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Abstract 
 
 
 
 
 
 
 
The prevalence of fecal incontinence is approximately 5% in the general 
population. Fecal continence depends on interactions between stool consistency, 
colorectal motility, rectal capacity and compliance, anorectal sensitivity, pelvic 
floor muscles and the function of the internal and external sphincter muscles. There 
are several known risk factors for faecal incontinence (FI), but in many patients no 
etiology can be recognized and the condition is termed idiopathic fecal 
incontinence.  Patients with spinal cord injury often have neurogenic bowel 
problems with varying symptoms depending on the severity and level of the lesion. 
In all patients, the treatment of fecal incontinence is primarily conservative and 
surgery is offered as second line treatment. Electrical stimulation of the sacral 
nerves (SNS) with an implanted electrode is a minimally invasive and effective 
treatment of idiopathic FI and the indications for SNS are widening. However, 
SNS requires surgery while percutaneous electrical stimulation of peripheral 
nerves could be a non-invasive alternative. 

The dissertation comprises five studies. Study I examined the clinical 
effectiveness of transcutaneous stimulation over 3 weeks. Study II and III 
examined the acute effect of rectal stimulation in idiopathic incontinent patients 
and patients with spinal cord injury. In study IVthe validity of a new research tool 
for assessment of gastrointestinal motility during stimulation was evaluated. In 
study V, small intestinal motility was investigated in patients implanted with a 
sacral nerve stimulator for feacal incontinence.  

Study I was a pilot study investigating stimulation of the dorsal genital nerve 
(DGN) as treatment for idiopathic fecal incontinence. Nine patients completed 3 
weeks of treatment with DGN stimulation twice daily. Compared with a 3-week 
baseline period, the study demonstrated a significantly lower Wexner score (p = 
0.027) and St. Mark's score (p = 0.035) after treatment. The number of 
incontinence episodes obtained from bowel habit diaries was significantly reduced 
during treatment (p = 0.025). Three weeks after DGN stimulation, the Wexner 
score (p = 0.048) and the St. Mark's score (p = 0.049) were still significantly lower 
and the number of incontinence episodes was lower than at baseline (p = 0.017). 
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In Study II the acute effect on the rectum during DGN stimulation was investigated 
in patients with idiopathic fecal incontinence. It was hypothesized that DGN 
stimulation would inhibit rectal tone and increase capacity. Ten patients were 
included. Pressure-controlled distensions were performed and rectal cross sectional 
areas were measured during DGN stimulation. Comparisons were made with 
control distensions without stimulation. No significant differences in rectal cross 
sectional area, wall tension or compliance were observed.  

Study III examined the acute effect on the rectum during DGN stimulation in 
patients with supraconal spinal cord injury and neurogenic bowel dysfunctions. 
Again, it was hypothesized that DGN stimulation would inhibit rectal tone and 
increase capacity. Seven patients were included. In a randomized design rectal 
cross sectional areas were measured during rectal distension with and without 
DGN stimulation.  In contrast to our hypothesis, rectal cross-sectional areas were 
significantly lower during DGN stimulation compared to control distensions at 
distension pressures of 20 cmH2O (p=0.02) and 30 cmH2O (p=0.03).  Compliance 
was also significantly decreased during DGN stimulation at distensions with 20 
cmH2O (p = 0.03) and 30 cmH2O (p = 0.04).   

In study IV, the Magnet Tracking System (MTS-1) for assessment of 
gastrointestinal transit and motility patterns was evaluated in eight healthy 
volunteers. Gastric emptying and small intestinal transit time were determined 
using MTS-1 and capsule endoscopy. There was good agreement and no 
systematic difference between the methods when assessing both gastric emptying 
(median difference 1 min) and small intestinal transit time (median difference 0.5 
min). Additionally, it was demonstrated that MTS-1 could separate between fasting 
and postprandial small intestinal motility. The mean contraction frequency in the 
small intestine was significantly lower in the fasting state than in the postprandial 
state (9.90 min-1 vs. 10.53 min-1) (p=0.03). The mean contraction frequency 
decreased during the first two hours after pyloric passage both during fast (-0.49 
min-1) and postprandially (-1.12 min-1) (p=0.04).  

In study V MTS-1 was used to investigate idiopathic FI patients implanted with 
a sacral nerve stimulator.  Median gastric emptying was 10 min during SNS and 19 
min during noSNS (ns). The mean gastric contraction frequency was 3.06 min-1 
during SNS and 3.15 min-1 without SNS (ns). The mean contraction frequency in 
the small intestine for two hours during SNS was 10.12 min-1 and 10.07 min-1 
during noSNS (ns). The mean contraction frequency decreased during the first two 
hours after pyloric passage both during SNS (-0.98 min-1) and without SNS (-0.79 
min-1) (ns). 

Based on the present thesis it can be concluded:  
1). DGN stimulation reduces fecal incontinence in patients with idiopathic feacal 
incontinence but the mode of action remains unknown. 
2). DGN does not affect rectal wall properties in patients with idiopathic faecal 
incontinence. 
3). DGN increases rectal tone in patients with supraconal spinal cord injury, but the 
validity and clinical importance of the  finding need further study. 
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4). MTS-1 is useful for determination of gastric emptying and small intestinal 
transit time.  
5). Preliminary results indicate that SNS does not affect small intestinal motility, 
but data need further analysis and have to be confirmed in a larger study. 
 
 
 
 
 

  





xvii 
 

 

 

Dansk resume 
 

 
 
 
Prævalensen af fækal inkontinens er i baggrundsbefolkningen ca. 5%. Der findes 
flere kendte risikofaktorer, men hos en del patienter findes ikke nogen årsag. 
Kontinens afhænger af et samspil mellem afføringens konsistens, colorectal 
motilitet, rectal kapacitet og compliance, anorectal sensibilitet, 
bækkenbundsmuskulaturen og funktionen af den interne og eksterne anale 
sphincter. Patienter med rygmarvsskader har ofte tarmproblemer med vekslende 
symptomer afhængig af skadesniveau og gruppen er ofte svære at behandle. 
Behandlingen af fækal inkontinens er primært konservativ og i anden række kan 
patienter tilbydes kirurgi. Elektrisk stimulation af sakralrødder med en indopereret 
elektrode er en effektiv behandling. Elektrisk stimulation af perifære nerver kan 
være et mindre indgribende alternativ. 

Afhandlingen omfatter fem studier. Studie I undersøgte den kliniske 
effekt af transkutan stimulation over 3 uger. Studie II og III undersøgte den akutte 
effekt på rectum ved stimulation hos idiopatisk inkontinente patienter og hos 
patienter med rygmarvsskader. Studie IV evaluerede en nyt metode (Magnet 
Tracking System) til undersøgelse af gastrointestinal transit og tarmmotilitet. I 
studie V undersøgtes tyndtarmsmotiliteten hos patienter implanteret med en sakral 
nerve stimulator. 

Studie I var et pilot-studie med stimulation af den dorsale genitale nerve 
(DGN) til behandling af idiopatisk fækal inkontinens. Ni patienter gennemførte 3 
ugers behandling med DGN stimulation to gange dagligt. Sammenlignet med en 3 
ugers kontrolperiode før behandling var der i behandlingsperioden signifikant 
forbedring af Wexner  (p=0.027) og St. Marks  (p=0.035) scores for fækal 
inkontinens. Endvidere var der en signifikant reduktion i antallet af 
inkontinensepisoder bedømt med dagbog  (p=0.025). Tre uger efter endt DGN 
stimulation var der stadig signifikant bedre Wexner score (p=0.048) og St. Marks 
score (p=0.049) samt signifikant færre inkontinensepisoder bedømt med dagbog  
(p=0.017). 

I studie II undersøgtes den akutte effekt på rectum under DGN 
stimulation hos patienter med idiopatisk fækal inkontinens. Hypotesen var, at DGN 
stimulation ville hæmme tonus i rectum og øge kapaciteten. Ti patienter blev 
undersøgt. Under tryk-kontrollerede distensioner måltes rectale tværsnitsarealer 
med DGN stimulation og disse blev sammenlignet med kontrol distensioner uden 
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DGN. Der kunne ikke påvises en signifikant ændring af tværsnitsarealer under 
DGN stimulation sammenlignet med kontroller. Der var heller ingen signifikant 
ændring af vægtension eller compliance.  

I studie III undersøgtes den akutte effekt på rectum under DGN 
stimulation hos patienter med supraconal rygmarvsskade og neurogen 
tarmdysfunktion. Hypotesen var, at DGN stimulation ville hæmme tonus i rectum 
og øge kapaciteten. Syv patienter blev undersøgt. I et randomiseret design 
sammenlignedes rectale tværsnitsarealer under tryk-kontrollerede distensioner 
henholdsvis med og uden DGN stimulation. Under DGN stimulation var 
tværsnitsarealet i rectum significant mindre ved distensionstryk på 20 cmH2O 
(p=0.02) og 30 cmH2O (p=0.03) over basaltrykket end uden stimulation. Nedsat 
tværsnitsareal under distension er udtryk for øget tonus i rectum. Tilsvarende var 
compliance også significant mindre ved DGN stimulation 20 cmH2O (p=0.03) og 
30 cmH2O (p=0.02) over basaltrykket, mens der ikke var nogen ændring i 
vægtensionen.   

I Studie IV evaluerede vi et nyt system (Magnet Tracking System, MTS-
1), hvorved man følger en magnet gennem mave-tarm-kanalen. Ventrikeltømning, 
tyndtarmspassage og motilitetsmønstre i tyndtarmen blev evalueret hos otte 
frivillige dels i faste og dels efter et måltid. Ventrikeltømning og tyndtarmspassage 
blev bestemt med MTS-1 og kapselendoskopi. Der var god overensstemmelse og 
ingen systematisk forskel mellem de to metoder for både ventrikeltømning (median 
forskel 1 min, range: 0-6 min) og tyndtarmspassage (median forskel 0.5 min range: 
0-52 min). Med MTS-1 var det muligt at skelne mellem motilitet i tyndtarmen 
under faste og postprandielt. Den gennemsnitlige kontraktionsfrekvens var 
signifikant lavere under faste sammenlignet med efter et måltid (9.90 min-1 vs. 
10.53 min-1) (p=0.03). Den gennemsnitlige kontraktionsfrekves faldt i løbet af 2 
timer både under faste (-0.49 min-1) og postprandielt (-1.12 min-1) (p=0.04). 

I studie V anvendtes MTS-1 til undersøgelse af tyndtarmsmotilitet hos 
idiopatisk inkontinente behandlet med sakral nerve stimulation (SNS). Den 
mediane ventrikeltømning var 10 min med og 19 min uden stimulation (ns). Den 
median kontraktionsfrekvens i ventriklen var 3.06 min-1 med og 3.15 min-1 uden 
stimulation (ns). Den gennemsnitlige kontraktionsfrekvens i tyndtarmen var også 
uændret med (10.005 min-1 ) og uden (10.09 min-1) stimulation (ns). Den 
gennemsnitlige kontraktionsfrekves i tyndtarmen faldt i løbet af 2 timer både under 
stimulation (-0.965 min-1) og uden stimulation (-0.845 min-1) (p=0.04). 

I denne afhandling blev det vist, at DGN stimulation reducerer 
inkontinens symptomer hos idiopatisk inkontinente og dette bør undersøges 
nærmere i et randomiseret studie. Patofysiologiske studier under akut stimulation 
hos idiopatisk inkontinente patienter var ikke i stand til at demonstrere en effekt på 
rectum og en evt. virkningsmekanisme er fortsat uafklaret. Patofysiologiske studier 
under akut stimulation hos patienter med rygmarvsskade viste en øget tonus i 
rectum. Betydningen af dette fund og om det på sigt kan gavne rygmarvskadede 
patienter med tarmdysfunktion er ikke afklaret. Endelig blev MTS-1 anvendt som 
et nyt redskab til bestemmelse af transit tider og motilitet i ventrikel og tyndtarm. 
Fordelene ved MTS-1 er, at metoden er non-invasiv og uden strålingsbelastning. 
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Til sidst blev MTS-1 anvendt til undersøgelse af tyndtarmsmotilitet hos idiopatisk 
inkontinente patienter implanteret med SNS, hvor der fandtes ikke nogen 
påvirkning af tyndtarmen ved stimulation. 
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ARP Anal resting pressure 
ASP Anal squeeze pressure 
ASR Anal sampling reflex 
CSA Cross sectional area 
DGN Dorsal genital nerve 
EAS External anal sphincter 
FI Fecal incontinence 
HAPC High amplitude propagated contraction 
IAS Internal anal sphincter 
IP Impedance planimetry 
NBD Neurogenic bowel dysfunction 
PRMA Periodic rectal motor activity 
PTNML Pudendal terminal nerve motor latency 
PTNS Posterior tibial nerve stimulation 
RAIR Recto-anal inhibitory reflex 
SCI Spinal cord injury 
SNS Sacral nerve stimulation 
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Chapter 1  

Introduction 

1.1 BACKGROUND 

Fecal incontinence (FI) is the loss of regular control of bowel movements and the 
inability to defer defecation to a proper time and a proper place. A formal 
definition of functional FI is provided by the Rome II criteria as the “recurrent 
uncontrolled passage of fecal material for at least one month in an individual with 
a development age of at least 4 years” [1]. The symptoms are often socially 
unacceptable, and those affected may be beset by feelings of shame and 
humiliation. If the problems are not addressed, this can lead to social withdrawal 
and isolation. 

Management of FI is mainly conservative, and in more severe cases surgical 
procedures represent the second line treatment. Therapeutic deployment of 
electrical stimulation of the nervous system could represent an intermediary minor 
invasive or even non-invasive treatment if conservative treatment fails. Electrical 
stimulation can be applied in various ways. With sacral nerve stimulation (SNS), a 
stimulator and an electrode are implanted for stimulation of the sacral roots. 
Stimulation can also be applied peripherally accessing the nerves with a needle 
electrode (percutaneous) or with self-adhesive plaster electrodes (transcutaneous). 
In 1981 Tanagho and Schmidt introduced sacral nerve stimulation for the treatment 
of lower urinary tract dysfunction including urinary urge incontinence [2-5]. 
Matzel et al. adapted SNS for idiopathic FI in 1995 [6]. Now there is good 
evidence that SNS benefits patients with FI and new indications for SNS are 
emerging. These include chronic constipation, irritable bowel syndrome and 
abdominal pain. An effect from SNS on such diverse conditions can not entirely be 
explained from stimulation of efferent fibers from the sacral spinal cord. Also, 
there are strong indications that SNS affects motility in the right side of the colon. 
This cannot be explained from direct stimulation of visceral motor fibers only. The 
main effects of SNS are caused not by stimulation of somatic or visceral efferent 
fibers but rather by neuromodulation through stimulation of either somatic or 
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visceral afferent fibers. Furthermore, it remains to be clarified if SNS has an effect 
on the upper gastrointestinal tract, i.e. the stomach and the small intestine. 

Transcutaneous stimulation of the dorsal genital nerve (DGN), an afferent 
branch of the pudendal nerve, allows stimulation of somatic afferent fibers. DGN 
stimulation has an effect on bladder function and preliminary results indicate that it 
may have an effect on bowel function too. However, the feasibility of DGN 
stimulation in the treatment of FI and the acute effects on bowel function need to 
be investigated. 

1.2 AIMS 

This project was part of the project “Implantable Neural Prostheses” initiated by 
Neurodan and Center for Sensory-Motor Interaction at the Department of Health 
Science and Technology at Aalborg University, and supported by the Danish 
Advanced Technology Foundation. The overall aim was to develop nerve 
prostheses to help patients suffering from urinary incontinence and FI. In this 
context, the feasibility and effects of DGN stimulation in the treatment of FI were 
investigated in patients suffering from idiopathic FI and in patients with SCI. 
Primarily, the effect of therapeutic stimulation of the DGN on FI symptoms was 
evaluated in idiopathic fecal incontinent patients (study I). Secondly, the 
mechanism of action was explored. The acute effect of DGN stimulation was 
examined in patients with idiopathic FI (study II) and in patients with a complete 
supraconal SCI (study III). Next, the validity of a new research tool (Magnet 
Tracking System, MTS-1) for determination of oroceacal transit times and small 
intestinal motility was investigated. Finally, preliminary data on gastric and small 
intestinal motility were obtained using MTS-1 in patients implanted with a sacral 
nerve stimulator. 

 
Hypotheses: 
 
1. Transcutaneous electrical stimulation of the DGN applied twice daily for three 
weeks reduces symptoms in patients with idiopathic FI. 
 
2. Transcutaneous electrical stimulation of the DGN applied twice daily for three 
weeks improves anal resting pressure and squeeze pressure, and increases rectal 
volume capacity. 
 
3. Acute transcutaneous electrical stimulation of the DGN increases rectal capacity 
in patients with idiopathic FI. 
 
4. Acute transcutaneous electrical stimulation of the DGN increases rectal cross 
sectional area in patients with fecal incontinence caused by supraconal SCI. 
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5. The Magnet Tracking System (MTS-1) allows accurate and reproducible 
determination of gastric emptying and small intestinal transit time. 
 
6. Differences in fasting and postprandial small intestinal motility can be 
determined using MTS-1. 
 
7.  SNS changes gastric emptying, small intestinal transit and contraction patterns. 

 
The specific aims of each study were: 
 
Study 1: To investigate the tolerability and the efficacy of chronic transcutaneous 
electrical stimulation of the DGN in patients with idiopathic FI. 
 
Study 2: To investigate the acute effect of transcutaneous electrical stimulation of 
the DGN, on rectal wall properties in patients with idiopathic FI. 
 
Study 3: To investigate the acute effect of transcutaneous electrical stimulation of 
the DGN, on rectal wall properties in patients with fecal incontinence caused by 
complete supraconal SCI. 
 
Study 4: To determine if MTS-1 can provide valid information on gastric emptying 
and small intestinal transit time in healthy subjects. Further, to study if MTS-1 can 
differentiate between fasting and postprandial small intestinal motility in healthy 
subjects. 
 
Study 5: To present preliminary data on gastric emptying, small intestinal transit 
and small intestinal motility patterns in patients with FI implanted with a sacral 
nerve stimulator. 

1.3 ANATOMY 

The present thesis includes studies on gastric, small intestinal, rectoanal and pelvic 
floor function. In the following the anatomy and physiology of these structures are 
briefly described. 

1.3.1 Stomach 

The stomach serves as a reservoir (volume: 500-1000 ml) connecting the 
oesophagus and the small intestine. It can be sealed off by the lower oesophageal 
sphincter proximally and the pyloric sphinter distally.  There are four anatomical 
regions of the stomach (the fundus, corpus, antrum and pylorus), and the wall has 
three layers of smooth muscle cells (outer longitudinal, circular layer, and inner 
oblique layer). The epithelium of the stomach contains 15-20 millions glands 
responsible for secretion of enzymes, acid, and electrolytes ( 1-3 l day-1) [7,8].  
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1.3.2 Small intestine 

The small intestine is situated between the pyloric sphincter and the ileoceacal 
junction. It is divided into the duodenum, the jejunum, and the ileum and the total 
length is approximately 3-4 m. With muscular tone the diameter of the small 
intestine is 2-3 cm. The wall has two layers of smooth muscle cells (outer 
longitudinal and inner circular layer). The main purpose of the small intestine is 
digestion and absorption of chyme arriving from the stomach. The epithelium is 
optimized for this purpose with villi and microvilli increasing the absorptive area 
from 0.5 m2 to 50-100 m2. Furthermore secretion by the liver, the pancreas and 
small intestinal glands aggregate to about 3 l day-1. The small intestine also serves 
an immunological function as 70% of the body’s immune cells are in the small 
intestine [7,8]. 

1.3.3 Rectum 

The rectum is a continuation of the sigmoid, and starts by definition where the 
mesosigmoid ends. It is 12 to 15 cm long (15 cm by definition used by surgeons), 
with a diameter between 2-3 cm and 7-8 cm depending on tone. It has three lateral 
curves, corresponding intraluminally to the valves of Houston. Rectal mucosa is 
smooth and transparent with columnar epithelium. The inner circular muscle layer, 
at its lower margin, gives rise to the internal anal sphincter (IAS). The outer 
longitudinal muscle layer is a continuous layer. Contrary to the colon, rectum lacks 
appendices epiploicae, haustra and taeniae. Usually the rectum is extraperitoneal 
on its posterior aspect [9,10]. It is closely related to the uterine cervix and posterior 
vaginal wall in women, and the bladder and vas deferens in men. At the level of 
the pelvic floor it continues in the anal canal. 

