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GENERAL INTRODUCTION 

1.1 CLINICAL AND MOTILITY ASPECTS OF FUNCTIONAL 
CONSTIPATION 

Introduction 

Constipation is not a disease but merely a symptom. This is related to many dis
eases and disorders (1). Some of the aetiologies are congenital, while others are 
extracolonic or the result of acquired conditions. The prevalence of physician 
visits for constipation in the UK and USA was estimated as 0.9% and 1.2% of the 
total population per year respectively (2,3). The development of constipation 
originates from several epidemiological risk factors such as age, gender, low 
socio-economic status, low fibre consumption and western life style (4). The vast 
majority of patients wi th complaints of constipation can be easily treated by lax
atives, diets and by regulating daily habits. 

Thorough evaluation of constipation is required in patients not responding to 
conservative treatment wi th dietary advices and use of laxatives, to identify 
patients who have an organic cause of their complaints. 

Definition and classification of functional constipation 

When conventional investigations reveal no organic cause, constipation is con
sidered as a functional disorder. 
An international panel on idiopathic constipation has discussed the criteria for 
definition of functional constipation (5). They concluded that there are limita
tions to three types of operational definitions currently utilised: 
1. self reported symptoms of constipation might differ between subjects, 
2. stool frequency does not allow for defining constipation, 
3. whole gut transit t ime lacks precision, as its upper "normal" limit has been 

arbitrarily defined. Therefore definition of functional constipation should be 
based on self-reported symptoms because no generally accepted definit ion 
exists (6). 

In this thesis we have defined functional constipation as all abdominal com
plaints that are related to difficulty or inability to defecate in the absence of an 
organic cause. Most patients with functional constipation report symptoms of 
abdominal pain, distension of the abdomen and cramps. They may also complain 
of nausea, a feeling of urge to defecate and rectal obstruction resulting in a 
need for straining. As a result, defecation is frequently painful. In severe cases, 
some patients are only able to defecate by digital emptying of the rectum. 
Functional constipation can be classified into normal transit constipation, slow 
transit constipation (or colonic inertia) and spastic pelvic floor syndrome or rec
tal outlet obstruction. Rectal outlet obstruction can also be associated wi th 
anatomic entities such as rectocele, rectal prolapse, solitary rectal ulcer syndrome 
and intussusception. 
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Colorectal laboratory (Functional tests) 

Stool frequency, used by many clinicians to make a diagnosis of constipation, is a 
highly unreliable parameter(l). Functional tests are therefore mandatory to 
assess anal and colorectal function in functional constipation such as defecogra
phy, colorectal transit studies, electromyography (EMG), and anal manometry. 

A. Defecography 

Defecography is a suitable method for performing dynamic and anatomical stud
ies of rectal evacuation (7). After fil l ing of the rectum with radio-opaque con
trast medium the patient is allowed to strain and excrete the contrast medium 
under radiological visualisation. The first reports of this cineradiographic tech
nique for evacuation disorders came from Burhenne in 1964 and Kerremans in 
1986 (8,9). Broden and Snellman described the mechanism of rectal intussuscep
t ion and prolapse by defecography studies. This mechanism was later confirmed 
by Ihre and Seligson (10,11). With the reports of Mahieu and Ekberg in the 80's, 
the technique became more popular (12,13,14). These authors accurately 
described the course of normal defecation, emphasising the importance of the 
anorectal angle. 

The anorectal angle is formed by the intersection of the axis of the anal canal 
and the rectal ampulla. In normal subjects the angle measures 90 degrees; dur
ing squeezing it decreases to about 75 degrees; and during defecation it 
increases to about 135 degrees (13,15,16). Variations in anorectal angle meas
urements are probably due to variations in technique (17). 
A normal rectal evacuation is possible when the anorectal angle increases by 
relaxation of the musculus puborectalis and is therefore a reflection of the func
t ion of the pelvic floor. When the puborectalis function is impaired, the pelvic 
floor descents and as a consequence the anorectal angle increases. In patients 
who are incontinent due to impaired external sphincter function the angle is 
normal. The clinical significance of the anorectal angle in determining the 
degree of continence is controversial due to variations in technique to measure 
the anorectal angle (18,19). Defecography provides the physician with important 
data regarding the dynamics of rectal evacuation. It can also detect anatomic 
variations such as rectocele, enterocele or intussusception. In addition, defecog
raphy is valuable in assessing pelvic floor function in patients wi th the solitary 
ulcer syndrome or the descending perineum syndrome (20). The technique is sim
ple to perform and has a high degree of patient acceptance. 
Kuijpers used defecography in patients wi th difficulties in rectal emptying (15) 
and suggested that contraction of the musculus puborectalis during straining 
causes a functional outlet obstruction also known as the spastic pelvic floor syn
drome. In patients wi th outlet obstruction rectal sensation is impaired (21-26). 

Despite the advantages of defecography diagnosing spastic pelvic floor syn
drome is difficult because this phenomenon does not always present as a 
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decrease in anorectal angle during defecography (27). Furthermore radiological 
and electromyografic signs of puborectalis contraction during straining have also 
been described in normal subjects, suggesting that environmental factors play an 
important role in defecation (28). An alternative to defecography, used in many 
centers, is the balloon expulsion test, but this has the same limitations as 
defecography (27). Other objective studies should therefore be performed to dis
tinguish between normal and functional outlet obstruction. 

B. Colorectal transit studies 

A technique for measuring colonic transit t ime provides the physician with a 
quantitative and diagnostic tool in the assessment of functional constipation. 
Techniques used to measure colonic transit t ime include radiological, isotopie 
and biomagnetic methods (29-47). 

The technique wi th radio-opaque markers is simple, safe and reproducible and 
can be done in any radiology department. Radio-opaque markers should be 
inert, unabsorbable and of similar gravity as gut content (figure 1). Transit stud
ies in healthy volunteers have confirmed that colonic transit times measured by 
radio-opaque markers are faster than those obtained by scintigraphy (44,45). 
This is probably due to the laxative action of the plastic pellets (48). 
Although no marker is perfect, the technique wi th radio-opaque markers reflects 
in a physiological way colonic transit t ime and is readily accepted by patients. 
The first study on radio-opaque pellets was reported by Hinton (49). Twenty 
markers were administered, and the stools were collected. By taking x-rays of the 
collected stools the disappearance of the pellets from the colon could be 
observed. They found, in normal volunteers, that the first marker had passed by 
the end of the third day, and that 80% had passed by the end of the f i f th day. 
This technique of collecting stool is rather inconvenient and has also limitations 
in recognizing specific colonic motility disorders. 

In the study performed by Arhan et al (32), mean segmental colonic transit t ime 
was calculated wi th a formula, which takes into account segmental interde
pendence. All subjects ingested 20 markers. Plain films of the abdomen were 
taken every day until the disappearance of markers. Every day the amount of 
markers in each segment was counted so that the transit of the markers through 
both the colonic segments and the entire colon could be depicted. Mean transit 
t ime was then calculated using a rather difficult formula. Mean transit t ime 
through the right colon was 13.8 h, through the left colon 14.1 h and through 
the rectosigmoid 11.0 h. Using this technique it was possible to distinguish 
between normal transit constipation, slow transit constipation and outlet 
obstruction wi th or wi thout left sided hindgut dysfunction. The disadvantages of 
this technique, which has not gained wide acceptance, are the daily exposure to 
radiation and the complex calculations. A more convenient and simple technique 
reducing the radiation exposure to acceptable levels, the "multiple marker, sin
gle film technique", was reported by Metcalf (35). Subjects ingested 20 markers 



CHAPTER 1.1 

on three consecutive days. For each day a different type of marker was ingested, 
on the fourth day a plain abdominal X-ray was performed. If transit was pro
longed on the fourth day another X -ray on the seventh day was performed. Fur
ther extension of the study was possible. If a person ingests one marker per hour, 
the total amount of markers in his abdomen increases until he starts to evacuate 
them. Equilibrium is then reached between intake and excretion and the amount 
of markers present stands for the transit t ime in hours. If he only takes one 
marker per 24 h, the total amount of markers has to be multiplied by 24 in order 
to calculate transit t ime in hours. If ten markers are administered, the multiplier 
is 2.4. 

Our present technique is based on the latter idea (50). It is both a modification 
and a further development of previous techniques. This technique does not 
measure the mean transit t ime of one single marker as previous technique does, 
but the mean of mean transit times. Steady state conditions are required and this 
results in longer periods of ingestion as the severity of constipation increases. 
Therefore ten markers are administered daily over ten days and a radiograph of 
the abdomen is obtained on the 11th day. The total amount of markers in each 
segment is counted and multiplied by 2.4 in order to calculate the mean seg
mental transit t ime in hours. We have defined 15 hours for a normal mean seg
mental transit and 45 hours for the total colonic transit time. By definition 
delayed whole gut transit greater than 67 hours (mean + 2 standard deviations) 
occurs in 2,5 % of the population (8). The maximal value is 240 hours in case of 
complete retention of all markers on the 11th day. 

This technique has provided data on the severity of constipation and the possi
bility to distinguish between slow transit constipation, outlet obstruction and 
normal colonic transit. 

Recent epidemiological studies have confirmed that stool frequency correlates 
poorly wi th colorectal transit t ime (53). This is hardly surprising since colorectal 
transit t ime reflects the propulsion along the large bowel. Propulsion results in 
stool output and this is the product of stool frequency and stool weight. Many 
clinicians still use stool frequency to make a diagnosis of constipation, but this 
parameter is highly unreliable (6,54). Techniques using radio-opaque markers 
have proved to be of great value to assess mechanisms of functional constipa
t ion. 

C. Anal Manometry 

Anal manometry evaluates anorectal sphincter function and should be distin
guished from pelvic floor tests such as EMG. It provides quantitative information 
of the anal sphincter. Impairment of squeeze pressures in constipated patients 
may lead to faecal incontinence after colonic resection. Therefore anal manom
etry is useful as a preoperative test in the selection of patients for subtotal colec
tomy. 
Many different techniques have been advocated to measure anal canal pressures 
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(21,55-61). Differences in technique are based on the location and the amount of 
catheter openings, type of perfusion, technique of withdrawal and catheter 
diameter. All techniques have their own normal values, so comparison of data 
between various studies are difficult. Resting pressures stand for internal sphinc
ter function and squeeze pressures for external sphincter function. Decrease of 
resting pressure during inflation of a rectal balloon demonstrates internal 
sphincter relaxation also called the recto-anal inhibitory reflex. If this reflex is 
present Hirschsprung's disease is excluded. 

An important f inding in constipated patients is the reduction of sensation of f i l l 
ing the rectum and is suggestive of a primary neuropathy (62-71). Sensory thresh
olds and compliance of the rectum can be measured by manovolumetry 
technique (barostat). They could be important predictive variables for outcome 
after colectomy and ileorectal anastomosis (72-74). However, the clinical rele
vance of rectal compliance in the management of constipation is not fully estab
lished and further studies are needed to understand the role of the rectum in the 
pathophysiology of functional constipation. The technique of manovolumetry 
(barostat) is very useful in clinical experiments and this wil l be discussed in this 
thesis. 

D. Electromyography (EMG) 

Anal EMG provides valuable quantitative and objective data in the diagnosis and 
treatment of various pelvic floor disorders. Beck et al reported the first EMG 
study of the anal sphincter in 1930(75). After that time the anal EMG was further 
developed and used in various anal and pelvic disorders including faecal inconti
nence, paradoxical puborectalis syndrome, solitary ulcer syndrome, rectal pro
lapse and perineal descent syndrome. Anal EMG provides useful information 
about the innervation and function of pelvic f loor muscles. Four techniques of 
anal EMG are used: concentric needle EMG, monopolar wire electrode EMG, sin
gle fiber EMG, and surface or anal plug electrode EMG. The latter method is 
widely used because it is less invasive and provides equivalent information (76). 
For several reasons EMG plays an important role in the evaluation and manage
ment of functional constipation. Anal EMG is the first choice in the diagnosis of 
paradoxical puborectalis contraction (27). Anal EMG is very useful for biofeed
back training in patients wi th paradoxical puborectalis contraction or anismus. 
Several studies have confirmed that EMG should be considered as a routine test 
for pelvic f loor disorders (77-79). Kuijpers (80) performed EMG studies of the 
external sphincters and puborectalis slings in 12 patients wi th radiological para
doxical puborectalis syndrome. Activity during straining did not fall below rest
ing levels as in normal subjects but increased sharply, thus confirming pelvic floor 
contraction. Kuijpers et al concluded that paradoxical puborectalis contraction is 
due to an abnormal function of a normal muscle rather than a function of an 
abnormal muscle. 
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PHYSIOLOGY 

Innervation of the large intestine 

Gastrointestinal motil ity is regulated through complex pathways by myogenic, 
neural and hormonal mechanisms at various levels between the smooth muscle 
and the brain. 
Myogenic control refers to the electrical activity generated by the smooth mus
cle of the intestine (81). This electrical activity is characterized by rhythmic depo
larization of the cell membranes also called slow wave activity or pacesetter 
potential (81). Several studies in the colon have suggested that interstitial cells of 
Cajal constitute a pacemaker system generating the slow electrical waves (82). 
Myogenic control results from a continuous action of the stomach, small and 
large intestine. The result of action potentials, which are superimposed beyond 
the plateau of these slow waves, is called contraction (or electrical response 
activity) of the muscle. Whether a contraction occurs depends on local neuro
chemical stimulation. This requirement allows for modulation of contractile 
activity by regulatory mechanisms outside the smooth muscle. Neural and chem
ical pathways influence the intestinal smooth muscle. 
Neural control can be divided into three categories: 

1. The central nervous system or the brain. 
2. The autonomic nervous system (extrinsic). 
3. The enteric nervous system or the minibrain of the gut (intrinsic). 
Three principal nerve systems provide the extrinsic nerve supply to the large 
intestine: the vagal nerve, the mesenteric nerves and pelvic nerves (Fig. 1). 
The efferent nerves of the vagal nerve arise in the dorsal motor nucleus and the 
nucleus ambiguous of the brainstem. Only 10% of the abdominal vagal fibers are 
efferent, 90% is afferent and transmits sensory information from the gut to the 
brain (83). Vagal innervation can be detected as far as the transverse colon (84). 
Motor neurons in the ventral gray matter of the second and third sacral cord seg
ments innervate the lower part of the gut and pelvic floor. These nerves join with 
sympathetic and afferent fibers to form a complex ganglionated pelvic plexus 
(also called the pelvic innervation), which innervates the anorectal area, 
descending colon, left halve of the transverse colon and urogenital organs. Sym
pathetic fibers supply the gut from three prevertebral ganglia named the celiac, 
superior mesenteric and inferior mesenteric ganglion. Preganglionic cell bodies 
of sympathetic neurons are located in the intermediolateral columns of the 
spinal cord between the 5th thoracic and 3rd lumbar segments. Efferent fibers 
innervating the gastrointestinal tract terminate on arterial structures and neu
rons of the myenteric and submucous plexus while some fibers extend into the 
villi and mucous glands (Fig. 2). 

The enteric nervous system, the minibrain of the gut consists of an intricately 
coordinated network composed of all neurons having their cell bodies wi th in the 
bowel wall . It consists of a connecting network of plexus and ganglia through all 
layers of the gut: myenteric (Auerbach), deep muscular, submucous (Meissner) 
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Fig. 1. Schematic overview of the extrinsic Innervation of the large intestine and the anus 
(Reprinted with permission from Smout A.J.P.H., Akkermans L.M.A. (eds) 1992. Motility of 
the Gastrointestinal tract. Hampshire: Whrightson Biomedical Publishing Ltd.) 

and mucosal plexus. The myenteric plexus integrates sensory, extrinsic and 
enteric neural information. Two types of postsynaptic neurons can be distin
guished: cholinergic excitatory nerves and nonadrenergic noncholonergic 
(NANC) inhibitory neurons. The enteric nervous system can act autonomically 
("minibrain"), even when the vagus or CNS are disconnected to the gut. Intrinsic 
neural pathways may extend to 150 cm proximally and distally to any given point 
in the small intestine. Propulsion of intraluminal contents in the aboral way is 
obviously regulated by the enteric nervous system (85). 
Chemical control involves stimulation or inhibition of smooth muscle contractile 
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activity by humoral substances that may act through neurocrine, paracrine or 
endocrine (hormones) modes (Fig. 3). 

SLOW TRANSIT CONSTIPATION 

Slow transit constipation should be defined as a form of chronic idiopathic con
stipation in which patients have no organic cause for their symptom and have 
delayed transit through the colon and rectum (1). 
Patients wi th slow transit constipation apparently have a normal sized colon. A 
clear diagnosis can be made by performing colorectal transit study with radio-
opaque markers. 

Pathophysiology 
Slow transit constipation is considered to be a neuromuscular disorder, classified 
as a disorder of the mesenteric plexus (86). Monoclonal antibodies against neu
rofilament of bowel in these patients showed abnormal staining, possibly a 
result of a visceral neuropathy (87). 
Recent studies reported the presence of abnormalities of esophageal motility, 
gastric emptying, gallbladder motility and small bowel motility in a considerable 
number of patients (88 - 91). The cause of these abnormalities is still unknown 
but it suggests the presence of a panenteric disorder, at least in some of these 
patients. The pathophysiological mechanisms that underlie these functional dis
turbances may be related to abnormalities of the nervous system. Another possi
bility is that abnormalities of circulating gastrointestinal hormones are involved. 

Circulating gut hormones 

Several gut hormones have been studied in relation to constipation. Impaired 
release of motilin, pancreatic polypeptide and gastrin in response to ingesting 
water was found in constipated patients (92). High somatostatin and low pan
creatic glucagon levels, as well basal as peak levels, were seen in patients with 
severe constipation (93). Other peptide gut hormones like glucagon like peptide 
1 (GLP-1), gastric inhibitory polypeptide (GIP), gastrin, pancreatic polypeptide, 
motil in, neurotensin and peptide YY were studied but failed to reach statistically 
significant differences compared with healthy controls (93). However, conflicting 
studies in literature about the role of regulatory peptides in constipation con
tributes to the need for further investigations of possible hormonal involvement 
(93). 

In our investigations we selected cholecystokinin (CCK) and peptide YY (PYY), 
because they are prominent regulatory hormones of the gastrointestinal tract 
wi th potent effects on motility, and because stable radioimmunoassays were 
developed allowing for the detection of CCK and PYY in a sensitive and repro
ducible way (94-97). 
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A. Cholecystokinin 

Cholecystokinin is the major hormonal regulator of gallbladder contraction. It 
induces relaxation of the sphincter of Oddi and it inhibits gastric emptying 
(96,98). Circulating cholecystokinin may also play a role in hormonal signaling to 
the enteric neural elements in the periphery of the brain-gut axis. CCK activates 
cholecystokinin receptors along the vagal nerve after a meal or distension of the 
stomach as a signal for satiety and appetite suppression (99). 
Furthermore, CCK may have an inhibiting role in colonic motility (100), but there is 
also an indication that CCK can stimulate colonic motility after a fatty meal (101). 

B. Peptide YY 

PYY producing cells are localized in distal small intestine, colon and rectum (102). 
The most potent stimulant of PYY release is fat (103). PYY acts as an inhibitory gut 
hormone and is most likely responsible for the "ileal brake" (104,105). The term 
ileal brake refers to the phenomenon that the presence of unabsorbed nutrients 
in the distal gut induces a slowing of gastric and pancreatic secretion and gas
trointestinal motility. The presence of PYY in the colon and rectum suggests a sim
ilar role in the "colonic brake". PYY delays gastric emptying (106) and inhibits 
orocaecal transit t ime (106-108). Severe constipation associated with ovarian car
cinoids containing a large amount of PYY-producing cells has been described 
(109). Interactions between CCK and PYY have also been reported (110). 

Psychopathology 
Most of the patients wi th slow transit constipation are relatively young women, 
who frequently had defecation problems allready in childhood. Some of the 
patients consider traumatical events (operation, delivery, sexual abuse) as the 
beginning of the defecation disorder. Nearly all patients experience disturbances 
in work and social activities. Still debatable is whether psychiatric disturbances 
are common in patients wi th severe constipation (70,114). Most patients have 
seen many doctors and several laxatives have been used to relieve symptoms. 
When conservative treatment fails surgery could be the last possibility. However 
surgical treatment can be very disappointing (115). 

Surgical management of slow transit constipation 

Subtotal colectomy with ileorectal anastomosis may be a good option in the 
treatment of severe slow transit constipation. Several authors have reported a 
favourable outcome of this procedure (72,115-124) Because of differences in 
patient selection, definit ion of success and differences in fol low-up period; com
parison between these studies is hardly possible. In our view the definition of 
success is not only the increase in defecation frequency but also the relief of com- ·) g 
plaints (this thesis). 
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Fig. 2. Connections between the extrinsic and the intrinsic nervous network in the gas
trointestinal tract. (Reprinted with permission from Smout A.J.P.H., Akkermans L.M.A. 
(eds) 1992. Motility of the Gastrointestinal tract. Hampshire: Whrightson Biomedical Pub
lishing Ltd.) 
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Fig. 3. Schematic overview of classic neurotransmission and endocrine (hormonal) and 
paracrine secretion. (Reprinted with permission from Smout A.J.P.H., Akkermans L.M.A. 
(eds) 1992. Motility of the Gastrointestinal tract. Hampshire: Whrightson Biomedical Pub
lishing Ltd.) 

FUNCTIONAL ANORECTAL OUTLET OBSTRUCTION 

Pathophysiology 

The rectal outlet obstruction or spastic pelvic floor syndrome is an abnormal 
function of a normal pelvic floor muscle. Instead of relaxation during straining 
patients with this disorder paradoxically contract the pelvic floor. The anal canal 
remains closed during straining and is responsible for a delayed transit through 
the rectum. The cause of this phenomenon is unknown. An organic cause in 
terms of pelvic f loor dysfunction is unlikely because several surgical attempts, 
such as division of the puborectalis muscle, to restore normal function have 
failed (125-127). Biofeedback training of the pelvic floor gives excellent results 
and is the treatment of choice in patients wi th spastic pelvic floor syndrome. This 
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suggests that its nature is an abnormal learning process rather than a disease. 
The results in a colorectal laboratory allows for selecting patients for EMG 
biofeedback. 
A previously unsuspected factor in the constipation of patients with obstruction 
to defecation is an abnormality of the motor function of the left colon. In a pre
liminary study, O'Brien and colleagues (111) have demonstrated that the motor 
response of the colon, as measured by barostat evaluation of tone and by 
manometry of the descending and sigmoid colon, was abnormal in a group of 
patients wi th outlet obstruction to defecation. The mechanism for this abnor
mality in colonic motor function is unclear, but it has been hypothesized that this 
represents a reflex inhibition of the motor function of the left colon due to a 
continually distended or stimulated rectum by retained stool or gas wi th in the 
obstructed rectum. Grotz et al. reported a decreased contractility of the rectal 
wall in response to feeding, a cholinergic agonist and a smooth muscle relaxant 
in patients wi th chronic constipation. However, the mechanism of abnormal left 
colon motility in patients wi th obstruction to defecation is unclear (112). 

Management of functional outlet obstruction 

A conservative treatment by injections of toxine of clostridiumbotuline into the 
puborectalis muscle has been attempted (128). The toxin weakens the striated 
muscle and relaxes the puborectalis muscle. As a consequence the anorectal 
angle increase during straining and evacuation is possible. However, despite 
good results, the effect of Clostridium toxin injection is rather of short duration 
(6-7 weeks) (128). 
Several surgical techniques have been described for dividing the puborectalis 
muscle in constipated patients wi th paradoxical contraction (127,129,130). How
ever, effects of surgery were poor and resulted in a high morbidity. 
Biofeedback training is an attractive alternative in treating patients w i th spastic 
pelvic floor syndrome (anismus, paradoxical puborectalis contraction) The tech
nique was primarily used for patients wi th incontinence but was also successfully 
used in patients wi th headaches and chronic pain (131-134). The principles of 
biofeedback are based on the availability to the patient of their own previously 
unrecognized body functions. Biofeedback can be performed by manometric or 
electromyografic instrumentation. Several authors reported good results of bio
feedback training programs (26,135-142). 

Bleijenberg et al (138) reported the results of biofeedback treatment in ten 
patients, all of whom were admitted to hospital for several weeks. Treatment 
consisted of a training program with EMG feedback using an anal plug elec
trode, fol lowed by simulation of the defecation process using oatmeal porridge. 
Patients were given instructions to practice the relaxation response in their daily 
lives. The treatment was a complete success in seven patients, which prompted 
the authors to conclude that the constipation was indeed caused by an abnormal 
function of the pelvic floor. The three remaining patients learned to strain in the 
correct manner but could not achieve pelvic f loor contractions in their daily lives. 
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Two underwent subtotal colectomy because of delayed segmental colonic transit 
in three segments, the operation subsequently resulting in a normal evacuation. 
Short term results of biofeedback training have been encouraging, but longer 
fol low up is necessary in order to define the role of biofeedback in constipated 
patients wi th signs of obstructed defecation due to pelvic f loor disorder. At pres
ent biofeedback remains the only treatment of choice functional anorectal out
let obstruction. 

DISORDERS RELATED TO ANORECTAL OUTLET OBSTRUCTION 

Rectocele 

One of the obstructive defecation disorders wi th a high incidence of rectocele is 
paradoxical sphincter contraction during defecation straining (spastic pelvic 
floor syndrome, anismus) (143-146). A rectocele is a herniation of the anterior 
rectal wall through the rectovaginal septum and posterior vaginal wall. Rectoce-
les are common in asymptomatic females, wi th a reported incidence of 20-80% 
and represent a variation of normal physiology (23,143,147-150). A rectocele is 
caused by either a primary laxity of the rectovaginal septum or by septal damage 
due to chronic or excessive straining. Rectoceles can be subdivided into high, 
middle and low types (151-153). Constipation is the most frequent complaint 
being reported by 75-100% of patients (149, 154-156). One has to keep in mind, 
however, that when during the evaluation of constipation a rectocele is found, it 
does not mean per se that the rectocele is the cause of the constipation. 
Various maneuvers are 'discovered' by patients to enable defecation. Digital 
pressure against the anterior perineum or posterior vaginal wall is the most con
sistent one. Digitation is reported to occur in 20% to 75% and correlates best 
wi th a successful surgical outcome (149, 152-156). Unfortunately digitation is a 
common symptom in many defecation disorders (157,158). 
Objective assessment of the presence and the size of a rectocele can only be per
formed by defecography. However others conclude that there is no clear ten
dency that the preoperative grade of emptying can predict outcome of surgery 
(159,160). Repair can be performed by the transvaginal, transperineal, transab
dominal and transanal route. The transanal approach is the most popular one 
among coloproctologists although no differences in symptomatic outcome have 
been described. 

Several studies report excellent functional results after transanal repair (155,156, 
161). But adequate assessment, again, is impossible since repair was combined 
with correction of associated anorectal conditions, surgical indications were not 
adequate or patients were asymptomatic preoperatively (149,156,161, 162). 
It is becoming more and more obvious that surgery for the repair of rectoceles 
does not always lead to a normal defecation. 30-70% of the patients still have 
difficulty to evacuate stools (146,149). This is likely the result of poor patient 
selection, since it is still unclear which factors should be taken into account when 
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treatment is considered. Even wi th the strategy of successful vaginal or perineal 
digitation during defecation, straining being an indication for surgery, only 75% 
of our patients have become asymptomatic. 
The entire pathophysiology of rectoceles remains poorly understood. There is no 
doubt that a symptomatic rectocele prevents effective evacuation of stool and 
that adequate repair of the rectocele corrects rectal dynamics. But how is a symp
tomatic rectocele objectively identified? We still lack good selection criteria. 
Symptoms are aspecific. 
It is obvious that routine repair should no longer be performed. After excluding 
other defecation disorders surgery should be reserved for cases with symptoms 
of outlet obstruction that are clearly improved by vaginal or perineal digitation. 
But even then a good result cannot be warranted (163,164). 

Intussusception and solitary rectal ulcer syndrome 
There is still considerable debate whether intussusception of the rectum really 
exists and represents a functional disorder. Some state that it is the pre-stage of 
complete rectal prolapse since in these patients a similar radiological picture as 
in rectal prolapse is seen whereas others point to the fact that mucosal folds in 
the lower rectum are normal findings during evacuation straining and therefore 
consider it a variation of normal physiology (165-171). 
Those who accept intussusception as a functional disorder agree that definit ion 
of the exact clinical picture is difficult and results of surgery are moderate (165-
170). This is in agreement wi th our results: symptoms were aspecific, digital rectal 
examination was unreliable and 30% had persistent symptoms after rectopexy 
(163). 
Defecography has been advocated as a suitable technique to diagnose rectal 
intussusception since it adequately demonstrates the funnel like configuration, 
typical for a mobile, loose rectum (13,170, 172). Much confusion arose when it 
was reported that lower rectal folds during straining are a common phenome
non in normal persons (171). This finding explains the moderate results, obtained 
by surgery (165-169). But the rectal protrusions that create the typical funnel like 
configurations in intussusception are several centimeters long (this study) while 
the physiological rectal folds are measured in millimeters (171). 
Kuijpers reported that 95% of patients wi th circular rectal wall prolapse become 
asymptomatic after rectopexy (172). The defecographic feature, the funnel like 
configuration created by anterior and posterior wall prolapse, has a sensitivity of 
81 % and a specificity of 91 % for intussusception. 

Solitary rectal ulcer syndrome (SRUS) may occur in defecation disorders such as 
descending perineum syndrome, spastic pelvic floor syndrome or intussuscep
t ion. There is a definite relation between SRUS and a prolapsing rectum (167-
170). The incidence of complete rectal prolapse in patients wi th SRUS ranges 
from 18-55% and healing after rectopexy occurs in most patients (173-176). SRUS 
is considered a mechanical lesion caused by severe and persistent straining 
(180,181). The presence of SRUS illustrates that the patient has a defecation dis-
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order that causes a persistent urge to defecate and thus evokes the need for 
repeated and intense straining. This mode of straining pushes the prolapsing rec
tal wall into the anal canal where its mucosa is repeatedly damaged and finally 
starts to ulcerate. Correction of the defecation disorder removes the urge to 
defecate and the need for straining and thus cures the ulcer. 
Reports on the results of rectopexy for SRUS without overt prolapse have been 
uniformly unsatisfactory suggesting that the prolapse is not the only cause of 
complaints (169,177-179). Kuijpers reported a 100% healing rate of all ulcers in 
his series and stated that this high cure rate for SRUS should be attributed both 
to adequate preoperative screening and surgical technique (172). He has rou
tinely performed pelvic f loor EMG in patients wi th SRUS to exclude spastic pelvic 
floor syndrome. Patients wi th this disorder contract instead of relax their pelvic 
floor muscles during defecation straining which leads to a functional rectal out
let obstruction. The rectum cannot be emptied causing constipation and a per
sistent feeling of urge, which leads to straining. Spastic pelvic floor syndrome too 
is related with SRUS, the reported incidence of this phenomenon in patients wi th 
SRUS varies from 9% to even 50% (180,182-184). Pelvic floor relaxation during 
straining can be relearned by biofeedback treatment. When successful it leads to 
a normal defecation wi thout straining and cure of the rectal ulcer (180). 
Anterior rectal wall prolapse is an interesting phenomenon. It is a physical sign 
that is believed to be associated with a spectrum of conditions. It is considered to 
be a precursor of complete rectal prolapse. It is also seen in patients wi th 
descending perineum syndrome where it is believed to cause the symptoms by 
obstructing the passage of feces (185). In this and other series (167,168,186,187) 
however, it was in most cases not related to any symptom at all since there was 
no change in symptomatology despite adequate correction by rectopexy. It is 
therefore likely that anterior rectal wall prolapse commonly is normal part of the 
ageing process rather than a prodromal physical sign of a defecation disorder 
(187). 

Internal rectal intussusception is a distinct functional rectal disorder. Its sympto
matology and findings during physical examination are aspecific. It can only be 
diagnosed on characteristic defecographic features. The presence of SRUS con
stitutes another indication for surgery provided that pelvic floor function during 
straining is normal. 

Rectal Prolapse 
Rectal prolapse is considered as an anatomical disorder. However after restora
t ion of the normal anatomy (rectopexy wi th or wi thout sigmoidectomy) more 
than 25% patients have symptoms of constipation. This suggests a préexistent 
colonic motility disorder, which may contribute to the formation of a rectal pro
lapse or a surgically induced dysmotility to the colon by dissecting important 
pelvic neural efferents (this thesis). 
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1.2 AIMS AND OUTLINES 

The aim of this thesis is to investigate motility and surgical 
aspects in patients with functional constipation 

Chapter 2. Measurement of colonic transit time 

The diagnosis of functional constipation is based on the absence of somatic dis
orders. The measurement of colonic transit times is a first step in the evaluation 
of constipated patients. With the use of radio-opaque markers three types of 
functional constipation can be classified including normal transit constipation, 
slow transit constipation and rectal outlet obstruction. We have measured the 
colonic transit time (CTT) wi th the technique of radio-opaque markers in 112 
patients wi th functional constipation and we have determined the relationship 
between symptoms and a prolonged colonic transit, (chapter 2.1). 
Upper gastrointestinal motility disorders present in patients wi th functional con
stipation can be a disturbing factor in measuring the colonic transit t ime. A 
delayed passage of radio-opaque markers through the stomach and small bowel 
influences the total colonic transit t ime. Colonic scintigraphy using a delayed 
release capsule containing radionuclide pellets could be a more accurate tech
nique. Chapter 2.2 describes our experience with this technique in a small group 
of constipated patients. 

Chapter 3. Motility aspects of functional constipation 

Clinical observations in patients wi th functional constipation led to the hypothe
sis that functional constipation is not confined to the colon. The presence of 
symptoms and motor abnormalities related to the upper gut suggests that a 
panenteric disease is involved. Another possibity is that these symptoms and 
signs result from interactive (hormonal or neural) mechanisms between the 
upper gastrointestinal tract and the colon. 
The aim of chapter 3.1 was to further delineate upper gut motility in slow tran
sit constipation. The technique of antroduodenal manometry was used to deter
mine differences between patients wi th slow transit constipation and healthy 
volunteers. 
Cholecystokinin (CCK) and peptide YY (PYY) are gut hormones with potent 
effects on gastrointestinal motility. CCK and PYY can be accurately measured by 
a sensitive and specific radioimmunoassays. The aim of chapter 3.2 was to deter
mine if abnormalities of circulating CCK and PYY exist in slow transit constipa
t ion and whether any abnormality was accompanied by changes in gallbladder 
motility or small bowel transit time. 
Subtotal colectomy can be a successful treatment for patients wi th slow transit 
constipation. Because abnormalities of upper gut motility in slow transit consti-
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pation may be secondary to factors originating in colon or rectum as a result of 
fecal stasis, we determined the effect of subtotal colectomy wi th ileorectal anas
tomosis on gastric emptying of a solid meal in patients wi th slow transit consti
pation in chapter 3.3. and on gallbladder motility and the release of CCK and 
PYY in chapter 3.4. In chapter 3.5 we determined if stimulation of mechanosen-
sory function by rectal distension affects postprandial gallbladder emptying and 
release of gastrointestinal peptides participating in control of upper gut motility 
in healthy volunteers. 

Rectal sensation and colonic motility were evaluated in patients with outlet 
obstruction before and after biofeedback treatment in chapter 3.6. The study 
aims to confirm or refute whether these abnormalities of motor function occur, 
and also to determine whether there is normalization of rectal sensitivity and 
left colonic motility after pelvic floor training in patients wi th outlet obstruction 
whose rectal evacuation is normal after rehabilitation. 

Chapter 4. Surgical aspects of functional constipation 
We evaluated the clinical outcome of twenty-one patients wi th slow transit con
stipation after subtotal colectomy with ileorectal anastomosis (chapter 4.1), and 
we have determined the relation between the results of surgery and data from 
preoperative assessments. 
Rectoceles may play a role in the defecatory process of outlet obstruction, yet are 
asymptomatic in most women. More important is to understand the underlying 
dynamics of relaxating mechanisms of defecation, which reflects the problem of 
rectoceles. The clinical experience and approach to rectoceles in relation to con
stipation is discussed in chapter 4.2. 
The clinical observation of a high incidence of constipation after anatomical 
restoration of rectal prolapse led to the hypothesis of a preexisting colonic motil
ity disorder or a surgically induced local motility abnormality. Colonic transit 
studies and anorectal motility testing were performed in order to determine the 
importance of preserving the lateral rectal ligaments in the treatment of com
plete rectal prolapse (chapter 4.3). 
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Abstract 

Objective. To determine the colon transit time (CTT) in patients complaining of 
functional constipation and the correlation between abnormal transit times and 
the types of constipation and of the symptoms. 
Design. Retrospective, descriptive 
Setting. Department of Surgery, University Hospital, Nijmegen, the Netherlands. 
Methods. The signs and symptoms of 112 patients w i th infrequent or difficult 
defecation, 93 (83%) of them women, wi th a median age of 42 years (range: 16-
72), were recorded by means of a questionnaire. After ingestion of radio-opaque 
markers per day for 10 days, an abdominal survey X-ray was made on day 11. The 
numbers of markers in the X-ray and per segment (right and left hemicolon and 
rectosigmoid) were counted; the CTT in hours was calculated by multiplying this 
number by 2.4. Slowness was defined as more than 45 h for the total CTT and 15 
h for the segmental CTT. 

Results. The total CTT was normal in 33 patients (29%) and prolonged in 79 
(71 %). The CTT was prolonged only in the rectosigmoid in 14 patients wi th a nor
mal CTT (42%) and in 50 patients with a prolonged total CTT (63%). Of the 
patients wi th a normal total CTT, 13 (39%) had a normal segmental CTT. No sta
tistically significant correlation could be demonstrated between the presence of 
any symptom and a prolonged CTT. 
Conclusion. Functional constipation may be associated wi th a normal CTT. Disor
ders of colonic motility and of rectal evacuation could be distinguished by meas
uring the total and the segmental colonic transit times. 
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Introduction 

Constipation is a common disorder. It is not a disease but a symptom influenced 
by multiple factors such as diet, social background and medication (1,2). Consti
pation may be used to describe abdominal symptoms during defecation or stools 
that are too small, too hard, too difficult to pass or too infrequent. Constipation 
is also related to several diseases and disorders (2). Goal of evaluation of consti
pation is to distinguish between persons who have an organic cause for their 
complaint, and persons who do not (3). 
We have defined functional constipation as abdominal symptoms that are 
related to difficulty or inability to defecate in the absence of an organic cause. 
Three types of functional constipation can be distinguished; normal transit con
stipation, slow transit constipation and rectal outlet obstruction (3-5). 
It is generally recommended that functional constipation is assessed by measur
ing colonic transit t ime (6,7). Of the many different techniques the use of radio-
opaque markers is preferred because it is simple to perform, noninvasive and 
reproducible. Another advantage is the evaluation of regional motility disorders 
of the colon. Measurement of segmental transit times may provide with quanti
tative data of segmental transit delay that otherwise might have remained 
unrecognized (7). 

It is impossible to distinguish the different types of functional constipation by 
using clinical parameters such as symptoms and defecation frequencies. Some 
assume that symptoms of constipation are poorly correlated with colonic transit 
t ime (2). 
We have reviewed the data of segmental colonic transit t ime measurements in 
112 consecutive patients wi th intractable functional constipation. The objectives 
of this study were: 
1. To evaluate the prevalence of abnormal segmental colonic transit t ime (CTT) 

in a selective group of 112 patients wi th functional constipation, 
2. The interpretation of colonic transit t ime in view of the three types of func

tional constipation, 
3. The evaluation of symptoms and defecation frequency and its relation to 

total colonic transit time. 

