor me. Soms wat 
dichterbij in dezelfde stad en soms wat verder weg aan de andere kant van de Noordzee, 
maar het leven is altijd een feestje met jou.

Lieve familie, bedankt voor jullie enthousiasme aan de zijlijn van mijn promotietraject. Jesse, 
dankjewel voor alle steun en trots van jouw kant. En nu is het echt zo ver: een gepromoveerde 
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zus! Bedankt voor de heerlijke avonden met onder andere gerechten canard au miel, of 
beenham uit de oven. Zo fijn dat we exact dezelfde humor hebben en ik hoop dat we nog 
vaak met elkaar zo hard moeten lachen dat we niet meer kunnen. Peter, samen koken kan 
soms lastig zijn, maar bij ons gaat het altijd soepel. Bedankt voor de goede gesprekken, jouw 
advies en steun de afgelopen tijd. Ik ben blij dat je door mama in mijn leven bent gekomen.

Tenslotte, lieve papa en mama, wat heb ik veel aan jullie gehad! Bij mijn geboorte hadden 
jullie dit misschien niet meteen voorzien, maar ik ben de wetenschapper geworden die 
steeds zichtbaarder werd tijdens het volwassen worden. Bedankt voor jullie onvoorwaardelijke 
support op alle momenten dat ik het nodig had. Jullie hielpen me er doorheen als ik soms 
even de handdoek in de (wetenschaps-)ring wilde gooien en jullie hadden een luisterend 
oor of gaven advies als ik dat nodig had. Heerlijk ook om regelmatig even te genieten van 
de ontspannende momenten in mijn vrije tijd. Ik had het niet zonder jullie kunnen doen, 
ontzettend bedankt!

Veel liefs,

Jara Jonker
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OVER DE AUTEUR
Jara Jonker werd geboren op 18 december 1992 in Apeldoorn. Ze 
is de dochter van Theo Jonker en Liseth Mellema en groeide op 
in Hoogeveen samen met haar broer Jesse. Ze behaalde in 2010 
haar VWO diploma aan het RSG Wolfsbos.

Na uitgeloot te zijn voor geneeskunde begon Jara in 2010 
met de propedeuse biomedische wetenschappen aan de 
Rijksuniversiteit Groningen, die ze cum laude behaalde. In 2011 
startte ze alsnog met de studie geneeskunde in Groningen. 
Naast de reguliere bachelor geneeskunde volgde ze met succes het Honours College 
programma. In september 2016 begon ze aan een MD/PhD-traject, waardoor ze haar master 
geneeskunde kon combineren met een promotietraject.

Naast haar studie geneeskunde was Jara actief bij de roeivereniging Gyas. Ze heeft twee jaar 
aan wedstrijdroeien gedaan, is een jaar coach van een wedstrijdploeg geweest en was actief 
binnen de wintersportcommissie van Gyas. Naast sporten houdt Jara van koken en heeft ze 
verschillende reizen gemaakt. In 2018 is zij voor een coschap sociale geneeskunde voor een 
aantal maanden naar Uganda gegaan.

Jara heeft haar semi-arts stage ingevuld bij de afdeling chirurgie van het Medisch Centrum 
Leeuwarden en op de intensive care van het Universitair Medisch Centrum Groningen. 
Begin 2020 ontving ze haar artsenbul en bood ze haar proefschrift aan ter verkrijging van de 
doctorsgraad. Op dit moment is Jara werkzaam als arts-assistent bij de afdeling chirurgie van 
het Medisch Centrum Leeuwarden en ambieert zij een opleidingsplek binnen dit vakgebied.
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