1.3.4 The anal canal 

The anal canal is a complex structure including visceral and somatic components. 
The functional anal canal is approximately 4 cm long, extending from the anal 
verge to the ano-rectal ring (the upper surface of the pelvic floor), where it meets 
the rectum [11]. The dentate line is a serrated line with anal valves and sinuses, and 
the bases of the anal columns. It represents the junction between the different 
origins of venous and lymphatic drainage and nerve supply. Most proximal, the 
mucosa consists of single layer columnar epithelium, similar to rectal mucosa. 
Right above the dentate line is a transition zone (5 to 10 mm) with multi layered 
cuboidal cells, and below the dentate line, there is modified squamous epithelium. 
The submucous layer includes hemorrhoidal plexuses and nerves. The IAS is a 25 
to 40 mm long (longer in males) condensation of the most distal part of the circular 
smooth muscle of the rectum. Proximally, it is 2-3 mm thick, and thickens distally 
to about 5 mm [9]. The outer longitudinal muscle mixes with fibers of the levator 
ani at the level of the anorectal ring to form the conjoined longitudinal muscle,  
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The gastrointestinal tract is innervated dually by the autonomous nervous system. 
The parasympathetic part promotes peristaltic activity, vasodilatation and secretion 
while the sympathetic part reduces peristaltic activity and vasodilatation. 
Sphincters, including the IAS, react oppositely, contracting with sympathetic 
stimulation and relaxing with parasympathetic stimulation. The stomach and small 
intestine receive parasympathetic innervation from the vagal nerve. Sympathetic 
innervation of the stomach comes from the splanchnic thoracic nerves 
(preganglionic fibers) connecting to postganglionic fibers in the plexus coeliacus. 
Postganglionic sympathetic fibers for the small intestine are from the superior 
mesenteric plexus. Parasympathetic innervation of the distal part of the colon 
(below the spleenic flexure) and the anorectum are provided by the sacral roots 
(S2-S4) (Fig. 2.1). Preganglionic splanchnic pelvic nerves run to the intestinal wall 
through the inferior hypogastric plexus on the lateral aspect of the rectum. From 
the pelvic plexus, the hypogastric nerves innervate the IAS, and ascend to 
innervate the colon. Sympathetic innervation of the ano-rectum arises from the 
ninth thoracic to the third lumbar segments of the spinal cord. Preganglionic fibers 
synapse in the paravertebral ganglias (the sympathetic chain) or arrive at the 
mesenteric ganglia (prevertebral ganglia) passing through the sympathetic chains. 
Postganglionic fibers continue as sacral splanchnic nerves along small vessels to 
the pelvic plexus and innervate the intestinal tract. The neurotransmitter in 
preganglionic sympathetic neurons and in both preganglionic and postganglionic 
parasympathetic neurons is acetylcholine. The neurotransmitter in postganglionic 
sympathetic neurons is noradrenalin. Cell bodies of spinal afferents are located in 
dorsal root ganglia and project to the dorsal horn of the spinal cord and the dorsal 
column nuclei. Spinal afferents are broadly subdivided into splanchnic and pelvic 
afferents that follow the paths of sympathetic and parasympathetic efferents to the 
gut wall. Somatic afferents, which innervate the striated musculature of the pelvic 
floor, project to the sacral spinal cord via the pudendal nerve. The IAS is 
innervated by sympathetic (L5) and parasympathetic (S2-S4) nerves. The pelvic 
floor and voluntarily controlled EAS is innervated on both sides by somatic fibers 
in the pudendal nerve (S2-S3) and the perineal branch of the S4 sacral nerve (Fig. 
1.1 and Fig. 2.1) [14]. 

1.3.6.3 Humoral  control 

Colorectal motor function is influenced by luminal content, immunological factors 
and hormones. Thyroid hormones promote colorectal motility. Epinephrine 
reduces colorectal motility. Serotonin is expressed by enterochromaffin cells, and 
is the major paracrine mediator [15]. Enteric neurons and sensory afferents have 5-
HT receptors, which mediate excitatory actions by serotonin including promotion 
of motility, secretion and sensation [16]. The immune system is represented by 
several types of cells including leucocytes, lymphocytes, dendrocytes, 
macrophages, and mast cells. They are situated in the mucosa and smooth muscle 
in proximity to the intrinsic neural network and extrinsic fibers, which allow them 
to influence and modulate neural function. Mast cells can recognize foreign agents 
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(by sensitized immunoglobulin E antibodies attached to the surface) and release 
various mediators including histamine. Histamine can induce long-lasting 
excitation in the enteric neurons promoting motility, increase intestinal secretion 
by blocking sympathetic innervation, and increase gastrointestinal sensory input to 
the central nervous system by modulation of splanchnic afferents [17-19]. 

1.4 NORMAL GASTROINTESTINAL MOTILITY 

1.4.1 Physiology of gastrointestinal motility 

Gastrointestinal motility is controlled by slow wave activity generated by intestinal 
pacemaker cells (interstitial cells of Cajal). The cells of Cajal surround the circular 
muscle layer in a network along the entire gastrointestinal tract [20]. The slow 
wave frequency differs in different parts of the gastrointestinal tract. In the 
stomach the slow wave frequency is 3 min-1. The frequency of slow waves is 
approximately 11 min-1 in the proximal small bowel and 7-8 min-1 in the ileum 
[21,22]. In the colon and rectum, the slow waves are seen both at a 2-4 min-1 and 
at a 6-12 min-1 frequency [23-25]. Slow waves can trigger action potentials in the 
smooth muscle membrane, which in turn result in muscular contraction. Inhibitory 
neurons control if the slow wave generates an action potential and subsequent 
muscular contraction occurs. The circular muscles are electrically connected 
through gap junctions, which allow action potentials to travel between muscle 
fibers. This enables muscular contractions to appear uniformly around the 
circumference during peristalsis [8]. 

1.4.2 Motility of the stomach and the small intestine 

The proximal region including the fundus and one-third of the corpus is adapted 
for storage and retention. The muscles maintain a continuous tone and can relax in 
response to filling of the stomach (stress relaxation). The distal region (two-third of 
the corpus, pylorus) is specialized for mixing and grinding facilitated by phasic 
contractions. The contractions occur in rhythmic cycles at a frequency of 3 min-1. 
As propulsive contractions originating in the proximal distal region propel the 
content towards the closed pyloric channel the pressure increases and retropulsion 
sends the contents back into the proximal stomach. This contributes to digestion 
and grinding of food particles.  

Small intestinal fasting motility comprise phase I, II and III of the migrating 
motor complex [26]. Phase I is a period of silence present for about sixty percent 
of a cycle length. The propagating contractions are initiated in the distal region of 
the stomach. Phase II appear for about thirty percent of the cycle and is a period of 
irregular contractions. Phase III is the hallmark of fasting motility. The purpose is 
to intermittently clear the small intestine of secretions, debris, and bacteria. Phase 
III migrates at a velocity of 5 to 10 cm min-1 [27,28]. Phase III usually lasts 2 to 3 



 Jonas Worsøe 9 
 

 

minutes and seldom more than 10 minutes. It returns at average intervals of 85-110 
minutes [27,28]. Even so, apart from progression velocity, large variability 
characterize most MCC variables [29,30]. Postprandial motility starts 5 to 10 
minutes after ingestion and continues as long as food remains in the stomach [31]. 
The length of the postprandial period depends on the caloric content of the meal 
usually lasting for 2-3 hours. In the feed state contractions are of variable 
amplitude and about 50 percent of contractions do not propagate [32]. 

1.4.3 Ano-Rectal motor activity 

Rectal motor activity includes various contraction patterns. There is some 
coordination with colonic motility. Colonic mass contractions, also termed high 
amplitude propagated contractions (HAPC), originate orally in the colon, and can 
propagate all the way to the rectum [33]. Almost all HAPC activity takes place 
during day time.  It is associated with postprandial periods (gastro-colic response) 
or awakening. The function of HAPC is to move colonic contents forward and 
when reaching the rectum, they may stimulate a desire to defecate [33]. Periodic 
rectal motor activity (PRMA) is trains of contraction with a frequency of 2-3 min-1, 
lasting at least 3 min, and with diurnal variation in recurrence frequency. [34-36]. 
significantly more PRMAs propagate retrograde, but 34-44% are restricted to the 
rectum [34]. Data on diurnal variation of PRMAs and relation with ingestion of 
food have been conflicting [34,35,37,38]. PRMAs are not related to anal sphincter 
activity, but most follow shortly after colonic motor events [34]. This temporal 
association suggests that PRMA are triggered by content in the rectum. A 
predominant retrograde directed nocturnal activity could indicate that PRMA acts 
as a break or gatekeeper to secure continence [34]. 

In between defecations, the IAS is in a state of tonic contraction with some 
phasic variation and creates a natural barrier which accounts for about 30-55 % of 
the resting anal pressure [9,39,40]. Retrograde contraction waves may contribute to 
movement of content and prevent soiling [41,42]. Furthermore, there is 
inconsistent motor activity with spontaneous contractions and relaxations [43]. The 
rectoanal inhibitory reflex (RAIR) and the anal sampling reflex (ASR) represent 
the relaxation of the IAS in response to distension and contraction of the rectum 
respectively [44]. They may allow sampling of rectal content by sensory receptors 
in the proximal anal canal to discriminate between solid and liquid stool and flatus 
[45]. The reflexes depend on intrinsic non-adrenergic non-cholinergic neural 
pathways. An ano-colonic reflex coordination has also been proposed. Relaxation 
of the IAS was found to precede initiation of HAPCs [46]. 
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1.5 FECAL INCONTINENCE 

1.5.1 Factors important for fecal continence 

Several factors contribute to the maintenance of fecal continence, and disturbances 
of one or more of these may result in FI [47]. Stool consistency must preferably be 
formed rather than liquid since formed stools are much easier controlled than 
liquid stools. Colorectal motility controls the load of feces into the rectosigmoid. 
Retrograde propulsion in the rectosigmoid secures that the rectum is empty 
between defecations. Rectal capacity and rectal compliance is important for the 
ability of the rectum to accommodate to the fecal load. Anorectal sensibility is 
important for the perception of fecal content and subsequent activation of the 
external sphincter and the ability to defer defecation. The IAS is constantly 
contracted and, together with hemorrhoidal cushions, forms a sealed barrier. 
Contraction of the pelvic floor muscles also contributes by form a barrier. The 
puborectalis sling controls the anorectal angle which may also plays a role by 
creating a flap valve.  

1.5.2 Epidemiology of FI 

In an American study of FI including over 2308 participants, the prevalence of FI 
was 8.3%, with 6.2% being incontinent to liquids, 1.6% incontinent to solid stool 
and 3.1% leaking mucus. There were no gender difference (women 8.7%, men 
7.7%), but the prevalence increased with age from 2.6% in 20 to 29 year olds to 
15.3% in subjects 70 years and older. No socio-economic risk factors were 
identified (ethinicty, eductation, income, marital status) [48].The onset rate in 
community dwelling subjects aged 50 years or older has been found to be 7% per 
10 years [49]. Several studies have shown that FI significantly reduces daily 
function and quality of life [50-52]. 

1.5.3 Etiology of FI 

There are several etiological factors for FI (Table 1). A limited proportion is 
caused by congenital malformations including imperforate anus, rectal agenesis, 
meningocele, myelomeningocele, and cloacal defects [53]. The majority of cases 
result from sphincter disruption during vaginal delivery. FI rates of 9.6% to 17.0% 
have been reported in postpartum women [54,55]. Obstetric complications 
associated with increased risks of FI [56]. Sphincter defects not recognized in the 
immediate postpartum period have been shown in up to 35% of primiparous 
women after vaginal delivery, and this may cause FI [57-59]. Traction injury to the 
pudendal nerve, with compromised function of the EAS and the pelvic floor, can 
also be caused by vaginal delivery [60]. Various anorectal surgical procedures are 
also etiological factors [61-64]. Colorectal resection may also cause incontinence 
because of loss of reservoir function and decreased colonic transit time [65]. 



 Jonas Worsøe 11 
 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1.1: Causes of FI (modified from Madoff et al. [53]). 
 
Gastrointestinal dysfunction with increased risk of FI may arise from 

inflammatory bowel disease, malabsorption, infectious diarrhea, secretory 
dysfunction, sequelae from irradiation, and irritable bowel syndrome [66-69]. 
Constipation because of fecal impaction may lead to co-existing overflow 
incontinence due to reduced anorectal sensibility [70]. 

Various diseases affect central and peripheral nervous system and may also 
cause FI. These include diabetes, stroke, dementia, central nervous systems 
pathology (tumor, trauma, and infection), and multiple sclerosis.  

Congenital Spina bifida 

Rectal agenesis 

Cloacal defects 

Imperforate anus 

Anatomical Obstetric injury 

Anorectal surgery 

Anorectal and pelvic trauma 

Rectal prolapse 

Neurological 

 

 

Diabetes mellitus 

Multiple sclerosis 

Stroke 

Dementia 

Central nervous system tumor  

Spinal cord injury 

Pudendal neuropathy 

Functional Inflammatory bowel disease 

Irritable bowel syndrome 

Radiation proctitis 

Malabsorption 

Hypersecretory tumors 

Faecal impaction 

Psychiatric disorder 

Physical disability 
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1.5.4 Idiopathic FI 

In patients with idiopathic FI no specific etiology is identified. A study among 
idiopathic fecal incontinent women in the US, found rectal urgency and age to be 
risk factors, but did not identify specific risk attributable to cesarean section, 
vaginal delivery or anorectal surgery [71]. In a recent study, the prevalence of 
idiopathic FI was 2.0% among Canadian community dwelling adults accounting 
for more than half of the overall prevalence of 3.7% across all genders [72]. 

1.5.5 Patophysiology of idiopathic FI 

No obvious pathophysiological features characterize idiopathic FI. Both the ARP 
and the ASP overlap with normal values [73]. Among patients with idiopathic fecal 
incontinence, women have significantly lower anal ARP compared with male 
patients [74]. The maximum ARP and the anal resting pressure gradient have been 
found to be significantly lower compared with continent individuals [75]. 
Threshold for first sensation rectal volume tolerability is also lower [76,77]. Severe 
straining, in constipated patients, may lead to progressive loss of rectal sensation, 
which can also result in FI [78]. Pudendal nerve damage may be present and 
bilateral PTNML may be longer in patients with FI, and may be associated with 
low ARP, but does not correlate with ASP [79,80]. 

1.6 NEUROGENIC BOWEL DYSFUNCTION 

1.6.1 Bowel symptoms in spinal cord injury patients 

Most subjects with SCI experience neurogenic bowel dysfunction (NBD) which 
usually includes combinations of FI, constipation, impaired defecation, abdominal 
pain and bloating [81-83]. Approximately 75% of SCI patients suffer from FI, 80% 
report constipation, 30% regard colorectal problems as worse than both bladder or 
sexual dysfunction and almost 40% feel restricted on social activities and quality 
of life [81,82]. The severity of NBD is associated with level of lesion, 
completeness of lesion, and time since injury (≥10 years) [82-85]. 

The severity of FI is associated with the level of SCI [82,86]. Vallés et al. 
investigated 54 patients with chronic complete SCI (mean duration since injury six 
years) and identified three different patterns. Lesions above T7 were associated 
with delayed segmental colonic transit in the left colon and rectosigmoid, inability 
to increase intraabdominal pressure and relax the anal sphincters during defecation. 
This caused significant difficulty with defecation, very frequent constipation, but 
not very severe FI. Lesions below T7 with preserved sacral reflexes were 
characterized by severe defecatory difficulties, less severe constipation, and not 
very severe FI. Lesions below T7 without preserved sacral reflexes were 
characterized by infrequent constipation, less defecatory problems, and more 
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severe FI [87]. Clinton et al. investigated 110 patients (median age 45 years), with 
a median time since lesion of 17 years. 74% were constipated, 22% had abdominal 
bloating, 33% had gastrointestinal pain, and 41% had FI. Abdominal bloating and 
constipation were associated with cervical and lumbar rather than thoracic level of 
injury. Abdominal pain and FI were associated with higher anxiety scores [88]. 

Gastrointestinal dysfunction is associated with duration of injury, even though 
the development of specific symptoms differs. Krogh et al. found that duration of 
injury was associated with both FI and autonomous symptoms related to defecation 
[82]. Lynch et al. found that time spent at toilet and use of laxatives depended on 
time since lesion, while FI symptoms were unaffected [83]. Stone et al. showed 
that chronic gastrointestinal problems were infrequent in the first five years, but 
defecatory problems became more common over time. Abdominal pain and 
distension increased in long-term injured patients (duration >18 years) [89]. Han et 
al. reported that bowel habits were “settled” within the first year in 93%, and no 
correlation was found between duration of injury and bowel dysfunction [85]. In a 
prospective study, Faaborg et al. described changes in colorectal symptoms during 
ten years. More patients reported that colorectal dysfunction, had major impact on 
their quality of life in the second survey (25% vs. 38%. p<0.005). The frequency 
and severity of constipation related symptoms (frequency of defecation, time spent 
at defecation and the need for digital anorectal stimulation) were significantly 
increased, while FI was significantly less frequent [90]. 

1.6.2 Patophysiology of neurogenic bowel dysfunction 

Lesions of the conus medularis or cauda equina directly affect parasympathetic 
innervation of the left colon (from the spleenic flexure), the rectum, and the IAS. 
Supraconal lesions above S2 but below L2 spare sympathetic control and the sacral 
parasympathetic reflex center, but suprasacral inhibition is lost (upper motor 
neuron lesion). Lesions above L1 affect both supraconal control of 
parasympathetic innervation and to some degree sympathetic innervation of the left 
colon, rectum and IAS. Lesions above T6 leave both sympathetic and 
parasympathetic spinal centers functional, but without supraspinal inhibition [14]. 
All supraconal lesions result in rectal hypertonia and hypercontractility due to 
unopposed spinal reflexes [91]. 

ARP and ASP are reduced in SCI patients with no significant relation to level 
of injury [92]. The rectal compliance is reduced in patients with supraconal lesions, 
and increased in patients with conal/ cauda equine lesions [91,93]. Likewise, the 
response of the IAS to rectal distension is attenuated in conal or cauda equine 
lesions [91,94]. Colonic transit time is significantly prolonged with supraconal 
lesions affecting total gastrointestinal transit time and segmental transit throughout 
the colon, while conal/ cauda equina lesions mainly affect total gastrointestinal 
transit time and segmental transit time in the descending colon and rectosigmoid 
[95-97]. In conal/ cauda equine lesions, defecation is impaired because of damage 
to the motor innervation of the colorectum. Such damage reduces emptying of the 
rectosigmoid and descending colon during defecation [98]. With supraconal 
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lesions, rectal hyperreactivity and strong rectal contractions, may cause reflex 
defecation [44]. The hyperreactive rectoanal reflexes can be utilized to trigger 
defecation by digital stimulation. Accordingly, reflex mediated defecation is more 
difficult in subjects with conal or cauda equine lesions.  

1.6.3 Autonomic dysreflexia 

Patients with a complete lesion above T6 can experience autonomic dysreflexia 
with increased blood pressure, flushing, decreased heart rate and symptoms like 
chills, sweating, nausea headache and anxiety [99]. Distension of the bladder or 
bowel, results in afferent inflow to the dorsal horn of the lumbosacral spinal cord 
which induces a massive sympathetic reflex discharge below the level of the injury. 
This results in vasoconstriction of the muscular, splanchnic, and cutaneous 
vascular beds. The resultant paroxysmal hypertension produces a baroreceptor 
mediated reflex bradycardia accompanied by withdrawal of sympathetic activity 
above the lesion level with resultant vasodilatation. The condition is potentially 
lethal and must be considered whenever introducing new treatment modalities for 
patients with high SCI. 

1.7 SOME IMPORTANT METHODS FOR ASSESSMENT OF GASTRIC 
EMPTYING AND SMALL INTESTINAL MOTILITY 

1.7.1 Scintigraphy 

The gold standard for determination of gastric emptying and small intestinal transit 
time is scintigraphy of a solid state meal [100-102]. Gastric emptying is assessed 
as the percentage retained after two and four hours, and the half emptying time. 
Retention of more than 10% after four hours is indicative of delayed emptying 
[103]. Dual labeling of both solid and liquids with each their isotope is commonly 
used. However, emptying of liquid may be normal until dysmotility reaches an 
advanced stage. The reproducibility of scintigraphic assessment of gastric 
emptying is good [104]. Sensitivity and specificity for detecting delayed gastric 
emptying are high and existing normal values are based on large control groups. 
The oroceacal transit is obtained with oral intake of isotopes while intravenous 
administration with excretion in the bile (99mTc-HIDA) can provide a small 
intestinal transit time. The normal value for small intestinal transit time is between 
131 and 322 min (mean: 220.9 ±49 min) [102]. The intraindividual reproducibility 
is poor (correlation: 0.43) reflecting physiologic variation[102]. The disadvantages 
of scintigraphy are costs, a cumbersome procedure, and exposure to radiation. 
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1.7.2 Manometry 

Antroduodenal manometry provides information on both the pressure and the 
patterns of contractions. Tonic contractions are difficult to measure with 
manometry [32,105]. With 24 hours ambulatory recording, the diurnal variation of 
the MMC and postprandial responses can be studied in detail [32]. Abnormal of 
motor patterns can be recognized and are associated with pathology [31]. Small 
intestinal manometry can distinguish between myopathic and neuropathic motor 
dysfunction. Myopathic disorders generate normal contractile activity with lower 
pressure [106]. Neuropathic disorders result in uncoordinated contractions with 
normal or higher pressure [107,108]. Currently, manometry is the gold standard for 
determination of small intestinal motility. However, the method is invasive and 
may disrupt normal motility. 

1.7.3 Wireless motility capsule 

A wireless motility capsule (WMC), known as the SmartPill, is an ingestible 
device, which measures three parameters; pH, pressure and temperature.  It 
provides information about gastric emptying, small intestinal transit, and colonic 
transit (pH, temperature) [109,110]. The SmartPill also provides information about 
contractions patterns (pressure). In a study by Rao et al., the WMC was able to 
detect gastrointestinal dysmotility, and Kloetzer et al. were able to separate 
gastroparetic patients from controls based on the antroduodenal pressure profiles 
[111,112]. The method is safe, non-invasive and ambulant, eventhough it should 
not be used when mechanical obstruction is suspected. 

1.8 METHODS FOR EVALUATION OF FI 

1.8.1 Assessment of FI 

A careful assessment of FI should include an assessment of both the severity of 
incontinence and the impact on daily activities and quality of life [113]. A wide 
selection of summary scales has been constructed to assess severity, even though 
none has been validated [114-120]. Impact measures evaluate the effect on 
physical, psychological, social, and occupational function. Generic questionnaires 
can be applied in various populations, including both the ill and the well, 
facilitating comparison between groups [121,122]. Most often, a disease specific 
impact measure is needed to obtain better sensitivity. 
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1.8.2 Bowel habit diary 

Day-to-day description of bowel habits can be recorded with a three week bowel 
habit diary [123]. It records the frequency of defecation, the number of days with 
urge, frequency of urgency, frequency of urge incontinence, frequency of passive 
incontinence, the number of days with soiling, and the number of days where a pad 
is used.  

1.8.3 Wexner score 

The Wexner continence grading scale assesses the severity of FI [120]. It includes 
five items (incontinence to solid stool, liquids, and air, the need to wear a pad and 
alteration of lifestyle). Each item is graded between zero and four to give a 
summary score between zero and twenty. Zero indicates complete continence and 
twenty indicates complete incontinence. The Wexner score has been demonstrated 
to correlate well with an expert’s clinical impression and can be used to detect 
changes in response to treatment [119].  