Patients and methods 
Segmental colonic transit t ime was determined in 112 consecutive patients wi th 
functional constipation. Gastroenterologists had referred all patients after thor
ough investigation had revealed no organic cause. There were 93 women (83%) 
and 19 men (17%). Median age was 42 years (range 16-72 years). Defecation fre
quency, use of laxatives and symptoms were monitored by an institutional con
stipation questionnaire. 
The method to measure total colonic transit t ime was based on a "multiple 
marker, single f i lm" technique (2). Therefore ten markers (fig 1. radio-opaque 
polythene pellets, Hythe, Kent, UK) are administered daily over ten days and a 
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Figure 1. 

radiograph of the abdomen is obtained on the 11th day. The spinal proces
ses and imaginary lines from the f i f th lumbar vertebra to the pelvic outlet serve 
as landmarks to recognize the three segments of the entire colon (fig 2,3)· The 
total amount of markers in each segment is counted and multiplied by 2.4 
in order t o calculate the mean segmental transit time in hours (8). Total and 
segmental CTT was defined abnormal if more than 45 and 15 hours. Normal 
defecation frequency was defined as more than three bowel movements a week 
(4,5). 

Calculation of total CTT is performed by addition the segmental colonic transit 
times. Laxatives and prokinetic or hypo kinetic medications were withdrawn for 
at least 48 hours before the study. Patients were asked to maintain or substitute 
the daily fiber intake t o a level of 0,2 gram fiber/kg body weight. 

Data analysis 

The relationships between the presence of symptoms and the delay in total 
colonic transit t ime were tested by Fisher exact test and Chi square test with 
Yates correction. On the assumption that no relation existed between symptoms 
and total colonic transit time, ρ < 0.05 was considered to be significant. 
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Figure 2. Retention of markers through the Figure 3. Retention of markers in the rec-
entire colon, evidence of Slow Transit Con- tosigmoid area, suggesting Spastic Pelvic 
stipation but outlet obstruction should be Floor Syndrome or Anismus70. Further 
excluded. anorectal physiology testing is essential for 

diagnosis. 

RESULTS 

Symptoms 

The median defecation frequency was one bowel movement in 7 days (ranging 
from 1-17 days). Some patients reported symptoms of constipation while having 
one bowel movement in 1 -2 days. Abdominal pain and straining were the promi
nent symptoms (table 1.) Forty-eight patients (43%) used their fingers to remove 
the stools, or to stimulate or to support defecation. Most patients when con
fronted with direct questions about defecation techniques feel ashamed to 
report the need of fingers in the vagina or anus to support their defecation. Dig
ital pressure against the anterior perineum or posterior vaginal wall indicates the 
presence of a symptomatic rectocele (9). 

Colonic transit time (table 2) 

Thirty-three out of 112 patients (29%) had normal and 79 (71%) delayed total 
colonic transit time. Out of the 33 patients wi th normal total CTT 13(39%) 
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Table 1. Symptoms in 112 patients with functional constipation 

Symptom Number of patients (%) 

Abdominal pain 101 (90) 
Straining 90 (80) 
Persistent urge 80(71) 
Cramps 62 (55) 
Bloating 60 (54) 
Sense of obstruction 59 (53) 
Use of fingers at defecation 48 (43) 
Incomplete defecation 40 (36) 
Nausea 37 (33) 
Urge without defecation 24(21) 
Vomiting 21 (19) 
Defecation frequency 
< 3 bowel movements in one week 78 (76)* 

* Data available of 103 patients 

showed no delayed total segmental transit t ime, 14 (42%) had a delayed transit 
in the rectosigmoid region and 6(18%) in the right or left hemicolon. (Fig 3). 
Interesting is the finding of abnormal segmental CTT in the presence of a normal 
total CTT in 20 patients (18%) suggesting local colonic motility disorders. 79 
(71%) out of 112 patients had a delayed total colonic transit time. Of these, 
24(30%) had a delayed transit in all colonic segments suggesting slow transit 
constipation (fig 2), 50(63%) a delay only in the rectosigmoid area suggesting an 
outlet obstruction and 5(6%) a delay in the left or right colonic segment. 

Relation between symptoms of constipation and abnormal 
colonic transit 

The relation between defecation frequency and total colonic transit t ime was 
determined by using a 2 χ 2 table (table 3). Normal defecation frequency was 
defined as three or more bowel movements per week. In 103 out of 112 patients 
frequencies were complete to be assessed for analysis. 19 out of 29 patients 
(66%) wi th normal total colonic transit t ime had abnormal defecation frequen
cies whereas 59 out of 78 patients (80%) wi th abnormal total colonic transit t ime 
had normal defecation frequencies. The relation between defecation frequency 
and colonic transit t ime revealed no statistical significance (table 3, p=0.21). 
Symptoms of functional constipation as described in table 1, were also analyzed 
showing a poor relation with colonic transit times (table 3). 

DISCUSSION 

Recent clinical and epidemiological studies have confirmed that stool frequency 

and symptoms of constipation are correlating poorly t o colorectal transit t ime (2, 
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Table 2. Results of total en segmental colonic transit t ime (CTT)* in 112 patients wi th func
tional constipation. 

Total Colonic Transit Time Number of patients (%) 

Normal 
Normal in all segments 
Transit delay in rectosigmoid 
Transit delay in left or right hemicolon 

Delayed 
Transit delay in all segments 
Transit delay in rectosigmoid 
Transit delay in left or right hemicolon 

33(29) 
13(39) 
14(42) 
6(18) 

79(71) 
24(30) 
50(63) 

5(6) 

* Slowness was defined as more than 45 hours for total CRT and more than 15 hours for 
segmental CRT 

10). This is hard ly surpr is ing since colorectal t rans i t t i m e ref lects t h e propu ls ion 

a long the large b o w e l . Propulsion results in s tool o u t p u t and this is t h e p roduc t 

o f stool f requency and stool we igh t . Many cl inicians t o make a diagnosis o f con

s t ipat ion use st i l l s tool f requency, bu t i t is h igh ly unre l iab le (2,10). Our study also 

indicates a poo r cor re la t ion be tween de feca t ion f requency and t rans i t t ime . 

Measurement o f colonic t rans i t is a sui table t echn ique t o study colonic p r o p u l 

s ion. The progression t i m e o f a marker a long t h e co lon is an object ive ind icat ion 

Table 3. Relationship between symptoms and total colonic transit t ime in 112 patients w i th 
functional constipation. 

Symptom 

Abdominal pain 
Straining 
Persistent urge 
Cramps 
Bloating 
Sense of obstruction 
Use of fingers at defecation 
Incomplete defecation 
Nausea 
Vomitus 
Impaired sense of evacuation 
Defecation frequency** 

Symptom present/absent wi th total colonic 
transit t ime: 

Normal 
(n=33) 

29/4 
26/7 
20/13 
16/17 
17/16 
16/17 
13/20 
10/23 
12/21 
6/27 
7/26 

19/10 

Delayed # 
(n=79) 

72/7 
64/15 
60/19 
46/33 
43/36 
43/36 
35/44 
30/49 
25/54 
18/61 
14/65 
59/19 

P* 

0.73 
0.80 
0.11 
0.41 
0.84 
0.68 
0.68 
0.52 
0.66 
0.80 
0.79 
0.21 

* P-value for differences between the presence of a symptom at normal and delayed CPT 
(Fisher exact test). 
* * Data available of 103 patients 
# Slowness was defined as more than 45 hours for total CPT and more than 15 hours for 
segmental CPT 
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of colonic transit t ime. Several techniques have been described with their specific 
advantages and disadvantages (8,11-18). A good correlation has been found 
between all these techniques in measuring colonic transit time (8). Currently, 
transit t ime measurement wi th radio-opaque markers is the preferred technique 
because the technique is simple to perform, noninvasive and reproducible. Our 
technique used for this study is a modification of the "multiple markers-single 
f i lm" technique (2,15). The time span of the test is related to the severity of tran
sit delay. The time of observation should be long enough to create an equilib
rium of intake and excretion of markers (8). All techniques using multiple 
ingestions of markers wi th single film provide data by calculating the mean of 
mean transit times, consisting successive mean transit times of one single marker 
(8,17). 

Measurement of colonic transit time provides the clinician with an important 
and objective tool for the evaluation of localization and severity of colonic motil
ity disorders (16-18). Assessment of constipation is done to grade severity and to 
select patients for conservative or surgical treatment. Surgery is an option in pri
mary slow transit constipation. Slow transit constipation is the functional result 
of a disordered bowel innervation. Goal of surgery is to remove as much of the 
afflicted colon as possible without disturbing fecal continence in order to 
improve total intestinal transit time and diminish symptoms. Our results confirm 
the reports made by others that stool frequency correlates poorly to colorectal 
transit t ime (10). It is an unreliable parameter to assess colonic transit and sever
ity of constipation (2). The indication for surgery must be based on results of 
transit t ime measurements rather than on severity of symptoms as shown by this 
study. 30% of patients wi th intractable constipation appeared to have a normal 
total colonic transit t ime. Measurement of total colonic transit time is therefore 
essential in the assessment and treatment of functional constipation. 
Segmental colonic transit t ime also provides information about transit times in 
each of the three colonic segments. It shows delayed transit in the rectosigmoid 
segment due to functional outlet obstruction that otherwise would have 
remained unrecognized. More than 60% of our patients with a delayed total 
colonic transit t ime had a normal transit through the abdominal colon and delay 
only in the rectosigmoid segment. Colectomy, based on a delayed total transit 
t ime in these patients, would have removed a colon w i th a normal transit time. 
The indication for surgery should not be based on a delayed total colonic transit 
time only. 

When functional outlet obstruction becomes more severe, more markers wil l be 
retained. In case of an intractable outlet obstruction, retention of markers may 
occur up to the ascending colon mimicking slow transit constipation. Such a pic
ture was seen in 40% of patients with a normal total colonic transit t ime. Seg
mental transit delay suggesting functional outlet obstruction was found in 
almost 60% of patients in this series. Anorectal physiology testing is therefore 
another essential test in the evaluation of functional constipation (20). It is done 
to exclude functional outlet obstruction as a cause of constipation. Measurement 
of segmental transit times is superior to total colonic transit time since it is able 
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to recognize segmental transit disorders that otherwise might have remained 
unrecognized. 

CONCLUSION 

Measurement of segmental colonic transit t ime provides a different view to the 
problem of constipation. Functional constipation may be associated with a nor
mal colonic transit t ime (12% in this study). About 20% of patients wi th a 
delayed total transit t ime in this series were likely to have slow transit constipa
t ion, and more than 40% of patients wi th a normal total transit t ime had an 
abnormal segmental transit suggesting outlet obstruction. Disorders of colonic 
motility and rectal evacuation could be distinguished by measuring total and the 
segmental colonic transit times. No statistically significant correlation could be 
demonstrated between the presence of any symptom and a prolonged CTT. 
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Abstract 

Detailed information on regional colonic transit may be necessary to determine 
therapeutic strategies in the management of patients wi th severe constipation. 
The aim of this study was to explore the feasibility of a scintigraphic technique 
using a delayed release capsule to quantify segmental transit of solids through 
the unprepared colon in patients with severe constipation. 
Methods. Colonic transit was simultaneously measured by a scintigraphic tech
nique after ingestion of a methacrylate coated capsule containing '"In labelled 
pellets and by a radio-opaque marker technique in 6 patients wi th severe consti
pation (3 male, 3 female; 25-74 yr). One layer of methacrylate coating resulted in 
appropriate dissolution of the capsule in the ileocecal region in all patients. 
Results. Scintigraphic measurement not only supplied quantitative data on the 
passage of solids through the entire colon, but also allowed for specific analysis 
of storage and emptying of the ascending and combined ascending plus trans
verse colon. A significant correlation between scintigraphy and the radio-
opaque marker test could not be demonstrated for most parameters. Repeated 
measurement by radio-opaque markers in 4 patients revealed that total colonic 
transit t ime varied by a factor ranging from 0.5 to 1.1 and regional colonic tran
sit t ime by a factor ranging from 0.3 to 1.2. Evidence for a delayed total colonic 
transit by radio-opaque markers was confirmed by scintigraphy in 3 out of 5 
patients. 

Conclusion. Scintigraphic measurement of colonic transit is feasible and provides 
clinically relevant information to confirm regional transit disorders, which are 
suspected on the basis of radio-opaque marker studies. This may be especially 
important when surgical management is considered. 
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Introduction 

Measurement of colonic transit time is an objective tool in the evaluation of 
localisation and severity of motility abnormalities in patients with constipation. 
Techniques used t o measure colonic transit t ime can be classified as radiolologic, 
isotopie and biomagnetic (1-9). Currently, transit t ime measurement with radio-
opaque markers is a popular technique because the technique is considered sim
ple to perform, noninvasive and reproducible (1 -3). The determination of colonic 
transit time by radio-opaque markers in patients wi th slow transit constipation 
often demands longer periods of testing (1). This may lead to a decreasing 
patient cooperability and use of laxantia. Another disadvantage of latter tech
nique is the incidence of proximal gastrointestinal motil ity disorders in patients 
w i t h idiopathic constipation. Gastric emptying and small bowel transit can be 
delayed in patients wi th slow transit constipation (10 -12). When proximal gas
trointestinal transit is delayed, orally ingested radio-opaque markers take longer 
t o enter the caecum. This may influence the results of colorectal transit t ime 
measurement. To avoid this problem markers should be delivered directly into 
the right colon in the ideal colonic transit test. This was first achieved by oroce-
cal intubation and injection of a radiolabeled solution in the caecum (13). An 
alternative approach of cecal intubation is colonoscopy, which is technically eas
ier. However, an empty colon is needed in this method, which may alter physio
logical conditions. Recent publications of a radio-isotopic technique with a 
delayed release capsule are more promising and have been developed to assess 
colonic transit less invasively (4-8). It provides quantitative data on segmental 
transit of solids through the unprepared colon and reflects the physiological 
condition more properly. 

Proano et al used the technique to measure gastrointestinal transit of solids (5). 
" Ί η (indium) is absorbed into resin particles and incorporated into a gelatin cap
sule coated w i t h a methacrylate polymer. The capsule is ingested and remains 
intact on its passage through the stomach and small bowel. Once the capsule 
reaches the terminal ileum it dissolves because of a higher pH in the lumen (14). 
The time of releasing the bolus of radionuclide into the caecum is considered as 
the start of the colonic transit evaluation. 

This report describes a scintigraphic technique using a delayed release capsule to 
quantify segmental transit of solids through the unprepared colon. We evalu
ated the feasibility of preparing an '"In capsule, of performing the scintigraphic 
procedure and of analyzing the results. To further validate the technique, the 
results obtained by the scintigraphic test were compared with the results 
obtained by a radio-opaque marker technique in constipated patients. We 
wished to study the transit of solids through the different regions of the colon, 
particularly the ascending colon which acts (with the transverse colon) as the 
main reservoir function of the colon whereas the descending and rectosigmoid 
colon act as conduits (5,13). 
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Subjects and methods 

Preparation of "'In containing capsule 

Delayed release capsules containing "'In to study colonic transit were prepared 
according to previously validated methods (5). Materials and procedures used for 
preparation of these methacrylate coated gelatin capsules containing '"In 
labeled resin pellets were as follows. 

To a 77 mL solution of a 4:6 mixture of acetone (Merck, Darmstadt, Germany) 
and isopropyl alcohol (Merck, Darmstadt, Germany), 2 ml dibutyl phtalate 
(Sigma, St. Louis, MO, USA) and 1 ml water were added during continuous mix
ing with a magnetic stirring bar. Subsequently, 13 gram of methylacrylate 
(Eudragit SI00, BUFA Chemical, Uitgeest, The Netherlands) was added very 
slowly. Care was taken to wet all of the powder and t o continue stirring until all 
the powder had dissolved (approximately 30 minutes) and a clear pale straw col
ored solution was formed. The methacrylate polymer was stored in a refrigera
tor (4 0C) and was applicable for 2 months. 

Approximately 1 gram of Amberlite ion exchange pellets (IR-120P beads, Sigma, 
St Louis, MO, USA) was placed in 0.04 Ν HCL and 3.7 t o 9 MBq '" lnCI3 (DRN 4901, 
Mallinckrodt Medical, Petten, The Netherlands) was added. Indium cation binds 
to the beads, which are then rinsed twice with 0.04 Ν HCL and then w i t h distilled 
water. The beads were dried down for packaging into a gelatin capsule. A suture 
was placed through one end of an OO medication gelatin capsule and a small 
knot was tied to secure it in the opened capsule. The dried radiolabeled beads 
were packed inside the capsule and the capsule was closed. The capsule was 
immersed completely into a flask containing methacrylate polymer, making sure 
the capsule was completely dipped in. If necessary the capsule was dipped into 
the polymer solution quickly once more to ensure a complete coating. After the 
immersion, the capsule was allowed t o dry completely (approximately 1 hour) by 
hanging it up. After the suture had been clipped of, the capsule was ready for 
ingestion. 

Subjects 

Six patients with functional constipation were assessed scintigraphically (delayed 
release capsule) and radiographically (radio-opaque markers). Clinical features 
and colorectal function are shown in table 1. All gave informed consent to the 
protocol. The study was approved by the medical ethics committee of the Uni
versity Hospital Nijmegen (CEOM 9510-1774). 

Experimental procedure 

After an overnight fast (after 22:00 for solid and after 24:00 for liquid food) the 
patient ingested the capsule and the markers at 8:30 AM. The patients had to 
ingest 10 markers each day for ten days according t o the technique described in 
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this manuscript. The use of laxantia or prokinetic medications was abandoned 
for at least 2 days. Scintigraphic markers were placed on the xiphisternal area 
and on both anterior superior iliac spines. We used a surplus of " Ί η stored in a 
plastic folding as a marker. This has the advantage of a good detection by the 
gamma camera and is very useful as reference points for delineation of colonic 
regions of interest and for computer calculations. The transport of the capsule 
was followed by a gamma camera (Siemens Medical Systems Inc., North Barring-
ton Road, Illinois, USA). Scans were taken every 15-30 minutes to estimate when 
the capsule had emptied from the stomach, by its movement away from the 
xiphisternal marker and its approximation to a virtual horizontal line through 
the iliac markers; and to estimate when the capsule entered the caecum, by its 
dissolution identifying the anatomic structure of the caecum. At the moment of 
arrival of the capsule in the small bowel, the patients were allowed t o have a 
standard hospital breakfast. They had a standard hospital lunch and dinner meal 
approximately 4 and 8 hours after ingestion of the capsule. The composition of 
the meal varied between individual patients. Meals were not regulated after the 
first day. 

Calculation of Regional Colonic Transit of Radio-opaque markers 

The method t o measure total colonic transit time was based on a multiple marker, 
single fi lm technique (1-3). Ten markers were administered daily over ten days 
and a radiograph of the abdomen was obtained on the 4th and 11th day to cal
culate total and segmental colonic transit time. The spinal processes and imagi
nary lines from the f i f th lumbar vertebra to the pelvic outlet served as landmarks 
to recognize the three segments of the colon and the rectosigmoid area. The total 
amount of markers in each segment was counted and multiplied by 2.4 in order 
to calculate the mean segmental transit time in hours (1). Total colonic transit 
time was obtained by multiplying the total amount of markers in colon and rec
tum. An estimate of ascending colon mean transit t ime and of combined ascend
ing and transverse colon mean transit time was also determined by calculating the 
markers in these regions of interest on the day 4 and day 11 radiograph. These 
regions of interest corresponded to the regions of interest applied in the analysis 
of scintigraphic data and were used for comparison of the two methods. 

Gamma Camera imaging 

Imaging was performed with a gamma camera (MEAP collimator; 247 Kev " Ί η , 

20% window, 128x128 byte mode). Anterior and posterior images were acquired 

with the subject in erect position. Three minutes scans were taken at regular 

intervals to estimate when the capsule had emptied from the stomach. Images 

were obtained every 15 minutes after the breakfast meal to detect the release of 

radionuclide into the caecum. For practical reasons further images were 

obtained at a 2 hour interval until 8 hours and at 24, 32, 48, 56 and 72 hours after 

ingestion of the capsule. 



CHAPTER 2.2 

Dosimetry 

According t o the ICRP-53 publication the effective oral dose of non absorbable 
'"In is 0.30 mSv/Mbq. Therefore ingestion of a capsule containing 3.7-9 MBq in 
the present study results in an effective dose ranging from 1.11 to 2.7 mSv (WHO 
category II; 0.5-5.0 mSv) (15). However, when we take into account the delayed 
colonic transit in patients with slow transit constipation the effective dose can 
vary between 0.3 and 0.7 mSv/MBq which may result in an effective dose just 
exceeding the lower limit of WHO category III (5 mSv - 50 mSv). This is considered 
as a not underestimated risk, and repeated exposure should be avoided. The 
effective dose from a plane abdominal radiograph is 0.38 mSv (16). 

Quantitation of radioactivity in colonic regions 

Three minutes acquisitation was used for each image during the entire investi
gation. Data were stored on an online computer (Icon, Siemens Medical Systems 
Inc. 2501, North Barrington Road, Illinois, USA). Standard correction of radioac
tivity was applied for physical decay of '"In, movement artefacts, and Compton 
scattering. Attenuation differences of the colon were corrected for '"In activity 
using anterior and posterior scans. 

Five regions of interest were selected for quantitation of radioactivity as 
described previously (4,5). These regions included the ascending colon, trans
verse colon, descending colon, rectosigmoid colon and stool (5). These regions 
were drawn after the entire colon had been outlined in the later scans, which 
permitted accurate definition of the anatomy of the colon. The flexures of the 
colon were included in the ascending and descending colon. Ascending and 
descending colon were drawn by following the medial border of those regions. 
The sector medial to these lines was designated as transverse colon. The rec
tosigmoid region was defined as the section of the left colon below the line join
ing the markers on the anterior iliac crests. For practical reasons the stool was not 

Table 1. Clinical features and gastrointestinal function 

Patient 

1 

2 

3 

4 

5 

6 

Age 

(y) 

30 

32 

47 

60 

25 

74 

Sex 

F 

F 

F 

M 

M 

M 

Duration of 

symptoms 

4 

10 

1 

30 

2 

2 

(y) 

Gl symptoms 

Ν, V, AD 

N,V,AD 

AD 

N,ADNa 

AD 

N,V,AD 

Defecography 

Ν 

Ν 

Ν 

Na 

Ν* 

Na 

Total colonie 

transit t ime (h)** 

98 

180 

89 

240 

Na 

Ν, nausea; V, vomiting; AD, abdominal distension; N, normal; abn, abnormal; Na, not avail
able. 
* normal defecography with abnormal EMG and balloon expulsion test, was diagnosed as 
an outlet obstruction. 
**results obtained by radio-opaque marker test performed less than 1 year before. 
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Table 2: 

patient 

1 

2 

3 

4 

5 

6 

Mean' 

Ν 

SD 

Summary of simultaneous 

By radio-opaque markei 

Total Colon 

Day 4 

50 

72 

65 

-
96 

-

35 

22 

10 

Day 11 

106 

91 

48 

62 

149 

194 

Ascendin 

Colon 

Day 4 

26 

72 

19 

-
7 

-

10 

12 

13 

, measu 

rs(h) 

g 

Day 11 

72 

17 

5 

50 

10 

43 

rement of colonic transit 

AC+Tr 

Colon 

Day 4 

41 

72 

48 

-
67 

-

Day 11 

89 

24 

17 

55 

36 

132 

TO 
TC 

>52 

>65 

66 

27 

26 

>68 

36 

12 

22 

By scintigraphy 

TA 

AC 

19 

>65 

24 

12 

20 

>68 

12 

12 

7 

TO 
Ac+Tr 

32 

>65 

35 

15 

24 

>68 

Geometric 

Center 

24 h 

2.7 

1.1 

2 3 

3.4 

2.2 

1 2 

3 19 

17 

2.19 

48 h 

3.4 

1.3 

3.2 

-
3.8 

1.6 

4.07 

17 

1.15 

NOTE. 1 normal values in healthy subjects from Stivland et al (4) and Proana et al (5); TC, total colon; 
AC, ascending colon, Tr, transverse colon; AC+Tr, combined ascending and transverse colon 

collected for scanning. The estimation of counts in the stool was based on the 
assumption that 100% of the activity (time -decay corrected) subtracted by the 
total activity of the colonic regions was delivered into the stool. 
Scintigraphic data were analyzed as described previously (4,5). The onset of 
colonic transit (time zero, to) was defined as the time when all radioactivity was 
first seen in the ascending colon. VA 's of emptying of the ascending colon, the 
ascending plus transverse colon and the total colon were determined from the 
actual plot of the decay corrected activity-time curve wi th subtraction of t ime 
zero (t0). VA was defined as the time for 50 % of radiolabel to empty from the 
region of interest. The geometric center (GC) was used for calculations of colonic 
transport. We also calculated the geometric center t o assess overall colonic trans
port. For this analysis a weight factor was attributed to 5 regions of interests 
(ROI). The ascending colon was designated by 1, the transverse colon by 2, the 
descending colon by 3, the rectosigmoid colon by 4 and the stool by 5. 

Table 3. 

Patient 

Segmental colonic transit t ime(h) 

SI 

measured 

S2 

by radio -opaqi ue markers 

S3 

38 
19 
14 
50 
12 

103 

2 
50 
12 
0 

72 
77 

65 
22 
22 
12 
65 
14 

Segmental colonic transit time was measured at day 11 after daily ingestion of 10 markers. 
SI represents left colon, S2 right colon and S3 rectosigmoid. 
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The formula t o calculate the geometric center was: 

GC (geometric center) = i ,Σ^ΟΙ, χ //instilled counts, 

where i represents the ROI number, ROI/ the number of counts in ROI number / 
and instilled counts the total amount of counts present in the ingested capsule. 
The number of counts in the stool was obtained by subtraction of the total 
amount of counts present in the body from the instilled counts. 

Data analysis 

Geometric center at 24 and 48 hours after ingestion of the capsule was calcu
lated. The proportion of counts present in each colonic region was expressed as 
a percentage of the total amount of counts present at t ime zero in the ascend
ing colon and plotted against t ime. Linear regression analysis was used to deter
mine TÂ'S of the ascending colon and ascending plus transverse colon. Pearson 
correlation coefficient was calculated to determine the relationship between 
parameters of colonic transit obtained by radio-opaque markers wi th parame
ters obtained by scintigraphy. A two tailed probability < 0.05 was considered sta
tistically significant. 

RESULTS 

Preparation of the capsule 

The preparation of the capsule with the coating of methacrylate was relatively 
easy. One layer of coating in our experiments was enough for a delayed release 
in the caecum. In all patients the capsule was emptied from the stomach and 

Table 4. Repeated measurement of regional and total colonic transit time by radio-opaque 
markers in 4 patients 

Patient Tesf SI S2 S3 Ac Ac+Tr TC 

1 

2 

3 

5 

'Test 1 was performed less than one year before test 2, which was performed simultane
ously w i th scintigraphic colonic transit measurement. 
SI represents left colon, S2 right colon and S3 rectosigmoid. 

5g TC, total colon; AC, ascending colon; Tr, transverse colon; AC+Tr, combined ascending and 
transverse colon. 

1 
2 
1 
2 
1 
2 
1 
2 

36 
38 
50 
19 
38 
14 
34 
12 

7 
2 
72 
50 
22 
12 
120 
72 

55 
65 
58 
22 
29 
22 
86 
65 

36 
72 
36 
17 
26 
5 
24 
10 

65 
89 
60 
24 
48 
17 
82 
36 

98 
106 
180 
91 
89 
48 
240 
149 
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Figures 1-6. Regional scintigraphic colonic transit curves of 6 patients with constipation 
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small bowel without premature release of radionuclide. In all cases the release of 
'"In pellets was in the caecum. During the test the patients did not experience 
any adverse effects. 

Patient characteristics 

Demographic data of the patients are shown in table 1. Patients were selec
ted on the basis of severe constipation. In four patients (patient 1,2,3,5) seg
mental colonic transit t ime was measured wi th radio-opaque markers before 
they entered the study. This revealed a delayed total colonic transit t ime wi th 
regional transit disorders in at least 2 of 3 colonic segments in all patients (table 
1). 

Colonic transit time by radio-opaque markers 

The results of the radio-opaque marker test which was performed simultane
ously wi th the scintigraphic study, showed that total colonic transit t ime was 
delayed in 4 out of 6 patients, but normal in 2 (mean ± 2 SD total colonic transit 
time in normal subjects is 45 ±23 h; table 2 and 3). Two patients (3 and 4) had a 
normal total colonic transit time. Total colonic transit had changed from delayed 
to normal in patient 3. In patient 5 delay was mainly located in the descending 
and rectosigmoid colon suggesting an outlet obstruction (table 3). Defecography 
and EMG testing confirmed the diagnosis of rectal outlet obstruction in this 
patient. Patient 6 had an extreme delay in the ascending and transverse colon 
suggesting a colonic inertia or slow transit constipation. This patient was treated 
with radiotherapy for prostate carcinoma and was diagnosed having a radiation 
proctitis. The disordered colonic function was probably due to radiation damage 
or suppression of defecation. 

In table 4 we have compared colonic transit times in the 4 patients in whom two 
tests were performed. Total colonic transit t ime obtained in the second test dif
fered from the first measurement by a factor ranging from 0.5 to 1.1 and seg
mental colonic transit t ime by a factor ranging from 0.3 to 1.2. Comparison of 
total and regional colonic transit time obtained at day 11 with results obtained 
at day 4 in 4 patients revealed that total colonic transit t ime at day 11 differed by 
a factor ranging from 0.7 to 2.1 in 4 patients (table 2) and regional transit t ime 
by a factor ranging from 0.2 to 2.7. 

Colonic transit by scintigraphy 

Time activity curves of colonic regions obtained by scintigraphy in individual 
patients are depicted in figures 1-6. In patient 2 and 6 emptying of the ascend
ing colon was less than 50% of total counts, indicating that emptying of the 
proximal colon was very slow. The time for 50% emptying of the ascending and 
ascending plus transverse colon was derived by linear regression analysis of time 
activity curves in patients 1, 3, 4 and 5 (table 2). In patient 1, 3 and 5, VA empty-
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ing of the ascending colon was greater than one standard deviation above the 
mean reported in healthy subjects. The time for 50% emptying of the total colon 
could not be assessed in patient 1,2 and 6 because less than 50% of total counts 
had emptied during the time of measurement. In the other three patients, TA 
emptying of the total colon was estimated from the time activity curve. JA 
emptying of the total colon was not delayed in patient 4 and 5 when compared 
to results reported in literature (table 2; 4,5). 
Bivariate correlation of all parameters of colonic transit obtained by scintigraphy 
wi th all parameters obtained by radio-opaque markers did not demonstrate any 
statistically significant correlation except for VA emptying of the ascending 
colon by scintigraphy wi th transit time of the ascending colon at day 4 by radio-
opaque markers. When abnormal colonic transit time was defined as greater 
than or less than one standard deviation from the mean, abnormal total colonic 
transit t ime measured by radio-opaque markers at day 11 was in agreement wi th 
abnormal TA ascending colon in 4, wi th abnormal TA total colon in 3 patients 
and with abnormal geometric center at 48 hours in 2 patients as measured by 
scintigraphy. 

Discussion 

In this study we have measured colonic transit by scintigraphy using a delayed 
release capsule and we have compared the results wi th those obtained by simul
taneous measurement using a radio-opaque marker technique in 6 patients wi th 
severe constipation. 
In the scintigraphic technique, the patients ingest a capsule containing "1 In. For 
accurate measurement of colonic transit the radioisotope has to release from the 
capsule in the terminal ileum or caecum. This can be accomplished by prepara
t ion of the capsule wi th one layer of methacrylate coating (4,5). The results of 
the present study confirm that one layer of methacrylate coating is appropriate, 
because dissolution of the capsule occurred in the ileocecal region in all patients. 
It is advisable that coating of the capsule is performed in a standardized method 
by the same technician, because disruption of the capsule in the gut wi th subse
quent release of radiolabel depends on the thickness of the methacrylate coat
ing (4,5). 

In the present study we have compared scintigraphic measurements of colonic 
transit times with radiographic measurements. In contrast to previous studies 
(4,5), we did not f ind any significant correlation between parameters of colonic 
transit measured by scintigraphy and parameters measured by radiography, 
except for TA emptying of the ascending colon by scintigraphy and transit t ime 
of the ascending colon by radio-opaque markers. Several reasons including the 
small number of subjects of the present study may have accounted for absence 
of a good correlation. Furthermore, it is conceivable that the aspects of colonic 
transit measured by the two techniques are not identical, but differ slightly. The 
results of the radio-opaque marker technique depend on orocaecal transit, 
while, apart from the geometric center, the parameters measured by scinti-
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graphy do not. Biological variation in colonic function over time in individual 
patients or poor reproducibility of one or both techniques may be other factors 
involved. The finding in the present study that repeated measurement of total 
and regional colonic transit t ime by radio-opaque markers may vary considerably 
over time supports the hypothesis that biological variation or poor reproducibil
ity is involved. Also when results of scintigraphic and radiographic tests were 
expressed in terms of normal and abnormal, agreement between both methods 
was not excellent. However, it has to be noted that for definit ion of abnormality, 
data were related to normal data obtained in other institutions. To define abnor
mality, it is more accurate to use data from the same laboratory. 
Determination of colonic transit is clinically relevant in patients wi th functional 
constipation to differentiate between normal transit constipation, slow transit 
constipation and outlet obstruction with or without hindgut dysfunction (1-4). In 
view of the presence of regional colonic motility disorders, analytical approaches 
that allow separate assessment of the reservoir regions of the colon provide 
additional information. The present study shows that scintigraphic measurement 
after ingestion of a delayed release capsule, not only supplies transit data which 
are related to passage of solids through the whole colon such as geometric cen
ter and TA emptying of the entire colon, but also allows for specific analysis of 
storage and emptying of solids in the ascending and combined ascending plus 
transverse colon. The combined ascending plus transverse region of the colon is 
considered to be the reservoir region of the colon (4,5). Information on descend
ing colonic function can be obtained indirectly by combining data on emptying 
of the proximal colon wi th geometric centers (4,5). The combination of low val
ues of geometric centers and normal emptying of proximal colon is consistent 
wi th delayed transit through the left colon. 

The radio-opaque marker technique also supplies information on regional 
colonic transit. This technique has the advantage over scintigraphy that it is more 
easy to perform and that radiation exposure is much lower. However, repeated 
measurement in the present study indicates that the results can be highly vari
able within the same patient. We, therefore, propose that this technique is used 
as first line investigation in the assessment of colonic transit. When abnormalities 
are found by radio-opaque markers and when for determination of the thera
peutic strategy more detailed information on regional transit is needed or has to 
be confirmed, scintigraphic measurement of colonic transit seems to be a good 
option. This is especially true when surgical management is considered. For 
instance, a left hemicolectomy should be as effective as a subtotal colectomy 
when an abnormal left colonic motility is identified in the absence of rectal out
let obstruction. 

In conclusion, scintigraphic colonic testing with a delayed release capsule is fea
sible in an institution wi th nuclear laboratory facilities. It provides clinically rele
vant information in the evaluation of regional transit disorders, which are 
suspected on the basis of radio-opaque marker studies, especially when surgical 
management is considered. 
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Abstract 

Objective: t o further delineate motor activity of the upper gastrointestinal tract 
in patients with slow transit constipation. 

Design: A prospective study comparing healthy volunteers with patients wi th a 
clinical diagnosis of slow transit constipation. 

Methods: Eighteen patients wi th clinical diagnosis of slow transit constipation 
and 10 healthy controls. Fasting antroduodenal moti l i ty was measured by perfu
sion manometry for at least one complete cycle of the migrating motor complex 
or a maximum of 300 minutes. Esophageal manometry , gastric emptying and 
orocaecal transit t ime measurements were also performed. 
Results: At least one complete cycle of the migrating motor complex was 
observed in all controls, but in only 9 patients (p < 0.01 vs. control). The migra
t ing motor complex cycle was incomplete (n = 5) or phase 3 activity was absent 
(n = 4) in the other patients. The incidence of clustered contractions was signifi
cantly increased in slow transit constipation (p = 0.05 vs. control). The area under 
the contraction curve during late phase 2 (1509 ± 296 mmHg.s) in patients with a 
complete cycle was significantly smaller than that in controls (2998 ± 614 
mmHg.s; ρ = 0.05). Orocaecal transit t ime was not significantly different among 
patients and controls, but esophageal motility was abnormal in 5 out of 18 
patients and gastric emptying in 8 out of 15 patients. 

Conclusion: Abnormalities of upper gut motil ity occur frequently in patients 
with slow transit constipation. Interdigestive antroduodenal motility is charac
terized by 1) absence or prolonged duration of the migrating motor complex, 2) 
an increased number of clustered contractions or 3) a decreased motil ity during 
late phase 2 of the migrating motor complex. 
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Introduction 

Slow transit constipation (STC) is defined as a mechanism of chronic idio
pathic constipation in which patients have no organic cause for their sym
ptom and have delayed transit through the colon and rectum (1). Most of 
the patients are relatively young women and frequently defecation problems 
were present in childhood (2). Symptoms and defecation frequency correlate 
poorly with colonic transit t ime and are in our view insufficient parameters for 
establishing the diagnosis (3). A clear diagnosis of slow transit constipation can 
be made by performing segmental colorectal transit studies wi th radio-opaque 
markers (3-5). 

Besides defecation problems, patients wi th slow transit constipation usually pres
ent other gastrointestinal symptoms such as bloating, abdominal pain, cramps, 
nausea and vomiting (2). Symptoms often persist after subtotal colectomy (6). 
Some patients wi th slow transit constipation have abnormal esophageal motility 
(7), delayed gastric emptying (8,9) or a delayed small bowel transit (9). Recently, 
more evidence for motor abnormalities of the upper gut was found by antro-
duodenal manometry (10,11). In 70 % of STC patients abnormal motility patterns 
like bursts of non-propagated contractions and discrete clustered contractions 
were present. All these data point to the presence of a more generalized motil
ity disorder in slow transit constipation. 

The aim of this study was to further delineate upper gut motor activity in 
patients with slow transit constipation. 

Methods 

Subjects 

Eighteen patients, 15 women and 3 men (median age 44 years; range 21 - 73 
years) with slow transit constipation (STC) were studied (table 1). Functional con
stipation was defined according to standardized diagnostic criteria (12). All 
patients were referred from gastroenterologists or internists after exclusion of 
organic causes by appropriate tests. 
Patient inclusion criteria: 
• Longstanding (more than a year) history of constipation. 
• No organic cause of constipation; obstruction or megacolon, this was ruled out 

by colonoscopy and barium enema studies. 
• Negative test for hypothyroid disease. 
• Failure to respond to conservative treatment wi th laxatives and diet. 
• No intake of constipating medication or drugs. 
• No major abdominal surgery. 
• Negative history of (sub)ileus episodes. 
• No evidence of pelvic floor and anal sphincter dysfunction on defecography, 

anal manometry and electromyography (EMG) 
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Table 1. Clinical features and motil ity findings of 18 patients wi th slow transit constipation. 

Patient 

(nr) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 

12 

13 

14 

15 

16 

17 

18 

Sex 

M 

M 

M 

Age 

(yrs) 

33 

71 

43 
64 

31 

54 

65 

65 

33 

26 
59 

44 

66 

41 

21 

40 

46 

44 

Duration 

(yrs) 

> 1 0 

> 1 0 

lifelong 

5 - 1 0 

> 1 0 

> 10 

3 - 5 

lifelong 

3 - 5 

lifelong 

5- 10 

> 10 

lifelong 

lifelong 

lifelong 

lifelong 

5 - 1 0 

3 - 5 

Defecation 

frequency 

(per week) 

less than once 

once 

2 

less than once 

less than once 

once per week 

less than once 

once per week 

2 

less than once 

less than once 

2 

2 

less than once 

less than once 

less than once 

less than once 

less than once 

Esophageal 

manometry 

η 

η 

η 

abnormal 

η 

η 

abnormal 

η 

abnormal 

η 

η 

η 

abnormal 

η 

η 

η 

η 

abnormal 

Orocaecal 

transit t ime 

(min) 

NR 

75 

30 

75 

90 

30 

120 

30 

45 
30 

45 
65 

60 

30 

30 

75 

90 

75 

Colonie 

transit t ime 

(h) 

91 

158 

158 

126 

228 

77 

170 

127 

127 

192 

120 
91 

75 

115 

230 

113 

228 

166 

Gastric 

emptying 

η 

η 

η 

η 

delayed 

η 

delayed 

n.t. 