1.8.4 St. Marks score 

The St. Marks incontinence score is a modification of the Wexner score [119]. It 
also includes three items about type and frequency of incontinence and one item 
assessing alteration in lifestyle. Each of these items is graded from zero to four. 
Three additional items are included: the need to wear a pad or plug (0 or 2), the use 
of constipating medicine (0 or 2), and the lack of ability to defer defecation for 15 
minutes (0 or 4). The total score ranges between zero (complete continence) and 24 
(complete incontinence). Not surprisingly, a high correlation has been 
demonstrated between the St. Mark’s score and Wexner score [119,124]. 
Correlation between the St. Mark’s score and patient’s subjective perception of 
bowel control has been found moderately good, across age and gender or the type 
of incontinence (passive and/ or urge) [125]. 

1.8.5 The Fecal Incontinence Quality of Life Scale (FIQL, Rockwood score) 

The Fecal Incontinence Quality of Life Scale evaluates the quality of life 
specifically related to FI. It is composed of a total of 29 items; these items make up 
four scales: Lifestyle (10 items), Coping/Behavior (9 items), Depression/Self-
Perception (7 items), and Embarrassment (3 items). The scales range from one to 
five, with one indicating a lower functional status. FIQL has previously undergone 
thorough psychometric evaluation [126]. 
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1.8.6 Neurogenic bowel dysfunction score 

A disease specific impact score has been constructed to assess severity of NBD 
[82,127]. Ten items are included and weighted with points to reflect the impact: 
frequency of bowel movements (0-6), autonomic symptoms (0-2), the use of 
laxatives (tablets or drops) (each 0-2), time used per defaecation (0-7), frequency 
of digital stimulation (0-6), frequency of faecal incontinence (0-13), medication 
against faecal incontinence (0-4), flatus incontinence (0-2), and perianal skin 
problems (0-3). The total score is between zero and 47, with 47 representing most 
severe symptoms. 

1.9 ROUTINE METHODS FOR ASSESSMENT OF ANO-RECTAL 
FUNCTION 

1.9.1 Endoanal ultrasound 

Endoanal ultrasound is an essential part of the initial work-up of FI [128,129]. The 
anatomy of the anal sphincters is well visualized facilitating diagnosis of sphincter 
defects and degenerative changes [56,130,131].  

1.9.2 Anal manometry 

Anal manometry evaluates the function of the IAS and the EAS, by measuring 
ARP and ASP respectively. Results depend on technique and equipment [132,133]. 
Anal pressures are changed with age and gender and the normal ranges are wide 
[40,134,135]. A set of normal values for women in western Denmark has been 
established (table 2).  

 

 
Women, 

middle aged 

Women, post-

menopausal 

Women, all 

Anal resting pressure 

(cmH2O) 
81 (30-132) 68 (18-118) 82 (29-136) 

Anal squeeze pressure 

(cmH2O) 
104 (39-170) 97 (37-157) 109 (43-175) 

Table 1.2: Anal manometry reference values. Mean (95% confidence interval) 

1.9.3 Rectal sensation 

Rectal sensation is examined by filling a highly compliant balloon placed in the 
rectum. Volumes at first sensation (FS), the desire to defecate (DTD), and the 
maximal tolerable volume (MTV) are reported. Normal ranges are wide and the 
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percepted volumes increase with age [136]. Large volumes are seen in patients 
with megarectum and inability to sense indicates neural impairment with rectal 
hyposensitivity  

1.9.4 Pudendal nerve terminal motor latency 

The pudendal nerve terminal motor latency is tested with the St. Mark’s electrode 
with a stimulation electrode placed at the tip of the index finger and a recording 
electrode place at the base (the distance between the electrodes is fixed at 50 mm) 
[137]. Only the fastest conducting nerve fibers are assessed, and partial neuropathy 
may produce normal conduction velocities. Latency is recorded bilaterally. The 
interobserver and intraobserver reproducibility is good [138]. Slow nerve 
conduction, suggests a damage to the nerve fibers.  

1.9.5 Anal sensibility 

Anal mucosa electrosensitivity is assessed with a ring electrode placed 1 cm above 
the anal verge. The current is increased from zero until threshold (first sensation) is 
reached [139,140].  

1.9.6 Colorectal transit time 

Total and segmental colonic transit times can be assessed with various radiopaque 
marker tests [141,142]. Several methods exist. With the most commonly used 
method the patient ingests a capsule containing 24 markers on day zero. On day 
five a plain abdominal radiograph is taken. If more than 5 makers are present it 
suggests constipation. Diffuse scattering indicates colonic inertia (slow transit 
constipation), while markers piled in the rectosigmoid region suggests an outlet 
obstruction. The method does not allow quantitative determination of colorectal 
transit time.  In contrast, repeated intake of markers (e.a. on six consecutive days to 
provide a steady-state) followed by a single abdominal radiograph on the sixth day 
allows quantitative determination of transit time. The method, however, relies on 
patients remembering to take the markers. 

1.10   METHODS FOR INVESTIGATION OF RECTAL WALL 
PROPERTIES AND RECTAL MOTILITY 

Rectal motility and distensibility play important roles both as part of the 
continence mechanism and during defecation. Various techniques have been 
utilized for investigation of these properties. Rectal compliance, defined as dV/ dp, 
has been used to describe both passive rectal wall properties and active rectal 
distensibility (the sum of both passive viscoelastic wall properties and muscle tone). 
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1.10.1 Manometric measurements of rectal motility 

Rectal motility has been studied with manometric techniques, either perfused or 
solid state catheters. During contractions that occlude the lumen, the pressure 
generated by the muscles is fully transmitted, while non-occluding contractions 
results in measurement of the intraluminal pressure adjacent to the open catheter 
tip. This makes the technique less useful in non-sphincteric regions. Furthermore, 
when perfused catheters are used, continuous perfusion may inject a significant 
volume of water which restricts the length of the investigation. Solid state pressure 
catheters are better suited for longer recordings.  Furthermore Sasaki et al. 
demonstrated poor correlation between changes in intraluminal pressure and 
changes in luminal cross sectional area (CSA) [1].  

1.10.2 Pressure-volume measurements with a balloon 

A balloon mounted on a catheter is distended at a constant rate, and pressure is 
measured continuously to assess corresponding mano-volumetric data. This 
method is hampered by methodological problems, and problems with 
standardization. Accordingly, very large variations are reported in healthy subject 
[2-4]. Primarily, the rectum is not a closed ended cylinder, and this model does not 
take elongation of the balloon in to account. When a standard size probe is used, a 
mismatch can occur if the rectum is small or large. Regardless of the true wall 
properties, a large rectum will have a higher measured compliance compared with 
a smaller rectum [5,6]. Secondly, compliance will be influenced by both changes in 
smooth muscle tone and contribution of extra-rectal soft tissue. Thirdly, 
differences in investigational standards affect results. Different shapes and sizes of 
the balloon, type and speed of distension, distension done with water or air, 
feeding status, use of enemas, and use of sedation are all factors which influence 
the compliance measurements. 

1.10.3 Pressure-volume measurements with a non-compliant bag 

Some of the inherent problems with balloon distension have been overcome by 
using a large non-compliant bag fixed to a catheter at both ends to avoid any 
elongation. Krogh et al. compared pressure volume measurements with a 
compliant balloon with pressure volume measurements with a non-compliant bag 
and pressure-CSA measurements with impedance planimetry (IP) [7]. 
Reproducibility for pressure-volume measurement with this noncompliant bag and 
rectal IP was significantly better than for pressure-volume measurement with a 
compliant balloon. Accuracy and reproducibility of pressure-volume measurement 
with a large, noncompliant bag and rectal IP were not statistically different. 
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1.10.4 Pressure-CSA measurements with impedance planimetry 

Rectal IP can be used to determine the potential difference between electrodes 
mounted on a rectal probe. Given a current I, the potential difference ∆V between 
two electrodes in a fluid with the conductivity σ, is ∆V = I d σ-1CSA-1, where CSA 
is the luminal cross sectional area and d is the distance between two detection 
electrodes. Two excitation electrodes are mounted on a probe, providing a 
sinusoidal current of 0.1 mA at 10 kHz. Between the excitation electrodes one or 
more pairs of detection electrodes are mounted. The electrodes are within a non-
compliant non-conducting bag made from polyurethane, and filled with 0.9 % 
saline at 37° C. 20 mm from the distal edge of the rectal bag, a small balloon is 
mounted on the probe. Simultaneously, the intraluminal rectal pressure and the 
pressure within the anal canal are measured using perfused catheters within the bag 
and an anal pressure balloon. The pressure within the bag is controlled by elevation 
of an open water container. The sample frequency of the system is 10 Hz. The 
signal conditioning for each channel (CSA, rectal pressure and anal pressure) 
consists of a sine wave generator, an alternating current generator, an amplifier, a 
rectifier and a filter. The signal is amplified and converted analogue to digital and 
forwarded to a computer. Custom made software (Openlab, Noeresundby, 
Denmark) converts the potentials differences into CSA, visualize data, and stores 
the data [8,9]. 

1.10.4.1 Protocols used for impedance planimetric investigations 

The system can be used for both isobaric protocols for long recording of rectal 
motor activity or distension protocols for investigation of rectal wall properties. 
Rectal IP has been used to study healthy subjects, patients with ulcerative colitis, 
irradiation damage, and SCI patients [10-13]. When measurements are done using 
a distension protocol, a number of repeated distensions are needed to obtain 
reproducible responses. Otherwise, the pressure-CSA relation may depend upon 
the loading history.  

1.10.4.2 Sources of error with impedance planimetry 

There are a number of potential sources of error related to IP measurements. The 
probe can be dislocated to an eccentric position in the rectum. This can be avoided 
by using a large bag that unfolds. The position of the bag has been tested with 
transabdominal ultrasonography in few occasions and demonstrated to be placed 
centrally and parallel to the rectal wall [14]. A change in temperature will affect 
fluid conductivity and cause an error on CSA measurements of up to 3% per 
degree [15]. The slope of the wall between the detection electrodes constitutes a 
theoretical error. However, the rectum is fairly straight so it may be neglected. 
Sample frequency should be much higher than frequency of measured contractions 
to overcome aliasing. This is no concern during measurements in the rectum since 
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contraction frequency is not above 10 min-1 and the sample frequency is 10 Hz. 
Resistance to flow of water within the probe must be considered when distension is 
performed or phasic contractions are present. This is particularly a concern when 
distension is performed with elevation of an open water container. The error 
related to water flow can be minimized by making the tube for infusion as short as 
possible and with as large a diameter as possible. Ultimately, controlling distension 
with a pump will overcome the problem. Hysteresis within the system, i.e. 
different pressure-CSA relation during inflation and deflation, should also be 
considered.   

1.10.5 Probes for recording of rectal phasic activity and wall properties 
during distension 

Two different probes were used to investigate phasic rectal motor activity and 
rectal wall properties during distension. For recording of phasic rectal motor 
activity, a probe with five pairs of detection electrodes was used. It allowed 
description of spatial and temporal distribution of phasic rectal contractions and 
characterization of amplitude and direction. The equipment and the protocol for 
measurement of rectal phasic motor activity have previously been described in 
detail [16]. The electrodes were mounted on an 18-cm-long probe with an outer 
diameter of 9 mm (TensioMED, Hornslet, Denmark). The probe and the electrodes 
were covered with a non-compliant flaccid bag (14 cm long, diameter 8 cm, 450 
ml capacity) made of 50 µm thick polyurethane. Through a central channel with 
several side holes the bag could be filled with a conductive fluid. The excitation 
electrodes were separated by 125 mm and the detection electrodes were placed 
between the excitation electrodes. The inter-electrode distance in a pair of 
electrodes was 2 mm and the distance between each pair was 20 mm. A pressure 
transducer connected to the bag with a thin catheter inside the rectal balloon 
measured the rectal pressure. Pressure was controlled by elevation of a water 
container. Distal to the rectal balloon, an anal balloon was mounted. It was filled 
with 4 ml saline and connected with a transducer which measured anal pressure. 
The in vitro accuracy of CSA measurements with this probe was 2.3-6.7 percent, 
and the correct placement of the probe in the rectum was verified by ultrasound 
[16,17]. 
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Suppositories and mini enemas can be used to keep the rectum empty to avoid 
incontinence [168]. 

1.11.2 Biofeedback 

The aim of biofeedback training is to improve the patient’s perception of rectal 
sensation and also to systematically exercise the external sphincter and the pelvic 
floor (levator ani muscles) [169]. The treatment is best suited for patients with 
partial damage of the pelvic nerves but can also benefit patients with small 
sphincter defects [170,171]. Patients commit to a 6-8 weeks training program, 
where after the effect is reviewed. There is disagreement concerning indications 
and standardization, and only a limited number of well-conducted studies with 
clear outcome parameters exist [172,173]. It remains to be determined if treatment 
is more effective than placebo [172,174]. 

1.11.3 Transanal irrigation 

The principle of transanal irrigation is to avoid fecal leakage by systematic 
scheduled irrigation of the rectum and the left colon. Irrigation is performed daily 
or every other day. A number of catheters exist including a special catheter with a 
balloon to keep it the rectum while the enema is administered (enema continence 
catheter). Usually, tap water is used. The irrigation volume needed varies. A study 
using scintigraphy, demonstrated an almost complete emptying of the rectosigmoid 
and descending colon in SCI patients and patients with idiopathic FI [175]. 
Transanal irrigation has also been demonstrated to reduce symptoms in patients 
with NBD and idiopathic FI [176]. In SCI patients, it is less expensive and more 
effective than conservative treatment. However, long term success rate is only 35% 
after three years [177,178]. 

1.11.4 Surgery (Malone, levatorplasty, postanal repair, neo-sphincter, 
magnet-sphincter) 

Malone et al described a method of tunneling the reversed appendix in order to 
secure continence [155]. Other procedures inspired by Malone are in-situ 
appendicostomy and tubularized ileal or cecal conduits [179-186]. ACE improves 
bowel function, social function and quality of life in patients with FI caused by SCI 
and in patients with idiopathic FI [187]. One study found that antegrade irrigation 
was superior to sacral anterior root stimulation or formation of a colostomy or an 
ileostomy in patients with NBD [188]. In selected cases the ACE has also been 
combined with a colostomy [189]. 
Procedures targeting the structure of the pelvic floor (anterior levatorplasty and 
postanal repair) have been applied in patients with FI [190]. Results have not been 
convincing with continuing high FI scores reported postoperatively [191-193]. The 
artificial anal sphincter and dynamic graciloplasty are extensive procedures which 
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can be effective in special cases [194-196]. Also, a magnetic sphincter has been 
constructed to dynamically sustain sufficient anal pressure and allow defecation 
[197]. These artificial sphincter devices would not be an option in SCI patients, 
since NBD most often includes both FI and constipation. The ultimate treatment is 
fecal diversion through a stoma, which can be the best option to gain control and 
improve quality of life in both idiopathic and neurogenic patients [198,199]. 

1.12   ELECTRICAL STIMULATION IN THE MANAGEMENT OF FI 

1.12.1 Sacral nerve stimulation 

Sacral nerve stimulation using the Interstim therapy system (Medtronic, USA) was 
introduced for idiopathic FI in 1995 [18]. An electrode is placed through a sacral 
foramen S2-S4 (preferably S3) to stimulate sacral nerves. The procedure comprises 
two stages; a three week test period serves to evaluate the efficacy of treatment and 
a 50% improvement of symptom score is used as the cut off for progression to the 
second stage; the implantation of the permanent stimulator [19]. For the test period, 
one or more test stimulation leads or alternatively a permanent lead with an 
extension cable is used and connected to an external pulse generator. Usually, 
implantation of the permanent electrode is unilateral, guided by the response using 
the test lead or leads, if more leads have been used during the test period. The 
permanent pulse generator is placed in a gluteal pocket, where it is accessible for 
programming by external telemetry and replacement. Stimulation parameters are 
adopted from experiences with treatment of urinary symptoms (pulse with of 210 
µs, a frequency of 15 Hz, and the amplitude set individually usually in the range 
between 0.1 V to 10 V).  

The result from the test period has a high predictive value for subsequent 
successful permanent implantation. Even so, no specific demographic or 
pathophysiological predictors for a positive test in patients with FI have been 
identified. SNS has proven effective in reducing episodes of FI and improving 
quality of life in the short term [19-24]. Furthermore, the effect appears to be 
maintained at both medium (six years) and long-term follow-up (ten years and 
fourteen years) [25-27]. Even so, some loss of efficacy and adverse effects (pain/ 
discomfort) are more likely to produce suboptimal outcome at later stages [28].  
Initially, indications were limited to patients with deficient function of a 
morphologic intact sphincter [19,29]. Now SNS has been successfully applied to 
patients with sphincter injuries, inflammatory bowel disease, partial SCI, colorectal 
resection, rectal prolapse, sequelae from chemo-radiation, constipation, and 
irritable bowel syndrome [30-36]. 

The mechanism of action still remains largely unsolved, but likely better 
understanding will aid to define indications and optimize stimulations parameters. 
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1.12.2 Peripheral electrical nerve stimulation 

Peripheral electrical stimulation for the management of FI can include both nerve 
stimulation and transanal stimulation of pelvic floor and sphincter muscles. With 
nerve stimulation, an electrical pulse is applied to an afferent neural pathway and 
through synaptic transmission activates or inhibit neural pathways innervating the 
bowel, pelvic floor and anal sphincters. The afferent transmission is conducted via 
thick myelinized Aα-fibers. They can be activated at an amplitude below the 
threshold for un-myelinized nociceptive Aδ-fibers and c-fibers, and this is 
advantageous in non-neurogenic patients with preserved sensibility. Generally, 
optimal stimulation parameters should depolarize the nerve at a minimum charge 
per pulse to minimize energy consumption and avoid discomfort for the patient. 
One study investigated sensory and motor thresholds at pulse duration of different 
lengths, and a pulse duration of 0.2 ms was had the optimal pulse energy - pulse 
duration relationship [37]. Stimulation frequency can also be changed with use of 
high frequencies limited by increased power consumption, nerve damage, pain and 
refractory period of the nerve [38,39]. 

Management of FI by both DGN stimulation and PTNS stimulation is used. 
The pudendal nerve is a mixed sensory-motor nerve originating from S2-S4. The 
dorsal genital branch is easily accessible carrying afferent fibers to the sacral roots. 
The posterior tibial nerve (L4-S3) is also a mixed sensory-motor nerve with 
afferent pathways going to the lumbosacral dorsal roots. It can be accessed above 
the medial malleolus [40]. Efferent outflow from Onuf’s nucleus (primarily located 
at the S2 level) goes through somatic fibers innervating the EAS and makes the 
striated muscle amenable for training through electrically stimulated repetitive 
contractions.  Autonomic outflow from the lumbosacral spinal cord constitutes the 
efferent pathway to the bowel and the IAS. Both the sacral part of the 
parasympathetic nervous system (originating from S2-S4) and sympathetic nerves 
(originating mainly from L1-L3) could theoretically be stimulated causing a 
change of the colonic and anorectal function.  

With direct stimulation of the muscles of the pelvic floor and the external 
sphincter, the aim is to induce repetitive contractions thereby improving muscle 
strenght [41-43]. This has mostly been applied as transanal stimulation in 
conjunction with biofeedback training. 

Peripheral electrical nerve stimulation has been used for management of 
patients with voiding dysfunction or urinary incontinence. Stimulation of the 
posterior tibial nerve has been successful in patients with overactive bladder and 
detrusor hypocontractility [44-50]. Acute DGN stimulation has been demonstrated 
to inhibit contractions in patients with idiopathic detrusor overactivity and in 
patients with neurogenic detrusor overactivity. Acute stimulation was able to 
inhibit bladder contractions and decrease the filling pressure [51-56]. 
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1.12.2.1 Dorsal genital nerve stimulation 

The acute effect of DGN stimulation was invetigated by Chung et al. [57]. Rectal 
compliance was studied in patients suffering from supra sacral SCI. A rectal 
barostat balloon was filled both during and without electrical stimulation and rectal 
compliance was found to increase with stimulation. Different stimulation 
frequencies were used (0.2 Hz, 2 Hz, 20 Hz) and at each frequency compliance 
was significantly higher compared with unstimulated filling. With stimulation at 20 
Hz the highest compliance was seen.  

Two studies have investigated the effect of DGN stimulation on FI symptoms 
and anal sphincter function. Binnie et al. treated eight women with socially 
incapacitating FI arising from pudendal neuropathy [58]. Pulse width was 100 µs, 
frequency 1 Hz, and mean amplitude was 135 (sd: 15) V. Stimulation was applied 
using saline soaked plaster electrodes and the patients were treated for 5 minutes 3 
times a day for eight weeks. The mean resting pressure in the anal canal and the 
reflex and voluntary pressure to coughing and squeezing of the EAS all increased 
significantly after therapy. Seven of eight patients experienced an improvement 
gaining continence for feces and flatus at the end of the treatment. A study by 
Frizelle et al. examined 42 (39 females) patients presenting with FI from 
unspecified reasons [59]. They underwent ano-rectal physiology testing and 
symptom scoring with the Cleveland Fecal Incontinence Score before and after 
eight weeks treatment with stimulation for five minutes 3 times a day. Pulse width 
was 100 µs, frequency was 2 Hz, and the amplitude was individually titrated in the 
range from 30 to 90 V. After intervention their maximum resting pressure, 
maximum squeeze pressure and maximum tolerable volume all were significantly 
higher. There was also a significant reduction in mean incontinence score from 9.3 
to 6 and there was a significant reduction in the number of patients with 
incontinence to solid or liquid stools more than once weekly after the threatment. 

1.12.2.2 Stimulation of the posterior tibial nerve in management of FI 

Posterior tibial nerve stimulation (PTNS) was first indicated exclusively for 
bladder dysfunction. Many of these patients suffer from both urinary incontinence 
and FI (double incontinence) and some also experienced improvement of FI 
symptoms. Therefore, PTNS was investigated further for the management of FI. 
Several studies investigating PTNS have been published [60-68]. PTNS has been 
evaluated in patients with FI due to, sphincter defects resulting from obstetric 
trauma or anorectal surgery, inflammatory bowel disease, and idiopathic etiology. 
All studies were case series including from two to 31 patients. 

Stimulation has been done, either using self-adhesive surface electrodes for 
transcutaneous stimulation or by needle electrodes for percutaneous stimulation. 
Self-adhesive electrodes were placed on the skin behind the medial malleolus. 
Percutaneous stimulation was done according to Stoller et al. with a needle inserted 
3-4 cm cephalad to the medial malleolus [69]. A ground surface electrode is placed 
on the ipsilateral leg near the arch of the foot. In all studies with PTNS, pulse 
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width was 0.2 ms (not reported by Findlay et al.) and the frequency was 10 or 20 
Hz. The amplitude setting differs from below motor threshold to maximal tolerable 
current but generally stimulation amplitude is below 10 mA. Different treatment 
protocols have been applied ranging from 4 weeks to 12 weeks treatment with 
scheduled stimulation sessions from daily to every third to fourth day. 
Maintenance therapy following initial treatment has also been investigated.  

The outcome of the treatment has been evaluated with bowel habit diaries 
before and after treatment in three studies reporting a decrease in the number of 
incontinence episodes after treatment. The ability to defer defecation was reported 
to improve after treatment in two studies. Wexner FI score was reported by seven 
authors before and after treatment, with significant improvement in all but one 
study which included IBD patients. The fecal incontinence quality of life score 
(Rockwood score) was improved in four studies, however only the lifestyle score 
was improved in the study be Findley et al. [60-68]. The SF-36 health survey was 
improved in one study [67]. The Hospital Anxiety-and-Depression score assessed 
by Finley et al. did not improve after treatment [66]. De la Portilla et al. reported 
improvement of 10 out of 16 patients, and Boyle et al. reported improvement in 21 
out of 31 patients; both studies used weekly stimulation for 12 weeks [63,65]. 
Furthermore, after the initial treatment, maintenance therapy with stimulatin every 
other week appears to be sufficient to sustain the reduction in symptoms [63]. 
Results from anal manometry done in three studies before and after treatment are 
ambiguous [61-63]. Rectal sensation investigated with a rectometrogram was 
found to be improved by Shafik et al., while Portilla et al. did not demonstrated 
any change in first sensation or urgency during rectal balloon distension [60,63]. 

1.12.3 Other stimulation methods 

1.12.3.1 Transanal stimulation in the management of FI 

Transanal electrical stimulation is used for FI either as sole treatment or as a part of 
augmented biofeedback [70]. Indications are partial sphincter injury after obstetric 
trauma or neurogenic FI due to damage (stretch, compression, degenerative) of the 
pudendal nerve. The stimulus is delivered via an anal electrode applied with a 
conductive lubricant. The effect of transanal electrical stimulation has mostly been 
evaluated with anal manometry and FI severity scores. Several case series and 
retrospective studies have reported electrical stimulation to benefit fecal 
incontinent patients while others have not been able to demonstrate any gain from 
stimulation [71-73,73-75]. Recently, a Cochrane review indentified four 
randomized controlled trials [70,76-78]. Transanal stimulation was compared with 
other treatments or sham stimulation. The review concluded that present 
knowledge is insufficient to draw reliable conclusions on the effect of transanal 
electrical stimulation in the management of FI [79]. 

It is hypothesized that electrical stimulation improves strength, speed or 
endurance of the voluntarily controlled striated sphincter muscle. There are some 
suggestions as to how this is achieved.  Dependent on the stimulation frequency, 
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electrical stimulation can transform fast twitch muscle fibers into slow twitch 
muscle fibers thereby improving endurance of muscle function [41]. Electrical 
stimulation has also been shown to increase capillary density which provides better 
oxygenation to the muscles fibers [42]. Another effect may be improved anorectal 
sensation and awareness of sphincter function [80]. Optimal stimulation 
parameters have not been established. Testing has been carried out using a wide 
range of setups, stimulation parameters, and stimulation protocols. Most clinical 
studies have utilized stimulation with trains of pulses (200 to 300 µs) at a 
frequency from 20-50 Hz sufficient to elicit muscle contraction. Nie et al. tested 
different protocols with acute long pulse (50-300 ms) stimulation at a low 
frequency (0.25 to 0.5 Hz) in dogs and found that sphincter response was 
dependent on the amplitude, and not subject to muscle fatigue during prolonged 
stimulation for 20 min [81]. It was also demonstrated that α-adrenergic but not 
cholinergic pathways may be involved, as the excitatory effect of stimulation was 
inhibited by phentolamine (α-adrenergic antagonist) but not by atropine 
(acethylcholine receptor antagonist) [82]. 

1.12.3.2 Transvaginal stimulation in the management of FI 

Transvaginal stimulation has also been proposed, as an alternative method. Song et 
al. investigated the effect on rectal tone and sphincter pressure with different 
modes of transvaginal stimulation [83]. Stimulation parameters were adopted from 
Nie et al. [81]. The stimulation was composed of long pulses (pulse width: 500 ms, 
pulse amplitude: 6 mA, frequency: 20 cycles per minute), trains of long pulses 
(train on-time of 2 s and off-time of 3 s, pulse width: 4 ms, amplitude 6 mA, and 
pulse frequency: 40 Hz), or trains of short pulses (same as trains of long pulses 
except a pulse width of 0.3 ms). A pair of ring electrodes (2 cm apart) were used 
and mounted on a catheter. Stimulation with long pulses or trains of long pulses 
but not trains of short pulses significantly decreased rectal tone and increased anal 
sphincter pressure, but rectal compliance was not affected. The proposed mode of 
action was a modulation of vaginal structures, adjacent ligaments, and the 
rectovaginal fascia, thereby strengthening the pelvic floor and supporting anorectal 
function. Infusion of guanethidine (adrenergic blocker) abolished the inhibitory 
effect of stimulation on rectal tone suggesting some involvement of 
parasympathetic pathways.  

1.12.3.3 Magnetic stimulation 

The use of magnetic stimulation to change colonic motility has been investigated 
with a magnetic coil placed over the S3 roots [84]. In a randomized setup with 
magnetic stimulation and sham stimulation, healthy subjects were given bisacodyl 
to promote colonic activity. Motility was measured using a manometry catheter. 
The appearance of high-pressure contractions propagated or not (HAC/HAPC) 
provoked by Bisacodyl instillation was significantly delayed during stimulation. 
The perception of urgency tended to be lower with stimulation following Bisacodyl 
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instillation. After Bisacodyl administration, the catheter was expulsed significantly 
slower during stimulation compared sham with stimulation. 
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Chapter 2  
 
Electrical stimulation of the dorsal clitoral 
nerve reduces incontinence episodes in 
idiopathic faecal incontinent patients: A 
pilot study 
 
J. Worsøe*#, L. Fynne+, S. Laurberg*, K. Krogh+, N.J.M. Rijkhoff# 
 
#Center for Sensory-Motor Interaction (SMI), Department of Health Science and 
Technology, Aalborg University, Denmark 
*Department of Surgery P, Aarhus University Hospital, Aarhus, Denmark 
+Neurogastroenterology Unit, Department of Hepatology and Gastroenterology V, 
Aarhus University Hospital, Aarhus, Denmark 

2.1 INTRODUCTION 

Faecal incontinence (FI) results from various aetiologies with an estimated 
prevalence of 4.3% in both genders and across all age groups [1]. Involuntary 
excretion and leaking are common occurrences for those affected. The symptoms 
are often socially unacceptable, and if the problems are not addressed, they can 
lead to social withdrawal and isolation. FI or subsequent consequences represents a 
considerable economic burden on society [2]. Current treatment algorithms usually 
apply a stepwise strategy of techniques ranging from conservative treatment and 
irrigation, to reconstructive sphincter surgery or ultimately a stoma [3]. Electrical 
stimulation is also used in the treatment of FI. Both sacral nerve stimulation 
(Interstim Therapy) and posterior tibial nerve stimulation (Urgent PC) have been 
used in thousands of faecal incontinent patients with good results [4-7]. 

In this study, the effect of dorsal genital nerve stimulation on FI was 
investigated. DGN stimulation has been shown to inhibit the bladder and reduce 
overactive bladder symptoms [8,9]. Because of the common innervation of the 
bladder and rectum, similar effects were anticipated for the rectum. Two studies 
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have described a positive effect of DGN stimulation on FI. In these studies a 
stimulation frequency of 1-2 Hz was used which resulted in improved sphincter 
function [10,11]. 

The aim of this study was to assess the effect of transcutaneous electrical 
DGN stimulation twice daily for three weeks, in patients suffering from idiopathic 
FI. 

2.2 METHODS 

2.2.1 Patients 

This study was a prospective, descriptive study. Ten female patients, (median age: 
60 years; range 34 to 68 years), with idiopathic FI, including both urgency FI and 
passive FI, who had been referred to a tertiary centre participated in this study. 
Patients with severe sphincter lesions, previous pelvic or anorectal surgery, organic 
anorectal disease, systemic diseases affecting bowel function or neurological 
disorders were excluded. The assessment at baseline consisted of a medical history, 
a three-week bowel habit diary, anal physiology testing, endoanal ultrasonography 
and radiographically determined colonic transit time. This study was conducted in 
accordance with the Helsinki Declaration II, and was approved by the Scientific 
Ethical Committee of Region Midtjylland (M-20070219). All patients gave their 
fully informed written consent. 

2.2.2 Stimulation 

Stimulation was performed using a battery powered handheld stimulator (Itouch 
Plus, TensCare, Epsom, UK). Monophasic square constant current pulses with a 
pulse duration of 200 µs at a pulse rate of 20 Hz were used. The patients were 
instructed regarding the operation of the stimulator and initially used it under 
supervision. One electrode (dimensions: 20 x 10 mm, Neuroline 700, Ambu, 
Ballerup, Denmark) was placed on the clitoris as a cathode, and a second electrode 
(diameter: 32 mm, PALS Platinium, Axelgaard, Lystrup, Denmark) was placed 2-3 
cm lateral to the right labia major (Fig. 1). Precautions were taken to ensure good 
contact between skin and the electrodes, including removal of hair. The Neuroline 
700 electrode was used a single time, and the PALS electrodes were used twice. 
Furthermore, the patients were instructed to place the electrodes correctly and to 
clean the skin before application of the electrodes. During the training session, the 
clitoral-anal reflex threshold was identified when possible. The patients were 
encouraged to set the amplitude as high as tolerable each time when stimulating at 
home. 
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manometry (resting pressure and maximal voluntary squeeze pressure) and rectal 
distension parameters were also obtained at the end of each period. 

2.2.4 Analysis 

Wilcoxon’s matched pairs test was used to compare the baseline results with the 
results obtained during and three weeks after stimulation. A p-value below 0.05 
was considered statistically significant. 

2.3 RESULTS 

Nine patients completed the protocol. One patient withdrew for personal reasons. 
All patients exhibited a normal colonic transit time (<5 markers present after six 
days). According to transanal ultrasonography, seven had intact sphincters and two 
had minor defects. Left and right pudendal nerve terminal motor latency and anal 
sensation were within normal range. All of the patients found it easy to position the 
electrodes and control the stimulator. They also found it easy to find time for 
stimulation in their daily routine. No adverse events were reported. The median 
clitoro-anal reflex threshold was 9 mA (range: 8-25 mA). The median stimulation 
amplitude was 27 mA (range: 9-52 mA). Most patients increased the amplitude 
slightly during the stimulation period (median 1 mA; range 0.5-17 mA)), which 
indicated some adaption to the stimulation.  In four subjects, the stimulation 
amplitude was greater than two times the clitoral-anal reflex threshold (ID1, ID2, 
ID3, and ID7). Results are summarised in Tables 2.1 and 2.2.  

During the stimulation period, the number of bowel movements was lower in 
eight patients. This decrease was maintained for three weeks after stimulation in all 
eight patients. The median number of bowel movements decreased (p=0.038) from 
45 at baseline to 40 during stimulation and to 39 at three weeks after stimulation 
(ns). The percentage of bowel movements with urgency decreased from 49% 
(range: 0-100) to 38% (range: 0-95) during stimulation (ns), and 23% (range: 0-
100) for the three weeks after stimulation (p=0.018). The number of urgency 
episodes was lower in six patients during stimulation. The median number of 
urgency episodes decreased from 22 at baseline to 11 during stimulation (ns). One 
patient reported zero urgency episodes, and two patients experienced more urgency 
episodes during stimulation. Three weeks after stimulation, the number of urgency 
episodes decreased in eight patients and remained unchanged in one patient as 
compared to the baseline. The median number of urgency episodes during the 
three-week period after the final stimulation was 11 (p=0.025). Eight patients 
reported incontinence at baseline. The number of incontinence episodes was lower 
during stimulation in seven of the eight patients, and was maintained three weeks 
after stimulation in all the patients. The median number of incontinence episodes 
decreased from 13 at baseline to 2 during stimulation (P=0.025), and 5 for the three 
weeks after stimulation (P=0.017). 
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 Baseline Stimulation Post-

stimulation 

Wexner fecal incontinence 
score 

14 (8-20) *11 (4-16) *11 (3-19) 

St. Marks fecal incontinence 
score 

16 (12-24) *14 (4-18) *13 (7-21) 

VAS-score (1-100) 69 (42-100) 40 (7-100) 72 (30-100) 

FIQL, lifestyle 2.89 (1.40-
4.00) 

3.10 (1.00-
4.00) 

3.20 (1.70-
4.00) 

FIQL, coping/ behavior 1.71 (1.00-
2.88) 

1.78 (1.00-
3.56) 

1.7 (1.00-3.63) 

FIQL, depression/ self 
perception 

2.88 (1.60-
3.60) 

2.56 (1.33-
3.60) 

2.68 (1.47-
3.60) 

FIQL, embarrassment 2.17 (1.67-
4.00) 

2.33 (1.00-
3.67) 

3.00 (1.33-5-
00) 

Anal resting pressure (cm 
H2O) 

62.5 (14-131) 46 (23-130) 48 (31-147) 

Anal squeeze pressure (cm 
H2O) 

75.5 (12-146) 87 (32-177) 106 (25-156) 

First sensation (ml) 65 (29-138) 58 (28-127) 70 (47-160) 

Desire to defecate (ml) 90 (50-220) 104 (57-216) 95 (63-179) 

Maximum tolerable rectal 
volume (ml) 

170 (72-349) 155 (126-339) 172 (100-215) 

 Table 2.2: Wexner and St. Mark’s scores, severity of FI VAS score (1-100), Faecal 
incontinence quality of life score (FIQL),  anal resting and squeeze pressure, and 
rectal volume tolerability (first sensation, desire to defecate, and maximal tolerable 
volume) prior to stimulation, immediately after stimulation, and three weeks after 
stimulation. * p<0.05 compared to baseline. 
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 Both the Wexner (p=0.027) and the St. Mark’s scores (p=0.035) were 
significantly lower immediately after stimulation. Improvements in both the 
Wexner score (p=0.048), and the St. Mark’s score (p=0.049) were maintained for 
three weeks after stimulation. Compared to the baseline, the Wexner score 
improved in seven patients during stimulation and in eight patients three weeks 
after stimulation. Compared to the baseline, the St. Mark’s score was improved in 
six patients during stimulation and in seven patients three weeks after stimulation.  

The patients’ subjective assessment of FI severity using the VAS score was 
not improved with stimulation. FIQL scores for the four domains, lifestyle, 
coping/behaviour, depression/self-perception, and embarrassment, did not change 
during stimulation. Anal resting pressure, anal squeeze pressure, and rectal 
sensitivity assessed immediately after three weeks of stimulation and three weeks 
after the final stimulation were unchanged when compared to the baseline values. 
Patients were contacted by phone one to six months after the end of the study. At 
that time, all of the patients reported that their symptoms had recurred after they 
had stopped using the stimulator, and all of the patients still required additional 
treatment for their FI symptoms. 

2.4 DISCUSSION 

This study shows that electrical stimulation of the clitoral nerve improves 
symptoms in patients suffering from FI. The effect was maintained for three weeks 
after the final stimulation, but a longer follow-up survey indicated that symptoms 
eventually reappeared. There was a significant reduction in the number of 
incontinence episodes, which was reflected in the Wexner and St. Mark’s FI 
severity scores. Furthermore, during stimulation, there was a significant decrease 
in the overall number of bowel movements and the percentage of bowel 
movements with urgency. The improvement was still present three weeks after the 
final stimulation. Urgency is more frequent with loose stools, and it is conceivable 
that the decrease in the number of urgency episodes have been due to a change in 
stool consistency. However, this correlation could not be confirmed by the bowel 
habit diaries or the FI severity scores. The patients’ subjective responses did not 
correspond with their diaries. The patients reported worsened symptoms within one 
week after the last stimulation, but an analysis of the diaries with respect to the 
number of events per week could not be used to estimate the duration of the effect 
of treatment due to a large range and limited number of events. In addition, 
significant improvement was not demonstrated in quality of life as assessed by the 
disease-specific FIQL or in patients’ subjective assessment of FI severity using a 
VAS score. Finally, anal sphincter function and rectal sensitivity were unchanged 
after stimulation.  

The severity of FI was evaluated with the Wexner score and the St. Mark’s 
score, which are both widely used; the St. Mark’s score has been demonstrated to 
correlate with patients’ subjective perceptions [13,15,16]. The FIQL measures 
disease-specific impacts on four domains, lifestyle, coping/ behaviour, depression/ 
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self-perception, and embarrassment [14]. Even though the patients experienced a 
reduction in symptoms, they did not become completely continent and therefore 
still felt restricted in daily activity and worried about incontinence episodes. From 
that perspective it seems unlikely that a stimulation period of only three weeks 
would be sufficient to significantly improve quality of life. 

The lack of improvement of sphincter function and rectal volume tolerability 
during stimulation indicates that the decrease in symptoms was not due to a 
measurable strengthening of the sphincter apparatus or an improvement of rectal 
capacity. At both the initial assessment and at the assessment after stimulation, 
manometric values and values for rectal volume tolerability were within normal 
reference values for our laboratory [17]. However, resting pressure and squeeze 
pressure are not very sensitive to differences between continent and incontinent 
individuals, and data regarding the sensitivity and specificity of rectal balloon 
distension in distinguishing continent from incontinent patients are not available 
[18,19]. Other studies of electrical stimulation for the treatment of FI have 
evaluated sphincter function and rectal volume tolerability in successfully treated 
patients. However, no clear effects have been demonstrated and the results have 
been ambiguous, which indicates that improved sphincter function may not be 
necessary for improvement of FI symptoms [10,11,20-26]. 

The stimulation parameters in this study were chosen based on previous 
experiences with DGN stimulation to achieve inhibition of the bladder, in which a 
pulse width of 200 µs and a pulse rate of 20 Hz with an amplitude of at least twice 
the clitoral-anal reflex threshold was used to inhibit bladder contractions in patients 
with overactive bladder symptoms [9,27]. Similar stimulation parameters were 
used for posterior tibial nerve stimulation [4,28]. Five patients in this study could 
only tolerate stimulatory amplitudes at or below 11 mA, which was less than two 
times the clitoro-anal reflex threshold. Even so, a reduction in the number of bowel 
movements, urgency episodes, and urgency incontinence episodes was observed in 
two of those three patients. This indicates that amplitudes lower than two times the 
reflex threshold are sufficient to treat FI. With this lower amplitude, stimulation is 
more tolerable, and patient compliance is likely to increase. The protocol, which 
involved stimulation twice daily for three weeks was chosen arbitrarily. A high 
frequency of stimulation sessions was chosen to test the feasibility of the concept. 
The standard three-week bowel habit diary used in our unit was adapted, to avoid 
any uncertainty due to fluctuations in bowel habits. There appeared to be an 
immediate response in a number of patients (Table 1), and therefore, it would be 
interesting to investigate whether a three-week protocol is actually necessary to 
improve symptoms.  

Two studies have explored DGN stimulation as a treatment for FI. Binnie et al. 
initially demonstrated improved function of the external anal sphincter and 
continence in 7 of 8 patients after five minutes of stimulation three times a day for 
eight weeks [10]. The mean stimulation amplitude was 135 V (standard deviation: 
15 V), which was two to three times higher than the sensory threshold. The pulse 
width was 0.1 ms and the pulse rate was 1 Hz. Frizelle et al. reported improved 
Wexner incontinence scores accompanied by significant improvements in anal 
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sphincter tone and maximal tolerated rectal volume following stimulation three 
times a day for eight weeks with self-titrated voltage from 30 to 90 V using a pulse 
width of 0.1 ms and a pulse rate of 2 Hz [11]. The improved sphincter function 
seen in both studies was most likely due to repeated low frequency DGN 
stimulation which intermittently trains the muscles for a period of eight weeks. 
With higher stimulation frequencies this is not the case, as the reflex response 
disappear after a short time with stimulation at for example 20 Hz. Therefore, the 
effects of stimulation in this study must have been due to a different mode of 
action, and treatment for eight weeks might not be necessary.   

Stimulation of the posterior tibial nerve to treat FI has also been investigated 
and is currently in used. Stimulation is performed as an ambulatory procedure with 
scheduled sessions at different intervals [4,28]. Stimulation is performed using 
transcutaneous plaster electrodes or percutaneous stimulation with a needle 
electrode. A pulse width of 0.2 ms and pulse rates from 10 to 20 Hz with variable 
amplitudes are used. In these studies, symptoms decreased with stimulation, 
whereas the effects on sphincter function were variable. Shafik et al. applied 
stimulation every other day for four weeks and reported improvement of the 
Wexner score and the rectal pressure-volume relation [28]. De la Portilla et al. 
reported improvement of 10 out of 16 patients, and Boyle et al. reported 
improvement in 21 out of 31 patients; both studies used weekly stimulation for 12 
weeks, which is comparable to our results [4,29]. Furthermore, after the initial 
treatment, maintenance therapy with less frequent stimulation sessions appears to 
be sufficient to sustain the reduction in symptoms. It is possible, that fewer 
stimulation sessions are sufficient with DGN stimulation as well. 