η 

delayed 

delayed 
n.t. 

delayed 

delayed 

delayed 

η 

n.t. 

delayed 

Antroduodenal 

manometry * 

1 CC 

2CC 

2 BNPPA, CC 

1 

1 CC 

1 SPPA, BNPPA 

1 

2 BNPPA, CC 

2CC 
1 CC 

2 BNPPA, CC 

2CC 

1 

1 AP, CC 

2CC 

2 

2CC 

1 

η 

> 
-o 

Abréviations: 
η = normal, n.t. = not tested, NR = non responder 
* 1 = complete cycle of migrating motor complex. 

2 = migrating motor complex incomplete or absent. 
BNPPA = burst of non propagated phasic pressure activity 

SPPA = sustained period of intense phasic pressure activity 

AP = aberrant propagation of phase 3 

CC = clustered contractions 



UPPER GUT MOTILITY 

Slow transit constipation was diagnosed by radio-opaque marker study as 
described below. Retention of markers throughout the whole colon is character
istic for slow transit constipation (1 ). The total colonic transit t ime was defined as 
abnormal if more than 72 hours (13). 
Orocaecal transit time, gastric emptying and esophageal manometry were per
formed to evaluate proximal gut motility (table 1). Frequency of patient upper 
gut symptoms including vomiting, nausea, dyspepsia, bloating, distension, and 
borborygmi were scored on a standard constipation questionnaire. (Table 2) 

Ten healthy controls ( 8F:2M, median age 40 years; range 1 8 - 5 4 years) were 
recruited for this study. Inclusion criteria were: (i) older than 18yrs, (ii) no history 
of constipation or diarrhea and (iii) no abdominal surgery. The control group 
comprised 7 paid volunteers and 3 subjects wi th upper abdominal complaints, 
but without organic disease, who visited the outpatient clinic. Because stress may 
affect antroduodenal motility (13-16) and because patients may be more stressed 
than paid volunteers, these latter 3 subjects were included. The ethical commit
tee of the University Hospital Nijmegen approved the study protocol, and all sub
jects gave their informed consent before entering the study. 

Colonic Transit Time 

The method to measure total colonic transit t ime was based on a multiple marker, 
single fi lm technique (3). This technique does not measure the mean transit t ime 
of one single marker as other techniques do, but the mean of mean transit times 
(3). When in equilibrium, intake equals output and the total number of markers 
present is directly proportional to transit t ime. Steady state conditions are 
required and this results in longer periods of ingestion as the severity of constipa
tion increases. Therefore ten markers are administered daily over ten days and a 
radiograph of the abdomen is obtained on the 11th day. The spinal processes and 
imaginary lines from the f i f th lumbar vertebra to the pelvic outlet serve as land
marks to recognize the three segments of the colon and the rectosigmoid area. 
The total amount of markers in each segment is counted and multiplied by 2.4 in 
order to calculate the mean segmental transit t ime in hours (5). 
A delayed transit t ime is defined as a total colonic transit t ime greater than 

Table 2. Percentage of patients with slow transit constipation (n=18) reporting the occur
rence of gastrointestinal symptoms as often, occasional, rarely or never. 

Symptoms 

Vomiting 
nausea 
dyspepsia 
bloating 
distension 
borborygmi 

Rarely or never 

60 
30 
41 
40 
0 
18 

Occasional 

30 
30 
41 
12 
24 
47 

Often (%) 

12 
40 
18 
48 
76 
35 
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72 hours (17). The maximum value is 240 hours in case of complete retention of 
all markers. 

Orocaecal Transit Time 

Orocaecal transit t ime was measured by the lactulose breath hydrogen test. 
After an overnight fast 26 gram of lactulose (Lactulosestroop, Pharbita, Zaan
dam, The Netherlands) dissolved in 300 mL water was ingested. End expiratory 
breath samples were obtained before and every 15 minutes after ingestion of 
the lactulose. Hydrogen concentration was measured in these samples as 
described previously (18). Orocaecal transit t ime was defined as the time 
between ingestion of the lactulose and a sustained rise in breath hydrogen con
centration of at least 10 parts per million. 

Esophageal Manometry 

Esophageal motility testing was performed using a standard manometric 
catheter wi th an outer diameter of 3.6 mm and side holes located at 3, 8 and 13 
cm from the t ip (ES3X), Arndorfer, Medical Specialties, Greendale, Wisconsin, 
USA). The channels of the catheter were perfused with distilled water by a low 
compliance pneumohydraulic capillary infusion system and pressures were 
recorded using the same system as described for antroduodenal manometry. 
Analogue to digital conversion was performed at a rate of 20 Hz. Subjects were 
studied after an overnight fast. Lower oesophageal sphincter pressure was deter
mined by a rapid pull-through technique at end-expiration. Contractile activity 
of the oesophageal body was measured in the proximal, mid and distal esopha
gus in response to 10 or more swallows of 5 mL water, which was given at inter
vals of at least 20-30 seconds. Previously published manometric criteria were 
used to establish diagnoses of abnormal esophageal motor activity (19,20). The 
presence of more than 10% simultaneous contractions and intermittent normal 
peristalsis in response to wet swallows was considered compatible wi th a diag
nosis of diffuse esophageal spasm. When any combination of the fol lowing 
observations were done a diagnosis of nonspecific esophageal motility disorder 
was made: contractions occurring simultaneously at two adjacent recording 
ports (> 30% of wet swallows), retrograde contractions, an increased number of 
nontransmitted contractions (> 20% of wet swallows), low amplitude contrac
tions (< 30 mm Hg), prolonged duration of peristaltic waves (> 6 seconds). 

Gastric Emptying 

After an overnight fast patients received a labeled breakfast, which consisted of 
a pancake impregnated wi th 10 MBq Tc-99m-colloid. The pancake contained 8.0 
gm protein, 8.5 gm fat and 40.5 gm carbohydrates (total 274 Kcal) (21). Radioac
tivity was measured by a ventrally placed gamma camera with subjects in sitting 
position leaning backwards. Measurements were continuous for 90 minutes. TA 
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was used for evaluating gastric emptying and this was defined as the time taken 
for 50 per cent of radionuclide to empty from the stomach. Normal value of T1/2 
estimated in healthy volunteers at our institution is 74 ( 20 min (2xSD). More than 
94 min was considered as abnormal gastric emptying. 

Antroduodenal Manometry 

Laxatives and prokinetic medication were withdrawn for at least 48 hours before 
the study. After an overnight fast a nine lumen ICM38 manometric catheter 
(Arndorfer Medical Specialties, Greendale, Wisconsin) wi th an outer diameter of 
4.8 mm was introduced via the nose in the proximal small intestine. A metal t ip 
attached at the distal end and a guide wire through the central opening of the 
catheter facilitated positioning of the assembly under fluoroscopic control. No 
anesthetics or sedative medication was used. Side holes wi th a radio-opaque 
marker were located at 10, 20, 25, 30,33, 36, 39 and 42 cm from the distal t ip. The 
most distal side opening was placed in the duodenum at a distance less than 10 
cm from the ligament of Treitz. At least 2 side holes were located in the antrum. 
The inner diameter of the 8 radial lumens was 0.8 mm. The channels were per
fused with degassed distilled water at an infusion rate of 0.4 mL/min by a low 
compliance pneumohydraulic capillary infusion system (Arndorfer, Medical Spe
cialties, Greendale, Wisconsin). Each channel was connected to an external pres
sure transducer; model TC-XX (Viggo-Spectramed, Bilthoven, The Netherlands). 
Amplification, analogue to digital conversion and recording of the pressure sig
nals was performed by a Front-end-system (Instrumentele Dienst, University of 
Nijmegen, Nijmegen, The Netherlands), by Poly, physiological analysis package, 
version 4.9 (Inspector Research Systems BV, Amsterdam, The Netherlands) and by 
a Compaq Prolinea 4/66 personal computer (Compaq Computer Corporation, 
Houston, Texas). Analogue to digital conversion was performed at a rate of 5 Hz. 
Antroduodenal motil ity was recorded for a period of at least one complete cycle 
of the migrating motor complex or a maximum of 300 minutes. 

Analysis Of Motility Tracings 

Motility tracing were analyzed according to previously accepted criteria (22-25). 
Each tracing was assessed visually. Interdigestive motility was divided into three 
phases. The pressure tracing obtained from the most distal part of the duode
num was used to analyze duodenal motor characteristics (22-25). Phase III in the 
duodenum was defined as a series of uninterrupted phasic contractions at a rate 
of 9-12 per minute and lasting at least two minutes. This phasic activity had to be 
propagated over at least two recording sites or it had to be present at the distal 
pressure sensor (22,23,25). Phase I was defined as the period that followed phase 
3 activity and was characterized by motor quiescence. Phase 2 was characterized 
by the occurrence of irregular contractions. By definition phase 2 started when a 
contraction was fol lowed within 10 minutes by at least two other contractions. 
The migrating motor complex (MMC) cycle length was the time between the ter-
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mination of two consecutive phase 3 activities in the distal sensor (22,25). Gastric 
participation in MMC cycles was defined as the presence of regular contractions at 
a frequency of 1-3 per minute for a period of at least 2 minutes that were associ
ated in temporal sequence with phase 3 activity in the duodenum (23,24). The 
duration of each phase (min) and relative contribution of phase 1,2 and 3 to the 
complete cycle length in the distal duodenum was calculated. The propagation 
velocity of the MMC was assessed by dividing the distance traversed by phase 3 and 
the time interval between the onset of phase 3 activity at subsequent locations. 
The frequency, the area under the contraction curve and the mean amplitude of 
contractions were calculated automatically for the last 30 minutes of a phase 2 or 
for the last 30 minutes of the interdigestive measurement when phase 3 activity 
was absent. For this purpose artefacts were eliminated f rom the tracing obtained 
from the distal duodenum by visual inspection. Artefacts due to respiration or 
body movements were identified by their simultaneous occurrence and similar 
shape in two or more adjacent recording channels (25). Baseline pressure was 
defined as the lowest pressure for each 15 s interval. Individual contractions were 
defined as pressure changes over baseline that exceeded a threshold value of 10 
mm Hg for at least 600 ms but no longer than 10 s (24). 

Discrete clustered contractions were defined according to previously described 
criteria as phasic pressure activity with a frequency of 10-12/min and a duration 
of at least 30 s (10,26,27). The amplitude of the contractions was > 20 mm Hg and 
the contractions had to be preceded and fol lowed by at least 30 s of motor 
quiescence. 
The manometric recordings were also screened for other motor abnormalities. 
These abnormal motor patterns were defined according to previously published 
criteria (10,11,28). Aberrant propagation of phase 3 of the MMC was present 
when propagation of phase 3 was absent (simultaneous onset) or retrograde. 
Abnormal configuration of phase 3 was present when a marked tonic (> 30 
mmHg; > 3 min duration) rise of baseline pressure was found during phase 3 in 
the small bowel. Bursts of non-propagated phasic pressure activity were defined 
as periods (> 2 minutes duration) wi th continuous high amplitude (> 20 mmHg) 
and high frequency (10-12/min) phasic pressure activity that were not propa
gated and not fol lowed by motor quiescence. A sustained period of intense pha
sic pressure activity was defined as a period lasting more than 30 min wi th 
intense phasic pressure activity seen at one level of the small intestine while 
motor activity at other levels of the intestine was normal or reduced. 

Data Analysis 

Results are expressed as mean ± SEM. Two tailed probability values of differences 
between patients and controls were calculated by Student's t test or by Fisher's 
exact test (SSPS® software). Fisher's exact test was used to compare patients and 
controls for the origin and for the presence or absence of a complete MMC cycle. 
Fisher's exact test was also used to test whether abnormalities of esophageal and 
gastric emptying were associated with qualitative abnormalities of antroduode-
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nal motility. All other parameters were tested for statistical significance by Stu
dent's t test. 

Results 

Clinical Features Of Patients 

Table 1 and 2 show the clinical features of the patients wi th slow transit consti
pation who participated in the study. None of the patients was without upper 
gut symptoms. A feeling of abdominal distension was the most prominent symp
tom occurring often in 76% of patients. Vomiting occurred often in 12 % of 
patients. In all patients the duration of the disease was more than 3 years, 7 con
sidered constipation as their lifelong disease. Although defecation frequency is 
an unreliable parameter in the diagnosis of constipation all patients complied 
wi th the international criteria for functional constipation (1). 
In 5 patients abnormalities of esophageal motility were found. In 3 patients 
(patient no 4, 7 and 18) an increased number of simultaneous contractions in 
response to wet swallows was found compatible wi th a diagnosis of diffuse 
esophageal spasm. In two patients a diagnosis of nonspecific esophageal motil
ity disorder was made. In one of these patients retrograde contractions and con
tractions occurring simultaneously at two adjacent recording ports were 
observed (patient no 9). The other patient had an increased number of non-
transmitted contractions in response to wet swallows (patient no 13). 
Gastric emptying (T14) was delayed in 8 patients. Abnormalities of gastric empty
ing or esophageal motil ity were not significantly associated wi th absence of a 
complete cycle of the migrating motor complex or wi th qualitative abnormalities 
of antroduodenal motil i ty including aberrant propagation of phase 3, bursts of 
non-propagated phasic pressure activity or a sustained period of intense phasic 
pressure activity (table 1). 

Antroduodenal Motility 

At least one complete cycle of the MMC was observed inal i controls. MMCs were 
absent or incomplete in 9 out of 18 patients wi th STC (p < 0.01 vs. control). An 
incomplete MMC was observed in 5 patients. In these patients only one phase 3 
activity front of the MMC was recorded. Phase 3 was completely absent in 4 
patients wi th STC. In one of the patients wi thout phase 3 activity recording 
lasted 247 minutes. In all other patients wi thout a complete MMC cycle, interdi
gestive motility was recorded for 300 minutes. Adequate motility tracings of the 
gastric antrum were obtained in all patients and in 8 out of 10 controls. The num
ber of MMCs originating in the gastric antrum was not different between 
patients and controls (table 1). The incidence of clustered contractions was sig
nificantly increased in patients (p=0.05 vs. controls; table 3). 
Table 4, table 5 and figure 1 compare characteristics of interdigestive motility in 
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Table 3. Characteristics of fasting 

constipation and in 10 controls. 

Complete MMCt cycle 

Antral origin of MMCt 

Clustered contractions (h-1) 

antroduodenal moti l i ty 

Slow transit 

constipation 

9/18** 

14/24 

0.44±0.09* 

in 18 patients wi th slow transit 

Control 

10/10 

10/16 

0.15±0.13 

**p<0.01 vs control 
* p=0.05 vs control 
tmigrating motor complex 

patients with a complete MMC cycle with data obtained in controls. MMC dura
t ion was not significantly different between both groups, but phase 2 duration 
tended t o be shorter in the patient group (table 4). The area under the contrac
t ion curve during late phase 2 in STC patients w i t h a complete MMC cycle (1509 
± 296 mmHg.s) was significantly smaller than that in controls (2997 ± 614 
mmHg.s; ρ = 0.05; table 5, figure 1). An area under the contraction curve was also 
calculated for the last 30 minutes before the start of phase 3 or for the last 30 
minutes of the interdigestive measurement when phase 3 was absent in patients 
wi thout a complete MMC cycle. This area under the contraction curve in patients 
wi thout a complete MMC was 3991 ± 832 mmHg.s. 

Transit Studies 

Orocaecal transit t ime in patients with slow transit constipation (56 ± 6 min) was 

not significantly different from that in controls (41 ± 5 min; ρ = 0.1; f igure 2). 

Mean total colonic transit t ime was 150 ± 16 h in patients without and 138 ± 18 

h in patients with a complete MMC (NS). Segmental colonic transit times in 

Table 4. Migrating motor complex characteristics of interdigestive duodenal motility in 9 
patients with slow transit constipation and in 10 controls. 

Slow transit Control 
constipation 

98.6±18.6 

18.9+6.7 

21.7±8.4 

74.7±17.4* 

72.0±9.6 

4.9+0.9 

6.3±1.5 

12.1 ±4.0 

134.5±12.2 

15.3±3.8 

12.6±3.4 

114.5±13.4 

83.7±3.5 

5.7±1.2 

3.7+0.5 

21.4+6.2 

*p=0.08 vs control 
tmigrating motor complex 

Duration of MMCt (min) 
Phase 1 (min) 
Phase 1 (%) 
Phase 2 (min) 
Phase 2 (%) 
Phase 3 
Phase 3 (%) 
Phase 3 propagation 
velocity (cm/min) 
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Table 5. Characteristics of late phase 2 duodenal contractions in 9 patients with slow tran
sit constipation and a complete cycle of the migrating motor complex and in 10 controls. 

Slow transit Control 
constipation 

Frequency (min-1) 1.7±0.4 2.3±0.4 
Amplitude (mmHg) 16.4±0.6 16.9+1.0 
AUCt (mmHg.s) 1509±296* 2997±614 

*p=0.05 vs control 
tarea under contraction curve 
Characteristics of duodenal motility were calculated for the last 30 minutes before the 
start of phase 3 activity 

patients without a complete MMC cycle were not significantly different from 
those in patients wi th a complete cycle of the MMC. 

Discussion 

Absence or a prolonged duration of the MMC was a major characteristic of fast
ing antroduodenal motility in 50% of our patients wi th slow transit constipation. 
Bassotti et al also studied gastric and small bowel motil ity in patients wi th 
chronic idiopathic constipation of the slow transit type (10). In agreement wi th 
our results they found that the MMC cycle was incomplete or absent in 7 out of 
21 patients. However, in 4 out of these 7 patients recording t ime was rather short 
(180 - 260 min) and they failed to detect a significant difference in the average 
number of phase 3 activity fronts between patients and controls. Prolonged diur
nal cycles of the MMC were also observed in patients wi th the constipation-pre
dominant irritable bowel syndrome (29). Absence of MMCs has been reported in 
patients wi th chronic idiopathic intestinal pseudoobstruction and in patients 
with mechanical intestinal obstruction (27). Beside the absence or prolonged 
duration of the MMC, the occurrence of abnormal patterns of motor activity was 
a major f inding in our patients wi th slow transit constipation. In agreement wi th 
previous studies (10, 11) these abnormal patterns included bursts of non-propa
gated phasic pressure activity, sustained periods of intense phasic pressure activ
ity and aberrant propagation of phase 3 activity. 

The reason for the prolonged duration or the low incidence of MMC cycles in 
patients wi th slow transit constipation is not known. It may be related to a delay 
in gastric emptying resulting in a prolonged duration of the fed state (9). How
ever, this seems unlikely, since patients and controls were studied after an 
overnight fast. It has been shown that stress increases the duration of the MMC 
cycle (13-15). However, it is unlikely that the low incidence of MMC cycles in 
patients wi th slow transit as compared to the controls was related to stress, 
because healthy volunteers will also experience stress when they undergo antro
duodenal manometry. Furthermore, 3 subjects who visited the outpatient clinic 
for upper abdominal complaints were included in the control group. Abnormal-
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Figure 1. Area under the contraction curve 
calculated for the last 30 minutes of phase 
2 before the start of phase 3 activity of the 
migrating motor complex in 9 patients 
with slow transit constipation (black bar) 
and in 10 controls (gray bar). Results are 
expressed as mean + SEM. The asterisk 
denotes a significant difference between 
patients and controls. 

80 

60 

40 

20 

0 

Figure 2. Orocaecal transit time as meas
ured with the lactulose breath hydrogen 
test in 18 patients with slow transit consti
pation with (n = 9; gray bar) or without (n 
= 9; black bar) a complete cycle of the 
migrating motor complex and in 10 healthy 
controls (open bar). Results are expressed 
as mean ±SEM. 

ities in humoral or neural mechanisms that regulate gastrointestinal motility may 
be involved. Indeed, basal and meal stimulated plasma motilin levels were 
reduced in patients with severe longstanding idiopathic constipation (30,31). 
Abnormalities of the intrinsic enteric nervous system may play a role. The pres
ence of nutrients in the distal small bowel for a longer period of time as a result 
of an impaired transit (9) may result in prolonged stimulation of the ileal brake 
that may affect the cycling frequency of the MMC or reduce phasic contractile 
activity in the proximal gut (32-34). Colonic stasis may affect interdigestive motil
ity via neural or humoral pathways (35). 

It has been suggested that ambulatory manometry is the preferred method for 
measurement of antroduonal motility, because long-term studies have a greater 
diagnostic accuracy than short-term, stationary studies (36). The patient can stay 
in his own environment. This is supposed to reduce stress, which may affect 
antroduodenal motility (13-16) for instance reduce the duration of the migrating 
motor complex cycle (13-15). However, more reliable recordings of antral con
tractions can be obtained by stationary manometry. Furthermore, stationary 
manometry is performed in a controlled setting, which reduces the effect of con
founding factors on motility such as physical exercise and food intake. In a recent 
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study, it was shown that most of the improvement in diagnostic value in long-
term studies came from extension of the recording time in the fasted state from 
3 to 6 h (36). In the present study we have measured for a period of 5 h in the 
fasting state or for a period, which includes one complete cycle of the migrating 
motor complex. Therefore, it is unlikely that major abnormalities of antroduo-
denal motility were missed. 
The relation between the MMC and the propulsion of intestinal contents is still 
poorly understood. It has been suggested that phase 3 contributes to the rapid 
transit of intraluminal contents (37). Also phase 2 activity seems to play an im
portant role, because a delay in small intestinal transit was accompanied by a 
suppression of phase 2 activity and an increased incidence of phase 3 activity 
fronts (38,39). An impaired small bowel transport of the solid phase of a meal has 
been observed in patients wi th slow transit constipation (9). In the present study 
orocoecal transit t ime tended to be longer in patients wi th slow transit constipa
t ion. The failure to detect a significant difference with controls may be related to 
the great coefficient of variation of the lactulose breath hydrogen test (37,40) 
especially in constipated patients (41). 

In the present study we found that the incidence of clustered contractions in 
patients wi th slow transit constipation was higher than that in controls. 
We found clustered contractions in 2 out of 10 controls (20%). This is compara
ble to the reported proportion of interdigestive intervals wi th clustered con
tractions found by stationary manometry in healthy volunteers (42). Clustered 
contractions were found in 6 out of 20 patients wi th slow transit constipa
t ion (30%) during 3 hour recording in the fasting state (11), while they were 
observed in 3 out of 21 patients during a 3-6 hours recording period in another 
study (10). We found clustered contractions in 67% of patients during a mean 
recording period of 244 minutes. It has to be noted that it is difficult to compare 
reported incidences of clustered contractions, because definitions of clustered 
contractions, number of sensors in the small bowel used for detection of clus
tered contractions and the location of these sensors may vary between studies. 
Clustered contractions are also frequently observed in mechanical intestinal 
obstruction (27). This f inding supports the presence of abnormalities in intrinsic 
or extrinsic nervous control (10). It has been argued that subtle increases of 
resistance to transit may trigger the appearance of this motor pattern to over
come distal obstacles (10). 

In the group of patients wi th a complete MMC cycle, interdigestive motility was 
characterized by a decreased motility index during late phase 2. Since it has been 
suggested that phase 2 is also an important factor for appropriate intestinal 
transport (38,39) this abnormality may in these patients at least in part con
tribute to a delayed intestinal transport. 
In a considerable number of patients, abnormalities of esophageal motil ity (4 
out of 18) and a delay of gastric emptying of a solid meal (8 out of 15 patients) 
was observed. The findings of abnormal antroduodenal motil ity together wi th 
the abnormalities of esophageal (7,43) and gastric motil i ty (9,43) lend further 
support to the hypothesis that a generalized motil ity disorder is involved in a 
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g r e a t n u m b e r o f pat ients. The clinical s ignif icance o f t h e s e m o t i l i t y disorders o u t 

side t h e c o l o n remains t o be establ ished. 

In conclus ion. A b n o r m a l i t i e s o f u p p e r g u t m o t i l i t y occur f r e q u e n t l y in p a t i e n t s 

w i t h s low t r a n s i t c o n s t i p a t i o n . Interdigest ive a n t r o d u o d e n a l m o t i l i t y is charac

t e r i z e d by (i) absence or p r o l o n g e d d u r a t i o n o f t h e m i g r a t i n g m o t o r complex, (ii) 

an increased incidence o f clustered contract ions a n d (ii i) a decreased m o t i l i t y 

d u r i n g late phase 2 o f t h e m i g r a t i n g m o t o r c o m p l e x . 
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Abstract 

Background/aim: Because cholecystokinin and peptide YY are gut hormones 
wi th potent effects on gastrointestinal motility, we determined whether abnor
malities of cholecystokinin and peptide YY exist in slow transit constipation. 
Methods: Plasma concentrations of these hormones before, during and after 
intraduodenal infusion of a liquid meal in 21 patients wi th slow transit constipa
t ion were compared with the results in 8 healthy controls. 
Results: Fasting levels of plasma cholecystokinin (3.1 ± 0.2 pM vs. 2.4 ± 0.2 pM; 
p=0.02) were higher in patients. Basal plasma peptide YY (11.4 ± 1.4 pM vs. 8.9 ± 
0.7 pM; p=0.1) tended to be higher in patients. After the meal (60-90 min), incre
mental cholecystokinin (p<0.05) but not peptide YY was significantly higher in 
patients. During intraduodenal infusion of the meal (0-60 min), incremental 
plasma cholecystokinin (251±20 pM.min) and peptide YY (1146±186 pM.min) in 
patients were almost similar to control values (262±22 pM.min and 901±166 
pM.min). Gallbladder volumes before, during and after the meal were not dif
ferent between the two groups. Gastric emptying of a solid meal was delayed in 
the majority of patients (12 out of 18). Abnormalities of plasma cholecystokinin 
were observed only in patients with delayed gastric emptying. 
Conclusion: Plasma levels of cholecystokinin are elevated in the fasting state and 
decrease more slowly after stimulation, but maximum release in response to 
intestinal nutrients is not altered in patients wi th slow transit constipation. The 
abnormality seems to be confined to a subgroup of patients wi th delayed gastric 
emptying. 
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Introduction 

Motor abnormalities in patients with chronic idiopathic constipation of the slow 
transit type are not confined to the colon. Disorders of antroduodenal motility 
(1,2), gastric retention of a meal (3-5), impaired gallbladder emptying (6) and a 
prolonged small bowel transit t ime (4) have been reported in these patients as 
wel l . The pathophysiological mechanisms that underlie these functional distur
bances are poorly understood. 
Cholecystokinin (CCK) and peptide YY (PYY) are gut hormones with potent 
effects on gastrointestinal motility (7). Both peptides are released from the in
testinal mucosa in response to ingestion of a mixed meal rich in fatty nutrients. 
CCK producing cells are located in the proximal small bowel. PYY producing 
cells are located in the hindgut. Highest concentrations of this peptide in humans 
are found in the mucosa of the distal colon and rectum (8). Cholecystokinin is 
the principal mediator of postprandial gallbladder contraction (9-12). Fu
rthermore, CCK inhibits gastric emptying of meals (11,13,14). The role of 
cholecystokinin in the regulation of colonic motility is less well understood. 
Although some studies indicate that circulating CCK exerts stimulatory effects on 
colonic motility (15,16), other reports could not confirm this (17,18). PYY inhibits 
gastric emptying (19,20) and it delays mouth to caecum intestinal transit t ime 
(20). 

Because of their role in the regulation of gastrointestinal motility, the question 
arises whether abnormalities of circulating CCK and PYY exist in patients wi th 
slow transit constipation. Recently, no abnormalities for basal and integrated 
incremental response to a solid meal for cholecystokinin and peptide YY were 
found (21), whereas another group reported increased basal CCK levels and a 
response after oral ingestion of a solid meal which was increased for CCK but 
decreased for PYY (22). It has to be noted that in both studies the meal was 
administered orally. Thus, it is not known whether the results reflected a primary 
abnormality of hormone release or whether they were the consequence of 
abnormal gastric emptying which is impaired in a considerable number of 
patients with slow transit constipation (3-5). 

The aim of the present study was to determine whether abnormalities of CCK 
and PYY release exist in patients with slow transit constipation during intestinal 
stimulation. For that purpose we have infused a liquid meal intraduodenally, 
thereby excluding confounding effects of gastric emptying. The rationale for 
studying CCK (11,13,14) and PYY (19,20) was that increased levels of these hor
mones could explain the frequently observed delay of gastric emptying and small 
bowel transit in these patients (3-5). Since little is known about gallbladder 
motility in patients wi th slow transit constipation we simultaneously measured 
gallbladder emptying. 
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METHODS 

Subjects 
Twenty-one patients (18 women, 3 men; median age 42 years; range 21-66 years) 
wi th slow transit constipation were studied. Functional constipation was defined 
according standardized diagnostic criteria (23). All patients were referred from 
gastroenterologists or internists after exclusion of organic causes by appropriate 
tests. Patient inclusion criteria: 
• Longstanding (more than a year) history of constipation. 
• No organic cause of constipation; obstruction or megacolon ruled out by 

colonoscopy and barium enema studies. 
• No evidence of pelvic floor and anal sphincter dysfunction on defecography, 

anal manometry and electromyography (EMG). 
• Negative history of (sub)ileus episodes. 
• No intake of constipating medication or drugs. 
• No major abdominal surgery. 
• Failure to respond to conservative treatment wi th laxatives and diet. 
• Absence of hypothyroidism. 
Slow transit constipation was diagnosed by radio-opaque marker study to deter
mine segmental and total colonic transit t ime (24-27). Patients ingested daily 10 
radio-opaque markers over a period of ten days. On the eleventh day a radi
ograph of the abdomen was obtained and the amount of markers in each seg
ment of the colon was counted and multiplied by 2.4 to calculate the mean 
transit t ime in hours (27). Slow transit was defined as a total colonic transit time 
greater than 72 hours wi th retention of markers in all segments of the colon (25-
27). In addition, characteristics of upper gastrointestinal motility in these 
patients were determined by standard techniques (table 1). Orocaecal transit 
t ime was measured by the breath hydrogen test after ingestion of 26 g of lactu
lose (28,29) and gastric emptying by scintigraphy after ingestion of a mixed solid 
meal (3,30). 

Eight healthy controls (6 women, 2 men; median age 40 years; range 19-47 years) 
were recruited for this study. Inclusion criteria were: (i) older than 18 years, (ii) no 
history of constipation or diarrhea and (iii) no abdominal surgery. The ethics 
committee of the University Hospital Nijmegen approved the study protocol, and 
all subjects gave their informed consent before entering the study. 

Experimental protocol 
Laxatives and prokinetic medication were withdrawn for at least 48 hours before 
the study. After an overnight fast the t ip of a feeding tube was positioned under 
fluoroscopic control in the proximal small intestine at the ligament of Treitz. No 
anestethics or sedative medication was used. A 450 kcal liquid meal (Nutridrink"; 
Nutricia, Zoetermeer, The Netherlands) was administered intraduodenally over a 
60 minutes period at a constant infusion rate of 5 mL/min. Over the first 12 min 



Table 1. Clinical features and motil ity findings of 21 patients w i t h slow transit constipation. 

Patient 
(nr) 

Sex Age 

(yrs) 
Duration 

(yrs) 

Defecation 
frequency 
(per week) 

Oesophageal 
manometry 

Orocaecal 
transit t ime 
(min) 

Colonic transit 
t ime 
(h) 

Gastric emptying 

(min) 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

M 

M 

M 

33 

30 

42 

64 

30 

54 

64 

65 

33 
29 

59 

44 

66 

41 

21 

40 

46 

44 

38 

46 

33 

> 1 0 

> 1 0 

lifelong 

5 - 1 0 

> 10 

> 10 

3 - 5 

lifelong 

3 - 5 
lifelongless 

5 - 1 0 

> 1 0 

lifelong 

lifelong 

lifelong 

lifelong 

5 - 1 0 

3 - 5 

lifelong 

5 - 1 0 

5 - 1 0 

less than once 

once 

2 

less than once 

less than once 

once per week 

less than once 

once per week 

2 
than once 

less than once 

2 

2 

less than once 

less than once 

less than once 

less than once 

less than once 

less than once 

less than once 

less than once 

η 

η 

η 

abnormal 

η 

η 

abnormal 
η 

abnormal 
η 

η 

η 

abnormal 

η 

η 

η 

η 

abnormal 

η 

η 

η 

NR 

NR 

30 

75 

90 

30 

120 

30 

45 
30 

45 

65 

60 

30 

30 

75 

90 

75 

45 

60 

30 

91 

195 

158 

126 

228 

77 

170 

127 

127 
192 

120 

91 

75 

115 

230 

113 

228 

166 

73 

202 

235 

56 

144 

55 

54 

96 

92 

139 

n.t. 

<76 
227 

211 

n.t. 

201 

100 

>100 

73 

n.t. 

107 

95 

353 

182 

Normal value of Tra estimated in healthy volunteers at our institution is 74 ( 20 min (2xSD). 

Normal value of orocaecal transit t ime was < 90 min. 

η = normal; NR = non-responder (no increase of breath hydrogen excretion with in 3 hours after ingestion of lactulose); n.t. = not tested. 

oo 
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period, 7.5 g lactulose (lactulosestroop, Pharbita, Zaandam, The Netherlands) 
was administered together wi th the meal. The meal consisted of 6.5 g fat, 5 g 
protein and 17.9 g carbohydrate per 100 mL 
An indwelling catheter was placed in an antecubital vein. Venous blood samples 
for analysis of cholecystokinin and peptide YY were drawn before (at t = -5 and 
0 min), at 10 minutes intervals from 0 to 60 minutes and at 15 minutes intervals 
from 60 to 90 minutes after the start of the meal. Blood was collected in ice-
chilled glass tubes containing ethylenediaminetetraacetic acid. After centrifuga-
t ion the separated plasma was frozen at -20QC until analysis. Each t ime that a 
blood sample was drawn, two longitudinal and two transverse images of the 
gallbladder were obtained by real-time ultrasonography (Sonolayer Sal 77B; 
Toshiba, Tokyo, Japan) using a 3.75-MHz transducer (31). End expiratory breath 
samples were obtained before and at 15 minutes intervals after the start of the 
meal. 

Plasma cholecystokinin 

Cholecystokinin was measured by a sensitive and specific radioimmunoassay (32-
34). The antibody used (T204) binds to biologically active CCK peptides contain
ing the sulfated tyrosine region with almost equal affinity. The antibody shows 
less than 2% cross-reactivity wi th sulfated gastrins and does not bind to unsul-
fated forms of gastrin or structurally unrelated peptides, like insulin, secretin, 
pancreatic polypeptide, bombesin, and neurotensin. The detection limit of the 
assay was between 0.5 pM and 1.0 pM CCK in plasma. The intraassay precision 
ranged from 4.6% to 11.5% in the steep part of the standard curve. 

Plasma PYY 

Peptide YY was measured in plasma by a sensitive and specific radioimmunoas
say (35,36). The detection limit of the assay was obtained at a final concentration 
in the incubation mixture of 0.3 pM peptide YY and the inhibition dose 50 (ID50) 
at 1.7 pM. Recovery of PYY added to hormone-free plasma at the 3 nominal con
centrations 4.5, 9 and 18 pM was 97 ± 6% (SD; n=7), 94 ± 6% (SD; n=8) and 97 ± 
10% (SD; n=7). Serial dilutions of plasma containing high concentrations of 
endogenous PYY were superimposable on the standard curve. Intra- and interas-
say variation ranged from 6% to 11 % and from 5% to 21 % in the working range 
of the assay. The antibody binds to PYY, 36 and PYY3 36 w i th almost equal affinity. 
The antibody did not cross-react with the structurally related peptide pancreatic 
polypeptide while cross-reactivity with neuropeptide Y (NPY) was negligible. 
There was no detectable cross-reaction with unrelated peptides including chole
cystokinin, somatostatin, bombesin and secretin. 

Gallbladder emptying 

Gallbladder volume (GBV) was calculated from the longitudinal and transverse 
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image of the gallbladder obtained by ultrasonography. Gallbladder volume was 
calculated by the sum of cylinders method using a computer (31). The variation 
of volume measurements ranges from 6% to 22%. 

Duodenocaecal transit time 

Hydrogen concentration was measured in breath samples obtained at 15 min
utes intervals after the start of the meal (29). Duodenocaecal transit t ime was 
defined as the time between the start of the meal and a sustained rise in breath 
hydrogen concentration of at least 10 parts per million. 

Statistical Analysis 

Measurements of plasma CCK, plasma PYY and gallbladder volume were per
formed in duplicate and the mean of these two measurements was used for fur
ther analysis. Fasting or basal gallbladder volume, plasma PYY concentration and 
CCK concentration was obtained by calculating the mean of the values measured 
at -5 and 0 minutes. The total integrated plasma PYY and CCK response was 
determined by calculating the area under the plasma concentration t ime curve, 
using the trapezoidal rule. The incremental integrated plasma PYY and CCK 
response was obtained by subtraction of the basal f rom the total integrated 
response. Integrated responses were determined for a 60 minutes period during 
intraduodenal infusion of the meal (0-60 min) and for a 30 minutes period after 
infusion (60-90 min). Maximum decrease in gallbladder volume after the meal 
was determined in each patient. Maximum gallbladder emptying was calculated 
as the percentage of this maximum decrease in gallbladder volume relative to 
basal volume. Results are expressed as mean ± 1 SEM. Statistical analysis was per
formed by two-way analysis of variance, by Student's t-test and by calculating 
Pearson's correlation coefficient. Two tailed probability values were calculated to 
assess statistical significance. When appropriate, the method of Bonferroni was 
used to correct for multiple testing. 

RESULTS 

Plasma CCK and PYY 

Basal plasma CCK concentration was 3.1 ± 0.2 pM in patients wi th slow transit 
constipation. This value was significantly higher (p < 0.05) when compared to the 
value obtained in healthy volunteers, 2.4 ± 0.2 pM (table 2). The meal induced an 
immediate and statistically significant increase of plasma CCK concentration to a 
mean plateau level between 7.5 pM and 8.0 pM in the patients and to a mean 
plateau level between 6.5 pM and 8.0 pM in the control subjects (NS vs patients; 
figure 1). During intraduodenal infusion of the meal, total integrated plasma 
CCK response in patients was not significantly different from that in controls and 
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Table 2. Plasma cholecystokinin and plasma peptide YY before, during and after intraduo
denal administration of a liquid meal in 21 patients with slow transit constipation and in 8 
healthy control subjects. 

Plasma cholecystokinin 
Basal (pM) 

Total integrated 

(pM.min) 

0-60 min 

60-90 min 

Incremental integrated 

(pM.min) 

0-60 min 

60-90 min 

Plasma PYY 

Basal (pM) 

Total Integrated 

(pM.min) 

0-60 min 

60-90 min 

Incremental integrated 

(pM.min) 

0-60 min 

60-90 min 

Control subjects 

2.4±0.2 

403±31 

137±11 

262±22 

66±7 

8.910.7 

14321187 

10531157 

9011166 

7881151 

Slow transit 

constipation 

3.110.2 

435123 

186113 

251+20 

95111 

11.411.4 

18281216 

13861175 

11461186 

10451170 

Ρ 

0.015 

0.4 

0.008 

0.7 

0.047 

0.1 

0.2 

0.2 

0.3 

0.3 

Note. A standard liquid meal was infused intraduodenally at a constant rate of 5 mL/min 
in the period from 0-60 minutes. Results are expressed as mean + SEM. 

the incremental integrated CCK response was almost similar (table 2). After meal 
infusion, plasma CCK levels rapidly decreased both in patients and controls (fig
ure 1). However, this decrease was slower in patients as reflected by increased 
total and incremental integrated CCK responses in the period 60 - 90 minutes 
(table 2). 

Basal plasma PYY concentration was 11.4 ± 1.4 pM in patients wi th slow transit 
constipation and 8.9 ± 0.7 pM in controls (p=0.1; table 2). Intraduodenal infusion 
of the meal induced a gradual and significant increase of plasma PYY to a peak 
value at 60 minutes of 46.4 ± 6.9 pM in patients and of 32.4 ± 2.9 pM in controls 
(figure 2). Total and incremental integrated PYY responses during and after meal 
infusion were not different between patients and controls (table 2). 

Gallbladder volume and gallbladder emptying 

Basal or fasting gallbladder volume was 19.1 ± 2.3 mL in patients with slow tran
sit constipation and 22.9 ± 4.4 mL in controls (NS vs patients; figure 3). Ad
ministration of the meal induced a significant decrease of gallbladder volume 
both in patients and controls (figure 3). Gallbladder volumes were not signifi-
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Plasma CCK (pM) 

10 
meal 

Figure 1. Plasma cholecystokinin (CCK) con
centration before, during and after 
intraduodenal administration of a liquid 
meal in 21 patients with slow transit con
stipation (open circles) and in 8 healthy 
control subjects (closed circles). Results are 
expressed as mean ± SEM. 

30 60 90 

Time (min) 

cantly different between patients and controls during and after meal infusion. 

Maximum gallbladder emptying was 67 ± 5% in patients and 70 ± 7% in controls 

(NS). 

Gastric emptying and duodenocaecal transit time 

Delayed gastric emptying was observed in 12 out of 18 patients (table 1). Basal 
plasma CCK (3.3±0.3 pM; p=0.05) and total integrated CCK (60-90 min) after meal 
infusion (191.8 ± 16.3 pM*min; p=0.03) were significantly higher as compared t o 
control values (n=8) in the subgroup of patients w i t h delayed gastric emptying 
(n=12), but not in the subgroup of patients wi th normal gastric emptying 
(2.910.3 pM, p=0.2; 150.5±22.5 pM*min, p=0.6; n=6). Basal and integrated 
plasma PYY were not different from control in the subgroups of patients wi th 
and without delayed gastric emptying. 

Duodenocaecal transit t ime was 51 ± 4 min in patients wi th slow transit consti
pation and 53 ± 10 min in controls (NS). Basal and integrated plasma CCK were 
not correlated w i t h duodenocaecal transit t ime. In the patients but not in the 
controls there was a significant positive correlation between duodenocaecal 
transit time and fasting plasma PYY concentration (r = 0.68; ρ < 0.005). Inte-
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Figure 2. Plasma peptide YY (PYY) concen
tration before, during and after intraduo
denal administration of a liquid meal in 21 
patients with slow transit constipation 
(open circles) and in 8 healthy control sub
jects (closed circles). Results are expressed 
as mean ± SEM 

Time (min) 

Figure 3. Gallbladder volume before, dur
ing and after intraduodenal administration 
of a liquid meal in 21 patients with slow 
transit constipation (open circles) and in 8 
healthy control subjects (closed circles). 
Results are expressed as mean ± SEM. 

grated plasma PYY responses were not correlated w i t h duodenocaecal transit 
t ime in patients or controls. No correlation was found between total colonic 
transit t ime and basal or integrated plasma CCK or PYY in patients. 

Discussion 

The present study reveals that basal plasma CCK concentration is elevated in slow 
transit constipation and that its return to baseline is retarded after intraduode
nal meal stimulation. The study also shows that intestinal stimulation by a liquid 
meal induces plasma CCK and PYY increases comparable t o those in normal sub
jects. Abnormalities of circulating CCK seem t o be confined to a subgroup of 
patients wi th delayed gastric emptying. 

The present study differs from a previous study on gut hormone release in 
patients wi th slow transit constipation (21), because the meal was administered 
intraduodenally instead of orally. This has the advantage that hormone 
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responses are not affected by alterations in gastric emptying. This is important, 
because the gastric emptying rate of nutrients governs the secretion rate of 
intestinal hormones and because gastric emptying is impaired in a considerable 
number of patients wi th slow transit constipation (3-5). Therefore, the present 
study supplies more direct information on the secretory function of the intestinal 
mucosa in patients wi th slow transit constipation. Nutrients were infused 
intraduodenally at a high rate, because we wanted to determine whether CCK 
and PYY release were altered during maximal stimulation. The infusion rate was 
based on previous studies in which gastric emptying rates up to 5 kcal/min under 
normal conditions and up to 7.5 kcal/min under conditions of accelerated gastric 
emptying have been observed in individual subjects during the initial fast phase 
after meal ingestion (37,38). The results show that, during maximal stimulation, 
no major abnormalities are found for PYY release and that CCK release is almost 
similar to that in controls. Thus, there is no evidence for a major primary abnor
mality of secretory function of the intestinal mucosa in patients wi th slow tran
sit constipation. 

The present study also shows that basal plasma CCK levels are higher in patients 
wi th slow transit constipation and that, after a meal, they return to baseline 
more slowly than in controls. The reason for the increased basal and postprandial 
plasma CCK levels in slow transit constipation is not known. It was interesting to 
note that the increased CCK levels were confined to a subgroup of patients 
with impaired gastric emptying, but it seems unlikely these levels, after an 
overnight fast, are due to a delayed emptying of nutrients from the stomach. 
Basal plasma CCK was not different from that in controls in a previous study (21). 
The reason for this discrepancy is not known, but it may be related to patient's 
selection or to the larger number of patients resulting in an increased probabil
ity to detect a statistically significant difference between the two groups in the 
present study. It is possible that the increased total integrated CCK response in 
the 30 minutes post-meal period resulted from increased basal levels. However, 
incremental integrated CCK, which is obtained by subtraction of basal value 
from total integrated response, was also significantly greater. This suggests that 
the increased levels in the postprandial period could be attributed at least in part 
to a different secretory profile in patients. A delay of small bowel transit in 
patients may explain at least in part the slower decrease of CCK in the post-meal 
period (4). A prolonged presence of stimulating nutrients in the upper small 
bowel, where CCK producing cells are located, wil l result in an increased CCK 
release. 

In contrast to a previous study in which transit was measured by scintigraphy (4), 
we did not observe a delayed small bowel transit in the patient group. In the 
present study we added lactulose to the intraduodenal meal to measure transit 
by the breath hydrogen test, because the test is simple, non-invasive, not ham
pered by radiation exposure and it has been validated after oral ingestion but 
not after intraduodenal instillation of the lactulose (28, 39-41). However, this 
modification wi l l probably not invalidate the test. The duodenocaecal transit 
time observed by the breath hydrogen test reflects the arrival of the front of the 
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meal in the caecum (28,39-41), but it does not supply information on the transit 
of the bulk. Absence of different transit times in the present study may be 
explained by an accelerated transit of the front of the meal as a result of the high 
intraduodenal infusion rate. In the present study we also used the breath hydro
gen test to measure orocaecal transit time on a separate day. Delayed orocaecal 
transit t ime has frequently been reported in patients wi th slow transit constipa
t ion (41-43). In contrast to a previous study in which a very high incidence (18/20) 
of delayed orocaecal transit t ime was observed after ingestion of 10 g of lactu
lose (43), we found a delay in a much lower proportion of patients after 26 g of 
lactulose. The rise of breath hydrogen after ingestion of lactulose depends on 
the presence of an adequate number of hydrogen producing bacteria in the 
proximal colon (28,39-43). Because a decreased amount of these bacteria occurs 
more frequently in patients wi th slow transit constipation (41-43), this may result 
in a delayed orocaecal transit t ime especially when a lower dose of lactulose is 
ingested. Other factors, which may contribute to a decreased breath hydrogen 
production, include use of antibiotics and previous use of enemas or bowel 
preparation. In contrast to the study by Altomar (43), our patients did not receive 
a cleansing enema the day before the test. 

Circulating CCK inhibits gastric emptying (11,13,14). Gastric emptying is impaired 
in patients wi th slow transit constipation (3-5). Gastric emptying was also 
delayed in the majority of patients in the present study. We found increased 
basal and postprandial plasma CCK concentrations in patients with delayed gas
tric emptying but not in patients wi th normal gastric emptying. It is tempt ing 
to speculate that increased basal and postprandial CCK levels in slow transit 
constipation contribute to inhibition of gastric emptying. However, it should 
be kept in mind that gastric emptying and plasma CCK release in the present 
study were measured on different occasions and after different meals. Whether 
increased basal plasma CCK levels also contribute to smaller fasting gallblad
der volumes in slow transit constipation (6) is not clear, because in the present 
study fasting gallbladder volumes in patients were smaller than in controls but 
the difference did not reach statistical significance. The role of CCK in the regu
lation of colonic motil ity is controversial. The results of some studies suggest that 
CCK stimulates colonic motil ity (15,16). Other studies, however, could not con
f irm a stimulatory effect of intravenous infusion of CCK on colonic moti l i ty (18). 
When CCK was infused at doses that were within the physiological range, no 
effect (44) or even an inhibition of phasic motor activity of the colon was 
observed (45). Blocking CCK A receptors wi th loxiglumide did not affect meal 
stimulated motil ity of the colon as assessed by perfusion manometry, but it sig
nificantly accelerated transit of radio-opaque markers through the colon (11). 
The last observation could imply that increased plasma CCK levels contribute to 
the slow passage of radio-opaque markers in patients w i th slow transit constipa
t ion. 

In a previous study, slow transit constipation patients showed a greater maxi
mum gallbladder contraction in response to oral ingestion of a liquid meal (46). 
In the present study, maximum gallbladder contraction in response to an 
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mtraduodenally administered liquid meal was not significantly different among 
patients and controls A maximal stimulatory effect on CCK release and gallblad
der emptying by the intraduodenal meal may have prohibited a difference in 
maximal gallbladder emptying among patients and controls in the present study 
PYY inhibits gastric emptying (19,20) and delays orocaecal transit time (20) Gas
tric retention of a meal and a prolonged transit of a meal through the small 
intestine were observed in patients wi th slow transit constipation (4) However, 
the only finding in the present study supporting a role for PYY in these distur
bances was a positive correlation between duodenocaecal transit time and fast
ing PYY concentration in slow transit constipation 

Conclusion Fasting and postprandial plasma CCK concentrations are elevated m 
patients with slow transit constipation, but maximum secretory function of the 
intestinal mucosa was not altered, because CCK release during maximal intestinal 
stimulation by a liquid meal was similar to that in controls Increased plasma CCK 
levels were confined to a subgroup of patients with delayed gastric emptying 
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Abstract 

Background. Idiopathic slow transit constipation (ISTC) is considered as a panen-
teral disease in which patients may have delayed gastric emptying. The effects of 
total abdominal colectomy (TAC) and ileorectal anastomosis (IRA) on upper gut 
motil ity are unknown. The aim of this study was to evaluate gastric emptying in 
ISTC patients before and after subtotal colectomy. 
Methods. Solid gastric emptying was studied by a scintigraphic technique in 11 
patients wi th ISTC. In all patients total colonic transit time was more than 72 
hours wi th a delay of transit in all segments of the colon. The gastric emptying 
test was repeated 3 - 6 months after TAC and IRA in ten of these patients. Before 
and after surgery patients had to fi l l in a questionnaire to record upper gut 
symptoms. 
Results. Solid gastric emptying was delayed (T&>upper limit of normal) in 7 out 
of 11 ISTC patients. Gastric emptying VA was almost similar before (mean ( SD, 
142 ( 91 min) and after surgery (146 ( 67 min). Symptoms of vomiting and ructus 
significantly improved after surgery. Symptoms of nausea, bloating and pyrosis 
also decreased but these changes failed to reach statistical significance. 
Conclusion. Despite a reduction of upper gut symptoms, total abdominal colec
tomy and ileorectal anastomosis does not improve delayed gastric emptying in 
patients wi th idiopathic slow transit constipation. 
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Introduction 

Idiopathic slow transit constipation (ISTC) may be considered as a generalized 
motility disorder. Besides slow colonic transit these patients frequently present 
other gastrointestinal symptoms such as bloating, abdominal pain, cramping 
pains, nausea and vomiting (1). Some patients wi th ISTC may have abnormal 
esophageal motility (2), delayed gastric emptying (3,4), a delayed small bowel 
transit (4) or motor abnormalities of the upper gut (5,6). Not all patients wi th 
ISTC have panenteral disease and the severity of gastrointestinal symptoms may 
vary individually. Upper gut symptoms often persist after total abdominal colec
tomy (7). This may imply that dysmotility of the upper gastrointestinal tract may 
not revert to normal fol lowing total abdominal colectomy (TAC). To our knowl
edge no previous studies have investigated the impact of TAC on gastric empty
ing. 

The aim of this study was therefore to evaluate gastric emptying in patients wi th 
slow transit constipation, before and after total abdominal colectomy. 

Patients and Methods 

Patients 

Eleven patients (10F/1M, median age 38 y; range: 21-71 y) wi th ISTC participated 
in the study. All patients were sent by gastroenterologists or internists to the 
department of surgery, which is a tertiary referral center. Only patients wi th a 
protracted, chronic, sometimes lifelong history of constipation were included. 
Patients were refractory to regimens of enemas, laxatives, suppositories, and 
fiber. Patients were considered not responsive to further medical management 
by their referring physicians. On the basis of preoperative clinical investigations 
patients were selected for subtotal colectomy. 

Patient inclusion criteria: 
• Longstanding (more than a year) history of constipation. 
• No organic cause of constipation, obstruction or megacolon. This was ruled 

out by colonoscopy and barium enema studies. Megacolon was defined as a 
radiographic sign of dilated colon segments of 8 cm or more. 

• No evidence of pelvic floor and anal sphincter dysfunction on defecography, 
anal manometry and electromyography (EMG). 

• Negative history of (sub)ileus episodes. A (sub)ileus was defined as clinical dis
order in which patients have symptoms of mechanical obstruction of small 
bowel i.e. vomiting wi th gastric retention, abdominal pain and dilated loops 
of small bowel on abdominal X-rays. 

• No intake of constipating medication or drugs. 
• Failure to respond to conservative treatment wi th laxatives and diet. 
• Negative serum tests for hypothyroid disease. 



o 
o 

Table 1. Characteristics and symptoms in patients wi th slow transit constipation before and after surgery. 

Patient 

(nr) 

M/F age 

(y) 

71 

42 

30 

64 

29 

38 

46 

33 

21 

34 

53 

Duration 

(y) 

> 1 0 

Lifelong 

> 1 0 

> 3 - 5 

Lifelong 

Lifelong 

> 5 - 1 0 

> 5 - 1 0 

Lifelong 

Lifelong 
> 3 - 5 

defecation 

(per week) 

vomiting nausea pyrosis ructus bloating 

η 

> 
TJ 
Η 
m 
TD 

UI 1 
2 
3 
4 
5 

6 
7 

8 

9 

10 
11 

M 

once 

2 

less than once 

less than once 

less than once 

less than once 

less than once 

less than once 

less than once 

less than once 
less than once 

++(+) 

+(+) 
+++(+++) 

+(+) 

++(++) 

++(+) 

+(+) 

++(+) 

+(+) 

++(+) 
++(++) 

+++(++) 
+++(+++) 

+++(+++) 

++(+) 

++(+++) 

+++(+) 

+++(+) 

+(+) 
+++(+++) 

+(+) 
+++(+++) 

+++(+) 

+(+) 
+(+) 

++(+) 
+++(+++) 

+(++) 

++(+) 

+(+) 

+(+) 

+(+) 
+++(++) 

+++(+) 
+++(++) 

+(+) 

+++(+) 

+(+) 

+++(++) 

+++(+) 

++(++) 

++(++) 

+(+) 

++(++) 

+++(+++) 

+++(+++) 

++(++) 

+++(+) 
+++(+++) 

+++(+++) 

+++(+) 

+++(+) 
+++(+++) 

+(+) 
+++(++) 

+ = seldom or never, ++ = sometimes, +++ = often, ( ) = after colectomy 
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Slow transit constipation was defined as a mechanism of chronic idiopathic con
stipation in which patients have no organic cause for their symptoms and have 
delayed transit through the colon and rectum (8). A diagnosis of slow transit con
stipation was made by performing segmental colorectal transit studies wi th 
radio-opaque markers (9-11). Esophageal motility and small bowel transit was 
studied and a solid gastric emptying test was performed in all patients. In 10 
patients (1 patient refused) who underwent TAC, a gastric emptying test was 
repeated 3-6 months after surgery. Patients were also asked to fi l l in a constipa
tion questionnaire to evaluate gastrointestinal symptoms before and after sur
gery. The ethical committee of the University Hospital Nijmegen approved the 
study protocol, and all subjects gave their informed consent before entering the 
study 

Gastric emptying 

After an overnight fast, patients were placed in a sitting position in 45° recline. 
Subsequently, within 5 minutes the patients consumed a pancake radiolabeled 
with 10 MBq Tc-99m-colloid. The pancake contained 8.0 g protein, 8.5 g fat, 40.5 
g carbohydrates (total 274 kcal). Anterior images of the abdomen were recorded 
with a gammacamera (Siemens Orbiter, Siemens, Hoffman Estates, IL) connected 
to an ICON computer (Siemens). For 90 minutes, digital dynamic images of 1 
minute were collected and stored in a 64x64 matrix. Time-activity curves were 
generated from a region of interest around the stomach. Data were corrected 
for radionuclide decay and movement. For evaluation of gastric emptying, the 
time period for 50% of the radioactivity to be emptied from the stomach into 
the duodenum (VA) was used. Normal value for T) (derived from measurements 
in 18 healthy volunteers) is 74 ±20 minutes (mean ± 2 SD) (12). AVA greater than 
94 minutes was considered to be delayed gastric emptying. 

Transit studies 

Colonic transit time 

Evaluation of colonic transit t ime was based on a multiple marker, single f i lm 
technique (11). Ten markers were ingested daily over ten days and a radiograph 
of the abdomen was obtained on the 11th day. The total amount of markers in 
each segment is counted and multiplied by 2.4 in order to calculate the mean 
segmental and total colonic transit time in hours (10). A delayed transit t ime was 
defined as a total colonic transit time greater than 72 hours (13). 

Orocaecal transit time 

Orocaecal transit t ime was measured by the lactulose breath hydrogen test (14). 
Orocaecal transit t ime was defined as the time between ingestion of 26 g lactu-
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lose dissolved in 300 mL water and the start of a sustained rise in breath hydro
gen concentration of at least 10 parts per mill ion. The cutoff value for a rise in 
breath hydrogen concentration was set at 10 ppm, because the upper limit of the 
95% confidence interval for the difference between t w o measurements was 9 
ppm. Mean (SD) orocaecal transit time in 8 healthy normal subjects (3M, 5F; 19-
42 y) was 42(15) min and ranged from 30-75 min. Based on these findings an oro-
caecal transit t ime ( 90 min was considered to be abnormal. 

Esophageal manometry 

Esophageal motility testing was performed using a standard manometric 
catheter wi th an outer diameter of 3.6 mm and side holes located at 3, 8 and 13 
cm from the t ip (ES3X, Arndorfer, Medical Specialties, Greendale, Wisconsin, 
USA). The channels of the catheter were perfused with distilled water by a low 
compliance pneumohydraulic capillary infusion system and pressures were 
recorded. Previously published manometric criteria were used to establish diag
noses of abnormal esophageal motor activity (15,16). 

Statistical Analysis 

Wilcoxon test for paired results was used for comparing solid gastric emptying 
Tl^ before and after TAC. This test was also used t o compare symptoms before 
and after surgery. Wilcoxon rank sum test was used to compare severity of symp
toms in patients wi th normal gastric emptying with that in patients with delayed 
gastric emptying. Spearman's rank correlation coefficient was calculated to 
determine the relationship of preoperative orocaecal transit time and preopera
tive VA gastric emptying with postoperative defecation frequency and with 
changes in upper gut symptoms. SPSS" 9.0 software (SPSS ine, Chicago, IL, USA) 
was used for statistical analysis. Two tailed ρ values < 0.05 were considered to be 
statistically significant. 

Results 

Patient characteristics 

All patients had a longstanding (median > 10 y; range 3 y - lifelong) history of 
constipation and the total colonic transit t ime was more than 72 hours wi th a 
delay of transit in all segments of the colon. 7 out of 11 patients with ISTC had 
delayed gastric emptying TA for solid meal. 

Patients underwent a total abdominal colectomy (TAC) and ileorectal anastomo
sis (IRA). Most of the patients had no major abdominal surgery before except 
cholecystectomy (patient 1), ileocaecal resection (patient 9) and appendectomy 

102 (patient 10). In hospital morbidity (within 30 days after surgery) included post-
operative bleeding of the greater omentum in one patient (6) and a prolonged 
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ileus with ascites, which required relaparotomy, and drainage in another patient 
(7). No late postoperative complications occurred between discharge and re-
evaluation. 

Demographic data and gastro-intestinal symptoms of these 11 patients (10F, 1M; 
median age 38 y, range: 21-71 y), before and after surgery, are shown in table 1. 
One patient (4) had abnormal esophageal manometry findings. In this patient an 
increased number of simultaneous contractions in response to wet swallows was 
found, compatible wi th a diagnosis of diffuse esophageal spasm. In 3 patients a 
delayed orocaecal transit t ime was found. One patient (4) had a combination of 
abnormal esophageal manometry and delayed gastric emptying. Patient 10 
refused the gastric emptying study after surgery. 

Gastric emptying and symptoms before and after surgery 

Individual data on solid gastric emptying (Tl^) of 10 patients before and follo
wing TAC and IRA are shown in figure 1 and table 2. Mean (SD) value of solid gas
tric emptying (TA) before surgery was 142 (91) min and fol lowing surgery 146 
(67) min (normal values TA (94 min) No statistically significant differences 
(p=0.28) were found between mean values of gastric emptying TA, before and 
after surgery. 

Before surgery, severity of upper gut symptoms was not significantly different 
among patients w i t h and without delayed gastric emptying (p>0.1). Severity of 
vomiting (p=0.046) and belching (p=0.04) significantly decreased after surgery. 
Statistically no significant changes were found in nausea (p = 0.13), bloating (p= 
0.06) and pyrosis (p=0.16). 

Mean stool frequency increased from 1.3 bowel movement per week to 13 times 
per week (range 3 - 2 8 times per week) after surgery. Mean defecation fre
quency per week was 14 in 2 patients (patient 3 and 4) and 21 in the other 
(patient 11) w i t h delayed orocaecal transit t ime before surgery. There was no sig
nificant correlation between preoperative orocaecal transit t ime or preoperative 
TA gastric emptying and postoperative defecation frequency (r = 0.39 and r = -
0.07 respectively; NS). Similarly, no significant correlation was found between 
preoperative orocaecal transit t ime or TA gastric emptying and changes in upper 
gut symptoms except for preoperative TA gastric emptying and decrease in 
bloating (r= 0.64; ρ < 0.05). 

Discussion 

This study shows that the majority of patients wi th idiopathic slow transit consti
pation (ISTC) have delayed gastric emptying of a solid meal and that total colec
tomy of these patients does not change the gastric emptying rate. 
Several other groups have found delayed gastric emptying in patients wi th ISTC 
(3,4). This supports the hypothesis that ISTC is a systemic or generalized disorder 
wi th signs of upper gut motil ity disorders in the form of esophageal motor dys
function (2), delayed gastric emptying (3,4) and prolonged small bowel transit 
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Table 2. Results of functional investigations in patients with slow transit constipation. 

Patient M/F 

(nr) 

1 F 

2 F 

3 F 

4 M 

5 F 

6 F 

7 F 

8 F 

9 F 

10 F 

11 F 

age 

(y) 

71 

42 

30 

64 

29 

38 

46 

33 

21 

34 

53 

Esophageal 

manometry 

Ν 

Ν 

Ν 

Α 

Ν 

Ν 

Ν 

Ν 

Ν 

Ν 

Ν 

Orocaecal 

Transit 

Time 

(min) 

75 

30 

90 

120 

30 

45 

60 

30 

75 

60 

105 

Colonie 

Transit Time 

(h) 

158 

158 

228 

170 

192 

73 

202 

235 

223 

151 

122 

VA** 

Pre 

(min) 

66 

55 

93 

139 

227 

95 

353 

182 

112 

76 

99 

VA 

Post 

(min) 

130 

87 

167 

138 

301 

98 

130 

211 

78 

NT* 

124 

η = normal, a = abnormal, * not tested 
** VA pre and post: solid gastric emptying before and after subtotal colectomy 

104 

(4). Recently evidence of motor abnormalities of the upper gut was also found by 
antroduodenal manometry (5,6). 

In the present study we used a radiolabeled pancake meal to study gastric emp
tying by scintigraphy. This meal has been validated for measurement of gastric 
emptying (17-22). The intra-subject variability of T'A gastric emptying was 
between 7 and 2 1 % for the solid component of a pancake and milkshake meal 
(18). In the present study we used a radiolabeled pancake meal without addi
tional f lu id. The intra-individual variability of Τ gastric emptying of a pancake 
meal wi thout additional f luid was between 15 and 41 % and inter-individual vari
ability was 2 1 % (17). A solid meal without a liquid has been advocated for clini
cal studies, because it has been suggested that solid meals are more sensitive to 
detect changes or abnormalities in gastric emptying (20,22). 
The observation of a delayed gastric emptying in a considerable number of 
patients wi th slow transit constipation in the present study is in agreement with 
previous studies. Stivland et al found a delay of gastric emptying of a mixed meal 
consisting of radiolabeled scrambled eggs, whole wheat bread and skimmed 
milk in 2 out of 8 patients wi th slow transit constipation (23). Macdonald found 
a significant delay of the time taken for 50% of the radiolabeled meal to empty 
from the stomach in patients wi th idiopathic slow transit constipation (3). In con
trast to these results, Van der Sijp et al did not f ind a significant delay of early 
gastric emptying (4). However, they did f ind a delay of late gastric emptying in 6 
out of 10 patients wi th slow transit constipation after ingestion of a mixed meal 
containing a radiolabeled pancake as solid phase. 

The present study shows that mean solid gastric emptying before and fol lowing 
total abdominal colectomy with ileorectal anastomosis is almost similar. Consid
ering this as a result of small numbers, theoretically one should f ind a difference 
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Figure 1. 50% emptying time (VA) 
of a solid meal in ISTC patients 
(n=10) before and after total ab
dominal colectomy and ileorectal 
anastomosis. The shaded area re
presents the normal range (mean 
± 2 s.d.). 

Before After 

of 87 minutes (power 80%) in gastric emptying before and after surgery to get a 
significant difference in this group of 10 patients. The mean difference (T'A pre -
J'A post) is only -4 min, but the standard deviation is 87 minutes. This explains 
that no major changes are expected and that rather large numbers of patients 
have to be included in order to detect smaller differences. Furthermore, in 7 out 
of 10 patients T1/2 gastric emptying increased after surgery. Therefore, the results 
of the present study indicate that delayed gastric emptying does not improve 
after TAC in patients wi th slow transit constipation. 

In our study, 8 out of 10 patients had delayed gastric emptying after colectomy. 
Others have reported delayed gastric emptying in 3 out of 16 patients after 
subtotal colectomy for chronic idiopathic constipation in a retrospective analysis 
(24). However, it was not clear from this report how many of these patients had 
delayed gastric emptying before colectomy and how many could be categorized 
as having slow transit constipation. To our knowledge no previous reports have 
compared gastric emptying before and after colectomy in ISTC patients. 
Previous studies have suggested that colorectal mechanisms may be involved in 
the pathogenesis of delayed gastric emptying in patients wi th slow transit con
stipation (25,26). A delay of gastric emptying was found during voluntary sup
pression of defecation (25) and during painless rectal distension in healthy 
volunteers (26). These data suggest the existence of an afferent pathway origi
nating in the distal gut influencing proximal gastrointestinal motility. However, 
the results of the present study do not support the hypothesis that delay of solid 
gastric emptying in patients wi th slow transit constipation is due to a factor orig
inating in the colon, since colectomy did not increase gastric emptying rate. 105 
Delayed orocaecal transit t ime has frequently been reported in patients wi th 
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slow transit constipation (27-29). In the present study a delay, which was defined 
as a transit t ime > 90 minutes, was found in 3 out of 11 patients. It is difficult to 
compare absolute values of orocaecal transit t ime obtained by the breath hydro
gen test wi th data from the literature, because several modifications of the test 
exist and the criteria used for the definition of orocaecal transit time vary. Oro-
caecal transit t ime is inversely related to the dose of lactulose ingested (30,31) 
and it tends to decrease when the cutoff value for a sustained rise in breath 
hydrogen concentration is lower (28). In the present study mean (SD) transit t ime 
in healthy volunteers after ingestion of 26 g lactulose was 42 (15) min as com
pared to previously reported values of 40(24) min and 74(19) min after ingestion 
of 20 g lactulose (30,31). 

To determine whether upper gut transit measurements can predict clinical out
come, we correlated preoperative orocaecal transit t ime and preoperative T]A 
gastric emptying wi th postoperative defecation frequency and with changes in 
upper gut symptoms. We did not f ind any major relationship except between 
preoperative gastric emptying and improvement of bloating. This suggests that 
gastric emptying and orocaecal transit t ime have no major predictive value for 
defecation frequency or improvement of most upper gut symptoms 3-6 months 
after colectomy for slow transit constipation. In a recent study we evaluated clin
ical outcome in 21 patients who underwent colectomy for slow transit constipa
t ion wi th a fol low up of 14 to 153 months (32). Also in this study with a longer 
fol low up and in a larger group of patients, there was no relationship between 
preoperative upper gut transit and outcome after colectomy. 
It is believed that ISTC patients without upper gastrointestinal symptoms wil l 
benefit most from colonic resection, while ISTC patients with upper gut symp
toms may f ind some relief of their symptoms after colectomy (7,33). In our 
patient group all had symptoms suggesting upper gut dysmotility, such as vomit
ing, nausea, pyrosis, belching and bloating. Although some symptoms decreased 
after surgery, other symptoms such as nausea, bloating and pyrosis did not. This 
may be due to the rather small size of our patient group, since there was a ten
dency for these latter symptoms to decrease as well. However, it has to be noted 
that upper gut symptoms did not disappear and were still present after surgery 
in the majority of patients. The absence of normalization of gastric emptying 
may at least in part contribute to the persistence of these upper gut symptoms in 
ISTC patients after surgery (7). Therefore, preoperative evaluation of gastric 
emptying is recommended in ISTC patients who are candidates for total colec
tomy. When a delay of gastric emptying is found, both patient and surgeon have 
to realize that symptoms related to this abnormality may not disappear after sur
gery. 

Conclusions. Delayed solid gastric emptying wil l persist in ISTC patients fol lowing 
colonic resection. Although some symptoms may improve, persistence of a 
delayed gastric emptying may contribute to persistence of upper gut symptoms 
in these patients after surgery. 
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Abstract 

Background. Colectomy is a widely accepted therapy for slow transit constipa
t ion. Peptide YY, which is abundant in the colonic mucosa, and cholecystokinin 
are gut hormones with potent effects on gastrointestinal motility. The aim was 
to determine whether abnormalities of these hormones and of gallbladder 
motility exist after subtotal colectomy wi th ileorectal anastomosis. 
Methods. Gallbladder volumes and plasma concentrations of peptide YY and 
cholecystokinin were measured before, during and after intraduodenal infusion 
of a liquid meal in 10 patients wi th slow transit constipation before and 3-24 
months after surgery, and in 8 healthy controls. 

Results. Fasting and postprandial plasma concentrations of cholecystokinin (p< 
0.05) and fasting concentrations of peptide YY (p< 0.05) were significantly 
higher and fasting gallbladder volumes (p<0.01) significantly smaller in patients 
after surgery when compared to healthy volunteers. Postprandial gallbladder 
emptying after surgery (74±4%) was not different f rom that before (63±8%) and 
from that in controls (68±7%). Plasma concentrations of cholecystokinin and 
peptide YY before, during and after the meal in colectomized patients were not 
significantly different from the results before operation in slow transit constipa
t ion. 

Conclusion. In the fasting state, plasma cholecystokinin and peptide YY levels are 
110 elevated, and gallbladder volumes are decreased after subtotal abdominal colec-

tomy wi th ileorectal anastomosis in patients wi th slow transit constipation. 
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Introduction 

Idiopathic slow transit constipation may be considered as a generalized motility 
disorder. Besides slow colonic transit these patients frequently present wi th 
other gastrointestinal symptoms such as bloating, abdominal pain, nausea and 
vomiting (1). Some patients wi th ISTC may have abnormal esophageal motility 
(2), delayed gastric emptying (3,4), a delayed small bowel transit (4) or motor 
abnormalities of the upper gut (5,6). Although colectomy and ileorectal anasto
mosis is a successful treatment for the majority of patients wi th severe idiopathic 
slow transit constipation (7,8), upper gut symptoms often persist after colectomy 
(9). This may imply that dysmotility of the upper gastrointestinal tract may not 
revert to normal. Indeed we have recently found that impaired gastric emptying 
persists in patients wi th slow transit constipation after subtotal colectomy and 
ileorectal anastomosis (10). 

Cholecystokinin (CCK) and peptide YY (PYY) are gut hormones with potent 
effects on gastrointestinal mo t i l i t y l l . Both peptides are released from the intes
tinal mucosa in response to ingestion of a mixed meal rich in fatty nutrients. CCK 
producing cells are located in the proximal small bowel. PYY producing cells are 
located in the hindgut. Highest concentrations of this peptide in humans are 
found in the mucosa of the distal colon and rectum (12). Cholecystokinin is the 
principal mediator of postprandial gallbladder contraction (13). Furthermore, 
CCK inhibits gastric emptying of meals (17,18). PYY also inhibits gastric emptying 
(19,20) and it delays mouth to caecum intestinal transit t ime (20). Recently, no 
abnormalities for basal and integrated incremental response to a solid meal for 
cholecystokinin and peptide YY were found in patients wi th slow transit consti
pation (21), whereas other groups reported a delayed postprandial concentra
tion-time curve of cholecystokinin (22) or increased basal and postprandial CCK 
levels (Penning C, et al. Spring Meeting of the Netherlands Society of Gastroen
terology 1999). 

Because the colon is a major source of PYY producing cells, it can be expected 
that total colectomy wi th ileorectal anastomosis for treatment of patients wi th 
severe idiopathic slow transit constipation wil l also have beneficial effects on 
delayed upper gut motility in these patients by diminishing PYY secretion. 
Indeed, resection of colon and rectum results in a reduction of basal and post
prandial plasma PYY levels in patients wi th an ileal pouch anal anastomosis 
(23,24). However, little is known about the effect of subtotal colectomy without 
resection of the rectum on PYY release in humans. The same applies to the effect 
of this operation on circulating CCK, another important regulator of upper gut 
motility. The finding of increased basal and postprandial plasma CCK concentra
tions in patients wi th proctocolectomy and ileal pouch anal anastomosis (25) sug
gests that colectomy with ileorectal anastomosis wil l also affect plasma CCK 
concentration. 

The aim of the present study was, therefore, to determine whether abnormali
ties of CCK release, PYY release and gallbladder motil ity exist in patients wi th 
slow transit constipation after subtotal colectomy and ileorectal anastomosis. For 
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that purpose we have infused a liquid meal intraduodenally in patients wi th slow 
transit constipation after total abdominal colectomy. We have compared the 
results wi th those obtained in the same patients before surgery and wi th those 
in healthy control subjects. The meal was infused intraduodenally in order to cir
cumvent effects of a delayed gastric emptying on hormone release. 

Patients and Methods 

Subjects 

Ten patients (9 women, 1 man; median age 40 years; range 30-71 years) wi th 
slow transit constipation were studied. Functional constipation was defined 
according standardized diagnostic criteria26. Gastroenterologists or internists 
referred all patients after exclusion of organic causes by appropriate tests. 
Patients' inclusion criteria were. 
• Longstanding (more than a year) history of constipation. 
• No organic cause of constipation; obstruction or megacolon, this was ruled out 

by colonoscopy and barium enema studies. 
• No evidence of pelvic floor and anal sphincter dysfunction on defecography, 

anal manometry and electromyography (EMG). 
• Negative history of (sub)ileus episodes. 
• No intake of constipating medication or drugs. 
• Failure to respond to conservative treatment wi th laxatives and diet. 
• Absence of hypothyroidism. 
Slow transit constipation was diagnosed by radio-opaque marker study to deter
mine segmental and total colonic transit t ime (27-29). Patients ingested daily 10 
radio-opaque markers over a period of ten days. On the eleventh day a radi
ograph of the abdomen was obtained and the amount of markers in each seg
ment of the colon was counted and multiplied by 2.4 to calculate the mean 
transit t ime in hours (27). 
Slow transit was defined as a total colonic transit t ime greater than 72 hours wi th 
retention of markers in all segments of the colon (27-29). In addition, characteris
tics of upper gastrointestinal motility in these patients were determined by stan
dard techniques (table 1). Orocaecal transit t ime was measured by the breath 
hydrogen test after ingestion of 26 g of lactulose (30,31), gastric emptying by 
scintigraphy after ingestion of a mixed solid meal (32,33) and esophageal manom
etry as described before (32). All patients underwent a total abdominal colectomy 
and ileorectal anastomosis. All patients were studied before surgery. Nine 
patients were studied 3-6 months after and one patient 24 months after surgery. 
Eight healthy controls (6 women, 2 men; median age 40 years; range 19-47 years) 
were recruited for this study. Inclusion criteria were: (i) older than 18 years, (ii) no 
history of constipation or diarrhea and (iii) no abdominal surgery. The ethics 

112 committee of the University Hospital Nijmegen approved the study protocol, and 
all subjects gave their informed consent before entering the study. 
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Table 1. Patient characteristics and results of functional investigations in patients with 
slow transit constipation before surgery. 

Patient 

(nr) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

M/ 

F 

M 

Age 

(y) 

64 

30 

71 

53 

42 

33 

38 

46 

30 

33 

Dura

t ion 

(y) 

3-5 

>10 

>10 

3-5 

Lifelong 

Lifelong 

Lifelong 

5-10 

Lifelong 

5-10 

Defecation 

Frequency 

(per week) 

Less than once 

Less than once 

Once 

Less than once 

2 

Less than once 

Less than once 

Less than once 

Less than once 

Less than once 

Esophageal 

Mano 

metry 

A 

Ν 

Ν 

Ν 

Ν 

Ν 

Ν 

Ν 

Ν 

Ν 

Orocaecal Colonic 

transit t ime Transit 

(min) 

120 

90 

75 

105 

30 

60 

45 

60 

30 

30 

time 

(h) 

170 

228 

158 

122 

158 

151 

73 

202 

192 

235 

Gastric 

emptying 

VA 

(min) 

139 

93 

66 

99 

55 

76 

95 

353 

227 

182 

N=normal, A =abnormal. 
Normal value of orocaecal transit time was < 90 min. Normal value of VA gastric emptying 
was 74±20 min (2xSD). 

Experimental protocol 

Laxatives and prokinetic medication were withdrawn for at least 48 hours before 
the study. After an overnight fast the t ip of a feeding tube was positioned under 
fluoroscopic control in the proximal small intestine at the ligament of Treitz. No 
anesthetics or sedative medication was used. A 450 kcal liquid meal (NutridrinkR; 
Nutricia, Zoetermeer, The Netherlands) was administered intraduodenally over a 
60 minutes period at a constant infusion rate of 5 mL/min. An indwelling 
catheter was placed in an antecubital vein. Venous blood samples for analysis of 
CCK and PYY were drawn before (at t = -5 and 0 min), at 10 minutes intervals 
from 0 to 60 minutes and at 15 minutes intervals from 60 t o 90 minutes after the 
start of the meal. Blood was collected in ice-chilled glass tubes containing ethyl-
enediaminetetraacetic acid. After centrifugation the separated plasma was 
frozen at -200C until analysis. Each time that a blood sample was drawn, t w o lon
gitudinal and t w o transverse images of the gallbladder were obtained by real
time ultrasonography (Sonolayer Sal 77B; Toshiba, Tokyo, Japan) using a 
3.75-MHz transducer (34). End expiratory breath samples were obtained before 
and at 15 minutes intervals after the start of the meal. 

Plasma cholecystokinin 

Cholecystokinin was measured by a sensitive and specific radioimmunoassay (35-

37). The antibody used (T204) binds to biologically active CCK peptides contain

ing the sulfated tyrosine region with almost equal affinity. The antibody shows 113 

less than 2% cross reactivity wi th sulfated gastrins and does not bind to unsul-



CHAPTER 3.4 

fated forms of gastrin or structurally unrelated peptides, like insulin, secretin, 
pancreatic polypeptide, bombesin, and neurotensin. The detection limit of the 
assay was between 0.5 pM and 1.0 pM CCK in plasma. The intraassay precision 
ranged from 4.6% to 11.5% in the steep part of the standard curve. 