The mechanism of action for DGN stimulation is unknown. Vitton et al. 
showed that peripheral stimulation could invoke a somatosympathetic reflex [30]. 
In acute experiments with cats, both stimulation of somatic (sciatic and radial) 
nerves and sacral roots (S1-S3) with a pulse width of 210 µs at a pulse rate of 10 
Hz have exibited an inhibitory effect on colonic electromyographic activity and 
enhanced activity of the internal anal sphincter. It is unknown whether similar 
effects occur with DGN stimulation. 

A placebo effect cannot be ruled out in the present study mainly because the 
patient’s key problem was addressed, with repeated investigations and attention 
from health staff. This effect might be supported by the fact that patients who were 
stimulated with very low amplitude also experienced some improvement. A 
randomised double-blinded setup, preferably with sham stimulation is necessary to 
determine whether this is the case. A larger study should be initialised to confirm 
this result. A definition of successful treatment similar to 50% improvement during 
the test period used for sacral nerve stimulation should be established. Whether the 
initial reduction in symptoms is maintained over a longer follow-up period also 
needs to be clarified. Furthermore, optimal stimulation parameters and intervals 
between stimulations should be defined. In that case, peripheral stimulation could 
represent a cheaper and less invasive alternative to surgical treatments including 
sacral nerve stimulation. 
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It must be recognised that clitoral stimulation might be unacceptable to some 
patients. Even so, in our experience this treatment can be introduced without any 
difficulty by educating patients about the procedure and training by a dedicated 
nurse. 

2.5 CONCLUSION 

Electrical DGN stimulation twice daily for three weeks reduces incontinence 
episodes in patients suffering from idiopathic FI. The reduction is maintained for 
three weeks after stimulation. No improvement in disease-specific quality of life 
was found. No changes in sphincter function or rectal volume tolerability were 
observed. DGN stimulation may represent a new treatment for FI. 
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Chapter 3. 
 
The acute effect of dorsal genital nerve 
stimulation on rectal wall properties in 
patients with idiopathic faecal incontinence 
 
J. Worsøe#, L. Fynne+, S. Laurberg*, K. Krogh+, N.J.M. Rijkhoff# 
 
#Center for Sensory-Motor Interaction (SMI), Department of Health Science and 
Technology, Aalborg University, Denmark 
*Department of Surgery P, Aarhus University Hospital, Aarhus, Denmark 
+Neurogastroenterology Unit, Department of Hepatology and Gastroenterology V, 
Aarhus University Hospital, Aarhus, Denmark 

3.1  INTRODUCTION 

Faecal incontinence (FI) is a common symptom with a prevalence of 4.3% in the 
general population [1]. There are various aetiologies of FI, including sphincter 
damage, anorectal disease, sequelae from anorectal surgery, neural lesions, and 
systemic disease. Idiopathic FI accounts for greater than 50% of patients with FI, 
and there is no obvious aetiology [2]. Treatment for FI is usually offered in a 
stepwise manner, starting with advice about diet and lifestyle, followed by 
constipating agents and biofeedback training. If the sphincter is damaged, surgical 
repair can be performed, but long-term results are often poor [3,4]. More extensive 
surgical procedures include artificial sphincter or stoma formation.  

Electrical nerve stimulation is also used to treat FI. Stimulation of the sacral 
roots (S2-S4) using Interstim Therapy has been shown to reduce FI symptoms and 
improve quality of life in approximately 80% of the patients given this treatment in 
previous studies [5,6]. The surgical procedure for electrical nerve stimulation is 
minimally invasive, and the response to stimulation can be tested prior to 
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permanent electrode implantation [7]. Stimulation of the posterior tibial nerve 
(Urgent PC) is another approach that does not require surgery. Stimulation sessions 
of the posterior tibial nerve once or twice a week reduce FI symptoms [8,9]. 

The dorsal genital nerve (DGN) may represent an alternative target for 
peripheral nerve stimulation treatment of FI. DGN stimulation inhibits bladder 
contractions and decreases filling pressure [10,11]. Because the bladder and rectum 
have similar innervation, an equivalent inhibitory effect on the rectum was 
expected. A study in spinal cord injury (SCI) patients demonstrated increased 
rectal compliance during DGN stimulation [12]. Two studies reported a reduction 
in FI symptoms and an improvement of sphincter function with DGN stimulation 
in patients with FI [13,14]. 

FI is influenced by several factors, including sphincter function, anorectal 
sensibility, colorectal motility, rectal capacity, and load and consistency of bowel 
content [15]. Rectal capacity depends both on the size of the rectum and on rectal 
wall properties. A compliant rectum has a high tolerable volume, which lowers the 
rectal pressure, so that the pressure of the sphincter apparatus is not overcome. 
Rectal compliance is typically measured with pressure-volume based techniques 
using balloons for distension. However, another method, rectal impedance 
planimetry (IP), determines rectal cross-sectional area (CSA), and a pressure-CSA 
relationship can be derived with simultaneous measurement of rectal pressure. 
Thus, with IP, the errors associated with volume-based methods are avoided [16-
19]. The aim of the present study was to determine whether DGN stimulation has 
an acute effect on the rectal CSA in patients with idiopathic FI similar to what has 
been demonstrated in SCI patients [12]. 

3.2 METHODS 

3.2.1 Subjects 

Ten female patients with idiopathic FI were included in the study (median age: 60 
years; range: 34 to 68 years). Initial assessment included full medical history, 
anorectal physiology testing, anal ultrasonography, colonic transit time, and 
anorectoscopy. Patients with significant sphincter lesions, previous pelvic or 
anorectal surgery, organic anorectal disease, and systemic diseases affecting bowel 
function or neurological disorders were excluded. During the investigation, the 
patients lay in the left lateral position and were asked to remain as still as possible 
and to refrain from talking. The study was performed in accordance with the 
Helsinki Declaration II and was approved by the Ethical Committee of Region 
Midtjylland (M-20090145). All participants provided informed written consent. 
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3.2.2 Stimulation 

Stimulation was performed with a constant-current stimulator (Digitimer model 
DS7A, Digitmer Ltd., Welwyn Garden City, England), and the frequency was 
controlled with a function generator (Agilent 33120A, Hewlett-Packard, USA) to 
deliver square pulses. A pulse width of 200 µs and a frequency of 20 Hz were used. 
The amplitude was set at the highest level that the patient could tolerate (preferably 
two times the pudendo-anal reflex threshold). One electrode (dimensions: 10 x 20 
mm, Neuroline 700, Ambu, Ballerup, Denmark) was placed on the clitoris 
(cathode), and a second electrode (diameter: 32 mm, PALS Platinum, Axelgaard, 
Lystrup, Denmark) was placed 2–3 cm lateral to the right labia major (fig. 2.1). 
Precautions were taken to ensure good contact between the skin and the electrodes. 
The clitoro-anal reflex was identified visually during slow stepwise increases of 
the stimulation amplitude before starting the rectal distensions. 

3.2.3 Impedance planimetry 

IP was used to determine the rectal CSA (fig. 3.1). The CSA is proportionally 
related to the potential difference between two detection electrodes in a uniform 
electrical field. Given a current I, the potential difference between two detection 
electrodes in a fluid with the conductivity σ, is ∆V = I d σ-1CSA-1, where CSA is 
the luminal cross-sectional area and d is the distance between two detection 
electrodes. A custom-made reusable probe was used. The probe had two excitation 
electrodes 60 mm apart, providing a sinusoidal current of 0.1 mA at 10 kHz, and 
one pair of detection electrodes (3 mm apart), situated 40 mm above the anal canal, 
for measurement of rectal CSA. The electrodes were within a non-compliant 
flaccid bag (dimensions: 90x90 mm), which was filled with 0.9% saline at 37°C. 
The pressure within the bag was controlled by elevation of an open water container. 
Before starting the measurements, a multipoint calibration was performed using 
circular tubes with CSAs from 283 to 4322 mm2, which was the range of the 
expected CSAs. Intraluminal rectal pressure and anal canal pressure were 
measured using perfused catheters within the bag and within a balloon placed in 
the anal canal, both of which were connected to pressure transducers. The pressure 
transducers were calibrated using 0 and 100 cm H2O as the minimum and 
maximum. All signals were sampled at 10 Hz, and the data were visualised and 
stored using custom-made software (Openlab, Noerresundby, Denmark). Prior to 
placement of the probe, resting rectal pressure was measured with a water-perfused 
catheter placed in the rectum. The equipment and method used for IP have been 
described previously [20,21]. 
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A pressure-controlled combined phasic and stepwise distension protocol was 
performed (fig. 3.2). The total length of the experiment was approximately 150 
min, including the preparation and placement of the probe. The experiment started 
with a rectal distension of 10 cm H2O above resting rectal pressure for 12 min, 
which served as a conditioning distension. The conditioning distension was 
followed by four minutes of distension at the resting rectal pressure to measure the 
resting rectal CSA. Thereafter, phasic distensions at 3 pressure levels (10, 20, and 
30 cm H2O) were conducted. The distensions lasted for four minutes and were 
separated by four minutes with the pressure lowered to the resting rectal pressure. 
This distension sequence was repeated three times (control 1, stimulation, control 
2), and during the second sequence, DGN stimulation was applied during the 
distensions. After 4 min of distension at the resting rectal pressure, three series of 
pressure-controlled stepwise distensions (5, 10, 15, 20, 25, and 30 cm H2O) were 
performed with each step lasting two minutes and with DGN stimulation applied 
during the second stepwise distension. 

3.2.5 Analysis 

The rectal CSA and the rectal pressure were determined when a steady state was 
achieved at each pressure level. Steady state rectal CSA, calculated as the mean 
CSA during the last minute of the distension, was assumed when the difference in 
the mean CSA between the first 10 s period and the last 10 s period was less than 
10% (fig. 3.3). The rectal pressure-CSA relationship, "CSA" ⁄"PR" , was calculated 
for each pressure level. The circumferential wall tension was calculated using 
Laplace’s law, T = ∆p r, where T is the circumferential wall tension, r is the radius 
of the rectum and ∆p is the transmural pressure calculated as the difference 
between the resting rectal pressure P0 and the pressure during distension PR. 

3.2.6 Statistics 

Numerical data are expressed as medians with ranges. Comparisons between the 
baseline values and the stimulation and post stimulation values were conducted 
using the Wilcoxon’s test for non-parametric comparisons of paired measurements. 
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3.3.1 Phasic distension 

Data are shown in figure 3.4 and in table 3.1. Data from one patient were discarded 
due to problems with the recording system. The median rectal CSA increased with 
increasing rectal distension pressure. With distensions at 10, 20, and 30 cmH2O 
above resting rectal pressure, there were no significant differences between rectal 
CSA obtained before and during DGN stimulation (control 1 vs. stimulation), or 
between rectal CSA before and after DGN stimulation (control 1 vs. control 2). 
During treatment with 10 cmH2O of distension pressure, the rectal CSA was 
higher during the DGN-stimulated distension compared to control 1 and control 2 
in three patients only. Two of those patients tolerated high stimulation amplitudes 
(21 and 25 mA), whereas the third patient tolerated only a low stimulation 
amplitude (8.5 mA). At 20 cmH2O of distension pressure, only one patient had a 
higher rectal CSA during stimulation, and at 30 cmH2O of distension pressure, no 
difference in the rectal CSA was observed during stimulation in any of the patients. 
Therefore, there were no significant differences between the rectal pressure-CSA 
relationship before, during, or after stimulation at any of the distension pressures. 
The rectal wall tension increased with rectal distension pressure. Similarly, there 
were no significant differences between the rectal wall tension before, during, or 
after stimulation at any of the distension pressures. 
 



Stimulation for Faecal Incontinence 
 

 

72 

 
Figure 3.4: Phasic distension. Data from nine patients are shown. Unstimulated (control 
1 and control 2) and stimulated distensions are compared at different distension 
pressures (10, 20, and 30 cm H2O). Rectal CSA, rectal CSA-pressure relation 
(CSA/PR), and rectal wall tension are shown. 
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 Rectal distension pressure (cmH2O) 

10 20 30 

Rectal CSA  
(cm2) 

Control 1 17 

(9-33) 

24 

(11-36) 

31 

(14-39) 

Stimulation 17 

(9-35) 

19 

(7-37) 

27 

(12-39) 

Control 2 17 

(7-32) 

21 

(7-42) 

26 

(15-40) 

CSA/PR           
(cm2 / cmH2O) 

Control 1 0.74 

(0.46-1.24) 

0.73 

(0.42-0.99) 

0.77 

(0.29-0.94) 

Stimulation 0.70 

(0.50-1.33) 

0.57 

(0.30-1.02) 

0.68 

(0.33-0.89) 

Control 2 0.73 

(0.49-1.55) 

0.65 

(0.23-1.18) 

0.64 

(0.33-1.04) 

Wall tension 
(cmH2O cm) 

Control 1 24 

(16-37) 

52 

(36-67) 

92 

(60-107) 

Stimulation 22 

(17-34) 

48 

(29-68) 

86 

(57-108) 

Control 2 23 

(14-37) 

50 

(28-101) 

84 

(64-105) 

Table 3.1: Rectal CSA, rectal CSA/PR, and rectal wall tension during the phasic 
distension protocol. Three consecutive distension series (10, 20, and 30 cm H2O), 
unstimulated (control 1), stimulated, and unstimulated (control 2), are shown. The data 
are expressed in the following form: median (range). 
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3.3.2 Stepwise distension 

Data from the stepwise distensions are presented in figure 3.5. In all of the 
distension series, the median rectal CSA increased during the stepwise distension 
from 5 to 30 cmH2O. There were no significant differences in the rectal CSA 
between control 1, stimulation, and control 2. The ratio of the rectal pressure-CSA 
relationship decreased with increasing distension pressure. There were no 
significant differences in the pressure-CSA relationship between control 1, 
stimulation, or control 2. Rectal wall tension increased linearly with increasing 
distension pressure (fig. 3.5). There were no significant changes in the rectal wall 
tension when control 1 was compared to the stimulated distension or control 2. 
 

 
Figure 3.5: Stepwise distension (5–30 cm H2O, in steps of 5 cm H2O). Data from ten 
patients and medians are shown. Rectal CSA, the rectal pressure-CSA relation (CSA/ PR), 
and rectal wall tension are shown during rectal distension before (control 1), after (control 
2) and during DGN stimulation. 

3.4 DISCUSSION 

The aim of this study was to investigate the effect of DGN stimulation on rectal 
CSA during distension with an inflatable bag. No acute effects on the rectal CSA, 
the rectal wall tension or the rectal pressure-CSA relationship were demonstrated. 
Experiments that involved inhibition with glucagon demonstrated that a basal tone 
exists in the rectum [22]. It was expected that DGN stimulation would inhibit the 
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smooth muscles of the rectum and increase the rectal CSA during stimulated 
distension compared to the before and after control distensions.  

The stimulation parameters were based on previous experiences with DGN 
stimulation used to achieve inhibition of the bladder, where a pulse width of 200 µs 
and a pulse rate of 20 Hz with an amplitude of at least twice the clitoro-anal reflex 
threshold were used [11,23]. With a similar stimulation amplitude (a frequency of 
20 Hz and a pulse width of 200 µs), DGN stimulation has also been used to induce 
acute inhibition of the rectum in SCI patients [12]. In that SCI study, different 
stimulation frequencies were also tested (0.2, 2, and 20 Hz), and rectal compliance 
was highest during the 20 Hz stimulation. In the present study, the patients were 
stimulated at the maximum tolerable amplitude, which was a median of 30% 
(range: 6% to 50%) above the clitoro-anal reflex threshold. None of the patients 
could tolerate a stimulation amplitude of twice the reflex threshold, and only three 
patients tolerated stimulation amplitudes above 25 mA. Five of the patients could 
only tolerate stimulation amplitudes 1–3 mA above the reflex threshold. Therefore, 
it is possible that a lack of an acute response on the rectal CSA was observed 
because the stimulation amplitude was too low. Nevertheless, DGN stimulation at 
a low amplitude may still reduce FI symptoms. Nine of the 10 patients from the 
present study were later treated with the maximum tolerable DGN stimulation 
twice a day for three weeks. FI symptoms were reduced in seven of the nine 
patients (in press). This finding is consistent with data on bladder stimulation used 
to treat urinary incontinence. Goldman et al. used DGN stimulation to inhibit 
bladder overactivity, assessing both cystometry during acute stimulation and 
urinary incontinence symptoms during 1 week of home stimulation [10]. The mean 
stimulation amplitude was 9.6 ± 4.9 mA (range: 4–24 mA). No acute response was 
observed with cystometry during stimulation, while there was a significant 
reduction of urinary incontinence symptoms during home stimulation.    

The range of measured rectal CSAs was from 7 to 41 cm2, with large variation 
between the patients. During phasic distensions, the variation in rectal CSA within 
each patient was larger at the 10 cm H2O distension pressure than at the 30 cm 
H2O distension pressure. However, most patients with a large CSA during control 
1 also had a large CSA during control 2 and vice versa. At 10 cm H2O, the median 
difference in CSA between control 1 and control 2 was 2% (range: -80% to 40%). 
At 30 cm H2O distension pressure, the median difference in CSA was 5% (range: -
18% to 11%). The CSA measurements were comparable with findings in studies 
using IP in healthy volunteers. Dall et al. measured median rectal CSAs from 
approximately 7 cm2 at 5 cm H2O distension pressure to 35 cm2 at 30 cm H2O 
distension pressure, and Krogh et al. found mean rectal CSAs from approximately 
10 cm2 at 10 cm H2O distension pressure to 35 cm2 at 30 cm H2O distension 
pressure [16,24]. At present, no data on rectal CSA during distension exists in 
patients with idiopathic FI, but a large overlap with healthy subjects is expected. 
Rectal volume tolerability assessed with balloon distension appears to be lower in 
some FI patients compared to healthy subjects, as they had lower rectal volume 
thresholds for first sensation [25,26]. 
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 The acute effects of DGN stimulation on rectal wall properties have been 
investigated in SCI patients but have never been reported in non-neurogenic 
patients. Chung et al. investigated the acute effect of DGN stimulation in SCI 
patients with suprasacral lesions [12]. In their study, a rectal barostat caused 
distension, with and without electrical stimulation at twice the pudendo-anal reflex 
threshold, and the rectal compliance was studied. The distensions were performed 
in 50 ml steps, up to 300 ml. The maximum rectal compliance was approximately 
7 ml/cm H2O without stimulation, and 12 ml/cm H2O during stimulation. The 
rectal compliances with and without stimulation were both within the range of 
normal rectal compliance reported in the literature, which ranges from 4.5 to 17 
ml/cm H2O [27,28]. However, several studies have reported large variations 
between the individual patients and also between the mean values reported by 
different institutions when measuring the relationship between pressure and 
volume in the rectum, which makes comparison with other studies difficult 
[19,29,30]. Even so, rectal compliance or the rectal pressure-CSA relation may be 
important in the pathophysiology of FI. It has recently been shown that the 
postprandial rectal tone is enhanced in patients with idiopathic FI compared to 
healthy controls and that successful treatment with InterStim Therapy reduced 
postprandial rectal tone in these patients [31,32]. Rectal wall tension may be 
related to activation of sensory receptors and conscious feeling of distension [33]. 
Because of the simultaneous DGN stimulation, sensory thresholds were not 
assessed in this study. Any effect of stimulation that changed the rectal CSA would 
also have affected the rectal wall tension.   

 It has been demonstrated that the configuration of the distension profile has 
little effect on distensibility [34]. Both phasic and stepwise distensions were 
performed in this experiment to study the rectum during different loading patterns. 
Phasic distension simulates the sudden arrival of faecal content with an increase in 
rectal pressure, while the stepwise distension exposes the rectum to a longer lasting, 
progressively increased pressure load. Distensions lasting four minutes were used 
in this investigation. In this first-order system, the change in CSA per unit time 
will continue to decrease, and the decision to calculate rectal CSA based on the 
average of the fourth minute would affect the reported CSA values. A longer 
distension period would produce a more stable and higher CSA, but this advantage 
had to be balanced against other limitations. Such prolonged distensions might 
affect mucosal blood flow at high distension pressures, and the total length of the 
experiment had to be acceptable to the patients. Nevertheless, the length of the 
distension periods is unlikely to have influenced the conclusions, because the 
changes in CSA were small (less than 10%) and comparisons were made between 
CSAs calculated using the same time period during the distension. 

The signal conditioning system did not include a low-pass filter (anti-aliasing). 
However, this is not expected to influence the results because no events of interest 
occurred at high frequencies and the signal noise had a low amplitude compared 
with the changes in the rectal CSA. While the rectal CSA measurements during 
distensions were reproducible, the CSAs at basic rectal pressure were not stable. At 
low distension pressures, the bag tended to fold and become irregularly shaped, 
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which affected the measurements. Therefore, reliable CSA measurements can only 
be obtained using IP during distension above the resting rectal pressure. An 
eccentric position of the probe could also affect measurements. Correct positioning 
of the probe has been confirmed with ultrasound previously [35].   

3.5 CONCLUSSION 

In conclusion, no acute effects on rectal CSA due to DGN stimulation during 
pressure-controlled distensions were found. Based on this investigation, it can be 
concluded that it is not always possible to use stimulation amplitudes near two 
times the clitoro-anal reflex threshold in non-neurogenic patients. 
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Chapter 4. 
 
Acute effect of electrical stimulation of the 
dorsal genital nerve on rectal capacity in 
patients with spinal cord injury 
 
J. Worsøe*#, L. Fynne+, S. Laurberg*, K. Krogh+, N.J.M. Rijkhoff# 
 
#Center for Sensory-Motor Interaction (SMI), Department of Health Science and 
Technology, Aalborg University, Denmark 
*Department of Surgery P, Aarhus University Hospital, Aarhus, Denmark 
+Neurogastroenterology Unit, Department of Hepatology and Gastroenterology, 
Aarhus University Hospital, Aarhus, Denmark 

4.1 INTRODUCTION 

Most subjects with spinal cord injury (SCI) have constipation and fecal 
incontinence, often resulting in restricted social activities and impaired quality of 
life [1]. Symptoms may be caused by abnormal rectal compliance and contractility, 
reduced anorectal sensibility, lack of external anal sphincter control and abnormal 
colorectal motility. The severity of neurogenic bowel dysfunction mainly depends 
on the completeness and level of injury but time since injury is important too [2,3]. 
Most authors have found that rectal compliance is reduced in patients with 
supraconal SCI and data suggests that it is increased in those with conal or cauda 
equina lesions [4,5]. One group has found increased rectal compliance in patients 
with conal or cauda equina lesions [6].  