Plasma PYY 

Peptide YY was measured in plasma by a sensitive and specific radioimmunoas
say (24,38). The detection limit of the assay was obtained at a final concentration 
in the incubation mixture of 0.3 pM peptide YY and the inhibition dose 50 (ID50) 
at 1.7 pM. Recovery of PYY added to hormone-free plasma at the 3 nominal con
centrations 4.5, 9 and 18 pM was 97 ± 6% (SD; n=7), 94 ± 6% (SD; n=8) and 97 ± 
10% (SD; n=7). Serial dilutions of plasma containing high concentrations of 
endogenous PYY were superimposable on the standard curve. Intra- and interas-
say variation ranged from 6% to 11 % and from 5% to 21 % in the working range 
of the assay. The antibody binds to PYY1-36 and PYY3-36 with almost equal 
affinity. The antibody did not cross-react wi th the structurally related peptide 
pancreatic polypeptide while cross-reactivity wi th neuropeptide Y (NPY) was 
negligible. There was no detectable cross-reaction with unrelated peptides 
including cholecystokinin, somatostatin, bombesin and secretin. 

Gallbladder emptying 

Gallbladder volume was calculated from the longitudinal and transverse image 
of the gallbladder obtained by ultrasonography. Gallbladder volume was calcu
lated by the sum of cylinders method using a computer (34). The variation of vol
ume measurements ranges from 6% to 22%. 

Statistical Analysis 

Measurements of plasma CCK, plasma PYY and gallbladder volume were per
formed in duplicate and the mean of these two measurements was used for fur
ther analysis. Fasting or basal gallbladder volume, plasma PYY concentration and 
CCK concentration was obtained by calculating the mean of the values measured 
at -5 and 0 minutes. The total integrated plasma PYY and CCK response was deter
mined by calculating the area under the plasma concentration time curve, using 
the trapezoidal rule. The incremental integrated plasma PYY and CCK response 
was obtained by subtraction of the basal from the total integrated response. 
Integrated responses were determined for a 60 minutes period during intraduo
denal infusion of the meal (0-60 min) and for a 30 minutes period after infusion 
(60-90 min). Maximum decrease in gallbladder volume after the meal was deter
mined in each patient. Maximum gallbladder emptying was calculated as the per
centage of this maximum decrease in gallbladder volume relative to basal 

114 volume. Residual gallbladder volume in each patient was defined as the smallest 
volume obtained during or after infusion of the meal. Results are expressed as 
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mean ± 1 SEM. When normal distribution of data could not be rejected, statistical 
analysis was performed by two-way analysis of variance and by Student's t-test. 
Otherwise Wilcoxon's signed rank test or rank sum test was used. Two tailed 
probability values were calculated to assess statistical significance. 

Results 

Plasma CCK 

Basal plasma CCK levels were 3.1±0.4 pM before and 3.8±0.6 pM after total 
abdominal colectomy (NS) in patients wi th slow transit constipation. Intraduode
nal infusion of the meal induced a significant increase of plasma CCK concentra
t ion in patients both before and after colectomy (figure 1). After cessation of 
meal infusion this was fol lowed by a decline (figure 1). Total integrated and 
incremental integrated plasma CCK during (0-60 min) and after meal infusion 

Table 2. Plasma cholecystokinin and plasma peptide YY before, during and after intraduo
denal administration of a liquid meal in 10 patients with slow transit constipation and in 8 
healthy control subjects. 

Normal 

Plasma cholecystokinin 
Basal (pM) 
Total integrated 
(pM.min) 

0-60 min 
60-90 min 

Incremental integrated 
(pM.min) 

0-60 min 
60-90 min 

Plasma PYY 
Basal (pM) 
Total Integrated 
(pM.min) 

0-60 min 
60-90 min 

Incremental integrated 
(pM.min) 

0-60 min 
60-90 min 

STC 

before surgery 

3.1 ±0.4 

684±73 
284±40 

496±73 
190±41 

16.5±5.1 

2540+492 
21281305 

1548±257 
1632±264 

STC 

after surgery 

3.8±0.6a 

726±74 
298±40a 

501±57 
186±31 

15.6±1.8a 

2629±390 
1955+299 

1693±344 
1487±270 

Control 

subjects 

2.610.2 

669170 
186123 

512+60 
108118 

10.9+0.9 

2218+186 
18081249 

15621198 
14811263 

Note. A standard liquid meal was infused intraduodenally at a constant rate of 5 mL/min 
in the period from 0-60 minutes. Results are expressed as mean 1 SEM. 
a significantly different (p<0.05) from value in normal subjects. 
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Figure 1. Plasma cholecystokinin (CCK) con
centration before, during and after intra
duodenal administration of a liquid meal in 
10 patients with slow transit constipation 
before (closed circles) and after subtotal 
colectomy with ileorectal anastomosis 
(closed circles) and in 8 healthy control sub
jects (closed triangles). Results are expres
sed as mean ± SEM. 

Time (min) 

Figure 2. Plasma peptide YY (PYY) concen
tration before, during and after intraduo
denal administration of a liquid meal in 10 
patients with slow transit constipation 
before (closed circles) and after subtotal 
colectomy with ileorectal anastomosis 
(closed circles) and in 8 healthy control sub
jects (closed triangles). Results are expres
sed as mean ± SEM. 

(60-90 min) were comparable in patients before and after surgery (table 2). How
ever basal and total integrated plasma CCK concentration after the meal (60-90 
min) were significantly elevated in patients after surgery when compared with 
normal subjects (table 2). 

Plasma PYY 

116 

Subtotal colectomy did not affect basal plasma PYY concentrations in patients 
wi th slow transit constipation (table 2). As well before as after colectomy, 
intraduodenal meal infusion induced a gradual and significant increase of 
plasma PYY concentration (figure 2). No evidence was found for impaired PYY 
release after colectomy as reflected by comparable total and incremental inte
grated plasma PYY responses during and after intraduodenal meal infusion 
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Figure 3. Gallbladder volume before, dur
ing and after intraduodenal administration 
of a liquid meal in 10 patients with slow 
transit constipation before (closed circles) 
and after subtotal colectomy with ileorec
tal anastomosis (closed circles) and in 8 
healthy control subjects (closed triangles). 
Results are expressed as mean ± SEM. 

Gallbladder volume (mL) 

30 

20 

10 

30 60 90 

Time (min) 

(table 2). Basal plasma PYY after colectomy was even significantly increased 
when compared to normal subjects. 

Gallbladder volume 

Fasting gallbladder volume in patients after colectomy (16.5±5.9 mL) was sig
nificantly smaller (p<0.01) when compared to fasting volume in normal sub
jects (22.9±4.4 mL), but not when compared to fasting volume before 
surgery (22.8+5.9 mL). Meal infusion induced significant decreases of gallblad
der volume in patients before and after surgery (figure 3). No significant dif
ference was found for maximum gallbladder emptying in patients before sur
gery (63±8%), after surgery (74±4%) and in normal subjects (68±7%). Residual 
gallbladder volume was lower in patients after surgery 3.9 ±1.2 mL, than in 
patients before surgery, 6.9+1.4 mL (p<0.05) and in normal subjects (6.7±1.2 mL; 
NS). 

Discussion 

The present study shows that despite removal of a major source of PYY produc
ing cells, subtotal colectomy with ileorectal anastomosis does not impair PYY 
secreting capacity in patients wi th slow transit constipation. On the contrary, 
plasma PYY levels in the fasting state were even increased when compared to 
normal subjects. In addition the study shows that basal and postprandial plasma 

117 
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CCK levels are elevated in patients wi th slow transit constipation after colonic 
resection when compared to normal subjects. 
The f inding that colonic resection does not impair PYY release indicates that the 
ileal and rectal mucosa contain sufficient PYY secreting cells to compensate for 
loss of PYY secreting cell mass after resection of the colon. In a previous study 
others and we found that postprandial plasma PYY levels are decreased after 
proctocolectomy (23,24). Together wi th the data of the present study, this sug
gests that PYY secreting cells in the rectal mucosa prevent a decrease in PYY 
release after colectomy. 
Gastric emptying is frequently delayed in patients wi th slow transit constipation 
(3,4,32). Circulating PYY inhibits gastric emptying (19,20). However, a putative 
beneficial effect of colectomy on gastric emptying is highly unlikely, because 
colectomy did not alter circulating PYY under basal and stimulated conditions in 
slow transit constipation. After colectomy, basal PYY was even higher than in 
healthy controls. 
The reason for the elevated basal PYY level in patients after colectomy is not 
known. After colectomy the rectal mucosa may be stimulated by substances that 
under normal conditions do not reach the rectum in patients wi th an intact 
colon. These stimulating substances may induce a more profound PYY release, 
because the rectal mucosa contains higher concentrations of PYY than the prox
imal colon (12). 
Total abdominal colectomy also did not induce major changes in circulating CCK 
in patients wi th slow transit constipation. However, basal and postprandial CCK 
levels after colectomy were elevated when compared to normal subjects. These 
data are in agreement wi th the finding of elevated basal and postprandial 
plasma CCK levels after proctocolectomy and ileoanal pouch anastomosis (25). It 
has been suggested that the increased CCK concentrations in proctocolec-
tomized patients were due to removal of a CCK inhibiting factor located in the 
colonic mucosa such as PYY (24,25). However PYY is probably not involved in 
patient wi th colectomy and ileorectal anastomosis, because circulating PYY was 
not decreased in these patients. 

Circulating CCK is an important factor in the regulation of gallbladder motility 
(13-16) and gastric emptying (17,18). Indeed we found in the present study that 
increased basal CCK concentrations after colectomy were accompanied by 
decreased basal gallbladder volumes. Gastric emptying is impaired in a consi
derable number of patients wi th slow transit constipation (3,4,32). Therefore, 
increased basal and postprandial plasma CCK concentrations after colectomy 
wil l not contribute to improvement of abnormal gastric emptying in these 
patients. 

Conclusion. Subtotal colectomy with ileorectal anastomosis does not reduce 
plasma PYY, or induce major changes in circulating cholecystokinin and gallblad
der emptying in patients wi th slow transit constipation. In the interdigestive 
state, after resection of the colon, not only plasma CCK, but also plasma PYY lev-

118 els are elevated and gallbladder volumes are decreased when compared to nor-
mal subjects. Increased levels of circulating CCK and PYY may contribute to 
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persistence of abnormalities of upper gut motility including impaired gastric 
emptying in these patients after colectomy. 
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Abstract 

Background. Abnormalities of upper gut motility including a delay of gastric 
emptying and small bowel transit found in patients wi th constipation may be 
secondary to factors originating in the colon or rectum as a result of fecal stasis. 
The aim was to determine if stimulation of mechanosensory function by rectal 
distension affects postprandial gallbladder emptying and release of gastroin
testinal peptides participating in control of upper gut motility. 
Materials and Methods. Eight healthy volunteers were studied with an electronic 
barostat and a plastic bag positioned in the rectum. Intrabag pressure was main
tained at minimal distension pressure +2 mmHg on one occasion and on a pres
sure that induced a sensation of urge on the other. Gallbladder volume and 
plasma concentrations of cholecystokinin (CCK), pancreatic polypeptide (PP) and 
peptide YY (PYY) were measured before and after ingestion of a 450 kcal mixed 
liquid meal. 

Results. Rectal distension enhanced maximum gallbladder emptying from 
66±7% to 78±5% (p<0.05). Distension tended to increase integrated plasma PYY 
from 77±30 pM*min to 128140 pM*min in the first hour after the meal (p=0.08)) 
and it suppressed integrated plasma PP from 1133+248 pM*min to 
269±284pM*min in the second hour (p<0.05). Integrated plasma CCK concentra
tions were not significantly affected. 
Conclusion. Mechanosensory stimulation of the rectum enhances postprandial 
gallbladder emptying and influences postprandial release of gut hormones 
involved in the regulation of gastrointestinal motility in healthy subjects. These 

124 mechanisms may play a role in the pathogenesis of upper gastrointestinal motor 
abnormalities observed in constipated patients. 
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Introduction 

Abnormalities of upper gut functions including delayed gastric emptying 
impaired gallbladder emptying and a delay of small bowel transit are frequently 
observed in patients with slow transit constipation (1-4). The reason for these 
functional disturbances is unclear. It has been suggested that slow transit consti
pation is a panenteric disorder in which the primary disease process not only 
affects the distal but also the proximal gut. Another explanation for these abnor
malities is that they are secondary to stasis of a faecal mass in the colon or rectum 
triggering chemical or mechanical receptors, which subsequently affect proximal 
gut functions by neural or hormonal pathways. The finding that rectal distension 
delays gastric emptying and orocaecal transit supports this hypothesis (5,6). 
The aim of the present study was to determine whether rectal distension affects 
gallbladder motility and postprandial release of the gut hormones CCK, PYY and 
PP. These gut hormones were studied because both CCK and PYY have potent 
effects on gastrointestinal motility. CCK stimulates gallbladder motility (7,8) and 
delays gastric emptying (9,10). PYY delays gastric emptying (11,12) and orocaecal 
transit (12). PP is a hormone secreted by the pancreas which is under strong vagal 
cholinergic control. Circulating PP inhibits gallbladder emptying (15,16). Abnor
malities of these gut hormones have been reported in slow transit constipa-
tion(17-20). 

Materials and methods 

Subjects 

Eight healthy volunteers (6 women and 2 men; mean age 28 years; range 20-52 
years) participated in the study. None of the volunteers was taking any medica
t ion or had a history of previous abdominal or pelvic surgery other than appen
dectomy. None had a history of constipation or diarrhea. The study protocol was 
approved by the local ethics committee of the University Hospital Nijmegen, and 
all subjects gave their informed consent before entering the study. 

Experimental protocol 

After an overnight fast the volunteers presented at the laboratory at 8:00 AM. In 
random order 2 experiments were performed separated from each other by at 
least 4 days. The subjects were asked to defaecate. Because 1 patient could not 
defaecate spontaneously, a rectal enema (Practo-clyssR 120 mL, Vifor Medical SA, 
Switzerland) was administered one hour before the start of the study on both 
experimental days. An indwelling catheter was placed in an antecubital vein for 
collection of blood samples. Venous blood samples for measurement of chole-
cystokinin, peptide YY and pancreatic polypeptide were drawn a t -20, -15, -5, 0, 125 
10, 20, 30, 40, 50, 60, 75, 90 and 120 min. Blood was collected in ice-chilled glass 
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tubes containing ethylenediaminetetraacetic acid. The blood samples were cen-
trifuged at 3000g and the plasma was frozen at -200C until analysis. Each time 
that a blood sample was drawn, two longitudinal and two transverse images of 
the gallbladder were obtained by real-time ultrasonography (Sonolayer Sal 77B; 
Toshiba, Tokyo, Japan) using a 3.75 MHz transducer (21). 
A plastic bag connected to an electronic barostat was inserted into the rectum. 
The pressure in the rectal bag was kept constant at 2 mmHg above minimal dis
tension pressure during one experiment from t = -15 min until t = 120 min and at 
a pressure inducing a feeling of urge during the other experiment from t=-15 
min until t=120 min. After a 15 minutes equilibration period, the subjects drank 
300 mL of a 450 kcal liquid test meal (Nutridrink" , Nutricia, Zoetermeer, The 
Netherlands) a t t=0 min. The meal consisted of 19.5 g fat, 15 g protein and 53.7 
g carbohydrates. 

Barostat procedure 

We used a balloon connected to an electronic barostat (Visceral stimulator, 
Synectics Medical, Stockholm, Sweden) to induce rectal distension. The balloon 
was a highly compliant polyethylene bag, 18 cm in length (Hefty Baggies, Mobil 
Chemical, Pittsford, NY), mounted on the distal end of a catheter. This catheter 
was connected to the barostat. Before each experiment the barostat assembly 
was tested for leaks in free air at a pressure of 10 mmHg for 10 minutes. With the 
subjects in the right lateral decubitus position, the carefully folded and lubri
cated bag (K-Y lubricating jelly, Johnson and Johnson Medical Ine, Arlington, 
Texas) was inserted into the rectum, wi th the lower margin of the bag 5 cm prox
imal to the anal verge. During the entire experiment the subjects were in a 
supine position on their back and were asked to move as little as possible to pre
vent artefacts. Air was inflated up to a maximum pressure of 20 mmHg and to a 
maximum volume of 350 mL to unfold the bag in the rectum(22). After deflation, 
the balloon was reinflated at 1 mmHg increments of pressure to determine min
imal distension pressure (22). Minimal distension pressure was defined as the 
pressure at which respiratory excursions were clearly recorded from the barostat 
volume tracing (22). The operating pressure was defined as 2 mmHg above the 
minimal distension pressure (22). Sensory thresholds of the rectum were assessed 
by ramp insufflation of the polyethylene bag wi th increments of 2 mmHg in pres
sure every 30 seconds up to a maximum of 54 mmHg (22). The thresholds for first 
sensation, sense of urgency of defecation and discomfort were noted. When dis
comfort was noted, the balloon was deflated. Thirty minutes after rectal sensory 
testing was completed, the balloon was inflated again (22). On one day the pres
sure in the balloon was set at operating pressure to control for non-specific 
effects not related to distension, on the other it was set at a pressure inducing a 
feeling of urge. This pressure was maintained by the barostat during the experi
ment from -15 min to 120 min. The pressures and volumes in the balloon were 

126 recorded on a personal computer by software of Synectics (Polygram for win-
dows and SVS module, Synectics Medical, Stockholm, Sweden). 
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Plasma cholecystokinin 

Cholecystokinin was measured by a sensitive and specific radioimmunoassay (23-
25). The detection limit of the assay was between 0.5 pM and 1.0 pM CCK in 
plasma. The intraassay precision ranged from 4.6% to 11.5% in the steep part of 
the standard curve. Measurements of CCK were performed in the same of the 
radioimmunoassay. 

Plasma PYY 

Peptide YY was measured in plasma by a sensitive and specific radioimmunoas
say (26,27). The detection limit of the assay was obtained at a final concentration 
in the incubation mixture of 0.3 pM peptide YY and the inhibition dose 50 (ID50) 
at 1.7 pM. Intra- and interassay variation ranged from 6% to 11 % and from 5% 
to 21 % in the working range of the assay. All measurements were performed in 
the same run. 

Plasma PP 

Plasma pancreatic polypeptide concentrations were also measured by radioim
munoassay (28). The detection limit of the assay was 0.5 pmol/L of incubation 
mixture. The intra-assay variation ranged from 4% to 7 % in the steep part of the 
standard curve. All measurements of PP were performed in one run. 

Gallbladder emptying 

Gallbladder volume was calculated from the longitudinal and transverse image 
of the gallbladder obtained by ultrasonography. Gallbladder volume was calcu
lated by the sum of cylinders method using a computer (21). The variation of vol
ume measurements ranges from 6% to 22%. 

Statistical Analysis 

Measurements of plasma CCK, plasma PYY, plasma PP and gallbladder volume 
were performed in duplicate and the mean of these two measurements was used 
for further analysis. Gallbladder volume was expressed in milliliters or as per
centage of the mean basal gallbladder volume. Fasting or basal gallbladder vol
ume, plasma PYY concentration, plasma CCK concentration and plasma PP 
concentration was obtained by calculating the mean of the values measured at 
-5 and 0 minutes. The integrated plasma PYY, PP and CCK response was deter
mined by calculating the area under the plasma concentration time curve after 
subtraction of basal value using the trapezoidal rule(29). Integrated responses 
were determined for a 60 minutes period. Integrated gallbladder emptying was 
determined by calculating the area under the gallbladder emptying time curve. 
This curve reflects the decrease of gallbladder volume expressed as a percentage 
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of basal gallbladder volume. Maximum decrease in gallbladder volume after the 
meal was determined in each patient. Maximum gallbladder emptying was cal
culated as the percentage of this maximum decrease in gallbladder volume rela
tive to basal volume. Results are expressed as mean ± 1 SEM. Normal distribution 
of data was determined on the basis of Wilk-Shapiro statistics and rankit plots. 
Normal distribution of data could not be rejected for within subject changes 
of integrated gallbladder, plasma PP and plasma PYY responses induced by rec
tal distension. These data were analysed by parametric tests. Otherwise 
Wilcoxon's signed rank test was used. To correct for multiple testing we per
formed multivariate repeated measures analysis of variance with treatment 
(with or without rectal distension) and time period of integrated response as 
within subject factors. Subsequently, integrated values with and without rectal 
distension were compared by Student's t-test(30). When the overall test did not 
point to a significant treatment effect (PYY) or when it was not applicable (CCK), 
p-values were adjusted for multiple comparisons by the method of Bonferroni. 
Friedman two way analysis of variance wi th subject and time period as factors 
was used to determine whether integrated responses in the postprandial period 
were significantly different from basal value. Two tailed probability values were 
calculated to assess statistical significance. A p-value <0.05 was considered sig
nificant. 

Results 

Rectal distension 

The minimal distending pressure was found at an intrabag pressure of 11 ±1.0 
mmHg and the threshold for urge was obtained at an intrabag pressure of 
23±2.1 mmHg. These values were not different between the first and the second 
experimental day. 

Gallbladder emptying 

Basal gallbladder volume in the experiment before rectal distension (18.2±2.3 
mL) was not different from that in the experiment without rectal distension 
(18.1±2.3 mL). Basal gallbladder volume during rectal distension inducing a sen
sation of urge (18.5±3.3 mL) was not different from that before rectal distension. 
Ingestion of the meal induced a statistically significant reduction in gallbladder 
volume as well in the experiment without (p<0.05) as in the experiment wi th 
rectal distension (p<0.05; figure 1). Rectal distension enhanced maximum gall
bladder emptying from 66±7% in the experiment wi thout to 78±5% in the 
experiment wi th urge (p<0.05). Similarly, distension augmented integrated gall-

bladder emptying from 2587±574%*min to 3546± 586%*min in the second hour 
128 after the meal (p<0.05). 
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Figure 1. (a) Gallbladder volume in response to ingestion of a mixed liquid meal in 8 
healthy volunteers once without (open circles) and once with (closed circles) rectal disten
sion eliciting a sensation of urge. Results are expressed as mean + SEM. (b) Changes of inte
grated responses in the first (0-60 min) and second hour (60-120 min) after meal ingestion 
in each of 8 healthy volunteers. Changes were obtained by subtracting integrated 
response without distension from integrated response with distension. 

Plasma concentrations of CCK, PP and PYY 

Basal plasma concentrations of CCK, PP and PYY were similar in the experi
ment with and wi thout rectal distension (table 1). In the experiment without 
rectal distension, meal ingestion induced a significant increase of plasma CCK 
to a peak value of 4.0±0.3 pM at 20 min (p<0.05; figure 2), of plasma PP to a peak 
value of 68±7 pM at 20 min (p<0.005; figure 3) and of plasma PYY to a peak value 
of 12.5±1.1 pM at 120 min (p<0.005; figure 4). In the experiment wi th rectal 
distension inducing a sensation of urge, meal ingestion also induced statistically 
significant increases of plasma CCK (p< 0.01), PP (p<0.005) and PYY (p<0.05). 
Plasma CCK peak level at 20 min was 6.211.6 pM (NS vs wi thout distension), 
plasma PP peak level at 20 min was 60.5±7.2 pM (NS vs wi thout distension) 
and plasma PYY peak level was 12.712.4 pM (NS vs wi thout distension). Rectal 
distension did not significantly affect integrated plasma CCK, but it tended 
to enhance (p=0.08) integrated plasma PYY in the first hour after the meal 
and it reduced (p<0.05) integrated plasma PP in the second hour after the meal 
(table 1). 
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Table 1. Gut hormone responses and gallbladder emptying. 

Plasma CCK 
Fasting (pM) 
Integrated (pM.min) 

0- 60 min 
60-120 min 

Plasma PP 
Fasting (pM) 
Integrated (pM.min) 

0-60 min 
60-120 min 

Plasma PYY 
Fasting (pM) 
Integrated (pM.min) 

0-60 min 
60-120 min 

Gallbladder contraction 
Integrated (%.min) 

0-60 min 
60-120 min 

Without distension 

3.0 ±0.2 

33.7 ±8.5 
1.1 ±4.2 

31.8 ±3.5 

1523 ±301 
1133 ±248 

9.8 ±0.6 

77.4 ±30.1 
136.7 ±56.2 

2405 ±449 
2587 ± 574 

With distension 

3.2 ±0.3 

90.9 ±41.2 
13.8 ±10.0 

34.0 ±4.8 

1039 ±183 
269 ± 284* 

9.4 ±0.5 

127.9 ±39.8t 
161.8±79.1 

3172 ±349 
3546 ±586* 

* Denotes significantly different from study without distension (p < 0.05). 
t Denotes p=0.08 when compared to study without distension. 

Discussion 

The present study shows that rectal distension enhances postprandial gallblad
der emptying in healthy volunteers. This effect is accompanied by a tendency 
towards an increased release of PYY in the first hour after the meal and a dimin
ished release of PP in the second hour. Therefore, the study supplies further evi
dence for the hypothesis that motility of the proximal gut is modulated by 
factors originating in colon or rectum. 
In the present study the rectum was distended by applying a fixed pressure using 
a highly compliant bag positioned in the rectum and connected to an electronic 
barostat. The pressure for distension was chosen on the basis of the threshold for 
sensation of urge to defecate. All subjects were aware of the balloon in their rec
tum during the study, but none of them experienced the stimulus as unpleasant 
or stressf ull. This is in agreement with previous studies in which even higher pres
sures were applied during distension (5,6). 

Previous studies showed that colorectal stimuli affect gastric emptying and 
motil ity of the small bowel. Painless intermittent rectal distension delayed the 
passage of a (solid) meal through both the stomach and the small intestine (5). 
Continuous rectal distension for one hour after meal ingestion reduced duode-

130 nal motil ity index as measured by manometry and increased duodeno-caecal 
transit t ime (6). Furthermore, voluntary suppression of defecation delays gastric 
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Figure 2. (a) Plasma cholecystokinin (CCK) concentration in response to Ingestion of a 
mixed liquid meal in 8 healthy volunteers once without (open circles) and once with 
(closed circles) rectal distension eliciting a sensation of urge. Results are expressed as mean 
± SEM. (b) Changes of integrated responses In the first (0-60 min) and second hour (60-120 
min) after meal ingestion in each of 8 healthy volunteers. Changes were obtained by sub
tracting integrated response without distension from integrated response with distension. 

emptying in normal subjects (31). The present study shows that rectal distension 
also affects postprandial gallbladder emptying. 

The mechanism by which colorectal stimuli affect upper gastrointestinal function 
is not clear. Early studies in animals suggest that neural pathways are involved, 
but humoral pathways could not be excluded (32,33). The present study shows 
that rectal distension also affects humoral factors. Plasma PYY release was 
increased during the first hour after the meal and plasma PP secretion was 
decreased in the second hour. Circulating PYY inhibits gastric emptying and 
delays orocaecal transit (11,12). Increased levels of circulating PYY may con
tribute to slowing down of gastric emptying and small bowel motor activity 
induced by rectal distension (5,6). Decreased levels of circulating PP may con
tribute to the enhanced gallbladder emptying during rectal distension, because 
PP inhibits gallbladder emptying (15,16). 

The mechanism by which rectal distension induced a decreased PP secretion is 
not known. Vagal nerves mediate inhibition of gastric tone or motility induced 
by distension of the small or large bowel (32-34). Therefore, it is tempting to 
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Figure 3. (a) Plasma pancreatic polypeptide (PP) concentration in response to ingestion of 
a mixed liquid meal In 8 healthy volunteers once without (open circles) and once with 
(closed circles) rectal distension eliciting a sensation of urge. Results are expressed as mean 
± SEM. (b) Changes of Integrated responses in the first (0-60 min) and second hour (60-120 
min) after meal Ingestion in each of 8 healthy volunteers. Changes were obtained by sub
tracting Integrated response without distension from integrated response with distension. 

speculate that vagal nerves are also involved in the inhibition of PP release dur
ing rectal distension, because plasma PP levels are strongly regulated by vagal 
cholinergic mechanisms (13,14). 
The mechanism by which rectal distension enhanced postprandial gallbladder 
emptying in the present study is not obvious. Secretion of cholecystokinin which 
is the principle mediator of postprandial gallbladder emptying (7,8), was not sig
nificantly increased in response to the meal during distension of the rectum. 
However, integrated response was approximately three times higher in the first 
hour after the meal, but the response was highly variable between individuals. 
Therefore, a high variation in CCK responses among a relatively small number of 
subjects studied may have precluded the difference from reaching statistical sig
nificance in the present study. 

PYY secreting cells are predominantly located in the colon and rectum with 
highest concentrations in the rectal mucosa (35). During rectal distension, post
prandial PYY concentrations were increased, indicating that the functioning of 
PYY secreting cells is influenced by distension of the rectal wall. This effect is 
analogous to the effect of gastric distension on gastrin release (36,37). 
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Figure 4. (a) Plasma peptide YY (PYY) concentration in response to ingestion of a mixed 
liquid meal in 8 healthy volunteers once without (open circles) and once with (closed cir
cles) rectal distension eliciting a sensation of urge. Results are expressed as mean ± SEM. 
(b) Changes of integrated responses in the first (0-60 min) and second hour (60-120 min) 
after meal Ingestion in each of 8 healthy volunteers. Changes were obtained by subtract
ing integrated response without distension from integrated response with distension. 

In conclusion. The present study shows that rectal distension enhances postpran
dial gallbladder emptying in healthy volunteers. This effect is accompanied by 
decreased PP secretion and a tendency towards an increased PYY release. It sup
plies further evidence that upper gut motility can be influenced by factors origi
nating in the colon or rectum. These factors may be involved in the pathogenesis 
of the upper gut motil i ty disorders observed in patients wi th severe idiopathic 
constipation. 

References 

1. MacDonald A, Baxter JN, Beset RG, Gary HW, Findlay IG. Gastric emptying in patients 
with constipation following childbirth and due to Idiopathic slow transit. Br J Surg 
1997;84:1141-3. 

2. Van der Sijp J, Kamm MA, Nightingale JM, Britton KE, Granowska M, Mather SJ, Akker-
mans LM, Lennard-Jones JE. Disturbed gastric and small bowel transit in severe idio
pathic constipation. Dig Dis Sci 1993;38:837-44. 



CHAPTER 3.5 

3. Mollen RM, Hopman WP, Kuijpers HH, Jansen JB. Abnormalities of upper gut motility 

in patients w i t h slow-transit constipation. Eur J Gastroenterol Hepatol 1999;11:701-8. 

4. Penning C, Gielkens HA, Delemarre JB, Lamers CB, Masclee AA. Gall bladder emptying 

in severe idiopathic constipation (see comments). Gut 1999;45:264-8. 

5. Youle MS, Read NW. Effect of painless rectal distension on gastrointestinal transit of 

solid meal. Dig Dis Sci 1984;29:902-6. 

6. Kellow JE, Gill RC, Wingate DL. Modulation of human upper gastrointestinal motility 

by rectal distension. Gut 1987;28:864-8. 

7. Hopman WPM, Jansen JBMJ, Kerstens PJM, Rosenbusch G, and Lamers CBHW. Effect 

of graded physiologic doses of cholecystokinin on gallbladder contraction measu

red by ultrasonography. Determination of threshold, dose-response relationships 

and comparison wi th intraduodenal bilirubin output. Gastroenterology 1985;89:1242-

7. 

8. Liddle RA, Gertz BJ, Kanayama S, Beccaria L, Coker LD, Turnbull TA, Morita ET. Effects 

of a novel cholecystokinin (CCK) receptor antagonist, MK-329, on gallbladder contrac

t ion and gastric emptying in humans. Implications for the physiology of CCK. J Clin 

Invest 1989;84:1220-5. 

9. Liddle RA, Morita ET, Conrad CK, Williams JA. Regulation of gastric emptying in 

humans by cholecystokinin. J Clin Invest 1986;77:992-6. 

10. Fried M, Erlacher U, Schwizer W, Lochner C, Koerfer J, Beglinger C, Jansen JB, 

Lamers CB, Harder F, Bischof-Delaloye A. Role of cholecystokinin in the regulation 

of gastric emptying and pancreatic enzyme secretion in humans. Studies with 

the cholecystokinin-receptor antagonist loxiglumide. Gastroenterology 1991; 101:503-

11. 

11. Pappas TN, Debas HT, Chang AM, Taylor IL. Peptide YY release by fatty acids is suffi

cient to inhibit gastric emptying in dogs. Gastroenterology 1986;91:1386-9. 

12. Savage AP, Adrian TE, Carolan G, Chatterjee VK, Bloom SR. Effects of peptide YY (PYY) 

on mouth t o caecum intestinal transit t ime and on the rate of gastric emptying in 

healthy volunteers. Gut 1987;28:166-70. 

13. Schwartz TW. Pancreatic polypeptide: a hormone under vagal control. Gastroenterol

ogy 1983;85:1411-25. 

14. Schwartz TW, Hoist JJ, Fahrenkrug J, Jensen SL, Nielsen OV, Rehfeld JF, de Muckadell 

OB, Stadil F. Vagal, cholinergic regulation of pancreatic polypeptide secretion. J Clin 

Invest 1978;61:781-9. 

15. Adrian TE, Mitchenere P, Sagor G, Bloom SR. Effect of pancreatic polypeptide on gall

bladder pressure and hepatic bile secretion. Am J Physiol 1982;243:G204-G207 

16. Greenberg GR, McCloy RF, Adrian TE, Chadwick VS, Baron JH, Bloom SR. Inhibition of 

pancreas and gallbladder by pancreatic polypeptide. Lancet 1978;2:1280-2. 

17. Peracchi M, Basilisco G, Tagliabue R, Terrani C, Locati A, Bianchi PA, Velio P. Postpran

dial gut peptide plasma levels in women wi th idiopathic slow- transit constipation (In 

Process Citation). Scand J Gastroenterol 1999;34:25-8. 

18. Stern HP, Stroh SE, Fledorek SC, Kelleher Κ, Mellon MW, Pope SK, Rayford PL. Increased 

plasma levels of pancreatic polypeptide and decreased plasma levels of motilin in 

encopretic children Pediatrics 1995;96:111-7. 

19. Mollen RMHG, Hopman WPM, Kuijpers JHC, et al. Abnormalities of plasma cholecys

tokinin and peptide YY in patients with slow transit constipation. Gastroenterology 

1997;112:A792 

134 20. Penning C, Delemarre JBVM, Bemelman WA, et al. Proximal gastric motor and sensory 

function in slow transit constipation. Gastroenterology 1999;116:A1024 



RECTAL DISTENSION 

21. Hopman WP, Brouwer WF, Rosenbusch G, Jansen JB, Lamers CB. A computerized 

method for rapid quantification of gallbladder volume from real-time sonograms. 

Radiology 1985;154:236-7. 

22. Mollen RM, Salvioli Β, Camilleri M, Burton D, Kost U, Phillips SF, Pemberton JH. The 

effects of biofeedback on rectal sensation and distal colonic motil ity in patients w i t h 

disorders of rectal evacuation: evidence of an inhibitory rectocolonic reflex in 

humans? Am J Gastroenterol 1999;94:751-6. 

23. Jansen JB, Lamers CB. Radioimmunoassay of cholecystokinin: production and evalua

tion of antibodies. J Clin Chem Clin Biochem 1983;21:387-94. 

24. Jansen JB, Lamers CB. Radioimmunoassay of cholecystokinin in human tissue and 

plasma. Clin Chim Acta 1983;131:305-16. 

25. Jansen JB, Lamers CB. Molecular forms of cholecystokinin in plasma from normal and 

gastrectomized human subjects fol lowing a fat meal. Peptides 1987;8:801-5. 

26. van Battum PL, Hopman WP, Salemans JM, Kuijpers JH, Nagengast FM, Jansen JB. 

Impaired release of peptide YY in patients w i t h proctocolectomy and ileal pouch-anal 

anastomosis. Scand J Gastroenterol 1999;34:404-8. 

27. Maas Ml, Hopman WP, Katan MB, Jansen JB. Release of peptide YY and inhibition of 

gastric acid secretion by long- chain and medium-chain triglycerides but not by sucrose 

polyester in men. Eur J Clin Invest 1998;28:123-30. 

28. Lamers CB, Diemel CM, van Leer E, van Leusen R, Peetoom JJ. Mechanism of elevated 

serum pancreatic polypeptide concentrations in chronic renal failure. J Clin Endocrinol 

Metab 1982;55:922-6. 

29. Elashoff JD. Down w i t h multiple t-tests. Gastroenterology 1981;80:615-620. 

30. Hommel G. Mult iple test procedures for arbitrary dependence structures. Metrika 

1986;33:321-336 

31. Tjeerdsma.H.C, Smout AJPM, Akkermans LMA. Voluntary suppression of defecation 

delays gastric emptying. Dig Dis Sci 1993;38:832-6. 

32. Youmans WB, Meek WJ. Reflex and humoral gastro-intestinal inhibition in unanes-

thetized dogs during rectal stimulation. Am J Physiol 1937;120:750-6. 

33. Lalich J, Meek WJ, Herrin RC. Reflex pathways concerned in inhibition of hunger con

tractions by intestinal distension. Am J Physiol 1936; 115:410-4. 

34. Bojo L, Cassuto J. Gastric reflex relaxation by colonic distension. J Auton Nerv Syst 

1992;38:57-64. 

35. Adrian TE, Ferri GL, Bacarese-Hamilton AJ, Fuessl HS, Polak JM, Bloom SR. Human dis

tribution and release of a putative new gut hormone, peptide YY. Gastroenterology 

1985;89:1070-7 

36. Schiller LR, Walsh JH, Feldman M. Distention-induced gastrin release: effects of lumi

nal acidification and intravenous atropine. Gastroenterology 1980;78:912-7. 

37. Cotrim E, Zaterka S, Walsh J. Acid secretion and serum gastrin at graded intragastric 

pressures in man. Gastroenterology 1977;72:676-9. 





3.6 THE EFFECTS OF BIOFEEDBACK ON RECTAL SENSATION 
AND DISTAL COLONIC MOTILITY IN PATIENTS WITH 
DISORDERS OF RECTAL EVACUATION: 
EVIDENCE OF AN INHIBITORY RECTOCOLONIC REFLEX IN 
HUMANS? 

Mollen RMHG, Salvioli B, Camilleri M, Burton D, Kost U, Phillips SF, 
Pemberton JH. 
Am J Gastroenterol 1999; 94:751-56 



CHAPTER 3.6 

Abstract 

Objectives: Abnormalities of descending colon motility reported in a subset of 
patients wi th rectal evacuation disorders are consistent wi th a rectocolonic 
inhibitory reflex. 
Our aims were to evaluate distal colon motor function and rectal sensation in 
such patients and assess effects of biofeedback (BF) training on these functions. 
Methods: Seven patients (5F,2M; mean age 36 yr) wi th rectal evacuation disor
ders were studied before and after 10-days biofeedback training; 6 healthy vol
unteers (5F, I M ; mean age 30 yr) were studied once. Colonic compliance, motility, 
sensation thresholds, and perception scores during standardized rectal disten
tions were measured using two barostat-manometry assemblies inserted into 
cleansed colon wi th aid of flexible sigmoidoscopy. 

Results: Sigmoid compliance, fasting and postprandial motility index, and per
ception thresholds were similar in controls and patients before and after 
biofeedback training. Postprandial sigmoid tone tended (p=0.09) to be lower in 
patients than controls; after biofeedback, postprandial tone was comparable to 
controls. Rectal urgency scores at 24 mmHg distention were greater in patients 
than controls (p=0.02 for both). After biofeedback, there were trends for lower 
perceptions of urgency to defecate (7.6+1.1 cm pre- vs. 5.3+1.5 post-; p=0.04) at 
24 mmHg; conversely, gas sensation at 12 mmHg was higher (1.2±0.5 cm pre- vs. 
3.3±0.6 post-; p=0.05). 
Conclusions: Normalization of rectal evacuation and postprandial sigmoid tone 

in patients wi th evacuation disorders by biofeedback training supports the pres-
138 enee of a rectocolonic inhibitory reflex. Effect of biofeedback on rectal sensation 

in these patients requires further study. 
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Introduction 

Outlet obstructions to defecation, also termed evacuation disorders, are fre
quently unrecognized causes of constipation in patients referred to gastroen
terology clinics (1-3). Evacuation disorders refer to a constellation of confusing 
terms in the literature such as anismus, pelvic floor dysfunction, paradoxical pub-
orectalis contraction, puborectalis dyssynergia, and spastic pelvic floor syndrome. 
In a previous study, we observed that a subset of patients wi th obstruction to 
defecation had an abnormal motor function (e.g., tone and phasic contractility) 
of the left colon (4); the mechanism for this abnormality in colonic motor func
t ion is unclear. The observation led to the hypothesis that the colonic motor dys
function represents a reflex inhibition due to stimulation of the rectum by 
retained stool or gas within the functionally obstructed rectum. If this hypothe
sis is correct, it would be anticipated that restoration of normal evacuation 
would result in normalization of colonic motility. However, an alternative 
hypothesis for the impaired postprandial colonic tone might be a disturbance of 
neuromuscular function. In fact, Grotz et al. (5) have reported a decreased rectal 
wall contractility in response to feeding, a cholinergic agonist and a smooth mus
cle relaxant in patients wi th chronic constipation. If the alternative hypothesis is 
correct, restoration of normal evacuation would not alter colonic motility or 
tone. 

The aim of the study was to compare motor function of the sigmoid colon and 
rectum and rectal sensation in a group of patients wi th rectal evacuation disor
ders and healthy controls, and to determine the effects of biofeedback (BF) train
ing on these functions. We recruited a different set of patients from those 
reported in our earlier study (4), and compared data from the patients to those 
of healthy controls studied on one occasion. 

Materials and Methods 

Patients and Controls 

Seven patients (5F,2M; mean age, 36 yr) were studied before and after comple
t ion of the 10-day Mayo Clinic intensive program of biofeedback retraining for 
outlet obstruction to defecation. This program incorporates psychological con
sultation and rehabilitation, and dietary advice, apart from the four 1-hour 
biofeedback sessions per day with a single physical therapist assigned to each 
patient. 
We defined evacuation disorder as the need to strain excessively to pass bowel 
movements and a sensation of incomplete evacuation at least a quarter of the 
time. Symptoms were present for at > 1 year. Colonic transit studies were per
formed as part of the clinical evaluation. 
Patients wi th clinically suspected evacuation disorders were included in the study 
when at least one of the three fol lowing tests were abnormal: failure to expel a 
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50-ml balloon in the left lateral position despite addition of 200 g of weight; fail
ure of the rectoanal angle to increase by more than 15° during straining to defe
cate during barium defecography or scintigraphic measurement; resting anal 
canal pressures of more than 120 cm water (average (6)). 
Improvement in evacuation fol lowing pelvic floor and anal sphincter retraining 
was demonstrated by the ability to spontaneously expel the rectal balloon (n=6) 
or improvement in anal sphincter tone at rest (patient #3). A priori, we consid
ered such improvement was essential to test the study hypotheses that abnormal 
motility of the colon was due to reflex rectocolonic inhibit ion by the poorly evac
uating rectum. 
Exclusion criteria were: less than 18 years of age, previous colonic resection, 
extrinsic neurologic disorder, evidence of colonic or rectal stricture, use of motil-
ity-altering medications within 48 hours of the study, and evidence of dilated 
colon or megarectum on radiographs. 
We also studied 6 healthy volunteers (5 female, 1 male; mean age, 30 yr) to 
obtain data for comparison with the pre-biofeedback studies of patients wi th 
evacuation disorders. Inclusion criteria for healthy controls were: 3=18 years, no 
previous abdominal or pelvic surgery (other than appendectomy), and no history 
of constipation or diarrhea. The studies were approved by the Mayo Clinic Insti
tutional Review Board, and wri t ten informed consent was obtained from all par
ticipants. All women of childbearing potential had a negative ß-HCG pregnancy 
test within 48 hours of each intubated study. 

Rectal and Colonic Motility and Sensation 

During the day prior to the study, patients and volunteers ingested 1 L of a solu
t ion of polyethylene glycol and electrolytes (OCL, Abbott Laboratories, Chicago, 
IL) and other liquids until their fecal effluent consisted of clear liquid. The 
next day, after a 12-h fast and with the patient in the left lateral decubi
tus position, flexible sigmoidoscopy was performed wi thout sedation and a soft-
t ipped, teflon-coated guidewire (Microvasive, Hobbs Medical, Stafford Springs, 
CT) was inserted into the transverse colon. The endoscope was withdrawn, and 
a combined manometry-barostat assembly was advanced into the lower 
descending colon over the soft-tipped, teflon-coated guidewire with the aid of 
fluoroscopy. The manometer-barostat, adapted from one used in recent studies 
(7), had side holes 5 cm proximal and 5 to 25 cm (separated by 5-cm intervals) dis
tal to the barostat balloon for pneumohydraulic perfusion manometry (8). The 
balloon was a highly compliant polyethylene bag, 10 cm in length (Hefty Bag-
gies( Mobil Chemical, Pittsford, NY), tied at both ends to metal rings incorpo
rated in the device; the balloon was located in the sigmoid-descending colon 
junction. 

Another balloon mounted on a catheter was inserted into the rectum wi th its 
lower margin 5 cm proximal to the anal verge. A similar guidewire was passed 

140 through the center of the catheter to prevent kinking during insertion. After f lu-
oroscopie confirmation of the position of the catheters, the guidewires were 
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removed and the two catheters were connected to separate barostats (rigid pis
ton type, G & J Electronics, Toronto, Canada). Because balloon volumes in abdo
minal viscera are position-dependent (9,10) and are influenced by the weight of 
adjacent organs, we conducted the studies wi th subjects on their right side dur
ing the entire duration of the study and maintained a constant operating pres
sure in the barostatically-controlled balloons. Prior to the measurements, we 
performed a conditioning distention of the colonic or rectal segments in order to 
ensure that subsequent estimates of compliance and sensation were repro
ducible, as had been demonstrated in the rectum by Hammer et al (11) and in the 
stomach by Ahluwalia et al. (12). 

After transient inflation of the barostat bag to a volume of 350 ml in the rectum 
and colon to ensure the unfolding of the bag, it was deflated and completely 
reinflated with 1-mmHg increments of pressure. The operating pressure was 
defined as 2 mmHg above the minimal distention pressure (MDP), at which res
piratory excursions were clearly recorded from the barostat volume tracing. If 
respiratory variations were not obvious, we clamped the pressure when the vol
ume of the air in the bag was 25 ml. 

Measurement of Rectal Sensation 

Two forms of sensory testing were performed. First, rectal compliance and sen
sory thresholds were measured during ramp insufflation of the polytheylene bal
loon in the rectum wi th increments of 2 mmHg in pressure every 30 seconds up 
to 48 mmHg, and the thresholds for first sensation and sense of urgency of defe
cation were noted. The pressure-volume curve was used to estimate compliance 
f rom the slope of the curve. 
The second form of sensory testing was based on phasic balloon distentions per
formed in randomized order using intraballoon pressures of 6, 12, 18, and 24 
mmHg above the baseline operating pressure (8,9). At the end of each 1-minute 
phasic distention, the subjects were asked to mark the sensations of pain, gas 
and urgency to defecate on a 10-cm visual analog scale. 

Measurement of Colonic Motor Function 

Thirty minutes after rectal sensory testing was completed, we performed colonic 
motor evaluation during 30 minutes fasting. The participants ingested a 750-ml, 
1000-kcal liquid milkshake (53% fat). Colonic tone, fluctuations in balloon vol
ume and intraluminal pressures in the sigmoid and rectosigmoid colon were 
recorded postprandially for 120 minutes. When the recording was completed, 
the balloon was deflated and the assemblies were removed by gentle traction on 
the tubes. 

The pressures and volumes in the balloon, pressure fluctuations recorded by 
manometry, respiratory movement (with a pneumobelt), and experimental inter
ventions were all recorded on paper and on a computer (Microvax System, Digi
tal Equipment, Boston, MA) for later f i l tering of artefacts and analysis. 
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Data Analysis 

For the barostatic measurement of colonic tone, a computer program (Modified 
VaxLab Program, Digital Equipment, Boston, MA) was used to separate baseline 
volume from phasic volume events. Baseline balloon volumes were calculated by 
excluding phasic volume events that coincided w i t h pressure activity recorded 
with the manometric sensors (13). The average of the volumes measured for 30 
minutes before the meal represented the fasting tone. Postprandially, the base
line volumes were averaged for each minute of the 90-minute period. Volume 
changes were also expressed as a percentage of the fasting volume t o account 
for differences among subjects in fasting volumes, thereby providing an estimate 
of the overall postprandial change in colonic tone. The computer program also 
identified phasic pressure peaks measured by manometry in colon and rectum. 
These values were averaged for sigmoid (upper 3) and rectosigmoid (lower 3 sen
sors) and summarized as a motility index, expressed per 2 hours for the fasting 
and postprandial periods according to the fol lowing formula: Motil ity Index = In 
(Σ amplitude χ no. of contractions +1) 

Statistical Analysis 

The primary endpoints studied were: postprandial and colonic tone, motility 
index, rectal sensation thresholds, and scores of pain, gas and urgency during 
phasic distentions (9). Unpaired nonparametric (Wilcoxon) test was used 
to compare patients at baseline with healthy volunteers, and the paired Wil
coxon test was used t o assess the motor and sensory parameters before and after 
retraining with biofeedback. Two-tailed tests were used throughout, and p<0.05 
was assumed to be significant, ρ values <0.1 are included to indicate trends. 

Results 

Clinical Characteristics of Participants 

Demographic features and data from anorectal manometry, balloon expulsion 
test, and rectoanal angles during scintigraphic defecography are summarized in 
Table 1. Six of the patients were unable to expel the rectal balloon; the one 
patient (3) who was able to spontaneously expel the balloon had extremely high 
anal sphincter tone at rest and failure of the rectoanal angle to open by >15°. Gas
trointestinal and colonic transit results are shown in Table 2. The geometric center 
refers to the weighted average of isotopie counts in the four colonic regions; a low 
geometric center relative to normal values implies delayed colonic transit. Note 
that the geometric center is within the normal range in all patients except for 

patient 1, whose transit was delayed 75 h (normal 72 h) on radio-opaque marker 

142 transit test. At the end of the retraining period, all were able to spontaneously 
expel the balloon, and patient 3 had anal sphincter pressure at rest <100 cm water. 



Table 1. Characterization of Patients wi th Evacuation Disorders: Anorectal and Pelvic Floor Function 

η 

1 
2 

3 

4 

5 

6 
7 

Age 

(yr) 

34 

40 

51 

26 

33 

39 

31 

Gender 

F 

M 

F 

M 

F 

F 

F 

Anal Sphincter Pressures* 

max 

151 

102 

175 

104 

87 

119 
ΝΑ 

Resting 

mean 

130 

97 

161 

91 

87 

109 

ΝΑ 

max 

183 

234 

292 

157 

178 

240 

ΝΑ 

Squeeze 
mean 

163 

221 

256 

132 

150 

109 

ΝΑ 

Balloon 

Expul 
Y/N 

Ν 

Ν 

Y 

Ν 

Ν 

Ν 

Ν 

sion 

g 

>586t 

>586 

0 

>586 

>586 

376 

>586 

Rectoanal Angle 

at Rest (degrees) 

ΝΑ 

116 

115 

153 

143 

131 

ΝΑ 

Perineal 
Descent 

during 

Defecation(cm) 

NA 

2.6 

2.7 

0.5 

2.0 

0.28 

NA 

* cm H20; t >586 indicates failure of balloon expulsion despite addition of 586g of weight; 
Y=yes; N=no; NA=not available 

Table 2: Characterization of Patients w i t h Evacuation Disorders: Gastrointestinal and Colonic Transit 

Gastric Emptying 

2 h r 4 h r 

Colonic Filling 

6 h r G C 4 h r 

Colonic 

GC 24 hr 

1 

2 

3 

4 

5 

6 

7 

normal values 

NA 

91 

54 

NA 

50 

55 

55 

24-47% 

NA 

93 

91 

NA 

90 

82 

85 

60-100% 

NA 

54 

83 

NA 

70 

59 

60 

11-70% 

(mean ατ=75; R=15; L=50; RS=10)* 
1.0 4.0 
NA 2.1 
NA NA 
1.5 3.3 
1.6 2.0 

1.1 1.7 

0.8-1.4 1.7-4.0 

GC=geometric center (weighted average of colonic counts: 0=cecum; 1=hepatic flexure; 2=splenic flexure; 

3=descending-sigmoid junction; 4=anus; 5=stool; * CTT=colon transit t ime by radio-opaque 
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Table 3. Rectal Sensory Thresholds and Compliance 

Sensory Thresholds 

First sensation (mmHg) 

Urge (mmHg) 

Pain (mmHg) 

Rectal Compliance 

(ml/mmHg) 

Controls 

24.2+1.9 

29.8+3.1 

46.5+1.5 

10.9+1.8 

Patients 

before 

Biofeedback 

21.0+1.8 

33.5+3.1 

41.0+2.6 

11.3+1.6 

Patients 

after 

Biofeedback 

19.5+2.7 

32.6+5.1 

40.2+2.7 

10.3+1.4 

Rectal sensation 

The rectal thresholds for first sensation, urge, and discomfort were similar in con
trols and in patients before and after biofeedback training (Table 3). The sensa
t ion scores for gas, urgency, and discomfort in response to the majority of 
distentions of the rectum (Table 4) were not significantly different between 
patients and controls. However, in response t o 24 mmHg distention, urgency was 
higher in patients than controls (p=0.02). After biofeedback training, patients 
had a lower perception score of urgency t o defecate (7.6+1.1 cm pre-vs. 5.3+1.3 
cm post-; p=0.04) at 24 mmHg, and a higher sensation of gas at 12 mmHg 
(1.2+0.5 cm pre- vs. 3.3+0.6 cm post-; p=0.05). There was also a trend towards 

Table 4. Perception during Rectal Phasic Distentions (VAS, cm, mean+SEM) 

144 

Controls 

Distention pressure (mmHg) 

Gas 

Urgency 

Pain 

Patients before Biofeedback 

Distention pressure (mmHg) 

Gas 

Urgency 

Pain 

Patients after Biofeedback 

Distention pressure (mmHg) 

Gas 

Urgency 

Pain 

6 

0.3±0.2 

0.8±0.7 

0 

6 

0.4±0.4 

1.7±0.9 

1.1 ±0.8 

6 

1.0±0.4 

0.8±0.5 

0 

12 

1.0±0.6 

2.1±0.9 

0.3±0.2 

12 

1.2±0.5 

1.8±0.9 

1.9±1.2 

12 

3.3±0.5** 

2.9±0.7 

0.7±0.3 

18 

2.6±1.6 

3.6±1.1 

0.9±0.6 

18 

3.6±1.2 

5.8±1.0 

2.3±1.4 

18 

5.0±1.1 

5.0±1.3 

2.2±1.2 

24 

2.6±1.6 

3.9±0.9 

0.6±0.4 

24 

5.0±1.5 

7.6±1.1t 

4.3±1.6 

24 

5.1±1.4 

5.3±1.3* 

2.3±1.3# 

t ρ = 0.02 vs. controls 
* ρ = 0.04 vs. urgency sensation before biofeedback 
** ρ = 0.04 vs. gas sensation before biofeedback 
# ρ = 0.1 vs. pain before biofeedback 
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Table 5. Colonic Tone and Motility Indices in Patients with Evacuation Disorders 
Before and After Biofeedback Compared to Untreated Healthy Controls 

1. Tone (balloon volume, ml) 
Fasting volume (ml) 
Mean postprandial volume (ml) 
% postprandial tone response 

II. Upper Sigmoid Motility 
Fasting 
Postprandial 

III. Rectosigmoid Motility 
Fasting 
Postprandial 

t p=0.09 vs. controls; * p>0.5 vs. 

Controls 

141.2±14.2 
86.1±11.6 
39.3±4.0 

7.5±0.6 
10.8±0.5 

8.2±0.6 
9.8±1.0 

controls 

Patients before 
Biofeedback 

146.4±12.9 
107.4±9.1 
24.6±6.7t 

8.4±0.6 
9.7±1.3 

7.6±0.6 
10.0±0.9 

Patients after 
Biofeedback 

144.4±21.8 
92.5±9.9 
32.3±5.2* 

9.1 ±0.6 
12.3±0.5 

8.3±0.9 
11.8±1.0 

lower pain sensation wi th 24 mmHg distention after biofeedback (p=0.1). Rectal 
compliance was similar in controls and patients before and after biofeedback 
training (Table 3). 

Fasting and postprandial colonic tone 

Operating pressures (data not shown) and fasting colonic tone were similar in 
patients and controls (Table 5). Meal ingestion induced a significant reduction in 
balloon volume (or increased tone) in all groups. Patients wi th evacuation disor
ders tended to have a lower postprandial tone response than controls (p=0.09). 
Three of seven patients had a marked reduction in colonic tone response relative 
to the control group, as shown in figure 1. The colonic tone response to the meal 
was greater in patients after compared to before biofeedback training (Fig. 1). 

Phasic contractility of the colon 

Patients and controls showed postprandial increases in phasic pressure activity at 
both levels of the distal colon. However, fasting and postprandial motility indices 
were similar in controls and in patients before and after biofeedback training 
(Table 5). 

Discussion 

In this study we have confirmed that patients wi th evacuation disorders tend to 
demonstrate a reduced tonic response in the left colon after eating a meal; this 
is restored towards the normal range after restoring normal evacuation wi th 145 
biofeedback retraining. The tonic response of the descending colon, as well as 
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* ρ = 0.09 vs controls 
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Figure 1. Postprandial change in sigmoid colon tone as measured by a decrease in baseline 
volume in the barostatica I ly controlled polyethylene balloon. Note the markedly reduced 
tone response in 3 patients with rectal evacuation disorder prior to biofeedback (BF) with 
an overall trend to reduced colonic tone in these patients. 
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the phasic response fol lowing a meal were previously reported to be abnormal 
in 13 patients with evacuation disorders (4). The current study was performed t o 
determine whether this observation could be confirmed and to test whether 
restoration of normal rectal evacuation would normalize colonic motility. We 
had hypothesized that prolonged continuous rectal distention induces an 
inhibitory rectocolonic reflex that attenuates the response of the colon t o feed
ing. This hypothesis was supported by the preliminary observations reported by 
Law et al. who documented relaxation of the descending colon with rectal dis
tention (14). These viscerovisceral responses are incompletely understood, but 
there is evidence that they may be physiologically important as initially sug
gested by Szurszewski et al f rom in vitro studies (15-17). In vivo studies in humans 
confirm the potential importance of recto-visceral reflexes. For example, human 
rectal distention resulted in abnormalities in upper gut motor functions such as 
delayed gastric emptying (18) and reduced phasic contractility of the jejunum 
(19). The current observation suggests reversibility of the colonic motor distur
bance, with normalization of rectal emptying. This may also contribute t o a 
restoration of normal colonic transit and t o the improved symptoms (e.g., con
stipation) fol lowing biofeedback for rectal evacuation disorders. 
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An alternative hypothesis is that the alteration of colonic function and pain on 
sigmoid distension may reflect an underlying or coexistent irritable bowel syn
drome with spasm that may have been relieved as part of the biofeedback or the 
recommendation to increase fiber intake in the diet. 
Our patients wi th evacuation disorders did not have altered rectal compliance, 
suggesting that the physical properties intrinsic to the rectum are unaltered by 
the evacuation disorder. The restoration of postprandial colonic tone after 
biofeedback also argues against the hypothesis that the rectal neuromuscular 
function is permanently impaired in these patients. 
It has been suggested that the evacuation disorder results from lack of coordina
t ion between sigmoid and rectal contractions and alack of rectal sensation (20). 
The observations in this study included an increased sensation of urgency but 
otherwise normal sensation. Assessment of coordination is difficult wi th the 
methodology available and with sensors 5 cm apart. Hence, we cannot realisti
cally address the suggestion by Rao et al. (20) that a combined disorder of coor
dination propulsion and sensation is responsible for the evacuation disturbances. 
The alterations of rectal sensation observed after biofeedback require further 
study. The increased sensation of urgency during 24 mmHg distention is intrigu
ing. The fact that there is no increased sensation wi th lower distention pressures 
contrasts wi th the significant urgency at the highest pressure and suggests that 
24 mmHg may have stimulated mechano- or tension receptors in the extrarectal 
structures, specifically the pelvic floor itself. These extrarectal muscles may have 
a higher level of tension, which may contribute to the elicited symptom at the 24 
mmHg distention. A lower perception of urge to defecate after biofeedback 
training would be desirable, and it may result from relaxation of the pelvic floor 
and anal sphincter muscles that facilitated balloon expulsion to occur sponta
neously in these patients. It is also conceivable that there is decreased pain sensi
tivity of the rectum shown by the trends after biofeedback treatment. However, 
the multiple comparisons performed and relatively small sample size in the cur
rent study preclude a definite assessment of the effects of biofeedback on sen
sation in our study. Nevertheless, these observations are consistent wi th other 
studies that have already suggested that biofeedback retraining may reduce rec
tal sensation (21,22) in patients wi th constipation. 

In summary, the trend toward reduced postprandial colonic tone in patients wi th 
evacuation disorders is normalized after biofeedback training; this is consistent 
wi th the hypothesis that there is a rectocolonic inhibitory reflex which inhibits 
colonic motility postprandially. Sigmoid motor dysfunction and rectal urgency 
and possibly pain during high pressure rectal distention may be reduced by 
biofeedback training and may contribute to the clinical benefit in patients wi th 
rectal evacuation disorders. 



CHAPTER 3.6 

References 

1. Pemberton JH, Rath DM, llstrup DM. Evaluation and surgical treatment of severe 
chronic constipation. Ann Surg 1991; 214:403-11 

2. Kuijpers HC. Application of the colorectal laboratory in diagnosis and treatment of 
functional constipation. Dis Colon Rectum 1990;33:35-9 

3. Surrenti E, Rath DM, Pemberton JH, Camilleri M: Audit of constipation in a tertiary-
referral gastroenterology practice. Am J Gastroenterol 1995;90:1471-5 

4. O'Brien MD, Camilleri M, von der Ohe MR, Phillips SF, Pemberton JH, Prather CM, 
Wiste JA, Hanson RB: Motil i ty and tone of the left colon in constipation: a role in clin
ical practice? Am J Gastroenterol 1996;12:2532-38 

5. Grotz RL, Pemberton JH, Levin KE, Bell AM, Hanson RB: Rectal wall contractility in 
healthy subjects and in patients wi th chronic severe constipation. Ann Surg 
1993;218:761-8 

6. Pezim ME, Pemberton JH, Levin KE, Litchy WJ, Phillips SF. Parameters of anorectal and 
colonic motil ity in health and in severe constipation. Dis Colon Rectum 1993; 36:484-
91 

7. Steadman CJ, Phillips SF, Camilleri M, Haddad AC, Hanson RB: Variation of muscle tone 
in the human colon. Gastroenterology 1991;101:373-81 

8. Akervall S, Fasth S, Nordgren S, Oresland T, Hulten L. Manovolumetry: a new method 
for investigation of anorectal function. Gut 1988; 29:614-23 

9. Bell MA, Pemberton JH, Hanson RB, Zinsmeister AR. Variations in muscle tone of the 
human rectum: recordings wi th an electromechanical barostat. Am J Physiol 
1991;260(Gastrointest. Liver Physiol.23) G17-G25 

10. Ford MJ, Camilleri M, Zinsmeister, Hanson RB. Psychosensory modulation of colonic 
sensation in the human transverse and sigmoid colon. Gastroenterology 1995; 
109:1772-80 

11. Hammer HF, Phillips SF, Camilleri M, Zinsmeister A, Hanson RB. Day to day variability 
and the effect of repeated distensions on rectal tone and elastance. Gastroenterol
ogy! 995;(Suppl) A610 

12. Ahluwalia NK, Thompson DG, Barlow J, Tronçon LE, Hollis S. Relaxation responses of 
the human proximal stomach to distension during fasting and after food. Am J Phys
iol 1994; 267:G 166-72 

13. von der Ohe M, Hanson RB, Camilleri M. Comparison of simultaneous recording of 
human colonic contractions by manometry and a barostat. Neurogastrenterol Motil 
1994;6:213-22 

14. Law NM, Bharucha AE, Camilleri M. Colonic motor function in chronic megacolon. 
Neurogastroenterology and Moti l i ty (abstract, in press) 

15. Weems WA, Szurszewski JH. Modulation of colonic motil i ty by peripheral neural 
inputs to neurons of the inferior mesenteric ganglion. Gastroenterology 1977- 73:273-
8 

16. Kreulen DL, Szurszewski JH. Reflex pathways in the abdominal prevertebral ganglia: 
evidence for a colo-colonic inhibitory reflex. J Physiol 1979; 295:21-32 

17. Kreulen DL, Muir TC, Szurszewski JH. Peripheral sympathetic pathways to gastroduo-
denal region of the guinea pig. Am J Physiol 1983; 245:G369-75 

18. Youle MS, Read, NW. Effect of painless rectal distension on gastrointestinal transit of 
solid meal. Dig Dis Sc 1984; 29:02-6 

148 19. Kellow JE, Gill RC, Wingate DL. Modulation of human upper gastrointestinal motility 
by rectal distension. Gut 1987;28:864-8 



EFFECTS OF BIOFEEDBACK 

20. Rao SSC, Hatfield R, Leistikow J. Does the rectum generate a pushing force during 
defecation? Gastroenterology 1998;114:A824 (abstract) 

21. Papachrysostomou M, Smith AN. Effects of biofeedback on obstructive defecation -
reconditioning of the defecation reflex? Gut 1994; 35:252-6 

22. Rao SS, Welcher KD, Pelsang RE. Effects of biofeedback therapy on anorectal function 
in obstructive defecation. Dig Dis Sci 1997; 42:2197-205 





CHAPTER 

SURGICAL ASPECTS OF FUNCTIONAL 
CONSTIPATION 





4.1 COLECTOMY FOR SLOW TRANSIT CONSTIPATION; 
PREOPERATIVE FUNCTIONAL EVALUATION IS IMPORTANT 
BUT NOT A GUARANTEE FOR A SUCCESSFUL OUTCOME 

Mollen RMHG, Claassen ATPM, Kuijpers JHC. 
Dis Colon Rectum 2001; 44: 577-581 



CHAPTER 4.1 

Abstract 

Purpose: This study was designed to assess the results of preoperative functional 
evaluation of patients wi th severe slow transit constipation in relation to func
tional outcome. 
Methods: Four hundred thirty-nine patients wi th chronic intractable constipa
t ion were evaluated by markers studies. Twenty-one patients underwent colec
tomy and ileorectal anastomosis for slow transit constipation. Mean colorectal 
transit t ime was 156 hours (normal<45 hours). Small bowel transit t ime was nor
mal in ten and delayed in five patients. Six were non-responders. Morbidity was 
33%. Small bowel obstruction occurred in six patients; relaparotomy was done in 
four patients. Follow-up varied from 14 to 153 (mean 62) months. 
Results: After three months defecation frequency was increased in all. Mean 
stool frequency improved from one bowel movement per 5,9 days to 2,8 times 
per day. Sixteen patients felt improved after surgery. Seventeen continued to 
experience abdominal pain and 13 still used laxatives and enemas. Satisfaction 
rate was 76% (16 patients). After one year defecation frequency was back at the 
preoperative level in five patients. An ileostomy was created in t w o more 
patients because of incontinence and persistent diarrhea. Eleven patients (52%) 
still felt improved. A relation between small bowel function and functional 
results could not be demonstrated. 

Conclusions: Preoperative evaluation is important but not a guarantee for suc
cessful outcome. Colectomy remains an ultimate option for patients w i th dis-
abling slow transit constipation but patients should be informed that despite an 

154 increased defecation frequency, abdominal symptoms might persist. Any promis-
cuous use of colectomy to treat constipation should be discouraged. 
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Introduction 

Colectomy and ileorectal anastomosis are advocated by several authors as an 
option in the management of chronic slow transit constipation (1-6). All consider 
preoperative assessment of colonic and anorectal function essential for a high 
success rate. However, conflicting data regarding outcome have been reported 
(7-11). In this study we report the results of a standardized method of preopera
tive colonic and anorectal evaluation of patients wi th severe slow transit consti
pation. 

Patients 
Between 1992 and 1997, 439 patients wi th chronic intractable constipation have 
been evaluated at the Dept. of Surgery, University Hospital Nijmegen by markers 
studies to determine the type of constipation and severity of delay in colonic 
transit. All patients had been assessed by gastroenterologists and were referred 
when conservative treatment had failed. Eighty-six were female. 

Colorectal transit time 

Segmental Colorectal Transit Time was measured with one type of radio-opaque 
markers. After daily ingestion of 10 radio-opaque markers (radio-opaque poly
thene pellets Hythe, Kent, England, CT21 6JL), during ten days before breakfast, 
a plain abdominal X-ray was made on the 11th day. During this period laxatives 
and enemas were discontinued. All patients were instructed to add fibers into 
their diet (0,2 g/kg/day). The right, left and rectosigmoid colon were defined on 
the abdominal X-ray by placing lines on the bony landmarks. The amount of 
markers in each segment was counted and the mean of mean transit t ime calcu
lated in hours by multiplying the number of markers by a factor 2.4 (12). Normal 
(mean of mean) segmental transit t ime is less than 15 hours per segment and 
normal (mean of mean) total colonic transit t ime less than 45 hours (12). 

Anorectal physiology studies 

Anal manometry was performed using the pull-through technique with a solid 
state catheter. In all patients resting and squeeze pressures were obtained 
to measure the function of the anal sphincter complex. Our techniques of 
electromyography and cinedefecography have been described in previous 
reports and were performed in all patients to exclude evacuation disorders. 
(13,14) 
Slow transit constipation was defined as a transit t ime delay in all three colo
nic segments combined with pelvic f loor relaxation during defecography and/ 
or EMG. A total colonic transit t ime delay of at least three times greater 
than normal was considered an indication for colectomy and ileorectal anasto
mosis. 
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Slow transit constipation wi th an at-least-three-times-delayed transit was diag
nosed in 35 patients. Insufficient anal sphincter function was detected by digital 
rectal examination and confirmed manometrically in eight patients. Four more 
patients were not considered suitable candidates for surgical treatment for psy
chological reasons. Two of the 23 remaining patients whom surgery was offered 
declined. In the remaining 21 patients small bowel transit time was measured by 
the lactulose breath hydrogen test. 

Lactulose breath hydrogen test 

After an overnight fast 26 grams of lactulose (Lactulosestroop, Pharbita, Zaan
dam, The Netherlands) dissolved in 300 ml water was ingested. End-expiratory 
breath samples were obtained before and every 15 minutes after ingestion of 
the lactulose. Hydrogen concentration was measured in these samples (15). Small 
bowel transit t ime was defined as the time between ingestion of the lactulose 
and a sustained rise in breath hydrogen concentration of at least 10 parts per 
million. Normal small bowel transit time is less than 45 minutes. 

Results 

Twenty-one patients, 19 of who were females, underwent colectomy and ileo
rectal anastomosis. Preoperative defecation frequency varied from once in 1 to 
14 (mean 5,9) days. Median age at operation varied from 16 to 75 (mean 42,8) 
years and median history of constipation from 2 to 48 (mean 10) years. All used 
large amounts of laxatives, enemas, or both. Mean colorectal transit t ime varied 
from 137 to 240 (mean 156) hours. No rise in hydrogen concentration occurred in 
six patients; they were considered as no-responders. Ten patients had a normal 
small bowel transit time, in five more small bowel transit varied from 60 to 180 
(mean 105) minutes. 

A handsewn end-to-end ileorectal anastomosis was created at the level of the 
promontory in all cases. There was no mortality. Morbidity was 33%. Small bowel 
obstruction occurred in 3 patients; relaparotomy was done in 2. 
Follow-up varied from 14 to 153 (mean 62) months. Readmission for small bowel 
obstruction was needed in three more patients two of who needed relaparo
tomy. In the 4 patients requiring relaparotomy no clear adhesion causative for 
the intestinal obstruction could be found. 
Surgical result was considered successful when symptoms had improved and no 
additional surgery for constipation was performed. Patients were seen at three-
six months intervals. At 3 and 12 months postoperatively all patients filled in 
questionnaires inquiring as to frequency and completeness of evacuation, symp
toms, use of laxatives, further abdominal surgery and overall satisfaction with 
the final outcome. 

156 After three months defecation frequency was increased in all patients. Mean 
stool frequency improved f rom one bowel movement per 5,9 (1-14) days to 2,8 
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Table 1. Abdominal symptoms of 21 patients before and after subtotal colectomy and ile-
orectal anastomosis. 

Preoperatively Postoperatively 

Abdominal pain 
Straining 
Sense of impaired defecation 
Bloating 
nausea 
vomiting 
incomplete defecation 
sense of obstruction 
use of laxatives 

Patients 

21 
16 
10 
17 
13 
6 

12 
15 
21 

Percent 

100 
76 
48 
81 
62 
29 
57 
71 

100 

Patients 

18 
13 
5 
9 

13 
2 

17 
14 
3 

Percent 

86 
62 
24 
90 
62 
10 
81 
67 
62 

(0,5-11) times per day. 16 Patients (76%) felt improved after surgery. 18 (86%) 
continued to experience abdominal pain and 13 (62%) still used laxatives and 
enemas (Table 1). 

After one year frequency and symptoms were back at the preoperative level in 5 
patients. An ileostomy was created in two and an ileoanal pouch in three 
patients. Abdominal symptoms persisted. In two more patients an ileostomy was 
created because of incontinence and persistent diarrhea. All ileostomy patients 
complained of frequent periods of absence of ileostomy output fol lowed by 
attacks of fulminant diarrhea. Defecation frequency in the 14 patients wi thout 
an ileostomy was one to four times per 24 hours. Eleven (52%) still felt improved 
after surgery. A relation between small bowel transit and functional results could 
not be demonstrated. A correlation between preoperative symptoms and post
operative outcome could not be demonstrated. 

Discussion 

Although slow transit constipation is usually managed conservatively by medical 
treatment, some patients are treated by colectomy wi th ileorectal anastomosis in 
an attempt to relieve intractable symptoms. 
Several authors (1-6) have reported excellent results. Defecation frequency 
improves from less than once a week to several times daily. All these authors 
agree that the best assurance of successful outcome after colectomy is thorough 
preoperative evaluation. 
Others, however, report conflicting data (7-11). In their series severe constipation 
persists in 10-15 percent of patients, more than a third continues to take laxa
tives or enemas, about half of them have persistent abdominal pain and a third 
continues to strain despite adequate preoperative evaluation. And additional 
surgery is required in up to a third of patients, all resulting in a patient's satis- -157 
faction rate of about 50 percent. 
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In this study, we report a standardized method of preoperative evaluation of 
patients wi th severe slow transit constipation using colonic transit studies, anal 
manometry, defecography/pelvic floor EMG and determination of small bowel 
transit t ime. Despite this thorough selection satisfaction rate was only 52percent 
after one year and 33 percent required further surgery. 

It has been suggested that the persisting abdominal symptoms after colectomy 
or ileostomy are due t o a more diffuse neurologic involvement of the small intes
tine affecting its motility (11). This may explain the up-to-44-percent reported 
incidence of intestinal obstruction (10,16) and the periods of near-absent 
ileostomy output without radiologic evidence of mechanical obstruction, well-
known t o all surgeons treating these patients. In this study the intestinal obstruc
tion rate was 35 percent and findings at operation were suspicious for small 
intestinal pseudo-obstruction. The 33 percent incidence of a delay in small bowel 
transit t ime strongly supports this hypothesis. Slow transit constipation is not 
only a colonic disorder but also affects the small bowel. The disorder has a pro
gressive course since success rate decreased wi th t ime. 

After one year, 52 percent felt improved after colectomy. We therefore still con
sider colectomy the ultimate option for patients w i t h disabling slow transit con
stipation unrelieved by medical treatment. The patients should be informed 
however that although defecation frequency wil l increase, abdominal symptoms 
may persist and may be accompanied by fecal incontinence. 
Preoperative functional evaluation is important but not a guarantee for a suc
cessful functional outcome. Along with others (11) we strongly caution against 
any promiscuous use of colectomy to treat functional constipation. 
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Abstract 

Rectoceles are common abnormalities that rarely cause obstruction defecation 
disorders. Its difficult to determine which rectoceles are physiologically signi
ficant because symptoms are nonspecific, defecography only adds confusion, 
and the colorectal laboratory is of little use. Improvement of symptoms during 
vaginal or perineal digitation correlates best wi th a good surgical outcome 
and is therefore considered to be an appropriate indication for surgery. Repair 
can be performed by the transvaginal, transperineal, transabdominal and 
transanal route. The transanal approach is the most popular one among colo-
proctologists although no differences in symptomatic outcome have been 
described. Results are difficult to assess since repair is frequently combined with 
correction of associated disorders or indications were moderate. Adequate selec-

162 tion criteria for repair are lacking. The pathophysiology of rectoceles remains 
poorly understood. 
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Introduction 

A rectocele is a herniation of the anterior rectal wall through the rectovaginal 
septum and posterior vaginal wall. Rectoceles occur commonly in asymptomatic 
women with an incidence of 20-80% (1-6) and represent a variation of normal 
physiology. They are almost exclusively found in women, the vast majority of 
whom are multiparous. They are rare and asymptomatic in males (7). Rectoceles 
may also occur posteriorly and are then considered to be the result of a defi
ciency or defect in the levator plate. The clinical significance of this latter type is 
uncertain. 

Anatomy 

Rectoceles occur as a result of the relative weakness of the rectovaginal septum 
that bulges during straining. The septum forms a thin layer between the poste
rior vaginal and anterior rectal wall and consists of a fibromuscular elastic layer 
of dense collagen, abundant smooth muscle and coarse elastic fibers. It is closely 
adherent to the posterior vaginal wall and frequently not detected during sur
gery as a separate layer. The septum is continuous between the rectovaginal 
pouch and the perineal body and probably is the homologue of the anterior 
layer of the male rectovesical fascia of Denonvilliers. A posteriorly located areo
lar layer permits movement between the rectum and vagina as can be felt wi th 
an examining finger in the vagina and another in the rectum. 

Causes 
Rectoceles are caused by either a primary laxity of the rectovaginal septum or by 
septal damage due to chronic or excessive straining. Vaginal delivery has long 
been considered to be the major cause of septal damage. However, it is becom
ing more and more obvious that obstructive defecation disorders play a role too 
because these disorders create symptoms like a chronic feeling of obstruction, 
incomplete evacuation and urge to defecate which all lead to an excessive and 
persistent defecation straining. 

One of the obstructive defecation disorders wi th a high incidence of rectocele is 
paradoxical sphincter contraction during defecation straining (Spastic Pelvic 
Floor syndrome, Anismus) (1-8,10). Patients wi th this syndrome have to strain 
heavily to evacuate the rectum since defecation has to occur through an unre-
laxed pelvic f loor (11). Internal rectal intussusception is another defecation dis
order that is frequently found in patients wi th rectocele. The proximal, mobile 
rectum intussuscepts into the distal part thus creating a feeling of urge (12). The 
patient strains repeatedly and excessively in order to come to a complete rectal 
evacuation but this wil l be in vain since she cannot evacuate her proximal rectum 
and the urge wil l persist. Persistent and excessive defecation straining may lead 
to septal damage and the beginning of rectocele. 
Once a rectocele is present, it may cause straining. During defecation straining 
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feces may become trapped into the rectocele instead of being evacuated causing 
incomplete evacuation and persistent urge. This again wil l stimulate the patient 
to repeated excessive straining in an effort to evacuate the remaining feces. 
Straining will aggravate the rectocele, enlarge it, and make evacuation even 
more difficult. 