Neurogenic bowel dysfunction is usually treated conservatively with oral 
laxatives, suppositories and digital anorectal stimulation. Further treatment 
includes transanal irrigation, antegrade irrigation through an appendicostomy, 
colostomy, or electrical stimulation with the Brindley anterior root stimulator for 
assisted defecation [7,8]. 
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Treatment is often unsatisfactory and new modalities should be explored. 
Stimulation of the dorsal genital nerve (DGN) can suppress vesical detrusor 
contractions and increase bladder capacity in patients with supraconal SCI [9]. 
Also, a pilot study has indicated that DGN stimulation can increase rectal 
compliance in SCI patients [10]. If data can be reproduced with other methods, 
DGN may have a future role in alleviating bowel symptoms in individuals with 
supraconal SCI. 

The aim of the present study was to investigate whether DGN stimulation has 
an acute effect on the rectal CSA in patients with supraconal SCI. 

4.2 METHODS 

4.2.1 Subjects 

Seven subjects with supraconal SCI were included (one female, median age 50 
years; range: 39-67 years), median time since injury 19 years (range: 12-33 years). 
The lesion was motor and sensory complete in all the patients. Median neurogenic 
bowel dysfunction score was 14 (range:  5-19) [11]. Further demographics are 
given in table 1. The study was performed in accordance with the Helsinki 
Declaration II and was approved by the local ethical committee (M-20090145). All 
participants gave their fully informed written consent. 
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N Gender Age 
(years) 

Time 
since 
injury 
(years) 

Level of 
injury 

ASIA 
score 

NBD 
score 

1 M 39 18 Th6 A 11 

2 M 48 29 Th8 A 14 

3 F 50 33 Th8 A 16 

4 M 67 19 Th3 A 5 

5 M 61 19 Th9 A 15 

6 M 51 23 Th2 A 19 

7 M 41 12 Th7 A 10 

Table 4.1: Patient demographics. ASIA score: American spinal injury association 
score. ASIA score A indicate motor and sensory complete lesion. NBD: 
neurogenic bowel dysfunction. NBD score <9: minor dysfunction, 10-13: 
moderate dysfunction, ≥14: severe dysfunction. 

 

4.2.2 Stimulation 

Stimulation was performed using a constant current stimulator (Digitimer model 
DS7A, Digitme Ltd., Welwyn garden city, England) with the frequency controlled 
by a waveform generator (Hewlet-Packard model 33120A, USA). Square pulses 
with a pulse width of 200 µs and a frequency of 20 Hz were used. The amplitude 
was set at two times the threshold of the genito-anal reflex. One electrode 
(dimension: 10 x 20 mm, Neuroline 700, Ambu, Ballerup, Denmark) was placed at 
the base of the penis or on the clitoris as cathode, and a second electrode (diameter: 
32 mm, PALS Platinium, Axelgaard, Lystrup, Denmark) was placed 2-3 cm lateral 
to the base of the penis or labia major. Precautions were taken to ensure good 
contact between skin and the electrodes. The genito-anal reflex threshold was 
identified visually during slowly stepwise increase of the amplitude before the 
investigation started. 

4.2.3 Impedance planimetry 

Rectal impedance planimetry allows simultaneous monitoring of rectal cross 
sectional area (CSA) and rectal pressure. The method avoids most sources of error 
associated with volume based methods [12]. At a constant current I, the potential 
difference (∆V) between two detection electrodes and the CSA are proportionally 
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4.2.6 Statistics 

Numerical data are gives as medians with ranges. Statistical comparisons were 
made using Wilcoxon’s test for non-parametric comparison of paired 
measurements. 

4.3 RESULTS 

All patients tolerated the investigation well. Three patients had lesions above Th6 
and none of them experienced symptoms of autonomic dysreflexia during 
electrical stimulation. The median resting rectal pressure was 9.5 cmH2O (range: 
8-16 cmH2O). Electrical stimulation above the reflex threshold could be seen as a 
brief (1-3 s) increase in anal pressure (Fig. 4.2). The median stimulation amplitude 
was 51 mA (range: 30-64 mA). Filling of the bag resulted in an increase in rectal 
CSA. Most of the increase occurred within the first 30 s, and thereafter, the rectal 
CSA became stable, with changes of less than 10% during the fourth minute in all 
of the patients. Data from the 10 cmH2O distensions were discarded since they 
were not reproducible and reliable. 

The median CSA was smaller with than without stimulation in all 7 patients at 
20 cmH2O distension pressure (p=0.02), and in 6 of 7 patients at 30 cmH2O 
distension pressure (p=0.03) (Fig. 4.3, Table 4.2). The median decrease in rectal 
CSA was 9% (7 cm2) at 20 cmH2O distension pressures and 4% (1 cm2) at 30 
cmH2O at distension pressures. The rectal pressure-CSA relation was also 
significantly smaller during stimulation at 20 cmH2O (medians 1.0 cm2/ cmH2O 
vs. 1.1 cm2/ cmH2O) (p=0.03)) and 30 cmH2O distension (medians 0.9 cm2/ 
cmH2O vs. 0.9 cm2/ cmH2O) (p=0.02) (Table 3).The rectal wall tension was 
unchanged during stimulation (Table 4.3). 
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 20 cmH2O 30 cmH2O 

ID Control 
CSA 
(cm2) 

Stimulation 
CSA (cm2) 

Relative 
change 

(%) 

Control 
CSA 
(cm2) 

Stimulation 
CSA (cm2) 

Relative 
change 

(%) 
1 44 40 -9 46 44 -4 

2 26 20 -23 31 30 -3 

3 32 28 -13 36 37 3 

4 25 23 -8 29 26 -10 

5 35 34 -3 38 36 -5 

6 50 48 -4 55 53 -4 

7 35 26 -26 37 35 -5 

Median 35 28 -9 37 36 -4 

Table 4.2: Rectal CSA during rectal distensions. Four consecutive distension series (20, 
and 30 cmH2O) were performed with stimulation during the 1st and 3rd or during the 2nd 
and 4th series as randomised. For each distension pressure, the mean value of the two 
distensions performed during stimulation and the two distensions performed without 
stimulation (control) was calculated. Mean values during and without stimulation was 
compared. CSA: cross sectional 
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Figure 4.3: Data from all seven patients are shown. Stimulated (stim) and unstimulated 
(control) distensions are compared at different distension pressures (20 and 30 cmH2O). 
Rectal CSA, the rectal CSA-pressure relation (CSA/PR), and rectal wall tension are shown. 
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 Distension 
pressure 
(cmH2O) 

Stimulation Control P-value 

Median rectal CSA/ 
PR 

(cm2 /cmH2O) 

20 1.0 (0.6-1.7) 1.1 (0.8-1.8) 0.03 

30 0.9 (0.7-1.4) 0.9 (0.7-1.4) 0.02 

Median rectal wall 
tension  

(cmH2O cm) 

20 61 (47-78) 70 (51-80) 0.02 

30 103 (82-124) 106 (83-126) 0.15 

Table 4.3: The rectal CSA/PR, and rectal wall tension during the rectal distensions given as 
medians (range). PR: rectal pressure. 

  
4.4 DISCUSSION 

This study shows that the rectal CSA is reduced during acute DGN stimulation in 
subjects with complete supraconal SCI. The stimulation parameters were chosen 
based on experience with DGN stimulation to achieve inhibition of bladder 
contractions. A pulse width of 200 µs, a pulse rate of 20 Hz and an amplitude of at 
least twice the genito-anal reflex threshold have been used [9].  

It has been demonstrated that the configuration of the distension profile (i.e. 
phasic, ramp or staircase) has only little effect on distensibility [14]. Furthermore, 
a randomized stimulation protocol was used to avoid bias from a potential carry 
over effect from stimulation and relaxation as a result of repeated distensions.  

The relationship between pressure and CSA can be described by a first order 
system. The continuous decrease in CSA change per time unit inferred that longer 
distensions would produce more stable CSAs. This had to be balanced against the 
potential impairment of mucosa blood flow during prolonged distension and efforts 
to minimize the discomfort of the patients. Distensions lasting four minutes were 
chosen as a safe compromise. Preferably, calculation of mean CSA was done for 
the last minute of each distension. However during some distensions, changes in 
CSA larger than 10% were seen during the last minute. If a steady state period was 
present before the last minute, this was used to calculate the mean CSA. 

Previously, we have used impedance planimetry for description of rectal CSA 
in SCI patients with supraconal SCI and reported a median rectal CSA of 11 cm2 
during distension at 10 cmH2O and 18 cm2 during distension at 30 cmH2O [4]. 
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Larger CSAs were measured in the present study. The patients from the two 
studies are, however, not directly comparable as in the previous study, patients 
were investigated just after injury and again one year later, while the median time 
since injury was 19 years in the present study. It has been shown, that constipation 
becomes more severe with time since injury and it is likely that the rectal wall 
properties change too [3].  

During rectal distensions at 20 and 30 cmH2O, the median pressure-CSA 
relation was smaller during stimulation compared with the control distensions. Our 
findings are in contrast with data presented by Chung et al. who found increased 
rectal compliance during acute DGN stimulation [10]. They also used a stimulation 
amplitude of twice the reflex threshold but rectal compliance was measured using a 
barostat. Furthermore, they tested different stimulation frequencies (0.2, 2 and 20 
Hz) and rectal compliance was larger during stimulation at 20 Hz compared to 
stimulation at a lower frequency. Chung et al. described a maximum increase of 
rectal compliance of 50% (at a rectal volume of 200 ml) during stimulation at 20 
Hz [10]. The maximum rectal compliance was approximately 7 ml/ cmH2O 
without stimulation, and 12 ml/ cmH2O during stimulation. In that study, all the 
patients had complete supraconal lesions, but the duration of the injury was not 
mentioned. Rectal compliance both during and without stimulation were within the 
range of normal rectal compliance reported in the literature, which ranges from 4.5 
ml/ cmH2O to 17 ml/ cmH2O [15,16]. This wide range of measured rectal 
compliance warrants cautiousness when comparing data between different centers.  

Traditionally, rectal compliance is studied with pressure-volume based 
methods using balloons (ie barostat).  The effect of rhizotomy and the response to 
feeding have been investigated in SCI patients [5,17]. There are however some 
methodological problems with these techniques [12]. Impedance planimetry 
determines rectal CSA, thereby avoiding some of the inherent sources of error with 
pressure-volume measurements [18]. The impedance planimetry probe used for 
this experiment was validated in vitro and accuracy was fair with a mean error of 
7.3% (range: 0-14%). No low pass filter was included in the signal conditioning 
system (no anti-aliasing). However, it is unlikely that this had any influence on the 
results. At low distension pressures (10 cmH2O) the quality of rectal CSA 
measurements was not reliable. This could be caused by folding of the bag in 
irregular shape or eccentric position of the probe in the rectum. In another study 
ultrasound was used to confirm the correct positioning of the probe during 
distension [19]. 

Various implanted devices applying electrical stimulation have been used for 
treating neurogenic fecal incontinence. The use of Interstim Therapy has been 
investigated by Schurch et al., who performed a test stimulation in three SCI 
patients with complete lesions [20]. Both an early latency reflex corresponding to 
the genito-anal reflex and a late latency reflex, with high variability in latency were 
found indicating a polysegmental response. In none of the patients did the test 
stimulation reduce neurogenic incontinence suggesting that spino-bulbo-spinal 
pathways are necessary for sacral neuromodulation to be effective.  
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A previous study on the bladder showed inhibitory effects from DGN 
stimulation including suppression of bladder contractions, higher bladder capacity, 
and lower storage pressure [9]. Though we did not investigate phasic rectal 
contractions similar inhibitory effects could not be shown in this study. A 
fundamental difference between the bladder and the rectum is that the latter is 
modulated by the enteric nervous system, which could explain why results from 
stimulation of the bladder are not directly applicable to the bowel. It was 
hypothesized that DGN reduces neurogenic faecal incontinence by reducing rectal 
tone and contractility. This is not supported by the present study. Even though a 
reduction in CSA during stimulation was seen in all patients, the changes were 
relatively small. If this will have clinical implications remain to be studied. An 
alternative mode of action could be that DGN, by increasing rectal tone improves 
rectal emptying at defecation thereby reducing fecal incontinence. Larger studies 
of the effects of DGN stimulation are needed and it is possible that chronic effects 
may differ from those found in acute experiments. 

4.5 CONCLUSION 

In conclusion and in contrary to our hypothesis, it was shown that acute DGN 
stimulation in subjects with supraconal SCI results in reduced rectal compliance 
CSA.   
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Chapter 5. 
 
Gastric transit and small intestinal transit 
time and motility assessed by a magnet 
tracking system 
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Dahlerup++, N.J.M. Rijkhoff#, S. Laurberg*, K. Krogh¤ 
 
*Department of Surgery P, Aarhus University Hospital, Aarhus, Denmark 
#Center for Sensory-Motor Interaction (SMI), Department of Health Science and 
Technology, Aalborg University, Denmark 
¤Neurogastroenterology Unit, Department of Hepatology and Gastroenterology V, 
Aarhus University Hospital, Aarhus, Denmark 
+ Motilis Medica SA, Lausanne, Switzerland 
++Department of Hepatology and Gastroenterology V, Aarhus University Hospital, 
Aarhus, Denmark 

5.1 INTRODUCTION 

The prevalence of gastrointestinal motility and functional gastrointestinal disorders 
is high in the general population [1,2]. Furthermore symptoms of disturbed GI 
motility are often a significant problem in patients with other medical problems. 
Diagnosing and alleviating these disorders require good evaluation methods that 
can identify abnormal GI physiology. Gastrointestinal motility is usually described 
in terms of regional transit times or as intraluminal pressure changes. Scintigraphy 
is the gold standard for determination of gastric emptying and small intestinal 
transit [3,4]. Contraction patterns have been investigated using manometry 
catheters. Solid state catheters with small pressure transducers have facilitated 
ambulatory examinations and allowed recording of diurnal variation [5-7]. 
Disadvantages of these techniques include the invasiveness, the exposure to 
radiation and that they are relatively expensive. The hydrogen breath test is an 
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alternative for determination of transit times, but it is affected by small intestinal 
bacterial overgrowth and does not distinguish between gastric and intestinal transit 
times [8].  

New techniques aim to improve the quality of motility data and also to reduce 
the side effects and patient discomfort. Video capsule endoscopy, primarily used 
for evaluation of the small intestinal mucosa pathology, may be an alternative for 
determination of transit times [9,10]. However, for the mere purpose of obtaining 
transit times, it is expensive and analysis is time consuming. Computerized picture 
analysis of capsule endoscopy images has recently been used for description of 
small intestinal motility patterns [11]. Lately, a wireless motility capsule 
(Smartpill) that measures temperature, pressure and pH has been used to 
investigate segmental and whole-gut transits [12,13]. Magnetic resonance imaging 
have also been used to measure gastric and small intestinal motility [14,15]. MRI 
has also been used to track the position of fluorine labeled capsules giving 
information about small intestinal motility patterns and this can be combined with 
anatomical data [16]. 

Information about motility patterns and transit can also be obtained by tracking 
a small magnet through the gastrointestinal tract. Early methods based on ingestion 
of a small solid magnet have been refined to improve spatial and temporal 
resolutions [17-21]. High resolution data on gastrointestinal transit have been 
obtained using multi-channel superconducting quantum interference, but the 
equipment is expensive and requires a shielded environment [22-24]. Magnetic 
moment imaging using a tracking system with anisotropic magneto-resistor sensors 
was recently validated with scintigraphy demonstrating good correlation between 
gastric transit time and positional data [25]. The Magnet Tracking System (MTS-
1; Motilis, Lausanne, Switzerland) has been developed for use in a standard 
laboratory setting [26,27]. MTS-1 has been used in animal studies, studies in 
healthy humans, and in patients with neurogenic bowel dysfunction [28-33]. 
However, a validation with simultaneous measurements using established methods 
is needed. If the difference in contraction frequency and position of the magnet 
measured with MTS-1 can be used to determine pyloric and ileocecal passages, 
then MTS-1 will be an easy, minimally-invasive, and non-radiant tool to provide 
valid information on gastric transit time and small intestinal transit times.  

The primary aim of this study was to investigate if MTS-1 could be used to 
reliably determine gastric transit and small intestinal transit time. Data from 
simultaneous capsule endoscopy was used as reference. Furthermore, small 
intestinal motility patterns recorded with MTS-1 in the fasting state and in the 
postprandial state were compared for identification of migrating motor complex 
phase III during fast. An algorithm was applied for classification of fast 
movements, slow movements, and very slow movements and by comparing small 
intestinal contraction frequencies. 
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5.2 METHODS 

5.2.1 subjects 

Eight healthy volunteers (3 males, median age 30 years; range: 25-61 years), with 
median BMI 21.3 kg m-2 (range: 20.2-26.5 kg m-2) were included. No subjects 
had undergone abdominal surgery, were taking medication or suffered from 
diseases affecting gastrointestinal motility. All participants signed informed written 
consent and the study was approved by the local scientific ethical committee (M-
20080037). 

5.2.2 Magnet Tracking System, MTS-1 

Subjects ingested a small magnetic pill (dimensions: 6x15 mm, weight: 0.9 g, 
density: 1.8 g cm-3, magnetic moment 0.2 Am2), which was tracked by a matrix of 
4x4 magnetic field sensors separated by 5 cm and placed over the abdomen.The 
position of the sensor matrix with respect to anatomical landmarks was noted (iliac 
spines, intercostal angle, pubic bone) (Fig. 5.1). With a sampling rate of 10 Hz, 
each sensor measured the magnetic induction dependent on the distance between 
the sensors and the magnetic pill and the orientation of the pill. The position and 
orientation of the magnetic pill was defined by 5 coordinates (position: x, y, z, and 
angle: θ, φ).The change in position coordinates reflected propagation of the 
magnet. The change of the angles reflected change in orientation, which correlated 
with the contraction frequency of the relevant gastrointestinal segment. Data were 
analysed on a computer running custom-made software (MTS_Record, Motilis, 
Lausanne, Switzerland) showing real-time position and orientation of the magnetic 
pill (Fig. 5.1). Before the measurements began, the sensors were calibrated by 
offsetting the earth’s magnetic field. Artefacts due to respiration and movement 
were recorded using accelerometers placed on the abdomen and the neck. During 
post processing, an adaptive algorithm was used to filter out movements in phase 
with the respiration. 
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as (1); and (3) ingestion of the magnetic pill followed by a standard meal given 
right after pyloric passage (≈ 2200 kJ, protein, 48% fat). During the investigations, 
subjects were placed in a bed with head elevation (>45°) or lying down. They were 
encouraged not to talk or move. The recordings were interrupted for small breaks 
on request. 

5.2.5 Analysis 

Experiment (1) was used to test the validity of MTS-1 for assessment of gastric 
transit and small intestinal transit time. Experiments (1) and (2) were used to 
compare gastric transit and small intestinal transit of two different sized objects. 
Experiments (2) and (3) were used to compare the fasting and the postprandial 
motility patterns for two hours after pyloric passage.  

Two investigators independently determined the gastric transit and the small 
intestinal transit time in each investigation, and the mean times were used for 
further comparisons. The gastric transit time was defined as the time from 
ingestion of the magnetic pill until pyloric passage. The cessation of the 3 
contractions min-1 pattern, typical for the stomach, the appearance of the duodenal 
arch, and the beginning of the 8-11 contractions min-1 of the small intestine were 
the hallmarks of pyloric passage (Fig. 5.1). Small intestinal transit was determined 
as time from the pyloric passage until the ileocecal passage, which was identified 
as cessation of the 8-10 min-1 contraction frequency of the small intestine(Fig. 
5.3), the occurrence of a short fast movement (Fig. 5.4), and the magnetic pill 
situated in the lower right quadrant. The contraction frequencies were displayed in 
a time-frequency plot with a color code indicating the contraction amplitude. These 
data were obtained by computing the short-time Fourier transform (STFT) (Fig. 
5.3). For this purpose, custom made software was used (MTS_Tool, Motilis, 
Lausanne, Switzerland). A standard approach for analysis of time-frequency maps 
was used. The power spectral density is estimated by and fast fourier transform on 
a short segment of data.  A time frame of 3 min was used, and a Hamming window 
was applied. Calculations for the sliding window were conducted every 10 samples 
giving a time-frequency map. At each instant, peaks detection is applied to select 
main present frequencies. Only steady values were considered and extreme values 
were omitted based on Bayesian algorithms. 

Capsule endoscopy with PillCam was used as the gold standard for detection 
of pyloric and ileocecal passage. Using PillCam images, gastric transit time was 
defined as time from ingestion of the magnet-PillCam unit until the time of the first 
picture in the duodenum. Small bowel transit was defined as the time from pyloric 
passage until the first picture of ileocecal passage. The PillCam recordings were 
examined by two experts and the mean value of their results was used as reference. 

Motility patterns were analysed with Motilis-dedicated software for the upper 
gastro-intestinal tract (MTS_Tool, Motilis, Lausanne, Switzerland). The mean 
small intestinal propagation velocity for two hours following pyloric passage was 
computed. The mean contraction frequencies of the stomach and the small intestine 
were calculated using the contractions with the highest amplitudes obtained when 



 
 

 

th
p
w
fr
w
o
o
D
ev
c

v
v
cm
a
in
 

F
fu
lo
an
1

he magnet w
progression of 
was calculated
requency peak

with the “shap
obtained durin
obtained when
Doppler effect
vaded.  A li
ontraction fre

An initial 
velocities and 
velocities: fast 
m min-1), and
lgorithm was 
ntestine [29]. 