Classification 

Rectoceles can be subdivided in high, middle and low types (13-15). Low rectoce-
les are usually the result of major obstetrical injury and present wi th an abnor
mal anal sphincter and perineal body. A perineal laceration or episiotomy may 
have been repaired inadequately, poorly healed, or overdistention is present 
alone wi thout actual tissue tearing, resulting in permanent weakening. 
The mid-vaginal rectocele is the most common type. It begins just proximal to the 
anal sphincters proceeding cephalad for up to 7 cms. It is believed to result from 
laxity and progressive stretching of the septum wi th age, multiparity and 
increased intra-abdominal pressures, such as in repeated straining to defecate. 
High rectoceles result from stretching of the upper th i rd of the vagina and the 
cardinal and uterosacral ligaments. They occur at the most proximal aspect of the 
septum and are often associated with complete genital prolapse and enterocele. 

Diagnosis 

A multitude of symptoms have been attributed to rectocele. Constipation is the 
most frequent complaint, being reported by 75% to 100% of patients (5,16-18). 
In these patients constipation is manifested by excessive straining and a feeling 
of incomplete evacuation because the increased intra-abdominal pressure dur
ing straining pushes the stools into the rectocele rather than the anal canal. 
Chronic constipation and difficulties in emptying the rectum may be a source of 
great distress to many patients. It is important to understand that if a rectocele 
is found during the evaluation of constipation, it does not necessarily mean that 
the rectocele is the cause of the constipation straining. 

Dyspareunia and a feeling of perineal pressure are also commonly symptoms. 
These symptoms are entirely nonspecific because they also common in other 
defecation disorders. 
Frequently, a lump is felt in the vaginal introïtus during each straining effort and 
defecation is blocked. Digital pressure against the anterior perineum or posterior 
vaginal wall is the most consistent diagnostic symptom. The finger supports the 
vaginal wall, empties and closes off the rectocele and enables rapid and com
plete emptying of the rectum. Digitation is reported to occur in 20% to 75% and 
correlates best wi th a successful surgical outcome (5,16-18). Unfortunately, this is 
also a common symptom in many defecation disorders (11,12). 
The clinical diagnosis of rectocele can be made when the patient is placed in the 

164 left lateral position and asked to strain during digital rectal examination. The 
anterior rectal protrusion can be felt bulging into the vaginal introïtus. Simulta-
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neous vaginal examination wi th the labia separated often demonstrates the 
vaginal prolapse. It should be distinguished from an enterocele, which may also 
prolapse with straining. Digital examination in the standing position while 
straining is an alternative, although not attractive, position. We, as others, con
sider vaginal or perineal digitation a practical self-diagnostic test (9,16). When, 
during digital rectal examination the patient is asked to strain and she then per
form vaginal or perineal digitation, it can be felt that her finger indeed com
presses the rectocele. On the other hand, when, in the evaluation of constipation 
a rectocele is found, we often ask the patient to perform this maneuver during 
defecation straining for a few weeks and to assess its effect on defecation. We 
consider improvement of symptoms an indication for operative repair of the rec
tocele. 

Some consider a 'roll ing down' of the anterior rectal wall, visualized by ano-
scopy, to be mandatory f inding before surgical treatment is recommended 
(7,19). However, anterior rectal wall prolapse is not a specific sign for rectocele. 
It is also found in internal rectal intussusception and as a distinct asymptomatic 
phenomenon likely related to age (12). 

Defecography 

Objective assessment of the presence and the size of a rectocele can only be per
formed by defecography. During defecation straining a rectocele is clearly 
demonstrated and its length can be calculated. 
Several Investigators stress that retention of barium contrast in the rectocele 
during straining wi th non-evacuation of the rectocele is suggestive of a clinically 
significant rectocele. Others advocate that completely empties during defecog
raphy, regardless of its size, should not be selected for operative repair. And still 
others have concluded that there is no clear association between the preopera
tive grade of emptying and the outcome of surgery (7,20). 
Defecography is also helpful in excluding other defecation disorders wi th similar 
symptoms such as spastic pelvic floor syndrome (anismus), anterior rectal wall 
prolapse and internal rectal intussusception. However, one needs to understand 
that paradoxical sphincter contraction during defecation straining, rectoceles 
and rectal protrusions suggesting the presence of a rectal intussusception or pro
lapse are found during defecography in normals in up to 80%, with most recto
celes showing incomplete evacuation (4,6). This clearly indicates that proper 
interpretation of defecography requires a thorough understanding of normal 
defecographic findings because minor variations of fold patterns in the collaps
ing rectum must be distinguished from significant intussusception or prolapse. 
A common defecographic finding is that the anterior rectal wall at the site of the 
rectocele protrudes at the end of evacuation (7). It is our opinion that this does 
not represent an internal intussusception and needs no treatment by a rectopexy 
procedure although others have a different opinion (7). Difficulties may there
fore arise with overinterpretation of minor abnormalities and failure to assess 
the findings wi th in the clinical context, which makes overdiagnosis easy. 
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Finally, the efficacy of digitation can nicely be assessed during defecography. 
When, during defecography the patient is asked to strain and perform vaginal or 
perineal digitation, it can be seen whether or not she indeed compresses the rec-
tocele. 

Treatment 
Low rectoceles should be repaired by restoration of the anal musculature with 
sphincteroplasty. 
Middle rectoceles should be treated by reconstruction of the rectovaginal sep
tum wi th plicating sutures. Transvaginal and transanal approaches have been 
proposed. The transvaginal approach has been favored by most gynecological 
surgeons. Coexistent gynecological disorders, such as uterine and urethral pro
lapse, can be treated at the same time, redundant vaginal mucosa can be excised 
and the vaginal introïtus repaired. There is however a risk of vaginal stenosis, 
and our coexisting anorectal pathology is not dealt w i th adequately (13-15). The 
major advantage of the transrectal approach for rectocele repair is that it allows 
the surgeon to deal wi th other anorectal pathology such as hemorrhoids, incon
tinence and mucosal prolapse (5,18,19). It is popular among coloproctologists. 
Various transanal techniques have been reported in the literature (16-19,21). 
However, they do not deal wi th vaginal pathology. Basically, mucosal flaps are 
raised or excised and the rectovaginal septum is reconstructed wi th plicating 
suture placed either horizontally or vertically. Variations in the type of rectal inci
sion and flaps are reported by various investigators. All are modifications of the 
Sullivan et al (19) technique, in which plication of the rectovaginal septum in the 
transverse and longitudinal axis are described. Palpation of the anterior rectal 
wall after plication should reveal a f irm ridge of tissue. 

No differences in symptomatic outcome have been found between the trans
vaginal and transanal approaches (5). However, it is commonly believed that the 
transanal repair should be preferred by surgeons because symptoms are anorec
tal in origin, the complication rate is lower and the technique adheres to sound 
surgical principles, i.e. placing the repair on the high pressure side of the defect 
(7,22). 
The transperineal approach can be used to place a prosthetic mesh between the 
rectal and vaginal wall (14). Disadvantages are the potential formation of fibrous 
tissue that may lead to perineal pain or dyspareunia. Erosion of the mesh 
through the mucosa is a surgical disaster. Vaginal or anorectal pathology cannot 
be treated during the same procedure because of the great risk of infection. 
Rectal mobilization during transabdominal rectopexy stretches the rectal wall, 
eliminates the rectocele, and should be considered in patients with severe recur
rences. When the presence of a rectal intussusception or prolapse requires rec
topexy, a coexistent rectocele needs no additional treatment (23). 

High rectoceles are best repaired from a transvaginal approach since it allows the 
166 best attention to the proximal part of the vaginal wall. Occasionally the transab-

dominai route is employed when genital prolapse and enterocele coexist. 
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The most common complication is urinary retention. Sloughing of the mobilized 
flaps with subsequent delayed healing occurs in 1 % to 6% of patients. Recto
vaginal fistulas have an incidence of less than 5% and are probably the result of 
sutures placed too deep and accidentally perforated the septum (13-15). Vaginal 
stenosis causing dyspareunia is a wellknown complication of the vaginal 
approach (13). 

Results 

The vaginal approach to rectocele repair by the gynecological surgeon are diff i
cult to assess because correction of genital prolapse has been routinely combined 
with rectocele repair. 
Several studies report excellent functional results after transanal repair (17-19). 
However, adequate assessment is, again, impossible because repair was com
bined with correction of associated anorectal conditions, surgical indications 
were not adequate or patients were asymptomatic preoperatively (5,18,19,21). 
It is becoming more and more obvious that surgical results of rectocele repair are 
only moderate good. Repair does not always lead to a normal defecation, 30-
70% still have difficulty in evacuating stools (5,10). This is likely the result of poor 
patient selection because it is still unclear which factors should be taken into 
account when treatment is considered. Even with our strategy of successful vagi
nal or perineal digitation during defecation straining as an indication for sur
gery, only 75% of our patients have become asymptomatic. 
A very likely explanation for a poor surgical result is that the rectocele was 
asymptomatic preoperatively. Another cause may be that the rectocele was the 
result of a pre-existing evacuation disorder wi th similar symptoms. Repair of the 
rectocele only corrects local anatomy, not the pre-existing evacuation disorder. 
This obviously leads to a high recurrence rate (5,16). 

Conclusions 

The entire pathophysiology of rectoceles remains poorly understood. There is no 
doubt that a symptomatic rectocele prevents effective evacuation of stool and 
that adequate repair of the rectocele corrects rectal dynamics. But how is a symp
tomatic rectocele objectively identified? Symptoms are aspecific; defecography 
only adds confusion and the colorectal laboratory seems to add little value. 
Rather shocking is the fact that correlations between anatomical and functional 
results after surgery is poor (7,23). Adequate repair of a rectocele is obtained in 
only 70% of patients. Possibly more attention should be paid to factors like psy
chological distress, anxiety and depression, rule them out or treat them preoper
atively (23)? 

It is obvious that routine repair should no longer be performed. Rectoceles meas
uring less than 2 cms in depth are asymptomatic and should never be repaired. 
Also rectocele size and barium trapping in a rectocele should not be considered 
as indications for surgery anymore (20). Surgery should be reserved for cases 
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w h o m s y m p t o m s o f o u t l e t o b s t r u c t i o n are clearly i m p r o v e d by vaginal or per

ineal d i g i t a t i o n a n d in w h o m o t h e r d e f e c a t i o n disorders are exc luded. However, 

even t h e n a g o o d result is n o t certa in. 
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Abstract 

Background: Colonic and anorectal function are altered after posterior rec
topexy. The aim of this randomised prospective study was to evaluate the effects 
of rectal mobilisation and division of the lateral ligaments on colonic and anorec
tal function. 
Methods: Posterior rectopexy has been performed in 18 patients wi th complete 
rectal prolapse. Anal manometry, and measurement of rectal compliance, total 
and segmental colonic transit time, constipation score and defecation frequency 
were performed preoperatively and three months postoperatively. The liga
ments were divided in ten patients. 
Results: Mean preoperative total transit t ime was similar between both patient 
groups and doubled postoperatively (p=0.03). Mean postoperative segmental 
transit t ime was increased with a factor 1.7 in segments I (ascending colon) and 
II (descending colon) and wi th a factor 2.3 in segment III (rectosigmoid). The 
same pattern was found in both groups. Mean resting pressure decreased after 
division of the lateral ligaments and increased after preservation. Mean rectal 
compliance decreased after ligaments division and increased when preserved. 
Mean postoperative constipation score hardly differed from the preoperative 
score. Mean defecation frequency was decreased in the group with the liga
ments preserved and increased in the group with the ligaments divided. None of 
the effects of rectal mobilisation or lateral ligaments division on anorectal func
t ion reached statistical significance. 

Conclusion: Rectal mobilisation had a statistically significant effect on colonic 
_ function. Total and segmental colonic transit times doubled. The effects on 
172 anorectal function were not significant. Lateral ligaments division did not signif-

icantly influence postoperative functional outcome. 
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Introduction 

Rectal mobilisation and fixation for complete rectal prolapse has an effect on 
colonic and anorectal motility. Several authors have reported improvement of 
fecal continence and increase in the incidence of constipation (1-5). We studied 
the effects of rectal mobilisation/fixation and division of the lateral ligaments on 
colonic and anorectal function in a randomised prospective study. 

Patients and Methods 
Between June 1996 and June 1997, posterior rectopexy has been performed in 18 
patients with complete rectal prolapse. None had undergone previous abdomi
nal surgery. 16 were female. Ages varied from 33 to 85 (mean: 56,3) years. 
All underwent anal manometry, and measurement of rectal compliance and 
segmental colonic transit t ime preoperatively. Patients were also asked to com
plete a questionnaire to evaluate symptoms to measure the constipation score 
(6) and defecation frequency. The studies were repeated three months postop
eratively. 

The hospital's ethical committee approved the study. All patients gave informed 
consent before taking part in the study. Patients were randomised for division of 
the ligaments by drawing lots preoperatively. The ligaments were divided in ten 
and preserved in eight patients. 

Anal manometry 

Anal manometry was performed using the pull through technique with a solid-
state catheter (Synectics). Resting and squeeze pressures were measured. 

Rectal compliance 

Rectal compliance was measured with barostat studies using a catheter wi th a 10 
cm long polyethylene balloon with a maximum volume of 400 ml, connected to 
a Barostat machine (piston type). Rectal compliance was measured by ramp infla
t ion using 2 mm Hg increments in pressure every 30 seconds. The slope of the 
pressure-volume curve was used to estimate compliance. 

Segmental transit time studies 

Ten markers were administered daily over a period of 10 days and a radiograph 
of the abdomen was obtained at the 11th day. The abdominal radiograph was 
divided into three segments that corresponded with the right (I), the left (II) and 
the rectosigmoid (III) colon using the spinal processes and imaginary lines f rom 
the f i f th lumbar vertebra to the pelvic outlet (7,8). After defining the three 
colonic segments the total amount of markers in each colonic segment was 
counted and multiplied by 2,4 in order to calculate the mean segmental colonic 
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Table 1. Mean preoperative and postoperative total colonic transit time (hrs; range) in 18 
patients operated on for complete rectal prolapse with the lateral ligaments preserved or 
divided. 

Pts preoperative Pts postoperative Ρ value 

Total 
Normal 
Delayed 

18 
12 

6 

40(6-160) 
21 (6-42) 

78(48-160) 

18 
6 

12 

76(7-211) 
32(7-42) 

98(48-211) 

*0.002 

**0.03 

* Wilcoxon's test for paired results 
** Fisher exact probability test, cross tabulation and analysis 

transit t ime in hours. Normal transit t ime is 15 hours for each colonic segment, 

and 45 hours for the whole colorectum. 

Constipation score 

The constipation score was retrieved from a questionnaire on information about 
defecation frequency, feeling of incomplete evacuation, difficult evacuation and 
pain during evacuation straining. From earlier investigations, it is known that the 
reliability is 0,82 (Cronbach a.) (6). The range of the score ranges between 4 and 
16. Mean constipation score for patients wi th outlet obstruction is 14, for 
patients w i t h constipation visiting a surgeon 8, and for nonpatients 6. 

Surgical technique. 

The rectum was mobilised down to the pelvic floor muscle posteriorly and t o the 

midpart of the rectovaginal septum anteriorly. Posterior dissection was done 

Table 2. Mean pre- and postoperative total colonic transit time in patients operated on for 
complete rectal prolapse with the lateral ligaments preserved or divided. 

Total colonic transit t ime (hours) 
preoperative 

pts mean ± sem 

Ligaments divided 
Total 
Normal 
delayed 

Ligaments preserved 
Total 
Normal 
delayed 

10 
5 
5 

8 
7 
1 

41 ± 8 

39 ± 18 

pts 

10 
2 
8 

8 
4 
4 

postoperative 

mean ± sem 

77 ± 1 6 

75 ± 2 4 

Ρ 

*0.05 

**NS 

*0.02 

**NS 

*Wilcoxon's test for paired results 
174 **Fisher exact probability test, cross tabulation and analysis 

SEM = standard error of the mean; NS = not significant. 
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close to the mesorectum to spare the hypogastric nerves. Division of the lateral 
ligaments was performed after preoperative randomisation. The ligaments were 
divided in 10 patients. The mobilised rectum was pulled up and fixed to the 
promontory wi th a Teflon Mesh according to Wells. The peritoneum in Douglas' 
Pouch was plicated so that Douglas' pouch was elevated and the Teflon* (E.I. du 
Pont de Nemours & Co., Inc., Wilmington, DE) mesh retro-peritonealised. The 
presacral space was drained with a vacuum drain for two-three days (9). 

Data analysis 
SPSS 8.0* software (SPSS Inc., Chicago, II) was used for statistical analysis. Wilco-
xon test for paired results was used for comparison of the data. Two tailed 
probability values of differences between colonic transit times pre- and pos
toperatively were calculated by Fisher's exact probability test. 

Results 

Patients 

The groups were comparable for age and gender. Follow-up was three to four 
(mean 3,5) years. There were no recurrences. 

Colonic transit time 

Mean preoperative total colonic transit t ime was normal in 12 patients, whereas 
mean postoperative transit t ime was normal in 6 patients (Table 1). Mean total 

Table 3. Mean pre- and postoperative segmental colonic transit time patients operated on 
for complete rectal prolapse with the lateral ligaments preserved or divided. 

Segmental colonic transit t ime (hoi 

Total 
Preop 
Postop 
Increase 

Ligaments divided 
preop 
postop 
increase 

ligaments preserved 
preop 
postop 
increase 

1 

13 
22 

1.7 

13 
23 
1,8 

12 
21 
1,8 

irs) 
Segments 

II 

12 
20 
1,7 

13 
23 
1,8 

10 
17 
1,7 

III 

15 
35 
2,3 

15 
31 
2,0 

17 
37 
2,2 

total 

40 
76 
1.9 

41 
77 
2,0 

39 
75 
1,9 

175 
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transit t ime increased significantly from 40 t o 76 hours (p= 0.002). Mean preop
erative total transit t ime was similar between both patient groups (41 vs 39 
hours) and significantly doubled postoperatively (77 vs. 75 hours) (table 2). Cross 
tabulation analysis showed a statistical significant difference (p= 0.03) between 
colonic transit t ime (normal vs. delayed) and operation (preoperative vs. postop
erative). The colonic transit t ime increased significantly (p= 0.05) in the group 
wi th ligaments divided, but this was similar (p = 0.02) in the group w i t h liga
ments preserved. 

Postoperatively mean segmental colonic transit t ime was increased w i t h a factor 
1,7 in segments I (ascending colon) and II (descending colon) and wi th a factor 
2,3 in segment III (rectosigmoid). The same pattern was found in both subgroups 
(Table 3). 

Anal manometry 

Mean postoperative resting and squeeze pressures were similar to mean preop
erative pressures. Mean resting pressure decreased after division of the lateral 
ligaments and increased after preservation. Because of the wide spread differ
ences did not reach statistical significance (Table 4). 

Constipation score 

Mean postoperative constipation score differed little from the preoperative 
score. The differences in neither group did not reach statistical significance 
(Table 5). 

Rectal Compliance 

Four patients refused the postoperative barostat studies. Pre- and postoperative 

compliance data were therefore available in 14 patients only, equally divided 

over both groups. Mean rectal compliance decreased after ligaments division 

Table 4. Mean pre- and postoperative resting and squeeze pressure in patients operated 
on for complete rectal prolapse with the lateral ligaments preserved or divided. 
Anal manometry (kPa) 

176 

Total 

Squeeze 

Resting 

ligaments divided 

squeeze 

resting 

ligaments preserved 

squeeze 

resting 

Preoperative 

mean range 

50 8-102 

21 4-35 

57 28-86 

22 4-35 

43 8-102 
21 3-29 

Postoperative 

mean range 

46 17-104 

21 10-67 

46 17-104 

17 0-40 

50 17-93 

26 4-67 

Ρ 
NS 

NS 

NS 

NS 

NS 

NS 
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Table 5. Mean pre- and postoperative constipation score in patients operated on for com
plete rectal prolapse with the lateral ligaments preserved and divided. 

Constipation score 
preop postop 

total 
mean 7,9 
range 4-13 

ligaments divided 
mean 8,2 
range 4-13 

ligaments preserved 
mean 7,5 
range 4-11 

NS = not significant. 

and increased when preserved (Table 6). The results were not statistically signifi

cant. 

Defecation frequency 

Mean preoperative defecation frequency per t w o weeks was 15,1. Postoperative 
mean defecation frequency per two weeks was approximately the same in the 
group with the ligaments preserved and nearly doubled in the group wi th the 
ligaments divided. The differences were not statistically significant (Table 7). 

Discussion 

Posterior rectopexy is commonly considered to be the best procedure t o treat 
complete rectal prolapse since it provides adequate rectal fixation to the sacrum 
and has the lowest recurrence rates (10). However, a high incidence of patients is 
afflicted by severe and sometimes intractable constipation for which colonic 
resection has been advocated (3,11-13). The concept of this treatment is based 
on the fact that constipation after rectopexy is the slow-transit type for which 
partial to total colonic resection is indicated. Another concept of treatment is 
preservation of the parasympathetic rectal innervation. The parasympathetic 

Table 6. Mean pre- and postoperative compliance (ml/mmHg) in patients operated on for 
complete rectal prolapse with the lateral ligaments preserved or divided. 

Compliance 
Preoperative Postoperative 

Ν mean range mean range ρ 

Total 14 6,8 3,4-10,3 6,7 4,1-9,6 NS 
Divided 7 7,5 3,4-10,3 6,7 4,1-9,6 NS 
Preserved 7 6,1 4,0-8,3 6,9 5,3-9,6 NS 

7,3 
4-14 

7,6 
4-14 

7,9 
4-14 

NS 
NS 

NS 
NS 

NS 

NS 
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Table 7. Mean pre- and postoperative defecation frequency (per 14 days) in patients oper
ated on for complete rectal prolapse with the lateral ligaments preserved or divided. 

Defecation frequency per 14 days 
Preoperative Postoperative ρ 

mean range mean range 

Total 15,1 9-25 21,6 9-41 NS 
Divided 16,5 9-25 28,3 9-41 NS 
Preserved 13,8 8-23 14,3 7-23 NS 

nervous system stimulates colonic motility. Parasympathetic innervation of the 
proximal part of the gut down t o the transverse colon runs via the vagal nerve, 
the left colon and rectum are retrogradely innervated by neural efferents run
ning through the lateral ligaments. Lateral ligament division during rectopexy 
has been suggested to denervate the rectum causing postoperative constipation 
(14). 

Constipation as a symptom, however, is not a suitable parameter to assess the 
effect of a surgical technique on colonic motility. Constipation is an ill defined 
and not well understood disorder, which is not related t o colonic transit t ime at 
all. More than 30% of patients complaining of severe and intractable constipa
tion have normal colonic transit times (8). Measurement of segmental colonic 
transit t ime is t o be preferred since the progression t ime of markers along the 
colon is an objective indication of colonic transit providing information about 
transit times in each of the three colonic segments (7,8). 

In this study approximately 70 percent of patients w i t h complete rectal prolapse 
had normal total colonic transit time. Mean total colonic transit t ime doubled 
postoperatively but 30 percent still had normal total colonic transit t ime. Mean 
segmental transit t ime demonstrated that the increase in transit t ime was 
equally divided over the t w o abdominal colonic segments and slightly higher in 
the rectosigmoideal segment. Division of the lateral ligaments did not influence 
postoperative total or segmental transit t ime. The effects of the parasympathetic 
innervation on colonic motil ity obviously are not so important, or parasympa
thetic rectal innervation does not run through the lateral ligaments. 
After division of the lateral ligaments rectal compliance decreased. After liga
ments division the rectum can be pulled up higher prior to fixation. This results 
in a t ighter rectal wall wi th loss of elasticity and capacity as already demon
strated by other authors (15). Indeed, defecation frequency was increased in this 
group whereas after preservation of the ligaments the postoperative data hardly 
differed from the preoperative. These data suggest some mechanical influence 
of ligaments division on postoperative rectal function. However, statistical sig
nificance was not reached. 

Several authors have reported increase of resting pressure after rectopexy 

(2,4,5,15). It is suggested that prolapse repair allows the internal sphincter to 

178 recover by removing the cause of persistent rectoanal inhibition (16,17). In this 
study resting pressure increased after preservation of the ligaments. A decrease 



RECTAL PROLAPSE 

was seen after division of the ligaments, which could be cause, by division of the 
parasympathetic innervation of the internal sphincter. These data did not reach 
statistical significance either. 

The question of what to do wi th the lateral ligaments during rectal mobilization 
in the treatment of complete rectal prolapse cannot be answered in this study. 
None of the effects of either division or preservation of the ligaments reached 
statistical significance. Perhaps the importance of rectal innervation through the 
ligaments is overestimated. Our policy is t o preserve them because this and other 
studies suggest an improvement in rectal compliance and anal resting pressure, 
which should lead to a better anorectal function (2,4,5,15-17). Besides, rectal sen
sation is better after preservation of the ligaments (14,15) and a higher recur
rence rate as reported by others (14) could not be demonstrated in this series 
with a follow-up of three to four years. 

Conclusion 

Rectal mobilisation and rectopexy had a statistically significant effect on colonic 
function. Total and segmental colonic transit times doubled. The effects on 
anorectal function were not significant. Division of the lateral ligaments did not 
significantly influence postoperative outcome or recurrence rate. The question 
of whether to divide the lateral ligaments remains unanswered. 
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SUMMARY AND CONCLUSIONS 

5.1 Summary and conclusions 

Constipation is not a disease but merely a symptom of an unknown entity. Many 
causes and factors can lead to what patients call constipation. Severe symptoms 
of constipation are usually accompanied by upper gastrointestinal symptoms. 
The management of patients wi th constipation generally consists of diagnosing 
possible causes and factors which compromise normal defecation. Conservative 
treatment, therefore, is the first choice and mostly consists of prescribing 
medication and sometimes biofeedback training. In this thesis we have defined 
functional constipation as all abdominal complaints that are related to difficulty 
or inability to defecate in the absence of an organic cause. The term idiopathic 
chronic constipation is also used for this entity. Severe idiopathic constipation is 
reserved for those patients who are resistant to conservative medical treatment 
and are characterized as patients having an abuse of laxatives and/or need for 
digital evacuation of stool. 

There are three types of idiopathic or functional constipation; normal transit 
constipation, slow transit constipation and rectal outlet obstruction. Patients 
who complain of constipation, but have normal colonic transit time have more 
psychopathology than either patients who have deranged physiopathology or 
normal controls. For convenience, most of these patients are labelled and 
treated as patients having irritable bowel syndrome. Medicalization reduces a 
suffering person to a sick organ and this kind of approach wil l fail in the end. In 
the management of functional constipation psychological evaluation is there
fore mandatory, not only for normal transit constipation but also to predict suc
cess or failure of surgery. Delay of transit throughout the entire colon suggests 
slow transit constipation while delay only in the rectosigmoid area suggests out
let obstruction. Rarely these two types may coexists. 

Colonic transit t ime measurement is the first step in the evaluation of functional 
constipation providing important and objective data to make a distinction 
between normal transit, slow transit and outlet obstruction. In Chapter 2.1 we 
describe the results of measurement of segmental colonic transit t ime with 
radio-opaque markers in 112 patients wi th functional constipation. Total colonic 
transit time was normal in 33 and delayed in 79 patients. Abnormal transit in all 
segments of the colon suggesting slow transit constipation was present in 24 
patients. In 50 patients (63%) with delayed total colonic transit and in 14 
patients (42%) wi th normal total colonic transit time, the colonic transit t ime was 
prolonged only in the rectosigmoid area, suggesting outlet obstruction. Colonic 
transit time was normal in all segments in 13 patients. In agreement wi th the lit
erature, no statistically significant correlation could be demonstrated between 
the presence of any symptom and a prolonged colonic transit t ime. It is con
cluded that disorders of colonic motility and of rectal evacuation could be distin
guished by measuring the total and the segmental colonic transit times. 
The determination of colonic transit t ime by radio-opaque markers in patients 
wi th slow transit constipation demands at least a ten day testing. This may lead 
to a decreasing patient cooperation and use of laxatives or medication. Another 
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disadvantage of this technique is the presence of proximal gastrointestinal moti l
ity disorders in patients wi th slow transit constipation. Gastric emptying, oeso
phageal and small bowel transit can be delayed and may influence the results of 
radio-opaque marker studies. 

The aim of the study in chapter 2.2 was t o introduce a more reliable method to 
quantify segmental transit of solids through the unprepared colon by using a 
scintigraphic technique wi th a delayed release capsule, fi l led with radionuclide 
('"Indium) pellets. The technique that was used in our pilot study was initially 
developed in the department of gastroenterology of the Mayo Clinic (Rochester, 
Minnesota, USA) and is considered as the standard test for evaluating colonic 
transit in constipated patients. Colonic transit was simultaneously measured by a 
scintigraphic technique after ingestion of a methacrylate coated capsule con
taining " Ί η labelled pellets and by a radio-opaque marker technique in 6 
patients wi th severe constipation. One layer of methacrylate coating resulted in 
appropriate dissolution of the capsule in the ileocecal region in all patients. The 
interpretation and determination of the colonic regions of interest and the 
development of the software for calculations (time curves, the time for 50% of 
radiolabel to empty from a specific region of interest and the geometric centers) 
was time consuming. Scintigraphic measurement not only supplied quantitative 
data on the passage of solids through the entire colon, but also allowed for spe
cific analysis of storage and emptying of the ascending and combined ascending 
plus transverse colon. A significant correlation between scintigraphy and the 
radio-opaque marker test could not be demonstrated for most parameters. 
Repeated measurement by radio-opaque markers in 4 patients revealed that 
total colonic transit t ime varied by a factor ranging f rom 0.5 to 1.1 and regional 
colonic transit t ime by a factor ranging from 0.3 t o 1.2. Evidence for a delayed 
total colonic transit by radio-opaque markers was confirmed by scintigraphy in 3 
out of 5 patients. We concluded that scintigraphic measurement of colonic tran
sit is feasible and provides clinically relevant information to confirm regional 
transit disorders, which are suspected on the basis of radio-opaque marker stud
ies. This may be especially important when surgical management is considered. 
As a diagnostic tool we consider the scintigraphic method more realistic than the 
radio-opaque marker test. 

Chapter 3.1 outlines investigations of upper gastrointestinal tract motil ity in 19 
patients wi th slow transit constipation. The argument for focussing on gastroin
testinal motil ity was the clinical observation that symptoms of slow transit con
stipation are not only limited to the colon, but may also include dysmotility of 
the oesophagus, stomach, gallbladder and small bowel. These observations gave 
rise to the hypothesis that slow transit constipation in fact is a systemic or panen-
teric problem. Therefore '"colonic inertia", many times used in literature as a syn
onym of slow transit constipation, is probably a poor term. In a considerable 
number of patients we found abnormalities of oesophageal motility (5 out of 18) 
and a delay of gastric emptying of a solid meal (8 out of 15 patients). Interdiges-

184 tive antroduodenal manometry revealed abnormalities of small bowel motility 
characterized by 1) absence or prolonged duration of the migrating motor com-
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plex, 2) an increased incidence of clustered contractions and 3) a decreased 
motility during late phase 2 of the migrating motor complex. The findings of 
abnormal antroduodenal motility together wi th the abnormalities of 
oesophageal and gastric motility lend further support to the hypothesis that a 
generalized motility disorder is involved in a great number of patients wi th 
severe slow transit constipation. The underlying mechanism of these abnormali
ties in patients wi th severe slow transit constipation remains unknown but is 
obviously a product of many intrinsic and extrinsic factors (neural, hormonal, 
dietary, medical and surgical) which influence gastrointestinal motility. Abnor
malities of gut hormones have also been reported. 

In chapter 3.2 we describe the role of cholecystokinin (CCK) and peptide YY 
(PYY), gut hormones wi th potent effects on gastrointestinal motility, in patients 
with slow transit constipation and healthy subjects. Cholecystokinin is the princi
pal mediator of postprandial gallbladder contraction. Furthermore, CCK inhibits 
gastric emptying of meals. PYY also inhibits gastric emptying and it delays mouth 
to caecum intestinal transit t ime (small bowel transit). The effect of intestinal 
stimulation on these circulating hormones and gallbladder motility was evalu
ated. Fasting and postprandial plasma CCK concentrations were elevated in 
patients wi th slow transit constipation, but maximum secretory function of the 
intestinal mucosa was not altered, because CCK release during maximal intes
tinal stimulation by a liquid meal was similar to that in controls. Increased plasma 
CCK levels were confined to a subgroup of patients wi th delayed gastric empty
ing indicating that it may contribute to impaired gastric emptying in slow transit 
constipation. The results also show that, during intestinal infusion of a meal, no 
major abnormalities are found for PYY release. 

Delayed gastric emptying in patients wi th slow transit constipation has been 
reported by several authors. It has been suggested that colorectal mechanisms 
are involved in the pathogenesis of delayed gastric emptying, but, as far as we 
know, no data are available on the effects of subtotal colectomy on gastric emp
tying in slow transit constipation. In chapter 3.3 we describe the effects of subto
tal colectomy in 10 patients wi th severe slow transit constipation. Seven out of 10 
patients had a delayed gastric emptying of a solid meal before surgery. No sta
tistically significant difference was found as to the mean value of gastric empty
ing VA before and after surgery. The results, therefore, do not support the 
hypothesis that retardation of gastric emptying of solids is secondary to factors 
originating in the colon. Although some of the gastrointestinal symptoms 
improved after surgery, other symptoms such as nausea, bloating and pyrosis did 
not. This suggests that the pre-existence of a delayed gastric emptying may con
tribute to persistence of upper gut symptoms in these patients after surgery. It 
supports the hypothesis that the group of patients without upper gastrointesti
nal symptoms will benefit most from colonic resection. 

Subtotal colectomy with ileorectal anastomosis in patients wi th severe slow tran
sit constipation may alter plasma concentrations of circulating gut hormones 
CCK and PYY, for PYY secretory cells are mainly located in the colon and the rec
tum. In chapter 3.4 we describe the effect of subtotal colectomy on these gut 
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hormones in patients wi th slow transit constipation. Against the expectation we 
found elevated basal plasma levels of PYY after surgery when compared to nor
mal subjects. PYY release in response to an intestinal meal after subtotal colec
tomy was not different from values in normal subjects. Probably stimulating 
substances from the small bowel reaching the rectum may induce a more pro
found PYY release, because the rectal mucosa contains higher concentrations of 
PYY than the proximal colon. These data indicate that despite removal of a 
major source of PYY producing cells, subtotal colectomy with ileorectal anasto
mosis does not impair PYY secretory function. We also found that basal CCK lev
els were increased and basal gallbladder volumes were decreased in patients 
wi th subtotal colectomy. This finding is in agreement wi th increased basal CCK 
levels and smaller fasting gallbladder volumes in patients after proctocolectomy. 
Increased levels of circulating CCK and PYY may contribute to persistence of 
impaired gastric emptying in patients after colectomy. 

It is unclear whether mechanic factors such as colonic and rectal distension play a 
role in the mechanisms of constipation. We describe in chapter 3.5 the effects of 
rectal distension on meal stimulated gallbladder motility, CCK and PYY release in 
healthy volunteers. A barostat machine hooked up with a personal computer was 
used to induce rectal distension during and after ingestion of a high caloric meal. 
Rectal distension, inducing a feeling of urge, significantly enhanced maximal gall
bladder emptying. No major changes of CCK and PYY were noted except for a 
tendency towards elevated plasma PYY concentrations during the first hour of 
the meal. The effect of rectal distension on gallbladder motility indicates that 
upper gut motility can be influenced by factors originating in the colon or rectum. 
The observation of an abnormal basal and postprandial motor function (e.g., 
tone and phasic contractility) of the left colon in a subset of patients wi th 
obstruction to defecation, led to the hypothesis that colonic motor dysfunction 
represents a reflex inhibition due to stimulation of the rectum by retained stool 
or gas within the functionally obstructed rectum. An alternative hypothesis for 
the impaired postprandial colonic tone might be a disturbance of neuromuscular 
function. If this alternative hypothesis is correct, restoration of normal evacua
t ion by retraining biofeedback programs would not alter colonic motility or 
tone. The contribution of a recto-colonic inhibitory reflex in 8 patients with rec
tal outlet obstruction was evaluated before and after biofeedback (chapter 3.6). 
Sigmoid compliance, fasting and postprandial motility index, and perception 
thresholds were similar in controls and patients before and after biofeedback 
training. Postprandial sigmoid tone tended to be lower in patients than control. 
After biofeedback, postprandial tone was comparable to that in controls. Rectal 
urgency scores at 24 mmHg distention were greater in patients than controls. In 
all patients the rectal balloon expulsion test became normal after biofeedback, 
and there were trends for a lower perceptions of urgency to defecate at 24 
mmHg rectal distension. On the other hand , gas sensation at 12 mmHg was 
higher. It is concluded that normalization of rectal evacuation and postprandial 

136 sigmoid tone in patients wi th evacuation disorders by biofeedback training sup-
ports the presence of a rectocolonic inhibitory reflex. 
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At present surgery is limited to patients wi th severe slow transit constipation in 
whom a subtotal colectomy is preferred. Excellent results of total abdominal 
colectomy and ileorectal anastomosis have been reported. However, not in 
all the patients wi th severe slow transit constipation the problem is limited to 
the colon, as concurrently a variety of gastrointestinal symptoms may be 
present. The persistence of gastrointestinal symptoms after surgery also deter
mines the outcome of surgery. In chapter 4.1 we describe a retrospective study 
in 21 patients wi th slow transit constipation who underwent a subtotal colec
tomy with ileorectal anastomosis. We defined successful outcome as improve
ment of symptoms and no requirement of additional surgery for constipa
t ion. Stool frequency was increased in 76% of the patients. A considerable 
number of patients (86%) continued to experience abdominal pain, while 
most patients (62%) still used laxatives and enemas after one year. Half of the 
patients reported improvement after surgery. Five patients (24%) experienced 
persistent symptoms despite an improvement in defecation frequency and 5 
patients did not improve at all. The morbidity observed in 33% of patients was 
mainly attributed to small bowel obstruction. In the patients requiring relaparo
tomy, no clear adhesions could be found causing the intestinal obstruction, 
which suggests intestinal pseudo-obstruction. It is concluded that the out
come of subtotal colectomy in patients wi th slow transit constipation can be very 
disappointing. As stated before the success of surgery is strongly related to a 
thorough preoperative functional assessment; but also to the importance of gas
trointestinal symptoms and psychopathology should be kept in mind. Therefore 
the definition of success should not only be determined by doctors opinions or by 
an increase of defecation frequency after surgery, but also determined by the 
persistence of gastrointestinal symptoms and results of constipation question
naires. 

In chapter 4.2 we describe our view on the evaluation and management of rec-
toceles. Rectoceles are often associated wi th rectal outlet obstruction. However, 
a physiological asymptomatic rectocele can be found in most women. Digital 
pressure against the anterior perineum or posterior vaginal wall to support or 
stimulate the defecation process indicates the presence of a rectocele. Surgery 
should be reserved for cases with symptoms of outlet obstruction that are clearly 
improved by vaginal or perineal digitation, and after excluding other defecation 
disorders. But even then a good result cannot be warranted. 
Constipation may also result from surgery in patients wi th rectal prolapse. The 
underlying mechanism of constipation after restoration of the prolapse with or 
without resection, still remains unknown. Rectal prolapse may result f rom long
standing constipation. Chronic straining for defecation would lead to rectal pro
lapse with the loss of sphincteric function and incontinence. In chapter 4.3 we 
describe a prospective randomised study in which posterior rectopexy was per
formed in 18 patients wi th complete rectal prolapse. In 10 patients the lateral 
rectal ligaments were divided, in 8 these ligaments were preserved. It is hypoth
esized that neural efferents are running through these ligaments, which are igy 
important for the innervation of the rectum. Anatomic studies revealed the exis-
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tence of these pathways but it is unclear whether these pathways play an impor
tant role in colonic motility. Therefore anal manometry, measurement of rectal 
compliance, total and segmental colonic transit t ime, constipation score and 
defecation frequency were performed preoperatively and 3 months postopera
tively. Mean preoperative total transit t ime was similar between both patient 
groups and was doubled significantly postoperatively. Mean postoperative seg
mental transit t ime was increased with a factor 1,7 in the ascending colon and 
descending colon, and with a factor 2,3 in the rectosigmoid colon. The same pat
tern was found in both groups. Mean anal resting pressure decreased after divi
sion of the lateral ligaments and increased after preservation. Mean rectal 
compliance decreased after ligaments division and increased when preserved. 
Mean postoperative constipation score hardly differed from the preoperative 
score. Mean defecation frequency was decreased in the group wi th the liga
ments preserved and increased in the group wi th the ligaments divided. None of 
the effects of rectal mobilisation or lateral ligaments division on anorectal func
t ion reached statistical significance. It is concluded that rectal mobilisation had a 
statistically significant effect on colonic function. Total and segmental colonic 
transit times doubled. The effects on anorectal function were not significant in 
this small group of patients. Yet the importance of lateral rectal ligament divi
sion and neural involvement needs further investigation. 