Figure 5.3: Time
unction of time
ocated in the st
nd the dominan
3:00 as a drop i

was performin
f the magnet). 
d using only c
ks were selec
pe of a peak”
ng progressio
n the magnet d
t (contraction 
inear regressi
quency during
analysis of v
the cut offs 
movements (

d very slow m
developed fo

e frequency plo
e. A dominant 
tomach. At app
nt frequency ch
in frequency to 

Jonas W

ng very slow
The mean co

contractions w
cted using a c
” described b

on of the ma
did not progre
frequency as 
ion was used
g the first two

velocity histog
were made to

(> 15 cm min-
movement (<1
or automatic 

ot. The contracti
frequency of 3

proximately 09:
anges to 10 min
4-5 min-1.  

Worsøe 

w movements
ontraction freq

with a frequenc
convolution o
by a Gaussian
agnet were d
ess were inclu
a function of 

d to derive th
o hours after p
grams identifie
o separate the
-1), slow mov
1.5 cm min-1)
classification 

ion frequencies
3 min-1 is seen
45 the magneti
n-1. Ileocecal p

s (i.e. when 
quency in the 
cy higher than
of the fast fou
n function. T
iscarded, whi

uded. With thi
velocity of th

he change in
yloric passage
ed a trimodal 
e three types 
vements (betw
). Based on th
of movemen

s (dotted line) ar
n initially as th
ic pill enters th
passage is seen 

10

there was n
small intestin

n 6 min-1. Th
urier transform

The frequencie
ile frequencie
is approach th
he magnet) wa
n instantaneou
e (Fig. 5.5). 
distribution o
of movemen

ween 1.5 and 1
his analysis, a

nts in the sma

re illustrated as
he magnet pill 
he small intestin
at approximate

01 

no 
ne 
he 
m 
es 
es 
he 
as 
us 

of 
nts 
15 
an 
all 

 
s a 
is 

ne 
ly 



 

1

F
fa
m
m
(<
af
se

5

N
d
te
si

5

5

F
d
m

02 

Figure 5.4: Prog
asting condition

marked. Differen
min-1). The con
<1.5 cm min-1)
fter pyloric pas
eparated by app

5.2.6 Statis

Numerical dat
distributed dat
ested with Wi
ignificance wa

5.3 RESUL

5.3.1 Inter 

For the MTS-
determination 
min (range: 0-3

 

Stim

gression of the
ns. Pyloric pas
nt velocities ca
ntractions frequ
). Most distance
ssage and during
proximately 90 

stics 

ta are given 
ta are given a
ilcoxon’s test 
as set at 0.05.

LTS 

observer var

1 investigatio
of transit time
33 min) for sm

mulation for Fa

e magnetic pill 
ssage, 2 hour a
an be calculated
uency can only 
e through the sm
g the period jus
minutes, proba

as means an
as medians an

(non-parame
 

riation 

ons, the media
es was 1 min 
mall intestinal

aecal Incontin
 

over time dur
after pyloric pa
d (>15 cm min-

be calculated 
mall intestine i
st before ileoce
ably reflect phas

nd standard d
nd total range.
etric test for p

an difference 
(range: 0-11 m
 transit. 

nence 

ring fast. Invest
assage, and ileo
-1, <15 cm min
when progress
s covered durin

ecal passage. Th
se III of the MM

deviations and
. Statistical si

paired data), a

between the 
min) for gastr

tigation made 
ocecal passage 
n-1, and <1.5 c
sion is very slo
ng the period ju
hese two period
MC. 

d non-gaussia
gnificance wa

and the level o

two observer
ric transit and 

 
in 
is 
m 

ow 
ust 
ds, 

an 
as 
of 

s’ 
6 



 Jonas Worsøe 103 
 

 

5.3.2 Validation of gastric transit and small intestinal transit data 
determined with MTS-1 

In all subjects, the magnet-PillCam unit was easily ingested and passed the cardia 
within 30 s. No pathology was seen in the stomach or in the small intestine. Pyloric 
passage was identified with the PillCam in all eight subjects. In one subject the 
magnet-PillCam unit underwent numerous regurgitations forth and back in the 
pyloric region before definitive pyloric passage. Agreement between gastric transit 
times determined with MTS-1 (median 56 min; range: 5-133 min) and with 
PillCam (median 57.5 min; range: 7-127 min) was good with a median difference 
of 1 min (range: 1-6 min) with no systematic difference (Table 5.1).  

Ileocecal passage was identified using PillCam in seven subjects. In one 
subject, ileocecal passage could not be identified during the eight-hour 
investigation. Usually the magnet-PillCam unit was situated in the terminal ileum 
for a length of time (median 57 min; range: 19-148 min) before ileocecal passage. 
The small intestinal transit time determined with MTS-1 (median 255 min; range: 
209-398 min) and PillCam (median 275 min; range: 209-398 min) showed good 
agreement as the median difference was 1 min (range: 0-52 min) with no 
systematic difference (Table 5.1). 
 

Subject 
ID 

Magnet-PillCam unit Magnetic pill alone 
PillCam MTS-1 MTS-1 

Gastric 
transit 
(min) 

Small 
intestinal 

transit 
(min) 

Gastric 
transit 
(min) 

Small 
intestinal 

transit 
(min) 

Gastric 
transit 
(min) 

Small 
intestinal 

transit 
(min) 

1 127 - 133 - 73 402 
2 29 241 30 241 53 251 
3 19 292 20 284–294 4 260 
4 60 307 60 255 52 - 
5 7 275 5 276 48 292 
6 55 209 53 209 17 261 
7 107 245 107 245 23 - 
8 60 398 59 398 18 241 

Median 57.5 275 56 255 35.5 260.5 
Table 5.1: Gastric transit and small intestinal transit times obtained using the magnet-
PillCam unit and the magnetic pill in eight subjects. The magnet-PillCam unit was 
ingested during fast and a meal was given after four hours. In subject number four, 
ileocecal passage took place during a ten minutes break. Ileocecal passage determined 
with capsule endoscopy took place after eight minutes into the break, and error of 8 min 
was used for comparison with the PillCam. In three of sixteen investigations, ileocecal 
passage did not occur during the eight hour protocol. 
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5.3.3 Fasting and postprandial propagation velocities in the small intestine 

The two-hour motility data during fasting and postprandially are presented in table 
5.2. The median two-hour propagation velocity was 2.2 cm min-1 (range: 1.1-2.8 
min) during the fasting, and 2.3 cm min-1 (range: 1.7-3.8 min) postprandially 
(p=0.50). Most small intestinal transit occurred through very fast movements (> 15 
cm min-1) accounting for median 60% (range: 34-62%) of the distance in median 
3% (range: 2-4%) of the time during the fast. Likewise in the postprandial state, 60 
% (range: 42-74%) of the distance occurred with very fast movements in median 
3% (range: 2-7%) of the time. 

 
 

Fasting 

Subject 
ID 

Fast movements 
(>15 cm min-1) 

Slow movements 
(<15 cm min-1) 

Very slow movements 
(<1.5 cm min-1) 

Mean 
contraction 
frequency 

(min-1) 

Mean 
progression 

velocity 
(cm min-1) (cm) (min) (cm) (min) (cm) (min) 

1 111 4 33 17 43 99 9.78 1.6 
2 100 4 29 12 40 104 9.48 1.4 
3 58 2 14 10 22 108 9.32 0.8 
4 162 5 77 35 42 80 10.27 2.3 
5 56 2 43 19 14 99 10.14 0.9 
6 79 3 108 44 45 73 9.92 1.9 
7 65 2 45 20 34 98 10.14 1.2 
8 95 4 49 20 11 96 10.15 1.3 

Median 87 3.5 44 19.5 37 98.5 9.90 1.4 
Postprandial 

1 91 3 79 36 18 81 10.32 1.6 
2 71 2 79 36 18 82 10.25 1.4 
3 97 3 21 8 46 109 10.72 1.4 
4 143 5 11 6 41 109 9.33 1.6 
5 83 4 59 27 30 89 10.56 1.4 
6 219 8 85 42 39 70 11.04 2.9 
7 108 5 31 16 39 99 11.00 1.5 
8 88 3 6 4 25 113 11.02 1.0 

Median 94 3.5 45 21.5 34.5 94 10.53 1.5 
Table 5.2: Fasting and postprandial motility for two hours after pyloric passage.Progression (cm) and duration (min) 
of fast (>15 cm min-1), slow (between 1.5 and 15 cm min-1), and very slow (<1.5 cm min-1) movements during fast 
and after a standard meal. The mean progression velocities during two hours are also given. 
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5.3.4 Transit and small intestinal motility patterns of magnetic pill versus 
magnet-PillCam unit 

For the magnetic pill, median gastric transit time was 35.5 min (range: 4-73 min); 
median small intestinal transit time was 260.5 min (range: 241-402 min) (table 
5.1). This finding did not differ significantly from transit times of the magnet-
PillCam unit (p=0.21, p=0.89). There was no significant difference between the 
median two-hour propagation velocity with the magnetic pill (median 1.3 cm min-
1; range: 0.8-2.3 min) and the larger magnet-PillCam unit (median 1.5 cm min-1; 
range: 1.0-1.7 min) (p=0.89). In one subject, there was a difference of 52 min 
between small intestinal transit determined with capsule endoscopy and MTS-1. In 
subject number four, ileocecal passage occured during a 10 min break. Ileocecal 
passage determined with capsule endoscopy occurred after an 8 min of the break, 
so a maximum error of 8 min was used for calculation. In two of the investigations 
with the magnetic pill and in one of the investigations with the magnet-PillCam 
unit, the ileocecal passage did not occur during the eight-hour investigation (Table 
5.1).  

5.3.5 Frequency of contractions 

The mean contraction frequency of the stomach was 2.85 ± 0.29 min-1. 
Movements through the duodenum were fast (mean propagation velocity: 28 cm s-
1 ± 20 cm s-1) and often separated by one or two pauses. The mean contraction 
frequencies in the small intestine was 9.90 ±0.14 min-1 for two hours during fast 
and 10.53 ±0.16 min-1 postprandially (p=0.03). The mean contraction frequency 
decreased during the first two hours after pyloric passage both during fasting and 
postprandially. Compared with postprandially (-1.12 min-1 cm-1), the slope during 
fasting was less step (-0.49 min-1 cm-1) (p=0.04) (Fig. 5-5). 

5.4 DISCUSSION 

The MTS-1 is a non-radiant and minimally invasive tool to determine 
gastrointestinal transit times. MTS-1 is accurate for determination of colorectal 
transit time, and pilot data on gastric and small intestine contraction patterns and 
transit times have been published [29,30]. In the present study we found that MTS-
1 is valid for determination of gastric transit and small intestinal transit times. The 
inter-observer variation for assessment of gastric transit was low and not expected 
to be clinically relevant. Video capsule endoscopy was used as the “gold standard”, 
and agreement between the two methods was good. Estimates of pyloric and 
ileocecal passage were based on the position of the magnet pill in the frontal plane 
and changes in the frequency spectrum as a function of time. The latter were 
recognizable and characteristic for the stomach, the small intestine, and the colon. 
An algorithm for analysing the time frequency plots may allow development of 
automatic determination of gastric transit and small intestinal transit time. 
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calculation of total distance travelled in the small intestine. However, using the 
positioning of the sensor with respect to anatomical landmarks indicated that this 
error was very little.  

Compared to scintigraphy, MTS-1 has no risk of radiation exposure; this is 
especially important if children are investigated. Scintigraphy, however, allows 
determination of gastric emptying for both solids and liquids (i.e. meals and 
macronutrients), whereas magnetic tracking only determines transit of the 
magnetic pill, since a small solid will leave the stomach with a phase III MMC 
[35]. Given the size of the magnet pill it is possible that its passage through the 
small intestine will differ from the passage of a meal. The same holds true for other 
methods including the wireless motility capsule (Smartpill) and the PillCam. 
Future comparison with scintigraphy may clarify this aspect. In the present study 
the meal was given to induce the postprandial small intestinal motility pattern 
when the magnet pill had reached the doudenum. The postprandial state affects the 
whole small intestine and we, therefore, consider the observed differences between 
fast and postprandial states valid even if the magnet pill did not behave entirely 
like the meal. 

Capsule endoscopy has been used to assess small intestinal motility [11]. 
However, the size of the PillCam may affect contractions and transit [36]. Data 
from the present study seem to contradict this, as transit times with the specially 
constructed magnet-PillCam unit did not differ from those obtained with the much 
smaller magnetic pill. 

Antroduodenal and small intestinal manometry is used clinically in the 
evaluation of patients with suspected severe dysmotility such as chronic intestinal 
pseudoobstruction [5,37]. It was anticipated that MTS-1 could be used for 
identification of phase III in the migrating motor complexes (MMC) and in the 
recordings during fasting we saw several examples of suggested MMC phase III 
(Fig. 4).  However, no statistical difference in the distribution of fast movements 
which could represent phase III MMC was seen when comparing fasting and 
postprandial motility data. Future studies combining manometry and MTS are 
needed to validate changes in MMC seen by MTS. The propagated distance of the 
magnetic pill was the same during fasting and postprandially. During fasting the 
contraction frequency decreased in the aboral direction; this finding was even more 
pronounced postprandially, which likely reflects the small intestine adapting to 
intake of food and to promoting absorption. Similarly, the mean contraction 
frequency in the small intestine increased postprandially. A linear fitting was used 
to analyse contractions in the small intestine. It is recognised, that this model does 
not take into account the magnets progression velocity changes along the small 
intestine. Also, only data obtained when the magnet was performing very slow 
movements were included explaining why more data points exist at the end of the 
two-hour period. With further improvement of the analyses, it may become 
possible to identify motility patterns with pathological significance. 

Recently, the wireless motility capsule (Smartpill, SmartPill Corporation, 
Buffalo, NY, USA) has been introduced. It is for ambulatory use, and measures 
pressure, pH, and temperature throughout the gastrointestinal tract [35,38]. The 
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Smartpill provides reliable information about gastric transit, small intestinal transit, 
total colonic transit, and some contraction patterns [12,13]. It is correct that most 
parameters obtained with MTS are also available with the SmartPill. Also, the 
SmartPill is developed into a clinically useful design which the MTS is not. There 
are two major differences: 1). SmartPill detects pressure whereas MTS detects 
movement. Measuring pressure in a moving object where one does not know the 
direction of the pressure sensor according to the lumen, direction of movement, or 
bowel wall involves major sources of error. These are avoided by MTS. 2). 
SmartPill determines total colorectal transit time, but allows no estimation of right 
versus left colonic transit. MTS tracks position and thereby potentially allows 
determination of segmental colonic transit. This may be clinically important. 

In general, variations in gastric transit time are large and account for much of 
the variation in oro-cecal transit time [39]. Accordingly, we found large inter-
subjective variations in gastric transit and small intestinal transit times. This 
finding is mainly caused by lack of timing of magnetic pill ingestion with phase III 
of MMC. 

5.5 CONCLUSSION 

In conclusion, the MTS-1 system is a promising minimally-invasive, non-radiant 
research tool that avoids radiation for the investigation of gastrointestinal motility. 
The method is accurate for the assessment of gastric transit and small intestinal 
transit times. Furthermore, it was possible to distinguish between fasting and 
postprandial small intestinal mean contraction frequencies, which warrants further 
exploration. 
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Chapter 6. 
 
Sacral nerve stimulation for faecal 
incontinence does not affect gastric 
contraction and small intestinal motility 
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*Department of Surgery P, Aarhus University Hospital, Aarhus, Denmark 
#Center for Sensory-Motor Interaction (SMI), Department of Health Science and 
Technology, Aalborg University, Denmark 
¤Neurogastroenterology Unit, Department of Hepatology and Gastroenterology, 
Aarhus University Hospital, Aarhus, Denmark 
+Motilis Medica SA, Lausanne, Switzerland 

6.1  INTRODUCTION 

Sacral nerve stimulation (SNS) was introduced for the treatment of idiopathic FI in 
1995, and subsequently indications have spread to include FI of other etiologies. 
However, the mode of action is remains obscure [1,2]. Recent studies suggest that 
the effects of SNS are not mediated solely by the sacral pathways but also 
supraconal projections could be involved. Thus, reduced antegrade transport from 
the right colon and increased retrograde transport from the left colon at defecation 
has been demonstrated during SNS [3]. SNS also appears to inhibit the abnormal 
increase of postprandial rectal tone observed in some patients with idiopathic FI 
[4]. In a pilot study, SNS alleviated patients suffering from diarrhea predominant 
irritable bowel syndrome, a condition generally recognized to affect both the colon 
and the small intestine [5]. Even though the effects of SNS on the distal bowel 
have been extensively investigated, the effects on small intestinal transport has 
only been the subject of a single study, which did not show any change in small 
intestinal motility during SNS [6]. 
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The recently developed magnet based Motility Tracking System (MTS-1) 
allows minor invasive, non irradiant assessment of gastric and small intestinal 
motility [7]. The aim of the present pilot study was to investigate motility patterns 
in the stomach and the small intestine during SNS in a group of patients 
successfully treated because of FI. 

6.2 METHODS 

6.2.1 Patients and efficacy of SNS 

Among 178 FI patients having a permanent electrode and stimulator at our unit, 11 
(all female, median (range) age 58 years (range: 41-74)) were recruited for the 
present study. SNS had reduced FI in all. The etiology of FI was partial sphincter 
lesion (n=3), incomplete spinal cord injury (n=3), sequelae from irradiation of 
some pelvic malignancy (n=1), and idiopathic FI (n=4). The median Wexner fecal 
incontinence score had decreased from 13 (range 11-20) before the PNE test, to 5.5 
(range 2-13) one year after implantation and was 7 (range 3-9) at the date of 
inclusion. Median time since implantation was 42 months (range 25-100). At the 
time of the investigation, none of the patients took any medication affecting bowel 
function. Anal physiologic tests (including anal resting pressure, anal squeeze 
pressure, first sensation, desire to defecate, and maximal tolerable volume) were 
within normal range before and one year after implantation [8]. All participants 
signed informed written consent and the study was approved by the local scientific 
ethical committee Region Midt (M-20070273). 

6.2.2 Magnet Tracking System, MTS-1 

The Magnet Tracking System (MTS-1; Motilis, Lausanne, Switzerland) has been 
developed for use in a standard laboratory setting [9,10]. Subjects ingested a small 
magnetic pill (dimensions: 6x15 mm, weight: 1.62 g), which was tracked by a 
matrix of 4x4 magnetic field sensors separated by 5 cm and placed over the 
abdomen. The position of the sensor matrix with respect to anatomical landmarks 
was noted (the iliac spines, the intercostal angle, and the pubic bone) (Fig. 1A). 
With a sampling rate of 10 Hz, each sensor measured the magnetic induction 
dependent on the distance between the sensors and the magnetic pill and the 
orientation of the pill. The position and orientation of the magnetic pill was defined 
by 5 coordinates (position: x, y, z, and angle: θ, φ).The change in position 
coordinates reflected propagation of the magnet. The change of the angles reflected 
change in orientation, which correlated with the contraction frequency of the 
pertinent gastrointestinal segment. Data were analyzed on a computer running 
custom made software (MTS_Record, Motilis, Lausanne, Switzerland), which 
showed real time position and orientation of the magnetic pill (Fig. 1A, 1B). 
Before experiments, the sensors were calibrated by offsetting the earth’s magnetic 
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field. Artifacts due to respiration and movement were measured using 
accelerometers placed on the abdomen and the neck. 

6.2.3 Protocol 

Each patient was investigated twice. One week prior to the first investigation, the 
patients were randomized to the stimulator switched on or off. One week before 
the second investigation the stimulator was turned on or off opposite to the first 
investigation. The stimulator setting was carried out by a dedicated nurse in the 
department or the patient’s general practitioner when convenient. The primary 
investigator and the patients were blinded to the setting of the stimulator. The 
patients kept a one-week bowel habit diary before the investigations. There was at 
least one month between the investigations during which the stimulator was set at 
the patient’s usual level of chronic stimulation. Patients maintained their usual diet 
and daily activities during the study.  

Following three hours fast, patients took the magnetic pill at 9 AM and 
recordings were performed for six hours. During investigations, subjects were 
placed in a bed with elevated head (>45°). They were encouraged not to talk or 
move but they could read or watch TV. The measurements were interrupted for 
small breaks on request. 

6.2.4 Analysis and statistics 

Motility patterns during and without SNS were analyzed with Motilis dedicated 
software for the upper gastro-intestinal tract (MTS_Tool, Motilis, Lausanne, 
Switzerland). The mean small intestinal propagation velocity for the two hour 
period following pyloric passage was computed. The pyloric passage was 
identified as the cessation of the 3 contractions min-1 pattern, typical for the 
stomach, the appearance of the duodenal arch, and the 8-11 contractions min-1 of 
the small intestine (Fig. 1A, 1B). The mean contraction frequencies of the stomach 
and the small intestine were calculated using the contractions with the highest 
amplitudes obtained when the magnet was performing very slow movements (i.e. 
when there was no progression of the magnet). The mean contraction frequency in 
the small intestine was calculated using only contractions with a frequency higher 
than 6 min-1. The frequency peaks were selected using a convolution of the Fast 
Fourier Transform with the “shape of a peak” described by a Gaussian function. 
The frequencies obtained during progression of the magnet were discarded, while 
frequencies obtained when the magnet did not progress were included. With this 
approach, the Doppler-effect (contraction frequency as a function of velocity of the 
magnet) was evaded.  A linear regression was used to derive the change in 
instantaneous contraction frequency during the first two hours after pyloric 
passage. An initial analysis of movement velocity of the magnetic pill had 
identified three types of movements, fast movements (> 15 cm min-1), slow 
movements (between 1.5 and 15 cm min-1), and very slow movement (<1.5 cm 
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min-1). Based on this, an algorithm was developed for automatic classification of 
movements in the small intestine for the two hours after pyloric passage [11].  

Numerical data are given as a median with total range. Statistical significance 
was tested with Wilcoxon’s test (non-parametric test for paired data), and the level 
of significance was set at 0.05. 