Conclusions 

1. Disorders of colonic motility and of rectal evacuation can be distinguished by 
measuring the total and the segmental colonic transit times in patients wi th 
functional constipation. 

2. Scintigraphic measurement of colonic transit is feasible and provides clinically 
relevant information to confirm regional transit disorders. 

3. Interdigestive antroduodenal manometry in slow transit constipation (STC) 
reveals abnormalities of small bowel motility characterized by (a) absence or 
prolonged duration of the migrating motor complex, (b) an increased inci
dence of clustered contractions and (c) a decreased motility during late phase 
2 of the migrating motor complex. 

4. Fasting and postprandial plasma CCK concentrations are elevated in patients 
wi th STC, but maximum secretory function of the intestinal mucosa is not 
altered. No major abnormalities are found for PYY release. 

5. Subtotal colectomy and ileorectal anastomosis does not improve delayed gas
tric emptying in STC. 

6. Subtotal colectomy and ileorectal anastomosis does not impair PYY secretory 
function, despite removal of a major source of PYY producing cells. 

7. Stimulation of mechanosensory function by rectal distension affects post
prandial gallbladder emptying and release of gut homones. 

8. Biofeedback training normalizes rectal evacuation and postprandial sigmoid 
188 t o n e ' n patients wi th evacuation disorders. This supports the presence of a 

rectocolonic inhibitory reflex. 
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9. The outcome of subtotal colectomy in patients wi th slow transit constipation 
can be very disappointing. 

10. Surgery for rectoceles should be reserved for cases with symptoms of outlet 
obstruction that are clearly improved by vaginal or perineal digitation, and 
after excluding other defecation disorders 
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GENERAL DISCUSSION 

5.2 General discussion 

The diagnosis of functional constipation is made wi th thorough clinical investi
gations, excluding organic factors. Functional constipation occurs in a heteroge
neous group of patients wi th a variety of symptoms. The pathophysiology and 
management of patients wi th slow transit constipation completely differs from 
that of patients wi th rectal outlet obstruction. Resecting a colon in the latter 
patients would not have a great success. One should keep in mind that psycho
logical examinations are mandatory before labelling patients wi th severe consti
pation as neurotic or psychotic persons. Psychological factors do play a role in 
every type of functional constipation. However, it is difficult to determine what 
comes first, constipation or psychopathology? This thesis focusses on the patho
physiology and clinical management of functional constipation; psychological 
studies were not included. 

Symptoms of constipation and defecation frequency are poorly related to 
colonic transit times and should not be used for diagnosing functional constipa
t ion. Although colonic transit t ime measurement wi th radio-opaque markers is 
the first step in the evaluation of functional constipation more reliable informa
tion about colonic transit is acquired by scintigraphic studies wi th delayed 
release capsules. Most patients wi th slow transit constipation have abnormalities 
of upper gastrointestinal tract motility, which may influence colorectal transit 
testing with radio-opaque markers. 

The presence of abnormal oesophageal, gastric, small bowel and gallblad
der motility in patients wi th slow transit constipation supports the concept that 
slow transit constipation is a panenteric or systemic disease. However, not all 
patients with slow transit constipation have upper gastrointestinal abnormali
ties. 
Gastrointestinal hormones PYY and CCK may have a role in the pathophysiology 
of slow transit constipation. However it is not clear whether any abnormality is 
primary or secondary to constipation. We found no changes in delayed gastric 
emptying and/or differences in hormonal abnormalities in patients wi th slow 
transit constipation after subtotal colectomy. This f inding suggests that abnor
malities of upper gut motil ity and circulating gut hormones in constipation are 
not secondary to factors originating in the colon, but suggests that the disease 
process is not confined to the colon. Moreover most of the upper gastrointesti
nal complaints persisted after subtotal colectomy. Although thorough investiga
tions of functional constipation are mandatory for the optimal selection of 
patients for surgery, successful outcome of surgery is not guaranteed. Probably 
the patients most likely to benefit most from subtotal colectomy are those wi th
out upper gastro-intestinal motil ity disturbances. 

More investigations are needed to understand the mechanisms of functional 
constipation. Unanswered questions are to what extend the interaction(s) 
between the brain and the gut (brain - gut axis) play a role in the pathophysiol
ogy of constipation. Also new prokinetic drugs are promising but perform sub-
optimally in experimental studies. The management of severe idiopathic or 
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functional constipation requires the development of strategies to avoid surgery 
as much as possible. 
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Obstipatie is een veel voorkomend probleem. Het is niet een ziekte maar een 
symptoom van een onbekende entiteit. Het is vaak onduidelijk wat een patiënt 
ermee bedoelt. De een wil ermee aangeven dat de ontlasting meerdere dagen 
achtereen wegbl i j f t en buikpijn veroorzaakt, de ander dat hij/zij, soms elke dag, 
veel en hard moet persen om ontlasting te krijgen wat weer aanleiding geeft to t 
pijn, of beide. Er zijn velerlei oorzaken van obstipatie (levensstijl, medicijnen, 
metabole en endocriene ziekten, neurologische en psychische afwijkingen). 
Ernstige symptomen van chronische obstipatie gaan vaak gepaard met boven
buikklachten (opgezette buik, pijn, zuurbranden, vol maaggevoel, misselijkheid, 
braken), verlies van eetlust, hoofdpijn en sociale problemen. De behandeling 
van obstipatie is erop gericht dat oorzaken worden gevonden en behandeld. De 
conservatieve therapie heeft de eerste keuze en bestaat voornamelijk uit een 
dieet en toediening van medicijnen die de ontlasting zachter maken of de 
darmwand prikkelen to t een actievere werking. 

Als er met de conventionele onderzoekingen geen oorzaak voor de obstipatie 
wordt gevonden spreekt men van functionele of idiopathische obstipatie. 
Wanneer dan ook de conservatieve behandeling faalt staat de behandelende 
arts voor een dilemma. 
Functionele obstipatie wordt in dit proefschrift gedefinieerd als alle buikver
schijnselen die gepaard gaan met een infrequente of incomplete defecatie die 
niet door medicatie of specifiek medische of psychiatrische ziekten wordt ver
oorzaakt. 
Bij functionele obstipatie kan zowel de motil iteit van het colon als de evacuatie 
van het rectum gestoord zijn. Het kan zowel om een trage als om een bemoei
lijkte defecatie gaan. Een voorbeeld van een gestoorde colonmotiliteit is "slow 
transif'-obstipatie. Hierbij is de passage van darminhoud door het hele colon 
vertraagd door een gestoorde darmmotoriek. Een gestoorde evacuatie ofwel 
een functionele uitgangsobstructie ontstaat door een defecatiestoornis. Een 
voorbeeld hiervan is het spastisch bekkenbodemsyndroom, ook wel anismus 
genoemd. Hierbij spant de bekkenbodemspier zich tijdens de defecatiepers aan 
waardoor het anale kanaal zich niet kan openen. Ook anatomische afwijkingen 
van het rectum en anale kanaal, zoals enterocele, rectumprolaps, intussusceptie 
en solitair rectum ulcus syndroom, worden geassocieerd met obstipatie. 
Aan de hand van de klachten en de defecatiefrequentie kan geen onderscheid 
worden gemaakt tussen een normale colonpassage ("normal transif'-obstipa
tie), een vertraagde colonpassage ("slow transif'-obstipatie) en een uitgangsob
structie. Bij patiënten met klachten van obstipatie zonder een vertraagde colon
passage is er sprake van meer psychopathologie dan bij controlepersonen en 
patiënten met een stoornis in de colonmotoriek. Voor het gemak worden veel 
patiënten met een normale colonpassage gestigmatiseerd als hebbend het irri
table bowel syndroom ofwel prikkelbare of spastische darmsyndroom. 
Medicalisering van deze patiënten heeft over het algemeen geen succes. 

Psychologische evaluatie en eventueel behandeling zijn zinvol bij patiënten zon-
der vertraagde darmpassage en kan onnodige onderzoekingen en behandelin- 195 
gen voorkomen. Psychologische evaluatie is ook zinvol bij patiënten met een 
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vertraagde darmsyndroom (slow transit) aangezien het resultaat van eventuele 
chirurgische behandeling voorspeld kan worden. Een vertraagde darmpassage 
kan alleen door functioneel onderzoek worden gediagnosticeerd. Het is daarom 
zinvol de colonpassagetijd (CPT) te meten. Diverse technieken zijn hiervoor ont
wikkeld. Het voordeel van meten met radio-opaque merkers is dat op een een
voudige, non-invasieve en reproduceerbare manier een goede indruk van de 
ernst van de vertraging verkregen kan worden. Extra voordeel van bepaling van 
de segmentale CPT is dat ook het colongedeelte waarin de vertraging plaats
vindt, gelokaliseerd kan worden. 

In hoofdstuk 2.1 beschrijven we de resultaten van colonpassagemeting bij 112 
patiënten met functionele obstipatie. Het doel van het onderzoek was (1) de 
prevalentie van afwijkende passagetijden bij patiënten met klachten van functi
onele obstipatie te onderzoeken, (2) de afwijkende passagetijden te interprete
ren in het kader van functionele obstipatietypen en (3) het klachtenpatroon en 
de defecatiefrequentie te evalueren in relatie tot de gemeten passagetijden. De 
techniek bestond uit 10 dagen inname van 10 radio-opaque markers per dag 
met op de elfde dag een liggend buikoverzicht. De markers werden geteld en 
met behulp van een simpele formule werden de totale en segmentale CPT 
bepaald. Van de 112 patiënten met functionele obstipatie hadden 29% een nor
male en 7 1 % een vertraagde totale CPT. Van de 112 patiënten waren er 13(12%) 
met een normale segmentale CPT, 20 % een abnormale segmentale CPT passend 
bij slow-transitobstipatie en 60 % met een abnormale segmentale CPT passend 
bij een uitgangsobstructie of spastische bekkenbodemsyndroom. Van de 
patiënten met een normale totale CPT waren er 40% met een vertraging in het 
rectosigmoid mogelijk berustend op een uitgangsobstructie. In deze studie werd 
er geen statistisch significante correlatie tussen een anamnestisch vertraagde 
defecatie en een verlengde totale CPT gevonden. Er bleek ook geen relatie te 
bestaan tussen één der andere symptomen (zoals buikpijn, vol gevoel, misselijk
heid, braken) en totale CPT. Deze bevindingen ondersteunen gegevens in de 
literatuur dat er weinig of geen verband bestaat tussen de colonpassagetijd en 
de door de patiënt opgegeven defecatiefrequentie en het klachtenpatroon. 
Meting van colonpassagetijd met behulp van radio-opaque merkers is een objec
tiever diagnostisch hulpmiddel bij de evaluatie van functionele obstipatie dan 
anamnestisch verkregen gegevens. Totale en segmentale CPT gemeten met deze 
techniek zijn behulpzaam bij het onderscheiden van stoornissen van colonmoti-
liteit en rectumevacuatie bij patiënten met functionele obstipatie. 
Bij patiënten met een slow-transitobstipatie kunnen de resultaten van de mer
kerstudie beïnvloed worden door gebruik van medicijnen en laxantia. De perio
de van 10 dagen zonder laxantia of pijnmedicatie kan voor veel patiënten te 
lang zijn en leiden tot verminderde coöperatie en medicijngebruik, zodat de 
resultaten minder betrouwbaar worden. Een ander probleem is dat veel patiën
ten met slow-transitobstipatie ook stoornissen hebben van maaglediging en 
dunne darmmotoriek. De ingeslikte markers kunnen dan te lang in de hogere 

196 tractus digestivus verblijven en daarmee de meting van de colonpassagetijd 
beïnvloeden. Een alternatief om objectief de colonpassage te meten is een sein-
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tigrafische techniek waarbij gebruik wordt gemaakt van een capsule met ver
traagde afgifte van radioactieve ("'In) pellets. In hoofdstuk 2.2 beschrijven we 
deze techniek bij 6 patiënten met obstipatie. De bedoeling van dit onderzoek 
was om de techniek te introduceren en te evalueren voor standaardmetingen 
van colonpassage bij patiënten met ernstige obstipatie. Het voordeel van de 
scintigrafische meting is het verkrijgen van objectieve gegevens binnen 48 uur. 
De werking van maag en dunne darm heeft geen invloed op de uitkomsten van 
de meting. Het nadeel van de test is, hoewel binnen de grenzen van acceptabel, 
de stralenbelasting. Daarnaast blijft de patiënt gedurende het onderzoek in het 
ziekenhuis, wat ook een voordeel heeft voor wat betreft het voorkomen van ge
bruik van medicatie en afwijkende eetgewoonten. Zes patiënten met ernstige 
obstipatie slikten een met methacrylaat gecoate capsule die ' " Indium bevatte. 
Omdat de dikte van de methacrylaatcoating het moment van uiteenvallen van 
de capsule bepaalt, werd deze steeds aangebracht door dezelfde laborant. Bij 
alle 6 patiënten bleek de coating juist te zijn aangebracht waardoor een com
plete bolus van "' Indium in het coecum terecht kwam. Het colontransport werd 
gemeten met scintigrafie en met behulp van een gelijktijdig uitgevoerde radio-
opaque merkertest. Voor de bepaling van de segmentale colonmotiliteit werden 
5 regio's aangewezen (colon ascendens, colon transversum, colon descendens, 
rectosigmoid en de ontlasting). Het verloop van de activiteit in de verschillende 
regio's werd in grafieken uitgezet tegen de t i jd. Hieruit bleek dat met scintigra-
fisch onderzoek het transport van inhoud door het colon nauwkeurig gevolgd 
kon worden. De halfwaardetijd van de lediging uit het totale colon, colon 
ascendens en colon transversum met ascendens samen werd vergeleken met de 
uitkomsten van de radio-opaque merkertest die simultaan werd uitgevoerd. Er 
kon géén significante correlatie worden aangetoond tussen scintigrafie en 
radio-opaque merkertest voor de meeste transportparameters. Dit berustte 
mogelijk op de grote variabiliteit van de testuitslagen. Herhaalde meting met 
radio-opaque merkers toonde namelijk dat de totale colonpassagetijd varieerde 
met een factor tussen 0.5 en 1.1 en de segmentale colonpassagetijd met een fac
tor tussen 0.3 en 1.2. Aanwijzing voor een vertraagde colonpassage op basis van 
de radio-opaque merkertest werd bevestigd bij 3 van de 5 patiënten met scinti
grafie. De conclusie was dat scintigrafische meting van colontransport uitvoer
baar is en dat deze techniek klinisch relevante informatie oplevert bij verden
king van segmentale motiliteitsstoornissen van het colon, bijvoorbeeld op grond 
van de radio-opaque merkertest. 

In hoofdstuk 3.1 beschrijven we motiliteitsonderzoek van het bovenste deel van 
het maagdarmkanaal bij patiënten met slow-transitobstipatie. Het argument 
voor dit onderzoek was de klinische waarneming dat er symptomen en klachten 
bij deze patiënten zijn die duiden op een stoornis in de motoriek van slokdarm, 
maag of dunne darm. We vonden bij een aanzienlijk deel van de patiënten 
afwijkingen van de oesophagusmotiliteit (4/18) en een vertraging van de maag-
ontlediging voor vast voedsel (8/15). Interdigestieve antroduodenale manome-
trie liet afwijkingen van de werking van de dunne darm zien: 1) afwezigheid of 
lange duur van het migrerend motorcomplex, 2) een verhoogde incidentie van 
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geclusterde contracties en 3) een verminderde motil iteit gedurende de late fase 
2 van het migrerend motorcomplex. De gestoorde antroduodenale motil iteit 
samen met de afwijkingen van de oesophagus- en maagmotiliteit ondersteunen 
de hypothese dat bij veel patiënten met slow-transitobstipatie een gegenerali
seerde motiliteitstoornis bestaat. De mechanismen die ten grondslag liggen aan 
deze afwijkingen bij patiënten met slow-transitobstipatie blijven onbekend, 
maar het lijkt duidelijk dat zowel intrinsieke en als extrinsieke factoren (neuraal, 
hormonaal, eetgewoonte, medicatie en chirurgische) een rol spelen. Ook afwij
kingen van darmhormonen zijn beschreven. 

In hoofdstuk 3.2 beschrijven we de rol van cholecystokinine (CCK) en peptide YY 
(PYY), darmhormonen met een sterke werking op de gastrointestinale motil iteit, 
bij patiënten met slow-transitobstipatie en gezonde proefpersonen. CCK is de 
belangrijkste mediator van de postprandiale galblaascontractie. Voorts remt CCK 
de maaglediging van maaltijden. PYY remt ook de maaglediging en daarnaast 
heeft het een vertragende werking op de orocoecale passagetijd. De effecten 
van intestinale stimulatie op deze hormonen en de galblaasmotoriek werden 
geëvalueerd. Nuchtere en postprandiale plasmaconcentraties van CCK waren 
verhoogd bij patiënten met slow-transitobstipatie, maar dit ging niet gepaard 
met een verhoogde maximale secretoire functie van de intestinale mucosa. Ver
hoogde plasmaspiegels van CCK waren gerelateerd aan vertraagde maagontle-
diging, wat mogelijk een aanduiding is dat dit mechanisme bijdraagt aan de 
vertraagde maagledigingen bij patiënten met slow-transitobstipatie. Er werden 
geen significante afwijkingen gevonden in galblaascontractie en secretie van 
PYY. 

Een vertraagde maaglediging bij patiënten met slow-transit obstipatie is eerder 
in de literatuur beschreven. Gesuggereerd is dat colorectale mechanismen een 
rol spelen bij het ontstaan van deze gestoorde functie. Echter wat de effecten 
zijn van subtotale colectomie op de maaglediging bij deze patiënten is onbe
kend. In hoofdstuk 3.3 beschrijven we deze effecten bij 10 patiënten met slow-
transitobstipatie. 7 van de 10 patiënten hadden een vertraagde maaglediging 
van een radioactief gelabelde pannenkoek in het vooronderzoek. Er werden 
geen significante verschillen gevonden in de t i jd om 50% van de maaginhoud te 
ledigen(t1/2) voor en na subtotale colectomie. Deze gegevens pleiten niet voor 
de hypothese dat de vertraagde maagontlediging bij deze patiënten secundair is 
aan factoren die hun oorsprong in het colon hebben. Weliswaar verbeterden 
een aantal gastrointestinale symptomen na chirurgie, maar andere symptomen 
zoals misselijkheid, opgeblazen gevoel en zuurbranden niet. Dit betekent dat 
een vertraagde maaglediging een bijdrage kan leveren aan het persisteren van 
gastrointestinale klachten bij deze patiënten na chirurgie. Patiënten zonder 
deze klachten zullen meer baat van een subtotale colectomie ondervinden. 
De resectie van het totale colon behoudens het rectum bij patiënten met slow-
transitobstipatie heeft mogelijk een invloed op de secretie van de darmhormo-

nen PYY en CCK. PYY-secretie vindt met name plaats in het colon en rectum, en 
198 vermoedelijk zal de secretie bij een status na subtotale colectomie veranderen. In 

hoofdstuk 3.4 beschrijven wi j een onderzoek bü patiënten met slow-transitob-
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stipatie die een subtotale colectomie ondergingen. In tegenstelling to t de ver
wachting vonden wij geen verlaagde, maar verhoogde basale spiegels van PYY 
in vergelijking met gezonde vrijwilligers. Na intestinale stimulatie met een vloei
bare maaltijd was er geen statistisch significant verschil met de secretie van PYY 
bij de gezonde proefpersonen. Een mogelijke verklaring voor de verhoogde 
plasma-PYY na chirurgie is dat de concentratie van PYY in de mucosa van het rec
tum hoger is dan in de mucosa van het proximale colon, waardoor stoffen die 
afkomstig zijn uit de dunne darm veel meer effect hebben in het rectum dan in 
het colon. 

Het is een bekend klinisch fenomeen dat de defecatiefrequente van patiënten 
na subtotale colectomie verhoogd is. Na enige maanden zie je bij de meeste 
patiënten weer een acceptabel of normaal defecatiepatroon. Omdat PYY een 
remmende werking heeft op de dunne darmpassage, zou het mogelijk zijn dat 
PYY een rol speelt bij dit fenomeen. In hoofdstuk 3.4 werd ook gevonden dat 
basale plasmaconcentraties van CCK hoger en basale galblaasvolumina kleiner 
zijn bij patiënten met een subtotale colectomie en ileorectale anastomose dan 
bij normale personen. Deze bevindingen komen overeen met de bevindingen bij 
patiënten met een proctocolectomie en ileo-anale anastomose. Het is mogelijk 
dat verhoogde plasmaspiegels van CCK en PYY een rol spelen bij het persisteren 
van de vertraagde maagontlediging na subtotale colectomie. 
Het is onduidelijk of mechanische factoren zoals de mate van uitzetten van de 
darm een rol spelen bij het ontstaan van gestoorde motil iteit van het bovenste 
deel van de tractus digestivus bij chronische obstipatie. In hoofdstuk 3.5 beschrij
ven we de effecten van rectumdistensie op de met een maaltijd gestimuleerde 
galblaascontractie en op de hormonen PYY en CCK bij gezonde proefpersonen. 
Met behulp van een door een computer gestuurde barostat werd het effect van 
rectumdistensie bestudeerd. Een zakje dat verbonden was met de barostat werd 
in het rectum opgeblazen met lucht to t een gevoel van aandrang ontstond. Ver
volgens werd di t onder constante druk gehouden voor en na het nuttigen van 
een vloeibare, calorierijke maaltijd. Rectumdistensie leidde tot een significante 
toename van de maximale galblaasontlediging na de maaltijd in vergelijking 
met de galblaasontlediging in het experiment zonder rectumdistensie. Er wer
den geen significante effecten van distensie op de secretie van PYY en CCK 
gevonden. De studie toont aan dat motil i teit van het bovenste deel van de trac
tus digestivus beïnvloed kan worden door factoren die aangrijpen in het rectum. 
De observatie dat de motoriek van het linker colon geremd is bij patiënten met 
gestoorde evacuatie van het rectum (functionele uitgangsobstructie) was de 
aanleiding voor de hypothese dat de abnormale functie van het colon berust op 
de remmende werking van een reflex die gestimuleerd wordt door het achter
blijven van ontlasting en darmgassen in het rectum. Een alternatieve hypothese 
is neuromusculaire zwakte van de darmwand van het linker colon. Als de laatste 
hypothese de juiste is, dan is de verwachting dat verbetering van de rectale eva
cuatie door biofeedbacktraining bij patiënten met rectale uitgangsobstructie 
niet leidt tot een normalisatie van de gestoorde colonmotiliteit. Om de rol van 
een rectocolonische inhibitiereflex aannemelijk te maken, hebben wij in hoofd-
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stuk 3.6 de motoriek van het distale colon en de sensibiliteit van het rectum 
onderzocht bij 7 patiënten met een functionele uitgangsobstructie vóór en né 
het volgen van een biofeedbackprogramma. De resultaten werden vergeleken 
met die bij gezonde vrijwilligers. De compliantie van het sigmoid, de nuchtere en 
postprandiale motiliteitsindex en de rectale perceptiedrempels bleken bij 
patiënten vóór en nâ biofeedbacktraining en bij de gezonde controlepersonen 
gelijk te zijn. De postprandiale tonusstijging van het sigmoid bij patiënten ten
deerde naar lagere waarden dan die bij gezonde controlepersonen; né biofeed
backtraining was de postprandiale tonusstijging vergelijkbaar met die bij de 
gezonde controles. Het gevoel van aandrang bij een distensiedruk van 24 mmHg 
in het rectum was bij patiënten met een uitgangsobstructie groter dan bij de 
controlepersonen. De ballonexpulsietest, afwijkend bij patiënten met uitgang
sobstructie, werd als parameter gebruikt om het resultaat van biofeedback te 
beoordelen. Bij alle patiënten werd deze test na biofeedbacktraining als nor
maal beschouwd. De biofeedbacktraining leidde tot een verminderd gevoel van 
aandrang to t defecatie (bij 24 mmHg distensie), hoewel de waarneming van het 
gasgevoel (bij 12 mm Hg) juist gestegen was. De bevinding dat verbetering van 
rectale evacuatie door biofeedbacktraining gepaard gaat met normalisatie van 
de postprandiale tonus van het sigmoid bij patiënten met een uitgangsobstruc
tie pleit voor het bestaan van een rectocolonische inhibitiereflex. 
De indicatie voor chirurgie bij patiënten met slow transit obstipatie is beperkt. 
Alleen in ernstige gevallen wordt een subtotale colectomie overwogen. De sub
totale colectomie met ileorectale anastomose heeft momenteel de voorkeur 
boven de partiele colonresecties, wat wordt bevestigd door hoge succes percen
tages vermeld in recente publicaties. Al eerder werd opgemerkt dat bij patiënten 
met slow-transitobstipatie het probleem niet alleen in het colon gelokaliseerd is. 
De variabele aanwezigheid van gastrointestinale klachten bij deze patiënten 
suggereert het bestaan van een heterogene groep. Het persisteren van gastro-
intestinale symptomen na de subtotale colectomie bepaalt ons inziens het 
succespercentage. In hoofdstuk 4.1 beschrijven we de resultaten van een retro
spectieve studie bij 21 patiënten die vanwege slow transit obstipatie een subto
tale colectomie ondergingen. De follow-up duur voor een goede beoordeling 
van de langetermijnresultaten was gemiddeld 5 jaar. We definieerden het suc
cespercentage aan de hand van de verbetering van klachten en de noodzaak van 
additionele ingrepen vanwege persisterende obstipatie of complicaties. De 
ontlastingsfrequentie was in 76 % van de patiënten toegenomen. In een aan
zienlijk deel van de patiënten (86%) was er geen of weinig verandering in abdo
minale klachten en vele patiënten (62%) gebruikten na een jaar weer laxantia. 
De helft van de patiënten meldde, gebruik makend van een enquête, een dui
delijke verbetering van klachten na de operatie. Vijf patiënten(24%) hadden 
ondanks een verbeterde defecatie nog steeds dezelfde symptomen en bij 5 
patiënten was er helemaal geen verbetering. In 7(33%) van de 21 patiënten 
werd kort na de ingreep of in latere fase een passagebelemmering van de dunne 

200 darm vastgesteld. Bij de patiënten die hiervoor een laparotomie kregen kon 
geen obstructieve oorzaak (adhesies) gevonden worden. Dit suggereert het 
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bestaan van een intestinale pseudo-obstructie bij deze patiënten. In tegenstel
ling tot de eerder gepubliceerde resultaten is het resultaat van subtotale colec-
tomie bij onze patiënten met slow-transitobstipatie teleurstellend. Dit kan door 
verschillen in definitie en selectie van patiënten te verklaren zijn. Nogmaals 
moet het belang van onderliggende psychopathologie onderstreept worden 
aangezien dit, ondanks uitgebreid preoperatief functieonderzoek, sterk ver
band heeft met het succes van de ingreep. Samenvattend moet de definitie van 
het operatieve succes niet alleen bepaald worden door veranderingen van defe-
catiefrequentie maar ook door het persisteren van overige gastrointestinale 
klachten. 

In hoofdstuk 4.2 beschrijven we onze visie betreffende de evaluatie en behan
deling van rectoceles. Rectoceles worden veelal als een anatomische oorzaak van 
een evacuatiestoornis van het rectum beschouwd, hoewel bij veel vrouwen een 
fysiologische, asymptomatische rectocele gevonden wordt. De facilitatie of sti
mulatie van het evacuatieproces door het perineum of de vagina-achterwand 
met behulp van vingers te ondersteunen, verraadt de aanwezigheid van een rec
tocele. Chirurgische interventie van een rectocele heeft ons inziens alleen zin 
wanneer digitale ondersteuning tot een verbetering van het evacuatieproces 
leidt. Daarnaast moeten andere oorzaken van de evacuatiestoornis met behulp 
van anorectaal functieonderzoek worden uitgesloten. Maar ook dan is er geen 
garantie op een goed resultaat. 

De rectumprolaps wordt ook met obstipatie in verband gebracht. Het onderlig
gende mechanisme van obstipatie na anatomische herstel van een rectumpro
laps (met of zonder resectie van sigmoid) is niet bekend. Er zijn diverse theorieën 
zoals de mogelijke zwakte van de ophangstructuren van het rectosigmoid en het 
chronische afwijkend persgedrag. Met name de laatste theorie is gangbaar 
waarbij gedacht wordt dat door obstipatie een rectumprolaps ontstaat die insuf-
ficiëntie van de kringspier veroorzaakt met als gevolg incontinentie voor ont
lasting. In hoofdstuk 4.3 beschrijven we in een prospectief gerandomiseerde 
studie bij 18 patiënten met een complete rectumprolaps, de resultaten van ab
dominale rectopexie, dit met of zonder klieven van de rectale collaterale liga
menten. Van de 18 werden bij 10 patiënten de laterale ligamenten gekliefd. De 
hypothese is dat bij het klieven van de rectale ligamenten de innervatie van het 
rectum wordt verstoord. In deze ligamenten zijn bij anatomische onderzoek 
neurale structuren gevonden waarvan nog niet duidelijk is wat de functie is in 
relatie met colorectale motil iteit. Een prospectief onderzoek werd uitgevoerd 
waarbij een aantal onderzoekingen (anale manometrie, meting van rectumcom-
pliantie en van totale en segmentale colonpassagetijd, bepalen van constipaties
core) werden uitgevoerd om de hypothese te toetsen. Deze onderzoekingen 
werden vooraf en drie maanden na de prolapsoperatie uitgevoerd. Het bleek 
dat de gemiddelde preoperatieve totale passagetijd gelijk was tussen beide pa-
tiëntgroepen, maar de postoperatieve passagetijden bleken significant verdub
beld. De gemiddelde postoperatieve segmentale passagetijd was in het colon 
ascendens en descendens met een factor 1,7 toegenomen, in het rectosigmoid 20I 
met een factor 2,3. Hetzelfde patroon werd in beide groepen (klieven versus spa-
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ren van de ligamenten) waargenomen. De gemiddelde rustdruk in het anorec-
tum gemeten met manometrie was verlaagd na klieven en verhoogd na sparen 
van de ligamenten. De gemiddelde rectumcompliantie bleek verlaagd na klieven 
en verhoogd na sparen van de laterale ligamenten. De gemiddelde postoper
atieve obstipatiescore was nauwelijks anders dan preoperatief. Wel bleek de 
defecatiefrequentie verminderd in de groep van patiënten na sparen van de 
ligamenten in tegenstelling tot de groep waarbij de ligamenten werden 
gekliefd. De statistische bewerking van de data leverde alleen significante ver
schillen op in colonpassagetijden. De totale en segmentale passagetijden waren 
postoperatief verdubbeld. De effecten van rectum mobilisatie of laterale liga
ment klieven op de anorectale functie waren niet statistisch significant. Dit kan 
te maken hebben met de groepsgrootte of de hypothese dat de laterale liga
menten een rol spelen in de anorectale motil iteit is verwerpbaar. Nader onder
zoek is nodig om meer duidelijkheid hierover te verschaffen. 

Slotbeschouwing 

Het stellen van de diagnose functionele obstipatie vraagt om een gedegen kli
nisch onderzoek. Organische oorzaken dienen eerst te worden uitgesloten. Idio
pathische of functionele obstipatie vertegenwoordigt een heterogene groep 
patiënten met een variëteit in symptomen en ernst. Patiënten met functionele 
obstipatie zouden moeten worden ingedeeld in drie groepen: patiënten met 
een normale passagetijd en klachten van obstipatie, patiënten met slow-
transitobstipatie en patiënten met een uitgangsobstructie. Dit onderscheid is 
vooral belangrijk bij het uitvoeren van gecontroleerde studies waarbij de 
gastrointestinale motil iteit wordt vergeleken tussen patiënten met obstipatie en 
gezonde vrijwilligers. De pathophysiologie en de behandeling van patiënten 
met een slow-transitobstipatie verschilt enorm met die van patiënten met een 
uitgangsobstructie. Het verwijderen van het colon zal in de laatst genoemde 
patiëntengroep geen baat hebben. Wij, artsen en therapeuten, zijn vooral 
teleurgesteld wanneer behandelingsstrategieën niet werken. Belangrijk is daar
bij te onthouden dat een psychologische onderzoek essentieel is om een onder
scheid te kunnen maken tussen patiënten met een functionele obstipatie en 
personen met een neurose of psychose. Hoewel psychologische factoren altijd 
een rol spelen bij functionele obstipatie is het moeilijk om hier het hoofdpro
bleem te diagnosticeren; is het de obstipatie of de psychopathologie? Het proef
schrift is geheel gewijd aan de pathophysiologie en de klinische behandeling van 
functionele obstipatie waarbij psychologische studies in dit verband niet werden 
uitgevoerd. 

Uit het onderzoek van dit proefschrift bleek dat symptomen van obstipatie en de 
frequentie van het hebben van ontlasting slecht correleren met colonpassagetij
den. De colonpassagetijdmeting met radio-opaque merkers geeft een objectief 
oordeel over transport van de inhoud door de dikke darm en wordt beschouwd 

202 a l s de eerste stap in de evaluatie van patiënten met functionele obstipatie. De 
informatie verkregen van scintigrafische studies is waarschijnlijk betrouw-
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baarder en geeft betere kwantitatieve informatie over regionale motil iteit in het 
colon. 
Het vaak voorkomen van afwijkende motil i teit van slokdarm, maag en dunne 
darm bij patiënten met een slow-transitobstipatie heeft bijgedragen aan de 
hypothese van een gegeneraliseerde of systemische ziekte. Dat niet iedere pa
tiënt met slow-transitobstipatie gastrointestinale afwijkingen buiten het colon 
heeft suggereert dat deze patiëntengroep als zeer heterogeen kan worden 
beschouwd. 
Gastro-intestinale hormonen zoals PYY en CCK spelen mogelijk een rol in de 
pathophysiologie van slow-transitobstipatie, maar of dit primair of secundair is, 
is onduidelijk. In het onderzoek werden in een substantiële groep patiënten ver
traagde maagontledigingen gevonden. Na een subtotale colectomie bleek bij 
deze patiënten geen verbetering in maagontlediging te zijn opgetreden. Dit 
suggereert dat het grondlijden bij functionele obstipatie zich niet beperkt to t 
het colon. Daarnaast bleven gastro-intestinale klachten na de operatie in wisse
lende ernst bestaan. Hoewel functioneel gastrointestinaal onderzoek belangrijk 
is voor de selectie van patiënten met slow-transitobstipatie voor een subtotale 
colectomie, een succesvol resultaat kan niet worden gegarandeerd. Patiënten 
zonder gastro-intestinale motil iteitafwijkingen hebben het meest baat bij een 
subtotale colectomie. 

Meer onderzoek is nodig om de onbekende mechanismen van functionele obsti
patie te begrijpen. Bestaat er een centrale beïnvloeding vanuit de hersenen en 
zoja waar en wat zijn de afwijkingen (het substraat) in interacties met de darm-
tractus van patiënten met slow transit obstipatie? 
Recente studies met pro-kinetica zijn veelbelovend voor personen met obstipatie 
maar nog steeds suboptimaal voor patiënten met slow-transitobstipatie. Het 
doel van de behandeling van functionele obstipatie moet erop gericht zijn om 
chirurgische interventies te voorkomen. De complicaties van subtotale colecto
mie bij patiënten met slow-transitobstipatie zoals beschreven in dit proefschrift 
vragen om gepaste terughoudendheid wat betreft chirurgie. 
Obstipatie is niet populair en vaak taboe. Veel artsen hebben weinig belangstel
ling voor de achterliggende problematiek van obstipatie vooral wanneer de con
servatieve behandeling faalt. Onbegrip kan leiden to t stoornissen in het contact 
tussen arts en patiënt. Onbegrip kan worden weggenomen indien men op de 
hoogte is van de vele aspecten van obstipatie. 
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van het Academisch Medisch Centrum te Amsterdam. 

In 1991 kon hij beginnen met de opleiding tot algemeen chirurg in het St. Joseph 
Ziekenhuis te Veldhoven (opleider: dr. C.A.M. Bruijninckx). In 1994 vervolgde hij 
de opleiding Heelkunde in het Academisch Ziekenhuis Nijmegen (opleider: Prof. 
dr. R.J.A. Goris). Daar werd het fundament van dit proefschrift gelegd. In het 
laatste jaar van de opleiding (1996) werd in het kader van dit proefschrift een 
wetenschappelijke stage van een half jaar in de Mayo Clinic te Rochester (Min
nesota USA) gevolgd, onder leiding van Michael Camilleri MD, gastroenteroloog 
en John Pemberton MD, colorectaal chirurg. 

Na zijn heelkundige opleiding (1997) koos hij voor de vervolg-opleiding trauma
tologie (CHIVO) en voltooide deze in 1999 (opleider: Prof. dr. R.J.A. Goris). In het 
kader van het CHIVO-schap volgde hij een stage (AO-fellowship) op de afdeling 
Unfallchirurgie van het Universiteits Ziekenhuis "Johannes Gutenberg" te Mainz 
(Prof. dr. P.M. Rommens). 
Sinds januari 1999 is hij als chirurg-traumatoloog werkzaam in Ziekenhuis 
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Roland Mollen is getrouwd met Helen van der Meijden. Zij hebben vier kinderen, 
Joost (1995), Roel (1997), Wout (1999) en Fleur (2001). 





LIJST VAN AFKORTINGEN / ABBREVIATIONS 

Lijst van afkortingen / Abbreviations 

CCK Cholecystokinine 

CTT Colonic Transit Time 

EMG Electromyography 

GBV Gallbladdervolume 

IRA lleorectal Anastomosis 

ISTC Idiopathic Slow Transit Constipation 

MMC Migrating Motor Cycle 

PP Pancreatic Polypeptide 

PYY Peptide ΥΥ 

ROI Regions Of Interest 

STC Slow Transit Constipation 

TAC Total Abdominal Colectomy 





STELLINGEN 

behorend bij het proefschrift 

Clinical and motility aspects of functional constipation 

Roland MHG Mollen 



1 Colonpassagemetingen moeten gezien worden als de gouden standaard voor analyse van 
patiënten met functionele obstipatie (dit proefschrift) 

2 Screening van molihteit van de gehele tractus digestivus is essentieel voor de 
behandeling van patiënten met slow transit obstipatie (dit proefschrift) 

3 De verbetering van de defaecatiefrequentie na een subtotale colectomie bij patiënten met 
slow transit obstipatie mag niet als enige parameter van succes beschouwd worden (dit 
proefschrift) 

4 Bij de chirurgische behandeling van rectumprolaps dient een rectosigmoidresectie 
vermeden te worden (dit proefschrift) 

5 De proximale tractus digestivus is anatomisch en functioneel nauw verbonden met de 
distale tractus digestivus en vice versa (dit proefschrift) 

6 De uitspraak "die patient is niet lekker" geeft geen medische informatie en getuigt van 
een slechte smaak 

7 De huidige afrekencultuur van medische fouten leidt niet tot minder fouten maar tot 
meer defensieve geneeskunde 

8 De bestrijding van Abortus Bang bij runderen heeft zijn vruchten afgeworpen er 
worden geen vruchten meer afgeworpen 

9 ten te ver doorgevoerde bescherming van de privacy van het individu is een bedreiging 
voor onze veiligheid 
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