6.3 RESULTS 

The investigation was well tolerated by all patients, and no adverse effects were 
encountered. Eight subjects were used for analysis of small intestinal motility. In 
three patients (one with partial SCI and two with idiopathic FI) there were 
insufficient data from the small intestine due to prolonged (more than 3 hours) 
retention of the magnet pill in the stomach (two investigations with SNS and one 
investigation with noSNS).  

6.3.1 Gastric contraction frequency and gastric emptying 

The mean gastric contraction frequency was 3.05 (range: 2.83-3.40 min-1) during 
SNS and 3.04 (range:  2.79-3.76 min-1) without SNS (ns). Median time for gastric 
emptying was 10 min (range 6-57) during SNS and 19 min (range 6-181) without 
SNS (ns). 

6.3.2 Propagation velocities in the small intestine during SNS and without 
SNS 

The two-hour motility data during SNS and postprandially are shown in table 6.1. 
The median two-hour propagation velocity was 1.6 cm min-1 (range: 1.2-2.8min-
1) during SNS, and 1.7 cm min-1 (range: 0.8-3.7 min-1) without SNS (ns). During 
SNS, most small intestinal transit occurred with very fast movements (> 15 cm 
min-1) accounting for median 47% (range: 41-60%) of the distance in median 
2.4% (range: 1.7-5.0%) of the time. Without SNS, 52 % (range: 18-73%) of the 
distance was covered with fast movements in median 3.3% (range: 0.8-3.3%) of 
the time.  
 

6.3.3 Small intestinal contraction frequency 

In the fasting state, the mean contraction frequency during the first two hours in the 
small intestine was 10.005 (range: 9.68-10.70) during SNS and 10.09 (range: 9.79-
10.29) without SNS (ns). The mean contraction frequency decreased during the 
first two hours after pyloric passage both during SNS and without SNS. The 
decrease in contraction frequency was -0.965 min-1 per two hours (range: -0.22--
1.75) during SNS and -0.845 min-1 per two hours (range: -0.58-0.28) without 
SNS(ns) (Table 6.2). 
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SNS 
Subject ID 

Fast movements 
(>15 cm min-1) 

Slow 
movements 

(<15 cm min-1) 

Very slow 
movements 

(<1.5 cm min-1) Progression 
[cm] 

Velocity 
[cm min-1]  [cm] [min] [cm] [min] [cm] [min] 

1 83 3 85 31 29 87 197 1.6 
2 149 5 110 47 15 69 274 2.3 
3 115 3 41 18 37 101 193 1.6 
4 75 3 67 34 39 85 181 1.5 
5 85 2 53 25 41 93 179 1.5 
6 155 6 174 57 10 58 339 2.8 
7 66 2 50 18 25 99 141 1.2 
8 115 5 88 39 44 76 247 2.1 

Median 100 3 76 32.5 33 86 195 1.6 
No SNS 

 
Fast movements 
(>15 cm min-1) 

Slow 
movements 

(<15 cm min-1) 

Very slow 
movements 

(<1.5 cm min-1) Progression 
[cm] 

Velocity 
[cm min-1]  [cm] [min] [cm] [min] [cm] [min] 

1 59 3 95 38 11 71 165 1.4 
2 111 4 111 45 25 71 247 2.1 
3 18 1 40 23 41 98 99 0.8 
4 321 10 86 38 35 74 442 3.7 
5 77 3 53 28 28 88 158 1.3 
6 240 8 161 50 28 59 429 3.6 
7 107 4 33 12 25 104 165 1.4 
8 150 6 45 17 39 99 234 2.0 

Median 109 4 69.5 33 28 81 199.5 1.7 
Table 6.1: Motility for two hours after pyloric passage during SNS and without SNS. Progression (cm) 
and duration (min) of fast (>15 cm min-1), slow (between 1.5 and 15 cm min-1), and very slow (<1.5 cm 
min-1) movements during fast and after a standard meal. The mean progression velocities during two 
hours are also given. 
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6.3.4 Bowel habit diary 

The median number of bowel movements was 15 (range: 4-23) during SNS and 14 
(range: 4-50) without SNS (ns). The median number of urge episodes was 2 (0-11) 
during SNS and 3 (0-21) without SNS. The median number of incontinence 
episodes was 0 (range: 0-6) during SNS and 0.5 (range: 0-21) without SNS (ns). 
The median number of soiling episodes was 1 (range: 0-7) during SNS and 1.5 
(range: 0-7) without SNS (ns). 

 
 SNS Without SNS 

Subject ID Frequency 
[min-1] 

2 hour delta 
[min-1 cm-1] 

Frequency 
[min-1] 

2 hour delta 
[min-1 cm-1] 

1 9.89 -0.22 10.07 -1.20 
2 10.22 -0.51 10.14 -0.78 
3 9.93 -0.59 9.95 -1.55 
4 9.98 -0.58 10.29 0.28 
5 10.03 -1.47 9.79 -0.58 
6 10.70 -1.35 9.91 -0.91 
7 10.53 -1.75 10.28 -1.00 
8 9.68 -1.34 10.11 -0.62 

median 10.005 -0.965 10.09 -0.845 
Table 6.2:The two-hour mean contraction frequency in the small intestine, and the 
change rate in contraction frequency per two hours (delta) during SNS and without SNS.  
All recordings were made in fasting state. 

 

6.4 DISCUSSION 

This study utilized the Motility Tracking System (MTS-1) to investigate gastric 
and small intestinal motility in patients implanted with a sacral nerve stimulator 
because of FI of various origins. Gastric and small intestinal motility patterns 
during fast were recorded with the stimulator switched on or off after it had been 
turned off one week before the investigation. Data did not indicate any acute effect 
on gastric and small intestinal motility when turning off SNS. The propagation 
velocity, the distribution of periods with fast, slow movements, and very slow 
movements and the contraction frequencies were all unaffected by turning off 
SNS.  

Colorectal physiology and anal physiology during SNS have been the subject 
of several studies. Data on anal squeeze pressure suggest some improvement of 
external anal sphincter function, while data on anal resting pressure and rectal 
sensation have been inconsistent [12-17]. A number of studies have shown that the 
effects of SNS are not restricted to the distal colorectum or the anal canal. Thus, 
bowel segments not receiving innervation from the sacral roots are affected by 
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SNS. Changes in postprandial rectal motility during SNS, have been demonstrated 
with 24-hour manometry and rectal impedance planimetry [4,18]. Furthermore, 
SNS appears to alleviate symptoms not only in idiopathic constipation but also in 
diarrhea predominant irritable bowel syndrome, the latter in which small intestinal 
transit is usually accelerated [5,19,20]. During SNS, an increased number of pan-
colonic pressure waves has been shown in constipated patients, and in patients 
treated for FI changes in colorectal transport in the right colon and increased 
colonic transit time have also been demonstrated [3,21]. Additionally, SNS alter 
cerebral evoked potential latency and reversibly reduce corticoanal excitability 
during transcranial magnetic stimulation indicating that dynamic brain changes 
could be involved [22-24]. Our group has found an increased activity in afferent 
vagal projections suggesting modulation of cerebral activity with stimulation [25]. 
Since SNS affects the proximal colon, alleviates symptoms in patients with IBS 
and causes modulation of cortical function, we hypothesized that gastric and small 
intestinal motility would change during SNS. Recently, Damgaard et al. used 
scintigraphy to investigate upper gastrointestinal function during stimulation and 
without stimulation, but no changes in gastric emptying or small intestinal transit 
were found [6]. 

It is suggested that SNS works by modulation of neural circuits rather than 
continuous nerve stimulation which can be switched off acutely. This could be the 
reason that no effect was seen after having the stimulator turned off for only one 
week, and also explain why there was no effect on symptoms recorded in the diary. 
Damgaard et al. also used a short period (1 week) to separate the change of 
stimulator setting which might explain their parallel results [6]. It contrasts 
previous studies that indicated rapid physiological and clinical effects, when the 
stimulator setting is changed. Thus,  Kenefick et al. demonstrated and acute and 
reversible effect on rectal blood flow when turning off chronic stimulation [26]. 
Also, Emmanuel et al. have shown that stepwise increase of stimulation current 
acutely alters rectal mucosal blood flow [27]. Leroi et al. demonstrated significant 
fewer FI symptoms in the patients, when comparing a one month periods with the 
stimulator turned on versus a one month period with the stimulator turned off, and 
Michelsen et al. demonstrated an increase in Wexner and St. Mark’s incontinence 
severity scores during the nightly switch off period, when comparing three week 
periods with the stimulator turned on versus off at night only [28,29]. 

Scintigraphy is the gold standard for evaluating gastric emptying and small 
intestinal motility. The method, however, does not evaluate contraction patterns. 
Manometry allows description of contraction patterns, but it is invasive and usually 
restricted to the duodenum and upper jejunum. MTS-1 is a novel alternative to the 
existing methods. It has been used in studies of fasting and postprandial motility in 
healthy subjects, and in subjects with gastrointestinal motility disorders [7,30,31]. 
The precision of MTS-1 depends on the position and orientation of the magnet 
with respect to the sensor matrix and the number of available sensors [10]. The 
present system can track the magnetic pill at distances of more than 200 mm and 
the absolute accuracy is approximately 1-2 cm, which is sufficient for anatomical 
localization. The amplitude of small back and forth movements can be measured 
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more accurately (1-2 mm, rotation of 0.5°). Recently the validity of pyloric and 
ileocecal passage assessed with MTS-1 have been validated [7]. 

For practical and ethical reasons patients were not examined for more than 6 
hours even if the magnet did not reach the caecum. Most often, a non-digestible 
object leaves the stomach during fast with an antral phase III MMC [32,33]. 
Accordingly, the time with recordings from the small intestine varied. Since 
motility patterns may change as the object moves distally in the small intestine 
standardization of position and initial progression with an antral phase III MMC 
were ensured by analyzing fasting small intestinal motility for two hours beginning 
just after pyloric passage [34,35]. 

There are several limitations to the present study. The small and heterogeneous 
group of patients studied carries a risk of type II error even in a cross-over design. 
Furthermore, the lack of significant difference in the symptoms when comparing 
periods during and without SNS, could be due to insufficient sensitivity of a bowel 
habit diary recorded for only one week. To avoid the risk of long term carry-over 
effects from SNS, future studies should compare motility before and after 
implantation of the stimulator. 

6.5 CONCLUSION 

In conclusion, turning off SNS for one week in patients treated for FI does not 
affect gastric or small intestinal motility. 
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Chapter 7. 

Discussion 

7.1 DISCUSSION 

This thesis investigated the effect of DGN stimulation on FI symptoms and rectal 
motility. In contrast to SNS, electrical stimulation of the dorsal genital nerve 
allows stimulation of somatic afferents to the sacral spinal cord without 
implantation of an electrode. DGN stimulation could be a new treatment modality 
for FI, but it also allows new insight into the mechanisms of electrical modulation 
of bowel dysfunction. 

The stimulation parameters for these experiments were derived from studies of 
DGN stimulation to achieve inhibition of the bladder [1,2]. It was anticipated that 
stimulation amplitudes of two times the genital-anal reflex threshold would be 
needed. This was applicable to SCI patients, but not to patients with idiopathic FI, 
as none of the patients could tolerate stimulation amplitudes that high. Both with 
therapeutic and acute stimulation, the stimulation amplitudes were set as high as 
the patient could tolerate.  

The effects of DGN home stimulation was investigated in female patients with 
idiopathic FI. A significant decrease in the number of FI episodes was 
demonstrated as reflected in the Wexner and the St. Marks FI scores.  Furthermore, 
the number of bowel movements and the percentage of bowel movements with 
urge also decreased significantly. This was, however, not associated with a 
significant improvement in quality of life. The effect of DGN stimulation appears 
to be maintained for weeks after stimulation is stopped. This is different from SNS 
where there seems to be an immediate on/ off effect [3-6]. This long term 
potentiation may indicate structural changes, i.e. either an up-regulation of 
receptors in the synapses or formation of new synapses. Finazzi-Agrò et al. 
recently demonstrated that PTNS, contrary to sham stimulation, modulates long 
latency somatosensory evoked potentials in patients with overactive bladder, 
suggesting involvement of central modulation [7]. DGN stimulation with low 
frequencies (1-2 Hz), as described by Binnie and Frizelle has another mechanism 
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of action. Low frequency stimulation utilizes the genital-anal reflex to activate the 
sphincter muscles, which are then trained by repetitive contractions. 

 These findings have several implications. Further studies are needed to 
optimize the treatment and determine if the observed effects are strong enough to 
place DGN stimulation among other treatment modalities for FI. Being non-
invasive and without risk, DNG stimulation may be offered on a liberal basis to 
patients with idiopathic FI and, perhaps, also patients with FI secondary to disease 
or patients with irritable bowel syndrome. However, this should be preceded by 
well-conducted randomized trials. 

DGN home stimulation had no effect on anal resting pressure, anal squeeze 
pressure, or rectal volume tolerability. Sphincter manometry and rectal volume 
tolerability were within reference values for women in western Denmark both 
before and during stimulation [8]. Perhaps three weeks is insufficient time to 
obtain any significant improvement of sphincter function.  While low frequency 
DGN stimulation improves sphincter function, studies of SNS for the treatment of 
FI are inconsistent with respect to the effect on sphincter function and rectal 
volume tolerability [6,9-16]. This suggests that it is not essential to improve 
sphincter function to reduce FI symptoms in patients with idiopathic FI using DGN 
stimulation at 20 Hz.  

IP was used to study the rectal CSA in idiopathic FI patients and patients with 
a supraconal SCI. The acute effect of DGN stimulation was studied using a probe 
which could measure one CSA at different distension pressures. DGN stimulation 
did not change rectal CSA in idiopathic FI patients. It is possible that the lack of 
response during acute stimulation was caused by too low stimulation amplitude. 
Nevertheless, most of the patients, including some with very low stimulation 
amplitudes just above the reflex threshold, experienced that FI symptoms 
decreased during stimulation. This indicates that amplitudes below two times the 
reflex threshold are sufficient to treat FI. If the stimulation amplitude can be lower, 
stimulation will be less bothersome. This will likely increase patient compliance, 
as more patients will tolerate the treatment. Furthermore, a placebo effect during 
DGN stimulation is likely as previously described in studies of transcutaneous 
stimulation for reduction of pain [17,18].  

The CSAs measured without DGN stimulation in idiopathic FI patients were 
similar to previous findings in healthy subjects obtained with similar distension 
protocols. Thus, the range of rectal CSA was from 7 to 41 cm2 corresponding to 
findings [19,20]. Even though no difference in rectal pressure-CSA relation 
between healthy controls and patients with idiopathic FI could be found, it is 
possible that an increase of the pressure-CSA relation within the individual patient 
could affect continence mechanism and reduce FI symptoms.  

Stimulation of the genital-anal reflex, in patients without suprasacral inhibition, 
resulted in a decrease in rectal CSA and rectal compliance expressed as the 
pressure-CSA relation. These findings were in contrast to those described with 
acute DGN stimulation of neurogenic bladder dysfunction where stimulation was 
able to inhibit bladder contractions [2]. Experiences from the bladder may not be 
directly applied to the gastrointestinal tract, which is also controlled by other 



 Jonas Worsøe 127 
 

 

factors including the enteric nervous system and humeral agents. However, these 
results are also in contrast to results by Chung et al. (presented only in a review by 
Craggs et al. [21]) who found that DGN stimulation elicited an inhibitory effect on 
rectal tone in patients with supraconal SCI. How this discrepancy should be 
explained is not clear. With ambiguous findings, the investigation should be 
repeated by others to confirm the results. 

SCI patients included in this study had larger rectal CSAs, measured without 
DGN stimulation, compared to existing rectal CSA data in SCI patients [20]. This 
difference was probably due to difference in timing of the investigation – median 
19 years after the injury vs. within the first year since injury.  

In the second part of the thesis, MTS-1 was tested for determination of gastric 
emptying and small intestinal transit with simultaneous use of PillCam. The 
validity of gastric emptying and small intestinal transit was good and inter observer 
variations were small. 

The precision of MTS-1 depends on the position and orientation of the magnet 
with respect to the sensor matrix. With only one sensor positioned 100 mm from 
the magnetic pill, the positioning error in the frontal plane is 10 mm, but changes 
in orientation of only 1-2 degrees can be detected [22]. This error is reduced by 
adding more sensors in a matrix, and the currently used present system can track 
the magnetic pill at distances of more than 200 mm with a positioning error of 10 
mm. 

Compared to scintigraphy, MTS-1 has the advantage of being without risk 
from exposure to radiation. This is especially important if children are investigated. 
Scintigraphy, however, allows determination of gastric emptying for both solids 
and liquids whereas the magnetic pill is only solid. Apart from giving the 
segmental transit times, capsule endoscopy has also been used for description of 
small intestinal motility patterns [23,24]. The size of the PillCam has been 
suspected to interfere with motility, but data from the present study contradict this, 
as transit times with the specially constructed magnet-PillCam unit did not differ 
from those obtained with the much smaller magnetic pill. 

Currently, manometry is the best way to investigate antroduodenal and small 
intestinal motility patterns [25,26](merged)25. MTS-1 was expected to identify the 
phase III in the migrating motor complexes (MMC) and in the recordings during 
fast several examples of what must be MMC phase III were seen. However, future 
studies combining manometry and MTS are needed to validate changes in MMC 
seen by MTS. The propagated distance of the magnetic pill was the same during 
fast and postprandially. During fast the contraction frequency decreased in the 
aboral direction and this was even more pronounced postprandially. This probably 
reflects the small intestine adapting to intake of food. In accordance with this, the 
mean contraction frequency in the small intestine increased postprandially.  

A wireless motility capsule (Smartpill, SmartPill Corporation, Buffalo, NY, 
USA) has recently been introduced. It is for ambulatory use, and measures pressure, 
pH and temperature throughout the gastrointestinal tract [27,28]. The Smartpill 
provides reliable information about gastric emptying, small intestinal transit, total 
colonic transit, and some contraction patterns [29,30]. In contrast to MTS-1, it does 
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not provide data of segmental colonic transit times. The Smartpill is equally non-
invasive and the ambulatory use is a major advantage compared to MTS-1.  

Finally MTS-1 was used to investigate small intestinal motility in patients 
implanted with a stimulator because of idiopathic FI. With this method it was not 
possible to show any effect from SNS on small intestinal motility. The protocol 
was designed for investigation of motility during SNS compared to motility 
without stimulation. One week ON versus one week OFF periods were compared, 
since previous studies points to a rapid effect, when the stimulator setting is 
changed [3,14,31,32]. When assessing the bowel habit diaries in this study, there 
was no significant difference in incontinence symptoms, and possibly, a one week 
diary for monitoring a wash out effect is too short to record any difference in 
symptom score due to the relative low number of events.  
It has been suggested that SNS may have an effect on intestinal motility and 
function in general. Primarily, it has been proposed that SNS alters motility in the 
right colon [33]. Common extrinsic innervation by the vagus nerve implies that 
SNS could also affect small intestinal motility. Furthermore, changes in 
postprandial rectal motility during SNS, have been demonstrated with 24-hours 
manometry and rectal impedance planimetry [34,35]. Others have found that SNS 
reversibly reduced corticoanal excitability during transcranial magnetic stimulation 
indicating that dynamic brain changes could be involved [36,37]. Secondly, SNS 
appear to alleviate patients suffering from both constipation and irritable bowel 
syndrome [38,39]. In patients with diarrhea-predominant IBS, small intestinal 
transit is accelerated [40]. These studies could indicate that SNS influences 
autonomous regulation subsequently affecting whole gut motility and sensory 
function. Even so, it could not be demonstrated with MTS-1. 

7.2 CONCLUSIONS 

Based on studies in the present thesis the following is concluded: 
• DGN home stimulation reduces the number of FI episodes in most 
patients suffering from idiopathic FI. 
• Reduction of FI episodes is obtained even at low stimulation amplitudes 
equal to the genital anal reflex threshold.  
• DGN home stimulation does not affect sphincter function and rectal 
volume tolerability. 
• DGN stimulation does not elicit an acute effect on rectal CSA, the rectal 
volume-pressure relation or the wall tension in patients suffering from idiopathic 
FI. 
• Acute DGN stimulation reduces the rectal CSA in patients with 
supraconal SCI. 
• MTS-1 can be used for determination of gastric emptying and small 
intestinal transit time.  
• Using MTS-1 it is possible to distinguish between the mean contraction 
frequency of the small intestine in the fasting state and in the postprandial state. 
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• Data obtained using MTS-1 do not show any effect of SNS on proximal 
small intestinal motility. 

7.3 PERSPECTIVES 

Regarding DGN stimulation, the main task is to establish good evidence of a 
clinical effect. This may help to establish the role of DGN stimulation in the 
treatment of FI, to establish optimal stimulation parameters and stimulation 
protocols, and possibly to learn more about the mechanism of action. The initial 
experiences from chapter I indicate that DGN stimulation improves FI symptoms. 
A randomized double blinded study with sham stimulation is needed to clarify if 
DGN stimulation is better than placebo. Optimization of stimulation regime should 
also be investigated in a randomized design, with testing of different stimulation 
parameters and frequency of stimulation sessions. Short-term follow-up (3 weeks) 
indicates that the effect is maintained, but long-term follow-up should also be 
described. Furthermore, DGN stimulation should be assessed against other modes 
of electrical stimulation for management of FI, i.e. PTNS and the test stimulation 
period prior to SNS.    

New techniques for description of anorectal function and colonic motility may 
yield insight to the mechanism of action of DGN stimulation and SNS. The 
functional lumen imaging probe (FLIP) can be used for investigation of the anal 
sphincters and might give more detailed information about tone and pressure 
gradients during DGN stimulation [41]. Scintigraphic studies have indicated an 
effect from SNS on colorectal transport. Novel high resolution manometry 
catheters will allow a highly detailed characterization of colorectal motility during 
stimulation [42]. 
 In this thesis, MTS-1 was introduced as a new non-invasive system to yield 
information about transit time and motility patterns. Further development of the 
equipment including an ambulatory setup and improved software for analysis will 
enable whole gut investigations with more detailed data analysis. Results presented 
in study V are considered preliminary. Further evaluation of data is needed before 
drawing more firm conclusions about effects on SNS on upper gastrointestinal 
function.  
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